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ABoUT SMI’s
SURVEYING CARDS | CHAPTER

In this chapter:

SM/I’s Surveying Cards Features

Chapter 1: About SMI’s Surveying Cards 1



SMI’s Surveying Cards Features

SMI’s surveying cards for data collectors represent the most exciting hand-held software available
today for land surveyors and construction stakeout surveyors. Here are only a few of the reasons:

w Assembly language programming provides almost instant results.

w The Multi-Point Free-Station Resection feature saves setup time of 10 - 30 minutes each time you
set up for staking or collecting.

w This program will automatically find your scale factor when you are working in State Plane
Coordinates.

w  Multiple sets of angles and distances to multiple points. Allows the user to utilize either of two
methods for reading angles.

4

Full accuracy of data to 11 places past the decimal. SMI now works with any size State Plane
Coordinates.

A screen menu system is now available as an option.

Remote points can now be stored without a prism.

Remote elevations can be stored on points with known points just by sighting the known point.
Convert from feet, inches, and fractional inches to decimal feet.

Store staked points to a cutsheet.

Storage registers similar to the HP 41.

Shortcut keystrokes.

Trig level adjustment.

Use SMI to run levels and store level notes.

Design spirals.

I 20K 2NN 2 O 2 2 2 2 2 e

Template editor.
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PREvVIOUS USERS OF
SMI VERSION 5 | CHAPTER

In this chapter:
What's New. . .. ... .. 4

Chapter 2: Previous Users of SMI Version 5 3



Key Definitions

Soft Keys These keys are called soft because their functions (and labels) change, depending on the menu selected.
Soft keys are represented in this manual as white lettering on a black, rectangular background.

Toggle Keys A toggle is a key whose function changes each time you press it. Any soft key in the display that has a
square after it is a toggle.

Hard Keys Hard key functions are imprinted on each key itself. The functions of these assigned keys are identified by
the SMI surveying overlay that came with your SMI program card. Hard keys are represented in this
manual as black lettering on a gray, rectangular background.

Primary Keys Primary functions (or keys) are noted directly above each key on the SMI overlay. Primary keys are
represented in this manual as black lettering on a white, rectangular background.

What’s New

This chapter describes product changes subsequent to Version 5.

Angle Point and Intersection Point

w |f angle points are stored consecutively and shots are taken in order beginning with the first
angle point, the point numbers are automatically stored properly.

§

Angle point and X point have been removed from the shift-left side shot position.

w Angle point now stores the coordinates of the point occupied with a note of “ANG PT XXX.XXXXX"

where xxx.xxxxXx is the angle shot from the first occupied point. When is used, a special
record is stored in the raw data file, as well as coordinates in a point number.

Bench

(Alternate Slope) is used in Construction Five, Version 5. In Version 6, the function name
changed from to (Bench). is found at (the S key)
and [EIIN-

Benchmark Menu
w Pressing [JEI turns on the Elevation flag (flag 3).
S [JEXIN /s assigned as a shortcut to the P key.

w A shortcut: [JEJIJ] can now also be accessed by pressing P.

If the instrument is turned on, with the prism on the benchmark and the instrument pointed toward
the prism, press [JEJIJ] or rress P as a shortcut. The screen shows the angle right, the zenith
angle, and the slope distance. Taking a reverse reading is optional; however, if you flop the scope
and press [JEE you will see the reading and the zenith angle error displayed.
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Change/Defaults
The soft keys have been divided into submenus for better organization.

w The NS’ I key toggles between two overlays. (The key will depend on which
card you have installed. For example, if you have Construction Five, it will toggle ST/
IEElD: Thisis under [ CHG |, [ nxT |, N

= The IEECH/IEZZE] key toggles whether certain values (like stakeout) will be shown with the same
precision as coordinates. This is under [_CHG |, [ nxT |, PEZRE:

w The [EGE (Convert Meters to Feet) function now only converts distances collected
electronically. This is under [_CHG ], [ nxT_|. (0¥

w The m / key has been moved to the Instrument menu ([_SETUP NXT NXT

Il SETS is not needed — use the Shots menu. Top mounted EDM ([fsTI4Y) is no longer
supported.
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Construction Five

w Ditch bottom width can be entered as part of the template. Version 6 templates that do not use a
ditch bottom width can be used in Version 5 cards.

w A spiral entered in can have points on the tangents instead of the TS and ST. The
coordinates of the points entered will be replaced by the coordinates of the calculated TS and ST.

An arc can now be entered with a negative radius point to indicate a delta angle > 180.

'

The entire chain is searched for the station that has the smallest offset to the shot taken. This
eliminates the need for Maximum Offset (IEGI)- However, we still have with a different

definition. The default is now set to 0 as a default so that the entire chain will be searched
the first time a shot is taken. The next time a shot is taken in the same horizontal control segment,
no search is necessary and the data is computed almost instantly. Setting the MXOF to 50 or 100
will increase the speed of the first time search.

w \When adjacent segments of the horizontal control are not tangent, such as two lines meeting at a
point or a non-tangent arc, there is, as a result, a region we will call a point region. All locations in
this point region have the same station. Offsets in a point region are measured from the point of
intersection to the location.

w Options that make adjustments to the template have been moved to the Template Adjustments
menu (JEBY)- Other options have been moved to a CVC Options menu ( Il -

§

Curve Stakeout

The key has been renamed to [Jil}

Curves

w While traversing from PI to PI, you can now insert a curve at each PI.

= Press and traverse to the Pl of a curve (or you can press and occupy the PI
point and backsight a point along the tangent, then press [ TRAV_]). Enter the direction to the next
PI1 (angle right, azimuth, bearing, or deflection angle).
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This automatically computes the delta for the curve you wish to insert. Press (Insert Curve at
P1). You will see what appears to be the first soft key page of the Curves menu. Use any of these
options except delta, since delta is already computed. Key in a value and press the appropriate key.
The curve data for the curve you are about to insert will be displayed and you will see the second page
of the traverse soft keys displayed. Key in the information to move to the next PI point (like horizontal
distance). The PC, RP, and PT points will be stored, as well as the next PI point. You will be occupying
the next Pl point ready to traverse to another PI, and while doing so, insert another curve at this PI if
you wish.

w The Pl direction keys on the third page of the Curves menu have been removed. The same function
can be performed using the menu in the Traverse menu.

w The button prompts for the station number at the PC and then calls curve stakeout.

Customize

= Register Store (G Register Recall (JELIEH). and Registers Menu (JEIREY)-

w Clean (JJJEIY) is not needed. Press and C at the same time to reset the variables.

w |n Version 6, User mode does not have to be on. User key assignments made in this menu will only
work when SMI mode is toggled to User mode.

Free Station (Two-Point Free Station/Resection)

w Direct and reverse shots can be made on both points. A different rod height can be saved for each
point. The elevation of the occupied point can be based on either or both points. Pressing [ <& ]

IEZS) Wil start the Resection menu without clearing the shot information from the last resection
done.

w The calculated coordinates are occupied as soon as is pressed, but the point is not stored
and the raw data file is not updated until the key is pressed. When coordinates have been
occupied by but not stored to a point by FJELI. the occupied point number will be
displayed as “FREE” instead of a point number.

w There are two displays: the shot measurement screen and the results screen. The shot
measurement screen will show the last shot taken. The results screen shows the coordinates at the
instrument based on the shots taken.

w SMI’s Free Station (formerly Resection) program offers the same flexibility as before, but it is now
more versatile and more accurate. The soft key has changed from to EIEY and it has

moved from the menu to [ SETUP NXT |-

Instruments

w MAN 2 mode prompts for an angle right when in Angle Right mode, a circle reading when in DTBS

mode, and an azimuth when in Azimuth mode. There is a toggle key ([JREIl / IR in the
Change menu that causes MAN2 to prompt for the horizontal angle first.

w Raw data no longer flashes on the screen when the data is collected. To view the data that was
collected from the instrument, press [ SETUP NXT NXT | and m Or press

and G-

w The instrument drivers are now listed by manufacturer and then by model.
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w The (Topgun) driver has been renamed to NI (Nikon).
w The IEEN IS key has been moved from the menu to the menu ([_SETUP |
_INsT )

w The manufacturer submenus list the models that the drivers support. Many are supported that are
not listed. If you have an instrument not listed, test it by having the instrument set up and pointing to

a prism. Choose a driver and press [_SIbs . If this works, also test it on Y

If your instrument is not listed, press [ SETUP NXT NXT INST and choose
OTHER
You will see:

| KERN |l 3520 JLasERf cRiT | Lio J EXIT

Instrument Menu Soft Keys
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This key works with the Kern E1.

m This key works with the HP 3820.

LASER This key works with the Laser Atlanta Rangefinder that does not require a prism.

CRIT This key works with the Criterion Rangefinder that does not require a prism.

This key works with Allen Osborne Associates, Inc. GPS receivers. Only available on GPS/Robotic cards.

More

Two-wire and three-wire levels, latitude and departure, and vertical curves have all been greatly
improved.

Point-to-Point Inverse
= [ ]| P-P inverses between points and puts the distance and angle on the stack.

w The pP-P Kkeynow only displays the inverse. Nothing is left on the stack.

Print
w Delay time for infrared printing: ([_PRINT ] [ DELAY J

w There is an [JENI/IEEEA toggle to print screens.
w The Degree Symbol option ([HJILY) has been moved from the Change menu to the Print Options

menu ([_PRINT ] =3
= The I/ IGER toggle has been moved to the menu.
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INTRODUCTION TO
THE HP 48 | CHAPTER

This chapter will familiarize you with the basic operation of your HP 48
hand-held calculator.

In this chapter:

The HP 48 Layout. . .. ... ... . e 10
The HP 48 Keyboard. . . ... ... ... . . . . . . .. 12
HP 48 BasSiCS. . . . ... o 14
Batteries . .. ... 15
Internal Memory of the HP 48. . . . . ........ ... ... . ... ..... 16

For a more complete overview of the HP 48, we recommend that you read
your HP 48 owner’s manual — particularly the first few chapters.

The HP 48 is a powerful tool because it is a calculator and a computer in
one. In this chapter, you will be given a brief overview of how the HP 48
works.

If you are already familiar with the HP 48, you may want to skip to Getting
Started, which begins on page 17, for an introduction to SMI’s powerful
surveying software.

Chapter 3: Introduction to the HP 48 9



The HP 48 Layout

The HP 48 is divided in four sections:
w The status area

w The stack

w The command line

w The keyboard

ENTER

ALPHA
CANT LOWER  =FT F=l

SHIFTLT

1-800-234-0123 www.smi.com

Figure 3-1 HP 48

The Status Area

The status area displays the following:

Annunciators

These show the status of the calculator. Status messages include symbols that indicate:

Annunciator Status
E Right shift (or E left shift) is active.
o The alpha keyboard is active (you can type letters and

other characters).

CcvC The type of SMI software you are using (varies,
depending on which surveying card you are using).
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Annunciator Status

(=) Alert (e.g., low battery); a message in the status area
should appear to tell you the cause of the alert.

X Busy (not ready to process new input, but the HP 48 can
remember up to 15 keystrokes and process them when
free).

. Transmitting data to an external device.

SMI The SMI default key assignments are active.

USER The user key assignments are active.

See User Mode on page 33 for more information.

RZNIM The indicated user flags are set.

See What You Are Seeing on the Screen on page 31 for
more information.

{HOME} or JOB1:CRD The current directory path — when you turn on the HP 48
for the first time, the current directory path is {HOME}.
When an SMI program is running in the HP 48, the default
directory is JOB1. The CRD indicates that the job is in the
RAM card’s memory. If JOB1:48 is displayed, the job is in
the HP 48’s memory.

Directories divide memory into segments, just as files
divide papers in a file cabinet.
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See Working with Jobs on page 35 for more information.

Other messages inform you when an error has occurred, prompt you to enter data, or provide additional
information to help you use the HP 48 more effectively.

The Stack

The HP 48 keeps track of information by “stacking” it in the calculator’s internal memory. The stack is
actually a series of locations used by the HP 48 for memory storage of numbers and other “objects”
(including letters, equations, and even programs). These locations are called “levels,” and they are
numbered sequentially: 1, 2, 3, and so on.

The number of levels changes according to how many objects are stored in the stack. Put numbers or
characters in the stack simply by keying them in and then pressing [ENTER]. As you enter new numbers
or other objects in the stack, the stack expands to accommodate them; the new data moves to level 1
and older data is “bumped” to higher levels.

Conversely, as you use data from the stack, the number of levels decreases as the data moves down to
lower levels.

The stack is “infinite” in size, meaning the number of objects you can store is limited only by the size of
your HP 48’s memory. However, the display is only able to show a total of four levels. Any additional
levels are maintained in memory, but not displayed.

The Command Line

The command line appears whenever you start keying in or editing characters (letters or numbers). The
stack lines move up one row to make room for the command line.

If you type more than 21 characters on the command line, information scrolls off the left side of the
display, and an ellipsis (...) displays to indicate that data flows in that direction.

Chapter 3: Introduction to the HP 48 11
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The command line is closely associated with the stack. Use the command line to key in or edit
characters (text, values, or other alpha numerics) and then to process it; the results are transferred to
the stack.

After you finish using the command line, the stack display moves back down so that the first four levels
are displayed.

One way to know that the command line is active is that you will see a blinking cursor.

Soft Key Menu Labels

Menu labels across the bottom of the display show the operations associated with the six white menu
keys (or soft keys) across the top of the keyboard (see Softf Keys below).

The HP 48 Keyboard

This section describes keypad functions.

On/Off

The key is located at the bottom left corner of the keypad. Press it once to turn on the
calculator.

To turn off the HP 48, press [ @@ | and [ on |. If the HP 48 is left on, it will automatically turn off if
you have not used it for 10 minutes.

You can turn off your calculator at any time. When you turn it on again, it will be ready to continue where
you left off — any information you had on the display will still be there.

Soft Keys

There are six keys just beneath the display, labeled A through F. Although these keys are part of the
keyboard, we refer to them as “soft” because their functions (and labels) change, depending on the SM/
or HP 48 menu you select; thus, they represent different operations or choices you can make when you
are running various programs.

Generally, you use the soft keys to enter values, such as bearing and distance. Key in the value, then
press the appropriate soft key. Or press the soft key and the display will ask you to enter a value.

The current function of each soft key is identified along the bottom line of the display (menu labels). Soft
keys are represented in this manual as white lettering on a black, rectangular background. For

example: m

If the soft key has a tab in the upper left-hand side, this indicates that there are more options to choose
from after you press the key, or there is a subdirectory. For example, in the Job menu, when you press
the soft key, more options present themselves.

Toggles

12

A toggle is a key whose function changes each time you press it. Any soft key in the display that has a
square after it is a toggle.

For example: Press [ cAG ], then [ NXT_|, then [EEIZR@- This brings you to the Display menu (this
menu will be explained in a different section and is only referenced here as part of the toggle example).

Press the [JEIEH soft key.
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Notice that the key changes to [IEXAl; press it again and it changes to [ f]; press it again and it
changes to [ Press the key once more and it returns to the JEGIY] soft key.

Here is another example that is not a soft key: If you press [ <€ ] then the number 3, it turns off
Elevations. Keying in [ <€ ], then the number 3 will turn on Elevations again.

Hard Keys

Hard key functions are imprinted on each key itself (such as the Enter key). When you load and set up
your SMI software, many of these keys are assigned to perform functions that you will be using with
your software. The assigned keys are then called primary keys (see Primary Keys below).

The functions of these assigned keys are identified by the SMI surveying overlay that came with your
SMI program card (see Normal SMI Overlay Mode on page 27). Hard keys are represented in this
manual as black lettering on a gray, rectangular background. For example: [ENTER]-

Primary Keys

Primary functions (or keys) are noted directly above each key on the SMI overlay. When your SMI
software is loaded, simply press the key that corresponds to the operation (or primary function) you
want to use. Some of these functions must be accessed by first pressing a shift key (see The Shift Keys
below). The keys that can be accessed without pressing a shift key are in black.

As you will see in Getting Started, which begins on page 17, SMI uses a setup program to assign many
surveying functions to the keyboard. When SMl is on (as indicated by the name of the card appearing in
the status line at the top of your HP 48 display), the overlay functions and programs are active. When

the name of the card is not shown, the normal HP 48 keyboard and math/science functions are active.
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If you see “USER” in the status line, it indicates that some customized user keys have been specifically
defined by the user. See User Mode on page 33 for information on specifying user keys.

Primary keys are represented in this manual as black lettering on a white, rectangular background. For
example: .

The Shift Keys

Although there are only 49 keys on the keypad, they are able to perform multiple functions, thanks to
the shift keys. These functions are imprinted on the SMI surveying overlay above each corresponding
hard key. They are also color coded to correspond with either the left or right shift key. Shift functions
are noted in purple (shift left) or teal (shift right) on the SMI surveying overlay for the HP 48. The Titan
shift keys are colored red (shift left) and brown (shift right).

The IENIN/ I key is just one example of how to use the shift keys to select a different function
from the same key.

Press a shift key before pressing the desired key on the keypad. (Notice that when you press a shift
key, its symbol, or “annunciator,” will appear at the top of the display.)

The <& ] (shift left) key changes the primary key to match the function labeled over the key in
purple.

The [ ] (shift right) key changes the primary key to match the function labeled over the key in teal.

& If you press a shift key in error, press it again to turn it off. If you press the wrong shift key, simply press
the correct one to continue.

Chapter 3: Introduction to the HP 48 13



Alpha Keys

You have seen how your SMI software allows the calculator keys to serve multiple purposes. In addition
to functions, certain keys also represent letters of the alphabet.

To do this, you must first turn the alpha keys on by pressing [ o |. If SMl is not initialized, [ & ]
must be pressed twice to key in more than one alpha character. However, you will see in Getting
Started, which begins on page 17, how your SMI program sets a flag so that this function key needs to
be pressed only once to remain on.

The characters you will type are represented in red on the SMI overlay (or white on the calculator itself)
and are to the right side of each hard key. As you press the keys that correspond to the letters you
want, those letters will appear on the screen.

With alpha “on,” key in the letters ABC. You should see ABC displayed on the command line, just above
the soft key menu. In the SMI program, pressing [ ¢ | then [ & | while the Alpha mode is already
on will make the letters lowercase.

HP 48 Basics

As you read at the beginning of this chapter, the HP 48 stacks information to add, subtract, multiply, or
divide. Initially, the way you perform calculations may seem a bit “backwards” if you are used to a
standard calculator or adding machine. But it is actually quite simple.

Here is how it works:
1. Key in any number.

Notice that the numbers appear at the bottom left of the display, above the soft keys. This is the
‘command line.”

2. Press .

The numbers now appear at the bottom right, across from number 1. This means the number is
now stored in the computer’s “level 1 stack.”

3. Key in another number. (You do not need to press again.)

4. Press any of the four functionkeys: [+ |,[ — |,[ X J,or [ = |-

Once you have performed the function, the result appears on level 1 of the stack display. You may
then key in another number and perform another operation.

The number of items that can be stacked is limited only by the size of your HP 48’s memory.

An operation that takes only one argument, such as SIN, COS, TAN, or (square root), uses the value on
level 1 of the stack.

For example, to find the square root of 16, you would key in 16 and then press . The result
appearing on the command line of the display is 4.

Using Two Entries to Perform an Operation

For example, to multiply 5 by 6: Key in 5 and press to put the number 5 into level 1 of the stack.
Now key in 6 and press [ X |-

The display will show 30 as the result.
You could also key in 5, press the key, key in 6, and press with the same result.
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Adjusting the Contrast of Your Display

The HP 48 has a built-in contrast control that lets you adjust the display to suit your preference or work
requirements.

1. With the HP 48 on, hold down the key. Continue holding down the key while you
adjust the contrast.

2. To darken the display, press [ 4 |. To lighten the display, press [ — .

3. Continue pressing [ | or [ — ] until your display has the desired contrast.

Batteries

Your HP 48 requires three AAA batteries. We strongly recommend using only alkaline batteries.

Under normal conditions, these batteries should last several months. Using RAM cards and transferring
data using infrared and serial communications places a heavier drain on batteries and will reduce
battery life. With heavy usage, a fresh set of batteries should last about two months.

When your batteries need to be replaced, a low battery symbol, or “annunciator,” will normally show at
the top of the display, just to the right of center. This display will remain even when your HP 48 is off.

If you are working with an electronic total station, the battery drainage is heavier than normal. You may
see “Low Battery” or other messages before you see the normal low battery annunciator. Your HP 48
will continue to remind you if the batteries are weak.

Each time the HP 48 is turned on, it will beep and display: Warning: LowBat(s). The warning
message will then disappear, but the ((+)) symbol (low battery annunciator) will remain at the top of the
display.
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v/ You should replace the batteries as soon as possible after your HP 48 gives you the low battery
warning. Failure to do so may result in loss of job data.

To replace batteries:

1. Turn off the HP 48 by pressing [ ( | [ oN |-

2. Remove the battery cover (on the calculator back, under the serial number).

v/ Be careful not to press the key while you are installing new batteries. This will erase any
data you may have stored in your HP 48.

3. Replace your weakened batteries with fresh AAA alkaline batteries, making sure that each
faces in the direction indicated in the battery compartment. This is important, since
reversing the batteries may cause you to lose any job data you have stored in your HP 48.

Replace the battery cover by sliding it closed until it clicks into place.

5. If you see the message Warning LowBat(P2), see Changing RAM Card Batteries on page
16.

Internal Memory of the HP 48

The HP 48 has a built-in memory capacity of 128K RAM (random-access memory).

A plug-in RAM card may be added to your HP 48 to increase its memory. RAM cards are used only in
port 2. (The SMI program card is always used in port 1).

Chapter 3: Introduction to the HP 48 15



Both the HP 48/SX and GX accept memory cards in 32K and 128K sizes. The HP 48 also accepts
memory cards in 256K, 512K, and 1MB sizes.

About Memory Cards

HP calculators are very reliable; however, in the unlikely event that damage occurs, a memory card can
save hours of work recapturing lost data. A memory card with battery backup provides additional
security for data — especially when you are working in the field. If your HP calculator’s batteries go
dead, files on your RAM card stay intact.

Some RAM cards use a battery (photocell, style #CR2016) to preserve stored data. This battery has an
effective life of six to twelve months, so should be replaced regularly. These RAM cards have a switch
at the top of the card; others recharge themselves from the HP 48’s AAA batteries and have no switch.

If the HP 48’s AAA batteries are not changed often, the RAM card’s rechargeable battery may
lose its charge and result in loss of memory.

Changing RAM Card Batteries

16

Some RAM cards also have batteries. When a RAM card has a low battery, you will see the message
Warning LowBat(P2) and the low battery annunciator will be displayed at the top of the screen.

Do not take the RAM card out of the HP 48 until you have saved all the jobs that are on the RAM
card.

Remember: RAM cards are used only in port 2. (The SMI program card is always used in port 1).

1. Leave the RAM card in port 2.
2. Turn on your HP 48 (this will keep power to the card).
3. Change the battery.

If you plan to remove the RAM card from the HP 48 to change the battery, first download job data from
the card to your HP 48 or a PC, since all data on the RAM card will be erased.

More information about the calculator itself can be found in your HP calculator owner’s manual. Getting
Started, which begins on page 17, covers installation of the SMI program card and introduces you to
the HP 48’s surveying software.
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GETTING STARTED

This chapter will help you install and set up your SMI surveying card and C HAPTER
become familiar with the more common keys, commands, and functions .
you will be using.

In this chapter:

Overlay or Command Keys. . .. ..., 18
To Get Started. . . ... . 27
Your SMI Screen. .. ........ .. .. . 30
UserMode. . . ... ... . . 33
Assigning Custom Keys . . ... 35
Working with Jobs. . .. ... . . . . . 35
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Key Definitions

Soft Keys These keys are called soft because their functions (and labels) change, depending on the menu selected.
Soft keys are represented in this manual as white lettering on a black, rectangular background.

Toggle Keys A toggle is a key whose function changes each time you press it. Any soft key in the display that has a
square after it is a toggle.

Hard Keys Hard key functions are imprinted on each key itself. The functions of these assigned keys are identified by
the SMI surveying overlay that came with your SMI program card. Hard keys are represented in this
manual as black lettering on a gray, rectangular background.

Primary Keys Primary functions (or keys) are noted directly above each key on the SMI overlay. Primary keys are
represented in this manual as black lettering on a white, rectangular background.

Overlay or Command Keys

This section will familiarize you with the command keys that drive the SMI program.

X If you have a PDA, the overlay is part of the program'’s screen.

G H | J K L
PAUSE

X%Y OCPY RSTO RRCL [INFN] [POS| LEFT PINV DOWN RSIDS RIGHT FTRA

M

N 0 P 0]
_PRINT ]| VIEW || CHG | P-P
HSIN HASIN HCOS HACOS HTAN HATAN VER POG |Z| 3 COR NE-NE P-PST

S T u v ) X

[CmMORE ][ DEL ]
FAP NEXTNO SDA BMRK [2PES] DROP [SHOTS|

Y Z

ALPHA
QUIT LOWER  IN-=FT FT*IN MBKS TRIG G—+*DD—+*G DMS—*DD—*DMS

SHIFT LT NOTE N-W MAN ATE DISP [UNITS SCALE [INST

SHIFT RT P-*RR-»P RAW S-E ELEV S-W FINE "/HMS -
CANCEL
MENU OFF RE-0 ZERQ »  RTHN COMPAS| {} HMS+

1-800-234-0123 www.smi.com

Figure 4-1 Overlay
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Overlay Shortcuts

Overlay Shortcuts Sorted by Key Location

Shortcut

JOB
o] C5os ]
=] CJos )
[ Csps ]

> SETUP

- SETUP

> sC

- sC
TRAV

o] (]
=] ()

NXT
=] [ |
(| ]
[ ] ocpy
[| ] Xs<v
[ ] FrrcL

[/ ] rsto

> | [pos
[<& ] [CiNFn ]

Function

Job menu

Command menu (toggle)

Registers Menu

Side Shot command: If the Instrument flag is set to On, record a side shot
from an instrument; if the flag is set to Off, you may enter a side shot
using the Side Shot menu

Side Shot (manual)
Setup menu

Positioning menu

Instrument menu (custom)

Store Coordinate

Traverse - Repeat

Side Shot - Repeat

Traverse command: If the Instrument flag is set to On, record a side shot
from an instrument; if the flag is set to Off, you may enter a side shot
using the Side Shot menu

Traverse (manual)

Turn instrument up (Robotic) or MAN2 Traverse.

Next menu page

Levels

Previous menu page

Construction Five menu (CVC+)

Occupy Point

Swap: Swaps the contents of stack one and stack two

Register Recall function

Register Store function

Custom menu

Instrument Positioning menu

Instrument Functions menu
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Overlay Shortcuts Sorted by Key Location

Shortcut Function
Pause Interrupt: Stops current robotic function (Search, turn, etc.) (DCER+)
E PINV Inverse to point
IE‘ LEFT Turn instrument left (DCER+)
Stake menu
[ ] Rrsibs Side Shot (real-time) (DCER+)
E DOWN Turn instrument down (Robotic) (DCER+)
Servo menu (servo-enabled instruments) (DCER+)

PTRA Point Traverse

[>]

Ij_' RIGHT Turn instrument right (DCER+)

/_\ Horizontal Curves menu
El HASIN HMS ASIN

>< Intersections menu

El HACOS HMS ACOS

Ij_‘ HCOS HMS COS
PRINT Print menu

El HATAN HMS ATAN
Ij_‘ HTAN HMS TAN

View menu
El POG Point on Grade (DOT)
IE‘ VER Version of SMI software
CHG Change Settings menu
El 3 COR Three-corner shot (DOT)
IE‘ 2] Two-corner shot (DOT)
P-P Inverse from point
El P-pST Copy point-to-point results on the stack instead of reporting them
Ij_' NE-NE Inverse between Northing and Easting values on the stack
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Overlay Shortcuts Sorted by Key Location

Shortcut
[ ] NExTNO
[ ] Fap

+/-

[>]
[ ] DROP
[ ]

[ ] Lower
[| ] oaur
[ ] FT+IN
[ ] IN=»FT
[ ] TRIG
[ ] wmBks

Function

Enter button

Set the next number

First available point

Currently not assigned

Sunshot menu

Separate Distance and Angle (DCE+)

More menu

GPS menu (DCER+)
DOT-enabled commands (Toggle) (DOT)

Delete menu

Free Station - Two Point (ACE+)

Benchmark: Brings observed elevation to the occupied point (ACE+)
Delete: Deletes some or all contents of current line in stack
Shots menu (ACE+)

Drops off the first value from the stack

Alpha key to set Alpha mode

Lower case when in Alpha mode

Exit the SMI program

Convert from feet to feet and inches

Convert from feet and inches to feet

Trig leveling

Mean Backsight (DCE+)

Convert from degrees to gradians

Convert from gradians to degrees

Convert from decimal degrees to degrees-minutes-seconds (DD.DDDD
to DD.MMSS)

Convert from degrees-minutes-seconds to decimal degrees (DD.MMSS
to DD.DDDD)

Chapter 4: Getting Started
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Overlay Shortcuts Sorted by Key Location

Shortcut Function

E N-W North-West bearing

E NOTE Toggle the notes flag (N)

E ATB Azimuth to Bearing conversion

E MAN Toggle to set the flag for Instrument mode or Manual mode (l)
El Units: Provides access to the HP application and menu (DOT)
[ ] nbisp Toggle between angle display modes (DOT)

El INST Instrument menu

Ij_' SCALE Scale factor for the job

El R+ P Convert from Rectangular to Polar

Ij_' PR Convert from Polar to Rectangular

El S-E South-East bearing

Ij_' RAW Toggle the record raw observations flag (R)

El S-W South-West bearing

Ij_' ELEV Toggle the record elevations flag

El "HMS- Subtract two numbers on the stack using the degrees-minutes-seconds
format

Ij_' FINE Instrument Fine and Coarse modes (toggle)

CANCEL On and Cancels current command

[ ] oFfF Off

Ij_' MENU Toggles screen displayed command menu

El ZERO Zeros the instrument from the data collector

Ij_' RE-0 Backsight and set zero again (robotic) (DCER+)

El RTN Return button: Allows entered text to continue on the next line

Ij_' y Code with a note

E COMPAS Compass Rule menu

E Predetermined area

E HMS+ Adds two numbers in the stack using the degrees-minutes-seconds
format
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Overlay Shortcuts Sorted by Key Location

Shortcut Function

Ij_' O Places function or operand within braces on the stack

Overlay Shortcuts Sorted Alphabetically

Function Shortcut
Currently not assigned +/-
Two-Corner shot (DOT) Ij_' @
Three-Corner shot (DOT) El 3 COR
Adds two numbers in the stack using the degrees-minutes-seconds HMS +
format El
Alpha key to set Alpha mode II'
Registers Menu ! JOB
Azimuth to Bearing conversion El
ATB
Backsight and set zero again (robotic) (DCER+) Ij_'
RE-0
Benchmark: Brings observed elevation to the occupied point (ACE+) Ij_'
BMRK
Change Settings menu CHG o
>
Code with a note %
, ~
<] 3
Command menu (toggle) A
‘2 JOB ®
Ul
Compass Rule menu El COMPAS §
«Q
Construction Five menu (CVC+) CONST
Convert from decimal degrees to degrees-minutes-seconds (DD.DDDD
to DD.MMSS) [ ] p~oms
Convert from degrees to gradians El
D>G
Convert from degrees-minutes-seconds to decimal degrees (DD.MMSS
to DD.DDDD) [ ] oms~p
Convert from feet and inches to feet Ij_'
IN>FT
Convert from feet to feet and inches El
FT >IN
Convert from gradians to degrees Ij_'
G-+»D
Convert from polar to rectangular Ij_'
P+R
Convert from rectangular to polar El R>P
Copy point-to-point results on the stack instead of reporting them El P-PST
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Overlay Shortcuts Sorted Alphabetically

Function

Custom menu

Delete menu

Delete: Deletes some or all contents of current line in stack

DOT enabled commands (toggle) (DOT)

Drops off the first value from the stack

Enter button

Exit the SMI program

First available point

Free Station - Two Point (ACE+)

GPS menu (DCER+)

HMS ACOS

HMS ASIN

HMS ATAN

HMS COS

HMS SIN

HMS TAN

Horizontal Curves menu

Instrument Fine and Coarse modes (toggle)

Instrument Functions menu

Instrument menu

Instrument menu (custom)

Instrument Positioning menu

Interrupt: Stops current robotic function (search, turn, etc.) (DCER+)

Intersections menu

Inverse between Northing and Easting values on the stack

Inverse from point

Inverse to point

SMI Version 7 User Guide

Shortcut

DEL
[ ]

(| ]
[ ] DrROP
[| ] aur
[ ] Fap
[ ]
[ ] Hacos
[ ] HasiN
[ ] HATAN
[ ] Hcos
[ ] HsiN
[ ] HTAN

7
[ ] FINE

=] O]
] (e
=] Ceeve
] CFos )

Pause



Overlay Shortcuts Sorted Alphabetically

Function

Jobs menu

Levels
Lower case when in ALPHA mode
Mean Backsight (DCE+)

More menu

Next menu page
North-West Bearing
Occupy Point

Off

On and Cancels current command

Places function or operand within braces on the stack
Point on Grade (DOT)

Point Traverse

Positioning menu

Predetermined area

Previous menu page

Print menu
Random Points menu

Register Recall function

Register Store function

Return button: Allows entered text to continue on the next line
Scale factor for the job

Separate Distance and Angle (DCE+)

Servo menu (servo-enabled instruments) (DCER+)

Set the next number

Setup Menu

Shots menu (ACE+)

Shortcut

JOB
[ x|
[ ] Lower
[ ] wmBks

NXT
(] wNw
[ ] ocpy
[ ] oFfF
CANCEL

i
>

[ Csemwe] g
- PN
PREA ém

D

«Q

[ ] FrrcL
[ ] RsTO
[ ] RN
[ ] scaE
[ ] spA

[ ] NexTNO
| @ | [sHoTS
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Overlay Shortcuts Sorted Alphabetically

Function

Side Shot - Repeat

Side Shot (manual)

Side Shot (real-time) (DCER+)

Side Shot (real-time) or MAN2 Side Shot

Side Shot command: If the Instrument flag is set On, record a side shot
from an instrument; if the flag is set Off, you may enter a side shot using
the Side Shot menu

South-East Bearing
South-West Bearing

Stake menu
Store Coordinate

Subtract two numbers on the stack using the degrees-minutes-seconds
format

Sunshot menu

Swap: Swaps the contents of stack one and stack two

Toggle between angle display modes (DOT)

Toggle the notes flag (N)

Toggle the record elevations flag (Z)

Toggle the record raw observations flag (R)

Toggle to set the flag for Instrument mode or Manual mode (1)
Toggles screen displayed command menu

Traverse (manual)

Traverse - Repeat

Traverse command: If the instrument flag is set On, record a side shot
from an instrument; if the flag is set Off, you may enter a side shot using
the Side Shot menu

Trig Leveling
Turn instrument down (robotic) (DCER+)
Turn instrument left (DCER+)

Turn instrument right (DCER+)
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| |[sibs
[ ] Rsips
| <% | [sibs
[ s«
=] sw
[ ] "Hwms-
[ ][sun ]
[| ] X<y
[ ] noisp
[ ] NoTE
[ ] ELEV
[ ] Raw
[ ] wman
[ ] m™mENU
[ |[TRAV
] 5t ]
[ ] 7RG

[ ] pown
(| ]
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Overlay Shortcuts Sorted Alphabetically

Function Shortcut
Turn instrument up (robotic) or MAN2 Traverse Ij_' TRAV
Units: Provides access to the HP application and menu (DOT) El UNITS
Version of SMI software Ij_'

VER
View menu VIEW
Zeros the instrument from the data collector El ZERO

To Get Started

v/ Read this before you begin.

Please take a few minutes to read this chapter before you begin experimenting with your data collector
and SMI surveying card. Like the data collector, your SMI software module is a powerful tool. By
becoming familiar with the basics of this tool, you will quickly be on your way to faster, more efficient
surveying. A few minutes of preparation now can prevent many questions later.

Install SMl in Your HP 48
Turn off the HP 48 and open the back cover. Plug the program card into port 1.

v/ Be careful when plugging any cards into the HP 48. There is only one way to install the card.

With the card plugged in, you should be able to see the name of the card through the tab on the card
when you open the back cover. If you purchased a RAM card, plug it into port 2. Turn on the HP 48. The
SMI program will automatically initialize or load.
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What Happened When the SMI Program Was Initialized?

You will be brought to the setup screen. A job called JOB1 was created. Point 1 was created with
default coordinates of 5,000 North and 5,000 East. Point 1 was occupied and the back azimuth was set
to zero.

CYCR it SMI
JOEL: CRD

SETUP
goaa'aa"=1=1 MM 2

H I: @, BEGE
rOD: @, BEE

[EEPT [ 0P [HOTE] H | [H KOO S ]
Figure 4-2 SMI Program Initialized

Normal SMI Overlay Mode

Your SMI surveying module comes with a keyboard overlay for your data collector. If you have not yet
done so, install the overlay now. The overlay snaps into place over the data collector’s keys and shows
the various surveying functions you will be using with your SMI program card. After everything has
been installed, practice a few keystrokes.
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When you call for technical support, the technician will need to know the version number of your
program.

HECYCR

SMi)

VERZION 7.02C
COPYRIGHT C 1981-g002

[HDIST[00sT] 24 | W [IC@PI] ERIT ]
1. Software type

2. Software version

Figure 4-3 SMI Software Screen

1. Check your program version by pressing [ < | V.
2. Now press the eIl key.

You will be returned to the setup screen.
The On Key

You will find the key to be very useful; it does more than just turn the calculator on and off, it
also carries out other functions assigned to it by SMI and HP. For example:

-

-

CLEAR: If you have data on the stack or command line and want to get rid of it, press [ oN |-

ERASE: If you are keying in data as part of an SMI routine and want to clear the command line,

press [ oN |- The command line will be cleared.

CANCEL: If you are in the middle of entering data into a program and you want to cancel the

program, press [ oN_|-

In other words, press to clear, cancel, quit, exit, prepare to reenter data, or get ready to go to
some other function or program. Normally, when you end one program and are ready to go to another,
you will not need to press unless the command line is active. Just press the key for the

function you want to use.

If you discover that you have made a mistake or you are unsure how to get out of a problem, press

ON | once or twice to “back out” and start over. If you were typing data on the command line,

oN | Wwill let you erase the data you entered. Press a second time to cancel entering data

entirely. This will not cancel the function you are running.

If you are using the Menu option (see Menu Option on page 29), [ oN
menu screen when you are finished using a function and wish to look at

SMI Version 7 User Guide
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Menu Option

To use the SMI screen menu option, press [ < | menu  or the IRl key. Now press [ ot | M
(menu) [ENTER]- The SMI screen menu will be displayed and active. The screens below may differ from
the SMI program you are using.

[H]1
1]

SETUP
;1 STORE COORDIMATE
k1 TRAVERSE
riL; LEYEL HOTES
[FaOM[PGUR] &+ | + | [EXIT]

Figure 4-4 SMI Screen Menu Page 1

i CUSTOM
INSTEUMENT FUMCT..
POSITION MEHU
POINT INYERSE
[FaoMlpsur] - [+ [ [exm]

2 HAIN KEVEDARD

POINT TRAYERSE
CURYES
INTERSECTIONS
w1 PRINT
(PsWfPsUR] -+ [ + | TERIT]
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% HAIN KEYEODARD

SR
r<pc  COMPASS

[PacM[Psur ] + T+ | [ExIT |
Figure 4-7 SMI Screen Menu Page 4

Pressing the up or down arrows on the soft keys scrolls up or down the functions on the current
screen.

Menu Option Soft Keys

m This key shows the next screen view down.

m This key moves a page up. The down and up arrow keys move one function at a time. Press these to
select the function you want, and press | ENTER | to execute the function.

EXIT This key exits the menu option and takes you to the Setup menu.
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This menu system is a teacher to help the user find a function and to see how a function works. To run
one of the functions, either press while the function is highlighted, or press the shortcut keys
shown on the left. To go back to the menu, press [ oN_ |-

To return to using the overlay without the screen menu option, press [ EXIT_|. This will exit the SMI
screen menu. You will now be using the normal overlay option.

Your SMI Screen

™

30

If you have just installed SMI, the software will bring you to the setup screen with a job called JOB1
already started.

See the figure below to view an example of the screen that you will see.

The screen below may differ slightly from the SMI program you are using.

1

N\

8 B '
" | CVCR k2 ZHI 4
~JOEL: CRO

SETLIF
_—A"08'aa"=1=1 HNH 18 5

EKPT [ OCPY [MOTE] H | [H ROD|

Figure 4-8 The SMI Screen

Software type (see Software Type on page 31).
User flags active (see User Flags on page 31).
SMI mode (see SMI Mode on page 32).

Function currently active (see Function Currently Active on page 32).

o b=

Function-specific data (see Function-Specific Data on page 32); in this case, the Height of
Instrument/Height of Rod is shown.

Soft key menu (see Soft Key Menu on page 32).

More function-specific data (see More Function-Specific Data on page 32); in this case, the
backsight angle, occupied point, last point stored; next point number to be stored.

8. Directory where job files are to be stored/retrieved (see Directory/Path on page 33).
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Elevations Off

With Elevations off, flag Z is off and elevation-related keys such as height of instrument and height of
rod are inactive and do not appear on the soft key menus or display.

CYCR K HI Ml

JOBL: CRD
SETLUP
A"E0'E8" =121 HMN 2

EEPT|OCPY[MOTE] | | 0w |

Figure 4-9 Elevations Off

What You Are Seeing on the Screen

Software Type

Displayed Abbreviation Product Name/Meaning
SCE Standard COGO
ACE Advanced COGO
DCE Data Collection
cvC Construction Five 5
DOT Department of Transportation %;T
DCER GPS/Robotic with Data Collection §
CVCR GPS/Robotic with Construction Five ;
GPS A GPS driver is in use %‘
DTBS Directional Theodolite Backsight mode is active <
AZIM Azimuth mode is active

User Flags

To change the status of Point Override, Raw Data, Elevations, and Note Prompting options, go to the
CHG | (Change) menu. These options turn on or off flags 0 (will check or will not check before
overwriting points) through I (Instrument).

If a flag is turned on, you will see the letter of the flag displayed in the status area to the left of SMI. For
example, if Elevations are on, you will see a Z displayed to the left of SMI.

There are shortcuts for turning on or off the user options shown in the display.
1. To automatically overwrite points, press (no shortcut).
The o flag is normally off. The menu is explained further in Change/Defaults on page 255.
2. Press [ < | 2 to toggle Raw Data on or off (the R flag).
3. Press [ <& | 3 to toggle Elevations on or off (the Z flag).
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4. Press [ < | 4 to toggle Notes with a four-way toggle (the N flag).
A. Prompting off, will store last note ([J{Iifg]] in the Change menu).
B. Prompting, with last note ([EE])-
C. Prompting, with note table ( JNi-TH])-
D. Prompting off, will not store last note (I3 )-

5. Press [ <& ] 5 to toggle Instrument on or off (the | flag). This assumes the instrument has

already been chosen ([_SETUP NXT NXT , find the manufacturer name, then
choose the type of instrument. See Instrument Configuration, which begins on page 383).

Once you get the flags and options for a job the way you like, press [_JOB NXT | and
(Set Flags). To get back your flag settings after clearing the memory or reinitializing the SMI, press

JOB NXT | and (Recall Flags).

SMI Mode

SMlI is displayed when the SMI program is active and the SMI overlay is active. If you wish to leave the
SMI program to access the data collector’s functions, press [ <& | [ & |. To return to SMI, you
have two choices:

1. To go to the normal SMI overlay, press [ o | K [ENTER]-

2. To use SMI’'s new menu system, press [ & | M [ENTER]-

Function Currently Active

This identifies the menu or main function you are currently using.

Function-Specific Data

This section of the screen contains calculations, results, or other information relating to the function you
are using. In the example of Figure 4-8 on page 30, Height of Instrument/Height of Rod. This appears
only when Elevations are on.

Soft Key Menu

This presents additional actions or menu options and varies, depending on the function selected. Some
functions have multiple pages of soft key menus. Press to scroll to the next page of soft key

menus. Press [ < | to scroll to the previous screen.

Some menus have an soft key on the first page of the menu. If the soft key has three
periods after it, then there are more keys on the next page of the menu. Press to see them.

Some soft keys have folder tabs on the left side. This indicates that pressing this key will take you to a
new menu.

More Function-Specific Data

In Figure 4-8 on page 30, you are being given the backsight angle, the occupied point, the last point
stored, and the next point number (default) to be stored.
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Directory/Path

This tells where your files are being stored and gives the name of the current job. There are two
different places where jobs can be stored. The job location is indicated by the last three characters of
the job name:

w 48M —files are stored in the memory of the 48.
w CRD - files are stored in the RAM card, if installed.

Screen Symbols

“Annunciators” on the data collector’s screen show the status of the calculator. Status messages
include symbols:

Annunciator Status

El Right shift is active.
Ij_' Left shift is active.

a The alpha keyboard is active (you can type
letters and characters).

cvC The SMI default key assignments are active
and show the type of SMI software you are
using.

User User key assignments are active. See To Get
Started on page 27 and User Mode below.

SMi The SMI keyboard is active.

ORZNIM The indicated user flags (data options) are set.
See To Get Started on page 27, Your SMI
Screen on page 30, and What You Are Seeing
on the Screen on page 31.

o
>
Y

2
)
S
A
)
0]
=
S-

«Q

(%) Alert (e.g., low battery); a message in the status
area should appear to indicate the cause of the
alert.

X Busy (not ready to process new input; but the
data collector can remember up to 15
keystrokes and process them when free).

Transmitting data to or from an external device.

User Mode

SMI and your data collector give you three modes in which to operate.

The card name showing indicates that SMI is running. If USER is showing, it indicates that the user key
assignments are active, in addition to either the SMI keys or standard data collector keys, depending on
whether SMI is running.
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SMI with software name showing:.

CYCR RZHI k1l
JOE1: CRD

SETUP
a"aE'ea"winl MM 2

HI: 6. 86868
rOD: A. AAA

[EEPT | OCFY [MOTE] H | [H KOOf Soa ||
Figure 4-10 SMI with Software Name Displayed

SMI key assignments are active. Some HP 48 calculator keys are also active.

D This is the mode you should normally use.

User mode with software name showing:

CYCR RZMI LUZER
JOEL1: CRD

SETUP
8"08'Bg"=1s]l NH 2

HI:E@.888
ROp: @ . BEGH

[ERPT [ 0CFy [NOTE] W | [H k06| Zoa ||
Figure 4-11 User with Software Name Displayed

SMI key assignments and user-defined keys are active. The HP 48 calculator keys are also active.

. This is the mode you should use if you use your own key assignments with the SMI overlay.

When User mode is active, your user-defined keys will replace the SMI functions assigned to those
keys.

Press and Y to access this mode. See Assigning Custom Keys on page 35.

User showing, no software name is displayed in the upper left of the screen:

USER
{ HOME CDGO JOE1:CRD }

SETUP
B 0B'BE"=1=1 MM 2

EEPT]OCEYINOTE] | | S0 |

Figure 4-12 User with No Software Name Displayed

The HP 48 key assignments with user-defined keys are active. The HP 48 calculator keys are also
active.

D In this mode, the SMI key assignments are not active; instead, you may use your own key assignments.

34 SMI Version 7 User Guide



No User or SMI showing, no software name:

|{ HOME COGO JOE1:HBM I

4:
B
¢

MECTRIMATE] LIZT | HYF | REHL | BRSE]

Figure 4-13 No Software Name Displayed

The HP 48 calculator keys only are active; no user or SMI key assignments are active.
This is full calculator mode.

% In each mode, you still have access to many of the calculator functions of the HP 48.

Assigning Custom Keys

You may choose to assign functions to keys of your own choice. To do this, press then the
XY soft key; type the name of the function or functions that you want to run when your assigned
key is pressed. After pressing [ENTER], you will be asked to press the key to be assigned. You can also
press a shift key before pressing the key to be assigned to indicate a shifted key assignment. After the
key has been assigned, USER will replace SMI in the status area to indicate that user key assignments
are active in addition to SMI key assignments.

Note that whenever USER is displayed, your user key assignments are active. When both the software
type and USER are displayed (Figure 4-11 on page 34), the user-assigned keys and SMl-assigned
keys are active, but your user-assigned keys will take the place of any preassigned keys of the SMI
software.

If you assigned a function or program in place of an SMI function, you can make the SMI function active
again by pressing and the JES] soft key. The USER at the top of the display will be
replaced by SMI. Now all SMI overlay keys are active and none of the user-assigned keys are active.
This can be toggled back to your user keys with the rest of the SMI overlay being active by pressing
and IR Note that in previous examples, the name of the SMI surveying card continues
to be displayed in the upper left portion of the screen.
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You may want to review the figures on the previous pages for clarification.

Working with Jobs

CYCR REMI SMI
JOEL: CRD

JOBS
LoD | COPt [HOVE] HFEF [KERHM| MEW |

Figure 4-14 Jobs Screen

The Jobs screen shows the version of the SMI program being used (in the example above, CVCR), and
JOB1:CRD at the top of the display. This indicates where the program is storing the data.
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An extension is automatically added to your job name to indicate whether your job is stored in the
internal memory of the data collector or in the RAM card. In Figure 4-14 on page 35, the job is named
JOB1. The CRD extension indicates the job is being stored on a RAM card; a 48M extension would
indicate that the job is being stored in the internal memory of the data collector you are using.

. The colon (:) only serves to separate the job name from the extension.

JOB1:CRD is the name assigned to the current job. This means that if you were to enter points right
now, they would be stored in JOB1 and each point would go to the RAM card memory.

When moving or copying jobs, you have the option of saving your job to the RAM card or to the internal
memory of the data collector. This is done using the soft key of the Job menu (see Copying
Jobs on page 37).

& Storing all your jobs on the RAM card is always the safer choice.

SMi stores coordinates by point number in a job. Using point numbers (that have coordinates attached)
to perform operations is much easier and faster than keying in coordinates.

You can copy any set of points from the current job to any place in the current job or to another job by
using [_RPTS ], (select the random points you want, then press [ENTER]), [ NxT | and [2dd- In
[ RPTS ], you define the points you want to copy.

Creating Jobs

SMI allows you to give each job its own name. To create a new job:

1. Press (the G key), then TN

At this point, you will see the Create New Job screen. Here you see the default coordinates for the
job you will create. Note that Elevations are off in the example below. If you see 100 next to Elev:,
skip to step 3.

2. Pressing will automatically turn Elevations on (you will later see flag “Z” in the
status area indicating this).

The display will show ELEVATION? and prompt you to enter the elevation, after which you will be
returned to this screen.

fREHTE NEN -JOE
SEEE .. BEEE
SEEE.EEBE

POIMT] W | E | EL [NOTE]|MEM |

Figure 4-15 Create New Job Screen

3. Press the JNETJ] soft key again.

You are prompted to enter the name of the job you wish to create. Any combination of numbers and
letters can be used to name your job(s). (If you wish to transfer jobs via infrared, do not start your
jobs with a number. See Transferring a Job on page 38 for infrared transferring.)

®  You do not need to press the alpha key ([_oC_]) before typing letters of the alphabet at this point.

Alpha is turned on automatically when you press the |JEE] key to create a new job.
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4. Press to create the job or to cancel. (Remember that pressing can

be used to cancel out of most operations in SMI.)
You will see the name of your job in the status area in place of JOB1.

D With a RAM card installed, creating a new job automatically saves it to the RAM card and not to the
internal memory of the data collector.

Old Jobs

You may select jobs from a menu, rather than from the soft keys to speed up job selection.

PO | PiEUR

Figure 4-16 Select an Old Job

1. Press [ JoB_ |, then BN
2. Using the Up and Down arrow keys, highlight the job you want to open and press [ENTER].

Copying Jobs

You can have several jobs stored in your data collector and/or the RAM card at the same time by either
creating new ones or copying jobs. This section explains how to copy jobs. g
Q
1. Press (108 ], then |- 0 e
RN
2. Using the up and down arrow keys, highlight the job name you wish to copy and press é g
[EneR]. g
S.
At this point, you may only have JOB1: listed. The screen can only show 22 characters of the job «Q

name.

You will then be prompted: DESTINATION or NAME?
D You cannot name the job the same thing.

3. Name it anything you wish and then press [ENTER]-

If you do not have a RAM card installed, your job will automatically be copied to the internal
memory of the HP. If you have a RAM card installed, you are prompted:

Job Destination? and given two choices:

A. Press [JEIII] to copy your job into the HP’s internal memory.

B. Press to copy your job to the RAM card.

You now have two of the same job with two different names.
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Moving and Renaming Jobs

You can move a job using and Y- You would use the Move option if you just recently
bought a RAM card, for example, and have jobs you would like to move to it for safekeeping. This works
exactly like copying a job; however, the name you enter for the destination replaces your job instead of
duplicating it. You now have only one of your job. The same job is there — just as a different name.

Deleting Jobs
Deleting jobs is simple in SMI.
1. Press [ _JOB NXT | and .

You are prompted for the job name.

2. Using the up “K” and down “Q” keys, choose or highlight the job listed on the screen. If you

do not see the job name, you may need to press the down arrow or [ (for page down)
one or more times to scroll through the jobs stored in the calculator.

3. Press after highlighting the job to delete.
You will then see on the screen “Proceed With Deletion” and and R soft keys.

4. Simply press the key corresponding to your choice.

v/ Note that there is no way to get a job back after deleting it, so be careful when deleting jobs.

Transferring a Job

To transfer a job to the PC or another data collector using the infrared port of your data collector or a
wire:

1. Press then RGN

There will now be an option that can be toggled back and forth to choose which way your job needs
to be sent. If you see “Wire,” the job will transfer through the wire or cable connection to the data
collector. If you see “IR,” the job will go through the infrared port of the data collector to another
one. Make sure the two data collectors are head-to-head so the infrared windows are facing one
another. If both are in hard cases, you can use the same cable you use to send a job to the PC and
keep the option on “Wire.”

2. To send or receive the job (or jobs if using SMI Transfer), press one of the following options:

Send/Receive Job Options

Press this key when using the SMI Version 7 Transfer software. This will open the transfer window on the
PC where you can send or receive jobs to and from the PC. (Please see the Version 7 manual for a more
detailed explanation.)

Press this key when sending a job to the PC using SMI Transfer 98 or to another data collector, using the
| SEND | “IR” or “Wire” option discussed previously. Note that you must be working in the job you want to send to
send it. The job name will be on the display in the upper right corner.

RECV Press this key to receive a job.

To send a range of points to the PC, see the SMI Transfer 7 manual.
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Once you get the flags and options for a job the way you like, press [_JOB NXT | and
(Set Flags). To get back your flag settings after clearing the memory or reinitializing SMI, press
JOB NXT | and (Recall Flags).
More information on the menu can be found in Job on page 302.
As you can see, a little practice is all it takes to get you going in SMI. If you have more questions about

a particular function, check the Quick Reference of Menus and Functions, which begins on page 241. If
you still cannot find the answer to a question, call SMI toll-free for free technical support.

Standard COGO, which begins on page 41, provides you with some practice surveying with SMI.
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STANDARD COGO

This chapter is for users of all the SMI programs. Even if you have a more
advanced card, this section will help you build your knowledge of how to : C HAPTER
use this program.

In this chapter:

Standard COGO . . .. ... . . . 42
Basic Surveying . .. ... ... 42
Inputting Points Manually . .. ........ ... . .. ... .. ... ...... 43
Transformation . ... ... ... ... .. . .. 63
Staking Points . . . ... ... ... 66
Working with Elevations . ............. ... . ... ... 70
Trig (Trigonometric Leveling). . ... ....... ... .. ... ... ..... 73
Predetermined Area . . . . ... ... . . . ... ... 75
SUnshots. . . ... . 79
Determining Astronomic Azimuth . . ........................ 84
Determining Grid Azimuth. . ........... . ...... ... .. .. ..... 88
Setting Time on Your HP 48 Data Collector . ... .............. 90
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Key Definitions

Soft Keys These keys are called soft because their functions (and labels) change, depending on the menu selected.
Soft keys are represented in this manual as white lettering on a black, rectangular background.

Toggle Keys A toggle is a key whose function changes each time you press it. Any soft key in the display that has a
square after it is a toggle.

Hard Keys Hard key functions are imprinted on each key itself. The functions of these assigned keys are identified by
the SMI surveying overlay that came with your SMI program card. Hard keys are represented in this
manual as black lettering on a gray, rectangular background.

Primary Keys Primary functions (or keys) are noted directly above each key on the SMI overlay. Primary keys are
represented in this manual as black lettering on a white, rectangular background.

Standard COGO

Standard COGO gives you the power to enter deeds, field note data, or coordinates. You can even key
in the data manually from the instrument and instantly have the coordinates stored by point number to
use in SMI's Standard Coordinate Geometry functions. The card is capable of side shots, traversing,
staking, and computing curves, intersections, areas, perimeters, and closures. Work in feet or meters
and north or south azimuth. Input can be in bearings, angles right, azimuths, or deflection angles. You
can convert feet, inches, and fractions of an inch into decimal feet or convert grads to degrees, minutes,
and seconds, and vice versa.

Rotate, translate, and scale any set of points on a job. While in the program, you can add, subtract,
multiply, or divide numbers. Add or subtract angles in DMS formatusing | <& |[ + Jor[ — |
Convert degrees, minutes, and seconds to decimal degrees, and vice versa. Use two points to
determine direction while traversing, taking side shots, or computing intersections. Stake a curve from a
PC and increment the stations along the centerline or along a specified offset from the centerline.

Standard COGO also includes 3-D surveying (elevations), Earth curvature and refraction, elevations,
and an industrial strength Sunshot program with its own ephemeris and ability to compute astronomic
or grid north.

Trig-leveling functions let you pull in an elevation from a benchmark and use it to stake and get cuts and
fills or use side shot to collect north, east, and elevation points.

Predetermined areas can be computed either by the hinge method or by the slide method. The SCE
also offers staking, which gives angles to turn and distance to go, as well as go or come and right or left
values.

Basic Surveying

42

Now that you know a little about what you can do with the SMI program, work through an example using
some of these basic surveying functions.

This chapter assumes you have already installed your SMI software and overlay. (If not, refer to Getting
Started, which begins on page 17.) You can use the job that was automatically created when you
installed the software, or create your own following the instructions in Working with Jobs on page 35
and Creating Jobs on page 36. The following examples will show JOB1 as the job name.
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Inputting Points Manually

There are three ways to input points or store coordinates in the SMI program: for side shot,
for traverse, and for Store Coordinate.

The [sibs_|, or side shot key, is a function and a menu key. It allows you to electronically (if you have
the DCE or above program) or manually take a single horizontal angle, zenith angle, and slope distance
to a point, convert to coordinates, and store by point number without changing the occupied point and
backsight point.

The [TRAV_], or traverse key, is a function and menu key as well. It works exactly as the side shot
function, with one exception: after the point has been stored, the new point is occupied and the
backsight point becomes the point that was previously occupied. Think of it as the instrument following
the rod around your job with every new point that is stored, whereas in side shot, the rod is the only
thing moving around and the instrument is staying put.

The [ _sc ], or Store Coordinate function, lets you enter points using coordinates and data for
existing point coordinates.

Examples using these methods will follow.

Inputting Points Manually Using the Side Shot Key

First you will be shown how to input points manually into the SMI program.

The word SETUP should be on the screen; if it is not, press on the keyboard. You should see
these numbers 0°00'00"-1-1 NN 2 below the word SETUP.

SMI Program Setup Screen Definitions

0°00'00" This value is your backsight (there is not a point as a backsight, so the backsight angle is shown).

The middle 1 This value is the occupied point, or where the instrument is set up.

The next 1 This value is the last number that was stored in the program. (In this case, the only number in the
program is the default point 5000 Northing 5000 Easting, so point number 1 is shown in both locations.)

NN2 These letters stand for Next Number. As you can see, the next number to be stored is 2.

HI This value represents the height of the instrument used for elevations.

ROD This value represents the height of the rod used for elevations.

Start a new job (see Creating Jobs on page 36), then complete the following steps.

Example 1 — Inputting Points Using Side Shot
Press [ _sIps_].
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SIDE SHOTE

L: 186, B8EE
H°08'BE"eln] MM 2

erc: ME 060 ' BE"E w 1: @.06E
pIs: B, BE6EG6 rOD: B, BEE
| <KT [ A2 | ERG [DEFL] H I [H KOO

[aa]

Figure 5-1 Side Shot Screen — Page 1

The side shot screen displays.
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This is the first side shot soft key menu for a manual entry.

Side Shot Screen — Page 1 Soft Keys

A RT This key is used to enter an angle right. For angle left, key in the angle, press | +/— |, and press

4 RT |

This key is used to enter an azimuth. Enter two point numbers if you want to use the inverse between
those points as the azimuth to the next point. Press m to see the last azimuth. Press to
use this value as the new azimuth. Press El m to put the last azimuth on the stack; then
you can add or subtract to the azimuth using [ (3 | HMS+ or [ ] "Hus-

This key is used to enter a bearing. After entering the bearing, you will be prompted for the appropriate
quadrant (NE=1, SE=2, SW=3, NW=4). An optional way to enter bearing and quadrant values is to enter

the quadrant as the first digit of the bearing, (e.g., a bearing of S 23° 11' 12" W would be keyed in as

323.1112), and press [JEIl-

DEF A This key is used to enter a deflection angle to the right, or key in a negative number to enter a deflection

angle to the left. Key in the number first, then use the key, rather than the minus key, to change

to a negative number. After a direction has been entered, the angle is presented at the top of the display.
Also shown is the distance submenu that lets you enter a distance.

This key is used to enter the height of the instrument. HI is defined as the vertical distance from the point
under the instrument to the axis of the scope on the instrument. To change the last height of the

instrument, key in the new HI and press m When Elevations are on, the current height of the
instrument is displayed.

This key is used to enter the height of the rod. Key in the new height of the rod and press [[iIepY] - You
may choose to have the HROD prompt each time you take a shot. This allows you to take a reading

before you enter the HROD. To use this option, press [ CHG NXT INPUT m In this
menu, m is a toggle key.

When you press again, the second side shot menu will display.

You can key in the angle right, distance, or horizontal angle in any order, but for this example, the angle
right will be entered first.

1. Key in the number O and press the soft key.
This will be the backsight for this example.

kT @780 ' BE"

hzh: A°HE ' A

pRe: ME B8 ' AE"E

b 1587660 ' BR"
HMST]SOET] 22 | v J0cepi] ERIT |

Figure 5-2 Side Shot Screen — Page 2

Notice the soft key is no longer visible and 0 is given for the angle right, azimuth, and
bearing. The DF angle is the deflection angle.

2. Keyin 96.22 and press for slope distance.

Because slope distance is being used, you will now be prompted for the zenith angle, or vertical
angle.

3. Keyin 93.2535 and press [
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You will hear a beep, which means that the point has been stored.

SIDE SHOTE

EL: 94, 24935
A"A@'BE" sl ez HW 3
prc: NB "G00 ' BA"E W 1: B BEAG
pIs: 95 . 6486 rOD: B, BEE
[<KT [ A2 | ERG [DEFS] H I [H KOO

Figure 5-3 Point 2 Stored

This screen shows that 94.2495 is the elevation for the last point stored, and angle 0°.00'00” is the
backsight. (This could be a point number, but for this example, an angle is being shown.)

Point 1 is being occupied, 2 is the last number stored, NN 3 is the next number to be used, BRG: is the
last bearing stored, and DIS: is the last distance stored.

Notice that all of the soft keys are back. For the next point, perform the following steps.
4. Keyin 110.4355 and press Bl

5. Key in 38.82 and press [ENE-

6. Key in 86.0755 and press [JEZEN.

Point number 3 has been stored.

SIDE SHOTH

L 182.61858
B 06 '86"=1=35 N 4

BRG: S69° 16 'E5"E o 1: . BEA
3 5]

pIs:328. 7316 rOD: B, @3
[<ET [ a2 | ERS [DEFS] H I [H KOO

Figure 5-4 Point 3 Stored

One more point will be entered for this example. Use the following information:
w Right Angle: 225.2305
w Slope Distance: 57.69
w Zenith Angle: 85.4510

After you enter this information, the screen should resemble the example below after you hear the
beep.
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EL: 184, 2726
B 88 '6a"=1ngd HN 5

ERG: 545722 'A3" W v - 0. 666G
pIs: 07 . 0316 rOD: B, BEE)
| <RT | A2 JERG |DEFZ] H 1 [H KOO

Figure 5-5 Point 4 Stored

For a double-check, do a screen plot to see the points stored.
7. To do a screen plot, press [ RPTS |-

8. Key in 1.4 and press [ENTER].

9. Press then press again.

Chapter 5: Standard COGO 45



The points and line should resemble the figure below.

Figure 5-6 Side Shots Example

Point number 1 is where the instrument is located. Points 2, 3, and 4 are where the rodman has taken
the prism. The instruments have just turned to the different points to take the distances and angles.

Store Coordinate (Enter and Assign)

46

KEY:
ProbucT: SCE+

KEYSTROKES: (the J key)
The Menu key lets you enter points using coordinates and data for existing point coordinates.

Procedure

The store coordinates screen displays data for the last point stored.

The soft key menu allows you to modify point data.

STOKE CODRDINATE

FT 1 HH 1@
noRTH:  SEEE, BEEE
ERET: SHEE . BAEE

ELE™: H. BEEE
nOTE:

| M | E | EL |WOTE |STORE[RCLPT

Figure 5-7 Store Coordinate Menu

Store Coordinate Menu Soft Keys

Use this key to enter a new north coordinate. Key in the value and press [JJJJJj- Or press the soft key

first; you will be prompted for the north value. Key in the number and press |ENTER| -

Use this key to enter a new east coordinate. Key in the value and press [ Or press the soft key

first; you will be prompted for the east value. Key in the number and press [ENTER|-

first; you will be prompted for the elevation. Key in the value and press |ENTER| -

(ACE +) Press l\{oJi=M; you will be prompted to enter a description. Key in the note (up to 128

R . . .
(SCE+) Use this key to enter a new elevation. Key in the value and press [JE[IJj- Or press the soft key

NOTE
characters; alpha will be automatically turned on). When you are finished, press [ENTER|-

Use this key to store the north and east coordinates, elevation, and note as a new point; the point will
STORE automatically be stored as the next number indicated on the display.
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Store Coordinate Menu Soft Keys

This soft key lets you recall and view the data for any point in the current job.

[RCLPT|

Example 2 — Inputting Points While Traversing

In this example, you will learn how to use SMI to traverse, inverse, compute area, check closure,
traverse from an existing point, find a missing line, and compute curve data. For an example on non-
tangent curves, see Curves on page 280.

w

2 N 87°50'30 E 540.00

g\ S

0000%
E ‘OZ,.

Figure 5-8 Traversing the Boundary
Start a new job, then follow the directions below.

1. Press [ TRAV |.
Notice that the numbers have not changed. The EL for elevation has been added with an elevation
of 0.0000 if you started with the default job of JOB:1. If you started a new job, the standard default
elevation of 100.0000 will show above the backsight. The BRG (bearing) appears, showing the last
backsight angle taken. Below that is the last DIS (distance) taken. (All are zeros now because no
information has been entered.)

The Traverse Menu soft key functions are explained in the following tables.

m

L: @, BEE6
BE8'BE@"=1=1 MM 18

ErG: HE"EE'BEA"E y
0Iz: H. AAEA 1]
[ £ET | A2 [ERG [DEFL] H 1 [H ROD)

Q
>
Q

ie]
S
D
S
o
2,
Q
3
o
Q

I: 3. BEE
0: 3. BEE

Figure 5-9 Traverse Menu - Page 1

Traverse Menu — Page 1 Soft Keys

Right angle

| Az | Azimuth
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Traverse Menu — Page 1 Soft Keys

Bearing

DEF & Deflection angle

Height of instrument

Height of rod

After pressing [ NXT_|, the following keys display.

TRAVERZE

L: . BEER
BeEE'BE"=1a1 HM 1@

ero: HEPEE ' BA"E v 1: @. BEG
p1:: E. BEEE ron: H . BEE
(EKPT | OCPY [HOTE | REP [ERGe] |

m

Figure 5-10 Traverse Menu - Page 2

Traverse Menu — Page 2 Soft Keys

BKPT Backpoint or Backsight

OCPY Occupied point

NOTE A note that can be added to any point
m Pressing this key will repeat the last traverse shot and increment to the next point.
Indicates that it is in bearing mode. This is a toggle that gives you the following options: bearing angle

m, azimuth angle m angle right , or display the Northing and Easting coordinates
COOR B

2. Key in 15 for the bearing and press [JEIEH-
You are prompted:
QUADRANT?
The North East quadrant is 1, so key in 1 and press Enter.

North West = | Morth East =
Quadrant 4 Quadrant 1

South West = | South East =
Quadrant 3 Quadrant 2

Figure 5-11 Quadrants
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The soft keys that now appear are defined in the table below.

Ba A" E

HOIET|SOIET] 2 | W JICEPI] EXIT |

Figure 5-12 Entering the Bearing for Point 2

Traverse Menu Soft Keys

HDIST Horizontal distance

SDIST This is used for slope distance and is pressed when using zenith angles.

Zenith angle

Vertical angle

Insert curve @ point of intersection: This soft key will open up another menu (see Insert Curve at Point of

IC@PI Intersection While Traversing on page 283).
EXIT Exits the data input sections and takes you back to the Traverse main menu.

3. Key in 200 for the distance and press [[JSJ-

You are prompted:
CHANGE IN EL?
The number 0 will be blinking.

Press the key to accept O for this example.

. If you have Elevations turned off, this prompt will not occur.

Point 2 is stored.
Note the changes in the screen. The backsight has changed to 1 instead of the angle 0°00'00".

Because you are traversing, the occupied point has changed to 2 and the last number stored is
now 2, as well. The next number is 3. The BRG: is 15°00'00" and the DIS: is 200, the last numbers

you manually entered.

At a glance, the SMI screen shows the backsight is 1, you are sitting at 2, and waiting to shoot 3
with an Elevation of 0.

Turn off Elevations before you enter any more points because you will not be using them for this
example.

4. Press [SETUP |, then | < | 3.
The Z flag at the top of the screen disappears, and the message WON'T STORE ELEVATIONS
confirms that the flag is off.

5. Press [ TRAV |-

Q
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Note that the elevation information (EL, H I, and ROD) is missing from the screen.

1e2e2 HH 3

ErG: H1S"EE ' BE"E
0Is: 2EE, BERE
| <KT [ #2 ERG JDEFS] | |

Figure 5-13 Entering the Horizontal Distance for Point 2

6. Key in 87.5030 and press [JEIIl-
7. You are working the North East quadrant, so key in 1.

Figure 5-14 Entering the Bearing for Point 3

8. Key in 540 and press NS

Point 3 is stored.

ZuZez MM 4

erG: HEY"SH ' 2A"E
DIZ: S48, BAAA

Figure 5-15 Entering the Horizontal Distance for Point 3

9. Keyin 218.20 and press LI -

N This is not a mistake. This is a shortcut for entering the quadrant number. The 2 in front of the 18.20 is
for quadrant 2. Note that you were not prompted for the quadrant.

HOIET]SDIST] 22 | Wa [ICEPI] EXIT |

Figure 5-16 Entering the Bearing for Point 4

10. Key in 200 and press [IISH-
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Point 4 is stored.

Se=dmd MM 3o

BrG: 18720 'BA"E
rIz: 286, BEER
[ £RT | A2 [ERG JDEFL] | |

Figure 5-17 Entering the Horizontal Distance for Point 4

Inverse

To inverse between 4 and 1: (The azimuth and bearing between points 4 and 1 are unknown. If you
inverse between the two points, the azimuth and bearing will be provided.)

1. Keyin4 1 and pressthe P-P key.

2 INYERZE FT 4 TO FT

ERL: SE7T"SS'468"H
AzH:  2E7 "S5 '4Q@"
pIs: E24,.71l7e

Figure 5-18 Inversing from Point 4 to Point 1

2 N 87°50'30" E 3
540.00
(2]
W B\»
. 2\®.
28 o\>
>/ ©\m
1 654.72
5 S 87°55'40" W 4

Figure 5-19 Inverse Example

Traverse from point 4 to point 5:

2. Press [ TRAV |-
3. Key in 87.5540 and press [JEIN-

You are prompted to enter a quadrant number.

4. Key in 3 (quadrant 3) and press [ENTER]-

Q
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ST 236015 40"

nEh: 267 055 40"

ERG: ST OS5 40" 1

pFa 186715 " 40"

SOIET] 24 | v [ICEPI| ENIT |

Figure 5-20 Entering the Bearing for Point 5
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D You could have also keyed in 387.5540, skipping the screen asking for the quadrant number.

5. Keyin 654.72 and press |[IBIEl-

£ TRAYERSE 3

4=5:5 HH &
BRG: 527" 00 48" W

pIs: 604, 7260
[<RT [ A2 JeRG [OEFLS] [ |

Figure 5-21 Entering the Horizontal Distance for Point 5

Check the Error

SMI can compare the beginning points and ending points of your traverse to see if the traverse closes.

To check the error from 5to 1, key in 5 landpressthe P-P  key. In this example, the two
points’ distance is the difference of 0.0022.

S INVERSE FT 5 TO FT 1
Hre®ze ' 59"E
retag ! 5
. 8822

[ <KT | A2 | BRG JOEFL] [ |

Figure 5-22 Checking the Error from Point 5 to Point 1

Random Points Menu
To check acreage, square feet, perimeter, and precision:

1. Press [ RPTS |.

The soft keys that now appear here move the cursor around. Experiment with them after entering
some numbers to see what happens.

2. Keyinl.5 1 (The period in 1.5 means “through.” Points 1 through 5 will be
calculated. The second “1” after the space closes the loop back to the Point of Beginning.)

and press [ENTER]-
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3. Press E:TA.

This will also show the acres, square feet and “PER,” which is the perimeter. The other soft keys
here are explained in Random Points on page 329.

CUCk K Ml
JOEL: CRD

ACRES = 2.6274

SE FT = 114449, 2232
FER_ = 1594.7222
FREC = 713484

[ EoiT | oun | cit [ aken | PREC [2PLOT)

Figure 5-23 Checking the Acreage, Square Feet, Perimeter, and Precision

Compass Rule Adjustment

Whatever the distance error is in, the traverse will be evenly dispersed through the legs or points of the
traverse, making the precision perfect. It is very important that the last point in the random point file
should be the accepted point. The second-to-last traverse point in the file should be the point shot to
the accepted point at the end of the traverse.

To perform a compass rule adjustment, press I The display will show “Done”; press
[ oN | or [eanceL] to clear that message. Notice that the precision is now “perfect.”

CYCR K ||
JOEL: CRD
ACRES = Z2.6274
S FT = 114449,4320
PERE = 1394. 72688
FREC = PERFECT
[ EiT [ oue | ok [wkEn | PREC [PLOT]
Figure 5-24 Compass Rule Adjustment
2 N 87°50'30" E 3
540.00

Wy

0o

SIS
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Figure 5-25 Performing a Compass Rule Adjustment
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Correcting an Error or Changing a Traverse Point That Has Been

Stored

Now make a change in the boundary. A new corner has been agreed upon as S 71° 40 W 220 feet from
point 4, as shown in Figure 5-25 on page 53. To eliminate the old point 5, which is near 1, and store the
new point 5, reoccupy point 4 and traverse the new line to point 5:

1. Press ,key in 5, and press [ (3 | for Next Number (NN).

This sets the next number, or NN, to 5 so that whenever the next point is stored, it will be stored at
point 5.

CYCR
JOEL: CRD

3

iyl

SETUP
Sulsl HH 5

[ERPT[OcPY [NOTE] | | Zow ||
Figure 5-26 Setting Point 5

2. Press [ SETUP | 4 INS2A -

The display will now read 5-4-1 NN 5. (Remember that the middle number is the occupied point,
or where the instrument is set up.)

3. Press3 to make 3 your backsight.
The display will now read 3-4-1 NN 5.

4. Press [ TRAV .

5. Key in 71.40 and press I Key in 3 (quadrant number) and press [ENTER]-

. You can use the shortcut by keying in 371.40 and skip the screen asking for the quadrant number.

6. Key in 220 and press NS
Since point 5 was already stored, the data collector will beep and prompt:
POINT 5 USED
OVERWRITE POINT?

7. Press to overwrite point 5.

ERG: ST 1"
0Lz 226,
| KT | nZ | ERG JDEFS| | |

da5eS HM &
6 EE b
BEEaE

Figure 5-27 Traversing to Point 5

D If you get a prompt that says POINT 5 USED OVERWRITE POINT? and you wish to store at another
point number, key in the point number and press . If you do not wish to overwrite the point,

press[ oN | and [ENTER]-
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Find the Bearing and Distance from Point 5 to Point 1
To find the bearing and distance from point 5 to point 1, key in 5 landpressthe P-P key.

% INVERZE FT 5 TO FT 13

HE4282 ' 33"
2raoa gy
447. Frre

[ <KT | A2 | BRG JOEFL] [ |

Figure 5-28 Finding the Bearing and Distance for Point 6

Enter Bearing and Distance

To enter the bearing and distance from point 5 to 1 (that you found in the previous step) and store at 6:
1. Press [ SETUP |, key in 5, and press (if you are not occupying that point already).
2. Press [ TRAV |, key in 484.0952, and press [JJEIIY-

. You can go the long way and key in 84. 0952 on this screen then 4 for the quadrant number on the
next screen.

3. Keyin 447.78 and press |-

Point 6 is stored.

Find the Error from Point 6 to Point 1
To find the error from 6 to 1, key in 6 landpressthe P-P key.

INVER®E FT 6 TO FT 1

ERG: S51°49'38"E
mzH: 128" 18'z22"
pIs: B, AA2S

EEFT|OCPY [WOTE] | | 20w |

Figure 5-29 Finding the Error from Point 6 to Point 1
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Find the New Acreage

To find the new acreage:

In the random point file you will list the point numbers of the boundary where the closing point and the
first point with the “perfect” coordinates will be listed last.

1. Press [ RPTS |.
You will see the data last entered.

2. Press the key to clear the old data.

3. Keyinl.6 1 and press [ENTER|-
All points from 1 through 6 are defined by 1.6.
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Display the Acres, Square Feet, and Precision

To display the acres, square feet, and precision:

Press IER .

CVCR M
JOEL1: CRD

HACRES
SE FT
FPER
PREC

[T [ OLD | i [HEEA [ PEEC [SPLOT)

Figure 5-30 Displaying the Acres, Square Feet, and Precision

2. @903

134615. 5963
le@y. re3d
&4 2065

Insert a Curve

56

Using the previous example, a curve will be inserted at point 5 as the PI (point of intersection) with a
tangent distance of 110 feet.

First find the delta at the PI at point 5 and use (Compute Angle Right) to find the deflection
angle.

1. Press [ MORE |, JfIJ} key in 4 5, and press |EIT¥4-

This gives you the back azimuth when occupying 5 and looking back to point 4.

2. Keyin5 1 and press |[F¥¥4-

This gives you the forward azimuth when occupying 5 and looking at point 1.
The delta angle is 24° 10’ 08”.

% CONFUTE ANGLE FRIGHT 35

Bhaz 251748 Ga"
seh: 571240 00°
Fieh:  HO4UE3 S

ST 24716 EE"
[EkhzekeR] | Fsek|Finz] |

Figure 5-31 Finding the Delta Angle at the Pl at Point 5
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N 87°50'30" E
540.00

24°10'08"

Figure 5-32 Delta Angle

To occupy 4 and traverse from 4 toward 5 for 110 feet to the PC:

3. Press [SETUP |. Key in 4, press [FYS3@l; key in 3, press [EXGIl, then press [TRAV .
4. Keyin4 5and press ¥ -

3 ol 15 R 1

pen: 291 748 ant

BRG: Se 1948 @Y

pFas: 571748 ' aR"
[HDi=T]s0isT] 24 | vs [Icepi] EXIT |

Figure 5-33 Entering the Azimuth Between Points 4 and 5

5. Keyin 110 and press NS
This stores point 7. It is the PC, or Point of Curvature.

duin? MM 2

ERG: Sr1°4@ ' @n" ]
oIz 118, AREA
[<RT | A2 [BRG [OEFL] | |

Q
>
Q

ie]
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D
S
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Figure 5-34 Entering the Horizontal Distance Between Points 4 and 5

To compute the radius point and PT point:

1. Press /~ \ (CURVE - the S key).
This will bring in a new soft key menu. See Curves on page 280.

2. Keyin 110 and press T (for Tangent).
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3. Keyin 24.1008 and press A (for Delta).

ez 11,6454 noo 11. 3854
[Lertl 1 [ T Teight]

Figure 5-35 Entering the Tangent

4. Press Ll<d.

The angles shown after RAD (Radius), TAN, and CRD (Chord) are the azimuths from the radius
point to the PC (point of curvature), the azimuth along the tangent from the PC to the PI, and the
azimuth along the chord from the PC to the PT.

ez 11,6454 noo 11. 3854
[ETOKE| YIER | AKER | A <] CRU ] 5Th |

Figure 5-36 Entering the Delta

5. Press BB -

CUCR K SMI
JOEL: CRD
HORIZONTAL CURYES
95°58'B2" w33 MM 16

L REP [ L | CH [WOTE] | |

Figure 5-37 Horizontal Curves

N 87°50'30" E 3
540.00

24°10'08"

Figure 5-38 Radius Point/PT Point Example
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Check Point 9
To check to see if point 9 is correct, key in 5 9 and pressthe pP-P key.

B INVERSE FT § TO FT 93
Erb:  NE47HI ' 52"

n2H: Z272°38'@as"
pr:: 116, 06640

LFER | L | cH [MOTE] | ||

Figure 5-39 Checking Point 9

To find the new acreage:

1. Press [ RPTS |.
2. Press to remove old information in the [ RPTS ] list.

3. Keyinl. 4 spc |[[ @ ][ — |(theminuskey)7 [spc |8[spc |9 p | (the Rkey—
to move the cursor off the " marks) 6 1.
The display should look like this: 1.4 “7 8 97 6 1.

4. Press [ENTER]-

5. Press 24

CyCk K Ml
JOEL: CRD

FCRES = 2.H@r11

SEFT = 1223775, 08682
FER = 1e@84.5115

FREC = B46746

[[ECIT | oLn | £ [wken ] Prec [zPLOT)

Figure 5-40 Finding the New Acreage

3
N 87°50'30" E 540.00

Q
>
Q

ie]
S
D
S
o
2,
Q
3
o
Q

6 N 84°%ar
#0953 DELTA=24°10'08" =D
R=51383
5

Figure 5-41 Northern Point Computation
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You will now cut a lot off the west side of this parcel. First compute a point on the north side parallel to
the west side, using point 9 on the south side.

6. Press >< (Intersect - the T key).

This displays the Intersect menu. See Intersections on page 301 for more information.

7. To define the first line, key in 9 and press (for point #1).

% INTERSECTIONS
3

: @88
EEI“EIEI 'BE"E

BRG] RE21 | POLL | DISTL] [ COMT]

Figure 5-42 Defining the First Point on the First Line

8. Keyinl 2 and press [JE3)] (for azimuth #1).

% INTEREECTIONS 3
FT 1: 9

[prajorsal | | [ COMT]

Figure 5-43 Defining the Second Point on the First Line

Define the second line.

9. Key in 2 and press BB

% INTERFECTIONE 3

3

+ B B8
EIS“EIEI'EIEI"E
5]

. b5
[ERGE2] K23 | POLE [DITR|PERPO] |

Figure 5-44 Defining the First Point on the Second Line

10. Key in 3 and press (point on line).

2 8 INTERSECTIONS 3
FROM PT 9
M15°0@ '@a"E 249, 1648

FROM PT 2
ME¥ 58 2A"E 248, 9990
LEFT OF LIME
STORE[NOTE]  [FT 2|FERPD] |

Figure 5-45 Defining the Second Point on the Second Line

11. Press B 4.

60 SMI Version 7 User Guide



Copy JOB1
To copy JOB1 to a job named EXAMPLE, complete the following steps.

1. Press [ JOB .

CYC R M1
JOEL: CRD

JOBS
[ OLD [ ZOFY [HOVE[ HFEF JHERH] WEW |

Figure 5-46 Jobs Screen

2. Press I .

3. Highlight the job you want to copy. If this is the only job you have in the data collector, it will
already be highlighted; press [ENTER]-

4. Type the new job name: EXAMPLE and press [ENTER]-

If you are using a RAM card, you will be prompted for the destination (or location) of the job :48M or
:CRD. ltis best to choose :CRD. You will now have two of the same jobs with different names.

You will now be working the job you copied. Any changes you make will be made to “EXAMPLE”,
not JOB1.

View Coordinates
D A more detailed explanation of this menu is covered in View on page 377.
To view the coordinates:

1. Press [ VIEW ].

CUCR 3 SMI
EXAHFLE: CRD

YIEW 0

>

Q

=

D

S

. O

[PMT: | MEM | DCPT [EHAZ [LETPT] R | o

Figure 5-47 View Screen %i

Q

Q

2. Press ENEN.

= FOINT COORDINATE

1
5A0A. AAAE
SE00. 0068
OFF

Figure 5-48 Point 1 Coordinates
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3. Press (the soft key, not the L key).

#FOINT COORDINATE

FOINT

2
norTH: 9193, 1852
EAST: o@51.76e41
ELEY: aOFF

Figure 5-49 Point 2 Coordinates

4. Press 3%l -

5 FOINT CODRDINATE

FOINT:

norTH: D213.5224
5391.3817

OFF

Figure 5-50 Point 3 Coordinates

As you can see, viewing coordinates is simple.

Inverse by Coordinates

62

The SMI cards allow you to inverse using coordinates. This will be illustrated by inversing from point 2
to 3 using the coordinates of these points as shown in View Coordinates on page 61. This operation will
inverse between two coordinate pairs without storing them.

1. Key in 5193.1852 and press [ENTER|-
2. Keyin 5051.7638 and press [ENTER]-
3. Key in 5213.5222 and press [ENTER]-

4. Key in 5591.3807 and press [ Jandthe P-P key.

[MEHT | FEEN | KL |EEGF JEMOP] |

Figure 5-51 Inversing by Coordinates

The soft keys at the bottom do not change when this program is used. The soft keys are the same as
the last soft keys. In this case, you happened to be in the menu, so you are still there.

If you do have the points stored, as you do here, it is much easier to inverse by point number.
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#INVERFE FT 2 TO FT 35

ErG:  NE79SH' SAME
mzH: S7¥° 0@ ' 3"
prs:  Sd@, @aay

Figure 5-52 Inversing from Point 2 to Point 3

Note that the information is the same, except at the top, where the display shows the points used in the
inverse. Note also that inversing by point number is much easier and faster, and you are much less

likely to make an error.

¢/ The only time to inverse by coordinates is when the coordinates are not stored by point number,
and when you do not wish to store them.

Transformation

Under [RPTS | is a program called Transformation because it can be used to rotate,
translate, and scale coordinates. You can rotate, translate, or scale or any combination of these

operations at the same time.

How to do all of the above at the same time:

The State Plane Coordinates in meters for point 3 are:

North: 12,573,465.122

East: 7,442,381.498.

The State Plane direction from point 3 to point 4 is S 19°23’30” E.

The EXAMPLE job is in feet. You will convert it to meters. The scale factor for converting from feet to
meters is 0.3048006096 (U.S. foot) or 0.30480000 (International foot).

Rotate to the State Plane Direction, Translate to the State Plane
Coordinates, and Scale from Feet to Meters
You are now in the copied job that was called EXAMPLE. This rotation, translation, and scaling will
leave JOB 1 intact.

1. Determine all of the points that need to be transformed. Key in a large point number - larger
than any point in the job —and press [ |, Frap (the key).

If this function sees a point number on the stack, it determines if a point is stored at that location. If
it is stored, it searches forward to the first free point. If it is not stored, it searches backward until it
finds the first free point after a stored point.

2. Key in 500 and press [ < ] ( rFap finds the first available point).

This gives a Next Number of 11. This means the last number used was 10. So the points you will
transform are from point 1 to point 10.

3. Press [ RPTS |. Press to remove the old random point file.

Here you define all of the point numbers that will be translated. It is OK if you define points that
have not been stored. They will be ignored.

Q
>
Q

ie]
S
D
S
o
2,
Q
3
o
Q

Chapter 5: Standard COGO 63



4. Keyin 1.10 and press (points 1 through 10 will be transformed).

BCE EMI
1 HOME OGO ERAMPLE:MBM }

TEMP
RAMDOM POIMTS

E0T | i [WREA | PREC |SPLOT[ CF |

Figure 5-53 Temp Random Points Screen

5. Press IS8 (IIS@l is the name of the Transformation program).

If not using a BCE card and Elevations are turned off, you will see the message Will Erase
Elevations. This indicates that the point transformed while Elevations are off will be given an

elevation of 0.

SR TRANSFORNATION OF TEHF S5
an: @, @EEE
wE: H.HAEdA

WILL ERARSE ELEY!
ROTFT: &

k0T E°EE'@ER"
sce: 1. BEEEEEEE
|=HEZ |

| ROT [scALE[zacLE] [ RUN

Figure 5-54 Transformation Screen

6. Press m

mman;rnnnﬁaunn OF TEHF 3
5]5]5]

;1. BEEEEEEN
OLDPT|MERPIOLDELIMIEL] [ EHIT |

Figure 5-55 Transformation of Points

7. Key in the old incorrect point number (3) and press [IZ]-

8. Press [ nxT

WSS TRANSFORNATION OF TENP S
en:  —2213.5224

we:  —5591.3817

WILL ERARSE ELEY!

ROTFT: 3
kOTe B3 'aa"
ccL: 1. GEEEEaEEA

WEWMIMEWE] | | | |
Figure 5-56 Coordinates of Point 3
9. Key in the new north coordinate (12,573,465.122) and press [[EI]-
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10. Key in the new east coordinate (7,442,381.498) and press |-

WA TRANSFORHATION OF TEHP SS85E
wn: 12568251 . 5995
wb: F43679A. 1163

WILL ERASE ELEY!
KOTFT: 3
kOTe B°"@E'aa"
ccL: 1. GE0EEEEEA

MEWMIMEWE] | | | |
Figure 5-57 New Coordinates of Point 3

11. Press and (for Rotation).

G TRANSFORHATION OF TEHF SEEEEEY
an:  12568251.5995
aE:  rd43679H. 1163

WILL ERASE ELEV!
ROTFT: 3
rOTE B°88'Ba"

scL: 1. BEBEEEHE
0D NEM[ROTPT]ROT2] | E3iT

Figure 5-58 Exiting Transformation Screen

12. Key in 3 4 (the two points that define the old incorrect direction) and press [JIJEY-
13. Key in 19.2330 and convert to an azimuth by pressing [ ] s& (the 2 key).

14. Press 32N

NSRS TRANSFORHATION OF TEHF S8
an: 123568251, 5996

wE: r43679A.1163

WILL ERASE ELEWY!
ROTFT: 3

kOT& 352756 ' 36"

scL: 1. BEEHEREE

[0Lns e ROTRTIROTS [ | BN |

Figure 5-59 Converting to Azimuth

15. Press .
16. Press .

A scale factor will multiply all distances in the random point file by whatever you set it to be. The
number 1 is the default scale factor.
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. Note the program will put an asterisk " * " before the distance to indicate that there is a scale factor
being applied when you inverse any point in that point file.

Chapter 5: Standard COGO 65



17. Key in .30480060960 and press [ENTER]-

This will be the new scale factor.

SHEE TRANSFORHATION OF TEHP $35E
en: 12568251, 5996

of:  FAI6E79A. 1163
WILL ERASE ELEY!

KOTFT:

2
kOTE 202706 ' 38"
ccL: @, 20480061
[=MEZ] EOT [3chLElz=ciE] | UM |

Figure 5-60 Entering New Scale Factor

18. Press m .

The display will then show DONE. Press Cancel or the JEXJl] key to clear that message.

19. Now press [ VIEW |, key in 3, and press ENE}-

% FOINT COORDINATE

FOINT: 3
noeTH: 12573465, 1226
ERZT: r442381. 49308

[MEHT | PREV | RCL |EEGP|EWDP| |

Figure 5-61 Viewing the Coordinates of Point 3

20. Key in 3 4 and pressthe pP-P key.

INVERZE FT 3 TO FT 4

S519°23' 2A"E
16835 2"
66, 581

[MEHT | PREVY | RCL |EEGP [ENDP| |

Figure 5-62 Inversing from Point 3 to Point 4

The new direction is correct. The distance is in meters.

Staking Points

Still using the same illustration, you will now be shown how to occupy 7, backsight 4, and stake points
1, 2, 3, and points along the curve from 7 to 9.

1. Press [ SETUP |, key in 7, and press | ocpy
2. Keyin 4 and press |EIGH-

3. Press [STAKE |. Key in 1 and press (for Foresight point, which is the point to be
staked).

66 SMI Version 7 User Guide



The display now shows at a glance that you are sitting at 7, backsighting 4, the right angle to turn,
and the distance to shoot to stake point 1.

duve]l HH 11

SET: 199725 18"
pIz: 167. 6351
[EKPT | OCPY | FEPT [STOSH] CUTF | HOT |

Figure 5-63 Staking Point 1

4. Keyin 2 and press | Eal]-

duiuz MM 11

Figure 5-64 Staking Point 2

5. Keyin 3 and press | Eall-

du7el HH 11

JET: 298°45' 39"
Iz 69,2728
[EKPT [ OCPY [ FSPT [ST0SH] CUTF [ SHOT |

Figure 5-65 Staking Point 3

& The above distances are in meters, since you performed the transformation, and may differ slightly from
what you are showing on your screen.

Change to Meters Mode

Press [_CHG Walll] MODE | (the Feet soft key will toggle to and the display will
show METERS MODE).

You now are in Meters mode.
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Compute the area in Meters mode.
1. Press [ RPTS |.
2. Press to clear the old data.
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| [spc |6 [ spc |1

3. Keyinl.4[spc |“(L» ][ = )7 [spc|8[spc ]9

>

[N Prec R

CYCR E M SMI

EXARFLE: CRD

HECTARES=1. 2428
SE M= 12428 lﬁ-E-El

FER
FREC = 61132@

Now return to JOB1 and work in the Feet mode.

[ EDIT [ OLD | Ci [#kE | PREC [ZPLOT)|

Figure 5-66 Computing the Area in Meters Mode

4. Press TRl wooE | wETR §

Notice that even though the job changed, the program was still working in Meters mode

CYCR K SHI

JOEL: CRD

FEET MODE

[FEET [ akC [ Wz [ZERD] | EXIT |

Figure 5-67 Feet Mode Option

N 87°50'30" E

540.00

DELTA=24°10'08"
R=513.83
5

Figure 5-68 Area Computations

5. Press B3%GA to leave this menu.

68
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Stake the Curve at 50-Foot Intervals
1. Enter & ocrv KN sker |

2. Press /~ \ (CURVE -the S key). Key in 24.1008 and press 2N (the A key). Key in
513.83 and press NN -

Hip: 11. 3864
----

Figure 5-69 Setting the Delta and Radius

3. Press Ehd.

pLT: 24 18'G8"

kap: 513.28366 341°4 "
man: 116. BESF 251 °44'BQ@"
ckp: 215. 1438 263745 'a4"
LEn: 2165, ?4?2

por: 11°89'63"

ExT:11.6445 nip:11.38&64
[STORE] WEW | AREA | THM | CRBG | 2Th |

Figure 5-70 Choosing the Side

4. Key in O and press [

5. Key in 50 and press for Increment (the increment is now 50).

Note the default increment is 100.

STAKING 0+50, 00 +0, 00

TL: 9.921 TUFF:E.43

pFe: 2° 4?"

rl= 4@’ EIEI"I?IEHSEI.EIEI
HH 12

GET: 182°47 ' 16"
pIs: 49, 9263
|mmmm|

Figure 5-71 Setting the Interval Increment to 50
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6. Press IS

When you do this, the program advances 50 feet up the line, giving you the angle and distance to
stake.

TAEING 1400, 00 +0, 00§
TL: 99, ST;"EII TOFF: 9, 78

[lF.:i:E"
ri®48"' EIEI"-? 1+86, 66

RT: 185° 34 31"
pIs: 99,8423
L £Ta | IWC | TL [0FZET] ZHOT [£T0PT]

Figure 5-72 At Station 1+00
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7. Press BT

Again, it is 50 feet up the line.

STAKING 1+50. 00 +0. 00 3
L 147.879 1oPr: 21.7
F&8°%2 7"

1I
rlo4a'aE" =7 l+3568, B4
MH 12

ET: 188°21'47"
prs: 149. 4679
[ £Ta | IWC | TL [0FZET] ZHOT [£T0PT]

Figure 5-73 At Station 1+50

The Curve Stakeout program increments to the PT then starts over again. At any time, you can enter an
offset distance and stake points on an offset from the centerline. To stake at an offset, just key in the

offset distance and press [Jg3a4- /f the offset is to the left side of the curve, key in the offset distance

and press the key. Do not use the [ — "] (minus) key.

You can also give a tangent length and get a tangent offset; an angle right, as well as an offset distance,
is displayed.

You must occupy the PC or PT and backsight a point on the tangent. If you have the Construction
Five program, you do not have to be on the PC or PT — you can do this routine from any location.

Working with Elevations

70

CYCR k2 SMI
ELEVATIONE: CRD

SETUP
A"Ea'0a"=1s] MW 11

H I: &. B8a
ROp: © . BEE

[EEFT | 0CPY [WOTE | H | [H Roof oA |
Figure 5-74 Flag Z

Note the flag Z at the top of the setup screen. This flag indicates that Elevations are on. This flag can be
toggled on or off from the menu. The shortcut is [ <& ] 3 to toggle flag Z on and off.

Since Elevations are on, the HI and ROD values are displayed for trig leveling purposes. Note also that
when a job is created, the default back azimuth is 0.00 00.

Following are some examples of working with elevations. When the points were stored, Elevations
were not turned on because the elevation information was not provided.
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An assumed elevation will now start on one point and use this point as a reference to store elevations
on other points using trig leveling with SMI surveying software.

N 87°50'30" E 540.00 3

R=513.83
5

Figure 5-75 Elevation Points

Store an Assumed Elevation at Point 3

1. Press (Store Coordinates).
This is the J key on the overlay.

2. Key in 3 and press (Recall Point).
3. Key in 100 and press (this turns Elevations on).

. This will turn Elevations on if they were off before.

FTORE COORDINATE 3
2N

M 11

[ M | E [ EL |  [STORE[RCLRT

Figure 5-76 Turning on Elevations

4. Keyin 3 and press UL -

You are prompted:
POINT 3 USED

5. Press [ENTER]| to overwrite.
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% STORE COORDINATE 55
FT =2 MM 4
e =i

Figure 5-77 Storing an Elevation at Point 3
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Use Benchmark

Even though it is not normally necessary to enter an HI and HROD, since you are asked to bring an
elevation to the occupied point, it will be necessary to enter the HI and HROD to bring the elevation to
the occupied point.

1. First, measure the Hl and HROD and enter these values into the SMI software.
The HI = 5.25 and the HROD = 4.85.

Press [ SETUP |. Key in 5.25 and press [JJEIJ- Key in 4.85 and press [fLITY-

Take a reading on the prism on point 3.

@ N

In Manual mode, use the angles and distance below from point 7 to point 3:

Horizontal Angle: 298°48°40”

Zenith Angle: 87°50

Slope Distance: 228.30

Press [ SETUP | [ nxT | IEXI- Key in 228.30 87.50 298.4840 [ENTER]-

Depending on which product you have in your data collector, you may not have to press

to find the [JEXI key.

> 88

T PUL AR 4R
e S795G GEY
pIs: 2258, 38686

[ REV |  [EMFT[ EL? | | EM |

Figure 5-78 Setting the Distance and Angle from Point 3 to Point 7

5. Keyin 3 and press [Eal-

OCCUFIED FOINT
COaR

4939, 6737
2043, 8730
Q6. IEFT

BT I

Figure 5-79 Backsighting to Point 3

Point 3 had an elevation stored. If an elevation was not stored at point 3, you could have keyed in
100 (the elevation of point 3) and pressed %N
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6. Keyin 7 and press G-

You are prompted to overwrite the point, but overwriting the point will not change the north and east
coordinates. It will only insert the correct elevation at point 7. Press to overwrite.

CYCR RZ SHI
ELEVATIONE: CRD
SETUP
3e7e? MM 8
HI:5.2508
RrOD: 4. 856
[EEPT [ OCPY [WOTE | H 1| [W ROU] 30w |

Figure 5-80 Setting Point 7

. If you see an angle here as your backsight, do not worry — it is just the angle of point 3. Sometimes the
point number will show as your backsight, and sometimes the angle will.

You can now take side shots to the prism and collect north, east, and elevation values. If the rod height
does not change, the elevations of the foresight points will be good elevations. If you wish to take side
shots several hundred feet away and want the elevations to have high accuracy, you should use
(Cservr ], [nxt ] [nxT |- IEEEN)- takes a side shot like the Side Shot function,
except that it prompts for a REV (reverse reading) which means (averages) the zenith angles. Direct
and reverse are meaned and the vertical circle error of the instrument is nullified.

Trig (Trigonometric Leveling)
KEY:

ProbucT: SCE+

KEYSTROKES: [ SETUP | [nxT | T NXT

OVERLAY: The number 8 key

Pressing the key takes a single horizontal angle and slope distance on a point, but unlike
[ sbs_|, requires a reverse reading on the point where the zenith angles are meaned, thus
taking out the vertical circle error of the instrument, which gives a more accurate elevation.

Procedure
The first shot should be done with the instrument in face 1 position (direct); the second shot assumes
face 2 where the scope is reverse positioned (flopped).

If you are using an electronic instrument, the measurement will be made automatically; otherwise, you
will be prompted to enter the appropriate data: slope distance, zenith angle, and angle right (separate
each value with a space).
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Manual Entry

Once is pressed, enter the data for the face 1 data. Enter the slope distance, zenith angle, and
the angle right separated with a space between each and press . will now appear in the
soft key menu, indicating that you should take the second shot. Press I3}, key in the zenith angle in
face 2, and press [ENTER]|. The angle right, mean zenith angle, and slope distance will be displayed

along with the vertical circle error. To store the coordinates and meaned elevation as a side shot, press

store |
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Electronic Entry (Using DCE or Above)

If you are using an electronic instrument, the measurement will be performed automatically. The data
collector will display an arrow symbol beside the angle error if the vertical angle tolerance is exceeded.
The data will be displayed (average zenith angle and error). Press from the soft key menu to
store the point if you are satisfied with the results.

Principles That Should be Considered When Doing Trigonometric
Leveling

74

Trig leveling is becoming a more accepted method of running levels. An article in the POB magazine
indicated that trig leveling was more accurate than conventional leveling. It is certain that trig leveling is
faster in almost all cases, and with proper equipment and proper procedures, trig leveling can be more
accurate. It should be noted that trig leveling can be performed in the course of storing north and east
coordinates with little or no extra effort.

Some available software programs have problems performing good trig leveling work. With proper
procedure and current total stations, trig leveling can be performed dependably and accurately. You
should strongly consider using SMI's DCE card, which interacts with today’s electronic total stations, if
you are serious about trig leveling. If you are doing construction stakeout work, SMI's CVCE card is
recommended.

Following are some principles that should be considered when doing trig leveling:

1. For accurate trig level work, when distances are greater than 300 feet, use direct and
reverse. This means or averages the zenith angles and takes out the vertical circle index

error of the instrument. This can be accomplished using in the Setup menu.

2. Use the Earth’s curvature and refraction formula. SMI defaults with this turned on, and there
is no reason to turn this off. Some instruments allow you to turn this feature on or off in the
instrument. That does not matter. SMI gets the raw angles and distances from the electronic
total stations. Therefore, whatever your instrument setting, leave SM/’s EC (Earth's
curvature) turned on.

3. Use the same rod height to do the foresight as to do the backsight. This will eliminate
“measure up” errors.

4. Use a benchmark away from where the instrument is occupying. When you use an elevation
under the instrument, this introduces “measure up” errors.

5. On extremely long shots, use “Mean Reverse Reciprocals.” This takes a direct and a reverse
from both ends of the line and means the results. This not only takes away the error of the
vertical circle of the instrument, it also takes away the error of the Earth’s curvature and
refraction formulas. SMI introduces a program that addresses this need in the ACE card. It
is called Mean Back Sight (MBS). It means the elevation at the end of a line which has been
reduced based on a direct and reverse reading. This is achieved by a direct and reverse to
the backsight from the end of the line to the beginning of the line, then meaning the two
elevations.

6. Remember that BM (benchmark) brings an elevation to the instrument just like a level gets
an HI (height of instrument) from a backsight reading. SIDS, TRIG, and SHOTS send an
elevation to the point just like FS and find the foresight elevation using levels.

Think of trig leveling as adding another dimension to the north and east coordinates where the
instrument performs the function of a level. Just as the HI of the instrument is important in levels to
carry the elevation to the foresight point, the same is true with trig levels. When you are running levels
do you ever measure down to find the elevation under the level? No. You could, but it would introduce
an error. The same is true when doing trig levels. You can measure down. There is even a place to put
it in the software called HI. This introduces a measuring error of perhaps a hundredth or so. Normal trig
leveling does not require that you measure the distance from the ground or the axis of the instrument
and enter it as the HI.
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There are times this is important; one is when working with tripods rather than prism rods. The other is
when performing mean reverse reciprocals. Most often, it is not necessary to know the elevation under

the instrument.

One Procedure for Trigonometric Leveling

1. Occupy and backsight a point. Press [ seTup |, key in the occupied point number, and press
24 Key in the backsight point and press [EGll-
Zero the instrument on the backsight point.
Take a reading on a benchmark. The benchmark can be the backsight point or any other

point with a known or assumed elevation. Press [ seTup | [ NxT_| [JEXI] and the instrument
will take a reading or prompt for the distance and angles from the instrument.

4. You now have an option of one of the following:
A. Key in the known elevation of the benchmark and press JEHEN-
B. Key in the point number of the benchmark that has the elevation and press |Elall.

C. Flop the scope and press [JERJ- This takes a reverse reading on the benchmark. You
are now ready to do A or B above.
. The C option should be used when you need high accuracy and when the distances are longer than
300 feet.

Note that in this procedure, the height of instrument and height of rod values were not discussed. When
you do not need the elevation of the point under the instrument, or you already have the elevation of the
point under the instrument, you do not need to enter height of instrument and height of rod readings.
v/ You should be careful not to change the height of instrument and height of rod values after
doing a benchmark. If you need to boot the rod, enter the difference in rod height using the

B key.

Predetermined Area

There are two basic types of predetermined area: The Hinge method and the Slide method. Using the
example from Standard COGO, which begins on page 42, and Basic Surveying, which begins on page
42, both will be illustrated in the following sections.
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The Hinge Method

In Figure 5-81 on page 76, you will be shown how to hold point 9 and create a point on the line between
points 2 and 3 that produces a 1.5 acre parcel on the west side of the property.

w  The points of this tract should first be stored (see Standard COGO on page 42 and Basic Surveying
on page 42). Make sure that points 9, 1, 2, and 3 are stored.

w Place the point numbers in the RPTS file. The first point should be the hinge point. The last two
points should define the line on which the new point is to be placed.

1. Press [ RPTS |.
2. Press to clear the old data.
3. Keyin9 1.3 and press [ENTER]-
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4. Press and .
5. Type 1.5 and press XY

6. Press to store the point at the next number position (or key in the point number
before pressing JELE )-

8

N87°5030"E 54000 3

R=513.83
5

Figure 5-81 Predetermined Area Example

Check Location of Points Using Screen Plot

1. Press a8}
Keyin1 [ spc |2 [ sPc | 10 [ sPc | 9 [ sPc | 6 then press [ENTER].

2
3. Press BJEld-
4

The key will toggle on and off drawing lines. Press it now to toggle off drawing lines.

(The soft key will do the same thing with the point numbers but do not press it now —
you will want to see the point numbers.)

5. Press EiKd.

Remember that this will only show the points that are in the random points file, even though there
may be more points in the job.

.E .1|:|

Figure 5-82 Screen Plot

Points 1 and 6 are very close together, so 6 looks distorted. Point 10 is the one that was created to
create the 1.5-acre area.

6. Press JJEII to return to the screen plot screen.
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The Slide Method

Now you will be shown how to create a 1-acre tract on the west side; however, the bearing on the east
side of the 1-acre lot will be N 15°00’ E. This will create two more points on the defined line and slide
them in or out to create the exact acreage given.

X You cannot slide on a curve.

1. Press | % | (the [ spc | key).

CYCR k2 SMI
ELEVATION:: CRD

PREDETERMINED RREEA

HiWiSE]  sLie[ [ TReP] |

Figure 5-83 Slide Option

2. Press IEIh .

mrnznnémmzn RRER — SLIDE $
HE®an' aa"E

5]
MHE®Ea6 ' 86" E

HRER: .
LPT1] [ | 1  [COMT]

Figure 5-84 Predetermined Area — Slide Screen

3. Keyin1 and press for point 1.

¥ FREDETERMIMED ARER — SLIDE 33

FT 1: 1

oIk 1 HE"BE'EE"E
FT &

Ik 2 ME"BE'EE"E
sLIpE Az:HEEA ' BE"E
ARER: . A

[EFGL[ a2l [POLL] | [ CONWT]

Figure 5-85 Point 1

4, Keyinl 9 and press 3] for azimuth 1.
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mrnznnimmzn AREA — SLIDE 35
FT 1:

Ik 1:  S84°A%'33"E

FT 2

Ik 2 MNETEE'EEVE

<LIDE AZ:MHE"EE ' BR"E

HRER: . @A

(P12 | [ [ [  [cowT|

Figure 5-86 Azimuth 1
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5. Key in 2 and press for point 2.

mpnznnimm:n RRER — SLIDE 3
%84"@9'53"E
MHE%aE ' BEa"E

sLT0E M 15 ° B0 ' BETE
RRER: . BB
kel | fizs JPOLA] 1 LCOWT

Figure 5-87 Point 2

6. Keyin?2 3 and press 2§ for azimuth 2.

¥ PREDETERMIMED ARER — SLIDE

FT 1: 1
Ik 11 S324°"@A9'33"E

g:
Ik 2 MA"SE'SA"E
sLInE p2:H1S°@E'BA"E
HRERA: H. 66
[CKES[ZRFT]  [sLbAz] [ CONT]

=
—

Figure 5-88 Azimuth 2

7. Key in 15.00 and press EY¥-

8. Keyin1and press Y-

i FREDETERHINED AREW - SLIDE 85
FEOM PT 1
S84°69'SH"E 285.2814

FROM PT 2
HET 56 '2A"E 212.1812
(PT3 | PT4 [WOTE] | | |

Figure 5-89 Displays Resultant Distances

9. Keyin 13 and press [JEJ key in 14 and press I
If the next number is 13, keying in the point number first is not necessary.
This stores points at the computed corners.

10. Check the area.

11. Press [_RPTS |.

12. Press the key to clear out the old data.

13. Keyin13 [spc |1 [ spc | 2 [ spc | 14 and press .

14. Press m

You should see ACRES = 1.0000. You can also check to see the points location by pressing

Gl again.
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Sunshots

The Sunshots routine lets you take a sunshot or calculate a previous sunshot. This function is available
on all of SMI’s programs.

The Sunshots routine uses the local hour angle method with built-in ephemeris, which requires the use
of Greenwich Mean Time (GMT). This method is generally accepted as the most accurate method of
determining north from the sun.

N GMT, as used in this manual, is equivalent to UT1 time. National Bureau of Standards Time, WWV, and
WWVH announce UTC time and the double ticks to adjust to UT1 time. UT1 time is based on the
Earth’s rotation. When double ticks are immediately after the tone, add one tenth of a second per
double tick. Subtract one tenth of a second per double tick when the double ticks are nine seconds after
the tone.

v/ Itis absolutely essential that you use a solar filter when taking readings on the sun. Without a
filter, you will only get two attempts at a sunshot: one with the right eye, the other with the left
eye — and your surveying days are over!

D Also note that the sun will ruin a diode in a total station EDM unless you have installed a sun filter in
front of the lens.

Benefits of the Local Angle Hour Method

w Greater accuracy is possible.

w Observations are possible during more of the day; in the winter months, observations can be
obtained from sunup to sundown for most of North America.

w |t is not necessary to read vertical or zenith angles.
w Parallax and refraction do not affect your readings.
w Readings can be made faster and more easily than with other methods.

This Local Angle Hour program was developed by Charles Elam, of Lincolnton, Georgia. He tells of a
28.14 - mile traverse with 81 traverse stations and 20 solar stations to control direction. His angles had
a 3-second accuracy and his closure was better than 1 in 100,000.

Some Facts About Elam’s Method

w He gets 3-second accuracy with a 1-second theodolite.

He uses the sun to control his direction.
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He isolates his angle errors using the sun.

F 5 s

He uses Grid North, which does not vary as the observation point changes east and west (True, or
Astronomic North, does vary as the observation point moves east and west).

He notes that the trailing edge method is at least as accurate (if not more so) than Roelof’'s Prism.

§

He uses four direct and four reverse sightings.

§
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About SMI’s Sunshots Routine

80

<«———— Direction
Back Desired
Sight
Target
Trailing Edge
of Sun

Figure 5-90 Sunshots lllustration

The Sunshots program is used to determine the direction of a line. It can be used to determine True
(Astronomic) North or Grid North, based on a State Plane grid system.

Both True North and Grid North are preferred over Magnetic North, as Magnetic North is in a constant
state of change. In the South, for example, it is now changing at a rate of 1° in six years (normal rate of
change is approximately 1° in 20 years).

At any point along a line of Earth’s longitude (pole to pole), Astronomic (True) North does not change.
However, running east and west, True North lines converge at a rate of about 1 minute per mile. This
value increases as you move north, and decreases as you move south. Since most of the work is
confined to small areas, this does not create a serious problem — until you start tying projects together
or get a job that covers a longer distance ranging east and west.

State Plane systems have been defined to solve this problem. A State Plane Coordinate system
includes large areas (sometimes an entire state) which use the True North of one longitudinal line; all
other north-south lines are parallel to it. Thus, in this system, north-south lines are parallel.

The Sunshots routine is designed to give the azimuth from State Plane North, or azimuth, from True
North. If you store the constants from your State Plane system in the data collector, it will maintain those
values until you modify or clear them. Whenever you take a sunshot, it gives the azimuth in State Plane
values. If State Plane values are not stored, it will give the azimuth in Astronomic, or True North.

Two common State Plane grid systems are used: the Lambert system and Transverse Mercator
system. If you are in the Mercator system, you only need to key in one constant. The Lambert system
requires two constants. These constants are listed in State Plane Grid Constants, which begins on
page 405.

Southern and Eastern Hemisphere Sunshots

If your position is south of the path of the sun and you are using the center of the sun as the option, the
ephemeris should work fine. However, if you are using the trailing edge of the sun, you should choose
as your option for the leading edge of the sun. When you are south of the equator, the latitude
should be entered as a negative number. When you are east of Greenwich, England, the longitude
should be entered as a negative angle from Greenwich.

As far as it can be determined, there is no known time limit to the ephemeral data, which should
continue to work well into the twenty-first century.
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Getting Started with Sunshots
Press [ | [sun ] (the Y key).

% SUNSHOTE 13/13/01 01: 06: 31. GEF
pscIp:: @706 '@a"

Lt B°B0'Ba"

LONG: d766 "' ag"
ASTROMOMIC

[ATE | TIME [EZCIK[C2UM | RUN [T K|

Figure 5-91 Sunshots Menu 1

The Sunshots menu presents soft keys that help define the sunshot; press to scroll the soft key
menu screens.

Sunshots Menu 1 Soft Keys

This key is used to enter the current (or desired) date. The format is MM.DDYYYY (for example, October
DATE 23, 1998 would be entered as 10.231998).

If a date is not entered on the stack when the key is pressed, the program will use the current date in the

calculator (the HP 48 has a running clock to maintain date and time — please refer to your HP 48 owner’s

manual for more information).

This key is used to enter time of day (military time, or a 24-hour clock, is used). The format is HH.MMSS
TIME (for example, 2:32:15 p.m. would be entered as 14.3215).

& Ifatime is not entered on the stack when the key is pressed, the program will use the exact time (as

maintained by the calculator) when the key is pressed.

&  The Sunshots program requires Greenwich Mean Time (UT1 time).

& For Eastern Standard Time, add five hours to the local time. For Daylight Savings Time, add four
hours.— for Central Time, add six hours, for Mountain Time, add seven hours, and for Pacific Time,
add eight hours.

&, The easiest method is to listen to WWV (broadcast from Hawaii and Colorado) and get the current
UTC time. It is desirable that the time be accurate to 1/10 of a second. Being off by one second could
affect azimuth accuracy by 7 - 20 arc seconds.

& For more accurate UT1 time, it is desirable to factor double ticks into the UTC time given. A double
tick represents one tenth of a second; for example, if you get two immediate double ticks after the
time, add two tenths of a second to the UTC time stated. For three double ticks nine seconds after
the UTC time, subtract three tenths of a second to get the UT1 time.

For more help, see also Setting Time on Your HP 48 Data Collector on page 90.

This key is used to enter the backsight circle reading.
BSCIR

This key is used to enter the circle (horizontal angle) to the sun.
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CSUN

This key is used to perform the calculation using the current values displayed on the screen.

If one or more sunshots have already been made, m appears as the soft key instead of m
The resulting average circle to the sun is put in the display.

This key does three things: T = Time; C= Circle to the sun; R= Run, taking the results and performing the
TCR calculation.

This key shows the results of RUN or AVG.
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Sunshots menu 2 allows you to enter latitude, longitude, and other key variables, as described below.

% SUNSHOTS 1319701 01 0G: 31. GEF &
pecIR:: BUEE'GE"
Csun: a"@aa ' ag"
LAT: a @8 ' aa"

B°H
ASTROMOMIC

[ LAT JLOWS[TRAIL] C.L. | 2.C. [SHOM]

Figure 5-92 Sunshots Menu 2

Sunshots Menu 2 Soft Keys

This key is used to enter the latitude of the point of observation.

LAT
This key is used to enter the longitude of the point of observation.
LONG & You should be able to achieve sufficient accuracy if you scale the latitude and longitude from a
USGS quadrangle map. The accuracy should be +/- 300 feet.
This toggle key is used to select the trailing edge, center, or leading edge of the sun for pointing. The
TRAIL defaultis setto Rag=¥\|M .
CNTR
LEAD
This key is used to enter the longitude constant.
This key is used to enter the zone constant.
Z. C.

Both the longitudinal constant and zone constant should be zero for computing Astronomic North. Refer
to State Plane Grid Constants, which begins on page 405, for entering longitude and zone constants for
your area. When these constants are entered, the Sunshots program will automatically give you State
Plane Grid North, rather than Astronomic North.

This Sunshots program has a built-in ephemeris accurate to normally within +/- 10 arc seconds.
However, under worst-case conditions, assuming the user does everything perfectly, it is possible to be
off by 42 arc seconds.

Controlling Direction During a Large Traverse

82

For large traverses, a desirable way to control direction would be to take a sunshot at each fifth traverse
point. While the errors in the sunshot can be up to 42 seconds, if sunshots are taken over a period of
one to five days, the variation in consistency should not exceed one to three arc seconds.

As mentioned earlier, when traversing east and west for 1 mile, the Astronomic North from the sun will
converge approximately one minute. Therefore, when surveying large boundaries with great east/west
movement, it is better to use State Plane Grid North requiring longitudinal constant and zone constant.
This keeps north parallel throughout the survey.

With careful observations, you should get a consistency of readings within approximately two to four arc
seconds.
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Leveling the Instrument

In taking sunshots, leveling of the instrument is critically important, especially as the sun gets higher in
the sky. More dependable readings can be taken when the sun is close to the horizon.

Readings on the Trailing Edge of the Sun

Vertical
Crosshair
Set crosshairs
when sun is at this
position. Read
e

circle and wait until «f
trailing edge is —_ e
coincident with < & e
vertical crosshair. /7_\
\ Position of the sun
using the

trailing edge

TRAILING EDGE METHOD

Figure 5-93 Trailing Edge Method Diagram
When taking a reading on the trailing edge, move the vertical crosshair slightly into the sun and, at the
instant the vertical crosshair passes the trailing edge, press [JllE}-

. The rest of the data can be entered before or after the time, but all data must be entered (except the
optional longitude constant and zone constants) before |JEIIIN s pressed.

For repeated readings, you only need to re-establish and readings; backsight circle is
optional.

If the instrument is flopped, the backsight circle should be reread, as well as time and circle to the sun.

If an electronic instrument has been chosen (you must be using SMI's DCE or above program card),
backsight circle and angles will be brought in electronically.

Important Information about Sunshots

SM/I’s built-in ephemeris is accurate to +/- 10 seconds, assuming your data is correct. In a worst case
situation, accuracy may fall to +/- 42 seconds. This is why it is important to periodically verify the time
accuracy of your data collector.

(Generally, over a period of two to three days, time is consistent within one to two seconds.)
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How important is time accuracy to your calculations? If the time entered is one second off, the angle
error may be as much as +/- 7 seconds. (You can test this by entering your data at a certain time, then
entering it again after adjusting your time by one second.)

The best time to take sunshots is early in the morning or late afternoon, when the sun is closer to the
horizon. The worst time is when the sun is greater than 45° from horizontal.

Please also note that Earth’s curvature and refraction do not seem to affect the accuracy of the angle.
Therefore, a low angle is most desirable.
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How to Avoid Sunshot Problems

If you take consecutive sunshots spaced a few minutes apart and your resulting angle tends to driftin a
certain direction, this is an indication that the date, time, latitude, or longitude is incorrect.

The steeper the sunshot angle, the more critical it is for your instrument to be precisely level.

Sunshot Example

5

This is an example using a 10-second theodolite and a Casio wristwatch for reading the time.

The location for this sunshot is northeast Tennessee. The latitude of the instrument position is
36°33’'39” and the longitude is 82°34°11".

A backsight reading was taken on a church steeple and it was set at 0.0000”. The data collector was set
to Greenwich Meridian Time. Readings were taken to the nearest half second and recorded the time
and horizontal circle reading to the sun.

The date was 17 November 1994; the time was a little after 4:00 p.m. Eastern Standard Time — just past
21 hours Greenwich Meridian Time. Using the time and circle readings to the sun, the Grid Azimuth
was computed from the instrument to the church steeple.

The data for November 17, 1994
On the HP 48, the clock should be set to 24h mode and decimal point to fix 6.

EST Circle Reading to the Sun GMT
4:0649 92°55'35” 21:0649
4:0718.5 93°00'50” 21:0718.5
4:0750.5 93°06'23” 21:0750.5
4:0819.5 93°11'20” 21:0819.5

If you are manually keying in the data for this example, select MAN1 from the Instruments menu. (If you
are in the field with an instrument selected, the program will automatically pull the data from the
instrument.)

Determining Astronomic Azimuth

84

1. Press [ |[sun |-
The Sunshots menu displays.

2. Enter the date (November 17, 1994) using the format MM.DDYYYY; key in 11.171994.

Even though this example is old, it will still work in the program.

SMI Version 7 User Guide



3. Press NN

The date now appears in the display.

& SUNSHOTS 11417794 01: 25: 1B. 61F &
EscIR:: E @' @a"
Csum: a"@aa' ag"
LAT: | "@a ' ga"
LOnG: A @4 ' ag"

ASTROMOMIC
[BATE | TIME [ESCIE ] CZ0N | RUM T F)

Figure 5-94 Date Displayed

4. Now enter the latitude and longitude for your position. These keys are on the second soft

menu screen, SO press [ NxT
Latitude and longitude are entered using the format DD.MMSS. Use a decimal to separate degrees
from the minutes and seconds.

5. Enter the latitude (36°33°39”) by keying in 36.3339 so that it displays on the command line.

6. Press WSS
The latitude appears in the display.

% SUNSHOTS 11417494 ©01: 25: LB, G1F #

psCIR:: B7E6'GE"

csun | @A’ "

LAT: 36°33'39"

LOMG A"@aa' ag"
ASTROMOMIC

L LaT JLOWS|TRAIL] C.L. | 2.C. [ZHOW]

Figure 5-95 Latitude Displayed

7. Enter the longitude (82°34°11”) by keying in 82.3411, and pressing Iy -
The longitude appears in the display.

Figure 5-96 Longitude Displayed

& SUNSHOTS 11417794 01: 25: 1H. G1F &
EsCIR:: EP@EE'@Ea" @)
Csum: a"@aa' ag" oy
LAT: J&o33' 39 2
LOnG: 82"34'11" 3
ASTROMOMIC =
)
S
&
Q

8. Press to return to the first soft menu screen.

Time
Enter the Greenwich Meridian Time (GMT) for this observation (21:06 and 49 seconds) by keying in

21.0649 and pressing [JIIFY - Even though you need to enter the time in military time, it might show
up on the screen with a P for PM or A for AM in Standard Time. It depends on what your data collector

settings are.
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The time will be shown in the data collector’s display.

 SUNSHOTS 11/17/94 08: 06: 49, 00F
1 n

Figure 5-97 Time Display

Horizontal Circle to the Sun
CSUN is simply the horizontal angle to the sun.

 Ifyou are using electronic data collection with an instrument selected, and press S8, the horizontal
angle to the sun will be collected automatically.

You may enter the circle reading to the sun and time in any order.

1. Press |- (I is different than most soft keys. It requires that you press the soft
key before typing the number.)

2. Enter the circle reading to the sun (92°55’35”) by keying in 92 .5535.

ESUNSHOTS 11/17/94 21: 06: 49. 00§
ASTROMOMIC AZIMUTHS

sET 11 141°43'39"

AvERAGE: 141°43'39"

TIME [ESCIE[CEUN | REP | SHOM

Figure 5-98 Horizontal Circle to the Sun

Run
1. Press m

¥ SUNSHOTS 11717794 21: 06: 49, 00§
ASTRONOMIC AZIMUTHS

SET 1t °43' 39"

avernce: 141°43'39"

TIME [ESCIR[ CEUM | KER [SHOM]

Figure 5-99 Astronomic Azimuth Computation

The program will compute the Astronomic Azimuth from the instrument to the backsight.

Also note that the |JEINJ| key has changed to JJEIEJ (repeat). This simply allows you to repeat
the calculations for further readings to be figured into the average.

Now enter the second set of readings: a circle reading to the sun of 93°00°55” taken at 21:0718.5 GMT.
2. Keyin 21.07185 on the command line and press [JITE}-

3. Press . (S (CSUN is different than most soft keys. It requires that you press the
soft key before typing the number.)
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4. Press and key in 93.0050 and press [ENTER]-

ELUNSHOTS 11717794 @1: 07 1A, 00§

ESCIR::  EUEE'EE"

CEUm: 23968 ' S8

LAT: 25933 g9

LONG: 234 11"
ASTEOMOMIC

TIME [ESCIR]CEUN | REF [SHOM]

Figure 5-100 Entering the Circle Reading to the Sun

5. Press m .

You will see:

ASTRONOMIC AZIMUTHS

SET 2: 141°43’ 31”7

AVERAGEI 141° 43’ 35”7

The program displays the new Astronomic Azimuth calculated, as well as the new average.
Finish this exercise with the remaining readings.
The third reading (93°06°'23”) was taken at 21:0750.5 GMT.

6. Key in 21.07505 and press [JIIE}-

7. Press I, key in 93.0623, and press [ENTER]. ([N is different than most soft keys. It
requires that you press the soft key before typing the number.)

8. Press I to begin the calculations.

The display will show the Astronomic Azimuth for reading 3, as well as the average for the three
readings:

ASTRONOMIC AZIMUTHS
SET 3: 141° 43’ 31”
AVERAGE 141° 43’ 33”
The fourth reading (93°11°20”) was taken at 21:0819.5 GMT.

9. Keyin 21.08195 and press |JiITE]-

10. Press [, key in 93.1120 and press [ENTER]. (B[] is different than most soft keys. It
requires that you press the soft key before typing the number.)

11. Press IR
The display will show the Astronomic Azimuth for reading 4, and the average for the four readings:
ASTRONOMIC AZIMUTHS
SET3: 141° 43’ 35”
AVERAGE 141° 43’ 34.
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Determining Grid Azimuth

Take the same data used to compute Astronomic Azimuth, except now you will calculate Grid Azimuth.

As indicated earlier in this chapter, Grid Azimuth requires State Plane grid constants. This data is
provided in State Plane Grid Constants, which begins on page 405, listed by zone. The State Plane grid
constants for the example in Tennessee are as follows:

Central Longitude: 86°00°00”
Zone Constant: 0.585440
First, it is necessary to enter these values.

Enter Values
1. Press [ sun_ | to start the Sunshots menu again.
This will clear the previous results and change the [JEE soft key back to IR

2. Press to scroll the Sunshots soft key menu to the second screen. Enter the central
longitude onto the command line by keying in 86.0000 (the zeroes after the decimal point
are optional).

3. Press .

The display will show the central longitude. Note that the last values entered are still kept in the
memory. That means you do not need to re-enter the date, time, or latitude/longitude for this
example.

Next, enter the zone constant.
4. Key in 0.585440.
5. To enter the value, press .

The display will now show both central longitude and zone constant.
Next, re-enter the four circle readings to the sun (and their respective times).

Reading #1
Reading #1 was 92°55°35” taken at 21:0649 GMT.
1. Key in 21.0649 and press |JiITE-

2. Press SN key in 92.5537, and press [ENTER].
3. Press JEITH-

You will see:

GRID AZIMUTHS

SET 1: 139°43’ 09”
AVERAGE: 139° 43’ 09”

. Since you entered the Tennessee State Plane Grid Constants, the display shows the Tennessee State
Plane Grid Azimuth.

 Also note that, just as with our previous example, the |JEIINJ soft key has changed to JEE
(“repeat’), allowing you to take additional readings to compute an average Grid Azimuth.

88 SMI Version 7 User Guide



Reading #2
Reading #2 was 93°00°50” taken at 21:0718.5 GMT.

1. Key in 21.07185 and press [JIIE}-
2. Press M. key in 93.0050, and press [ENTER].
3. Press IEEN-

You will see:

GRID AZIMUTHS

SET 2: 139°43’ 01~
AVERAGE: 139° 43’ 05”

Reading #3
Reading #3 was 93°06°23” taken at 21:0750.5 GMT.

1. Key in 21.07505 and press [JITE}-
2. Press S key in 93.0623, and press [ENTER].

3. Press m

You will see:

GRID AZIMUTHS

SET 3: 139°43’ 01~
AVERAGE: 139° 43’ 04~

The display will show the Grid Azimuth for this reading, as well as an updated average Grid
Azimuth reflecting the three readings.

Reading #4
Reading #4 was 93°11'20” and was taken at 21:0819.5 GMT. o
1. Key in 21.08195 and press [JIIE}- §
T
2. Press S key in 93.1120, and press [ENTER]. o
%)
3. Press TN - §
You will see: EJ'
Q.

GRID AZIMUTHS
SET 4: 139° 43’ 05”
AVERAGE: 139° 43’ 04”
. Note that the average Grid Azimuth did not change between the third and fourth readings. This is
because the readings were so close that they had little effect on the average.

As you can see, the Sunshots routine is a fast and relatively simple way to calculate the direction of a
line.
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Setting Time on Your HP 48 Data Collector

If you are working with sunshots, it is of particular importance that your data collector be set to the
correct time.

1.

To set or change the current time in your HP 48, turn SMI off (<& ] [ & ).

You will see the Time key underneath the overlay. It is actually the 4 key.

Press E 4,

This opens the Time menu window.

[

g: Set alarm.
&

1z
I S I N T T

HOKME ~msn LINET:CER T
Browse alarms.,

Set time, date..

Figure 5-101 Time Menu Window

Press the [y | key to scroll down to select the Set time, date . . . option.
Press Y@ to accept the menu choice.

Press [ p | to highlight the desired time or date field. Once the field is highlighted, key in
the appropriate value (hour, minutes, seconds, etc.); the value will appear on the command
line. Press to accept it and place it in the field.

X In the “time format” field (AM, PM, or 24-hour), press the key to toggle between your choices.

6. Press @ when you are finished.

This enters the changes you have made and exits the Time menu.

How to Check the Current Time

For taking sunshot readings using SMI, it is essential that you accurately set your time to Greenwich
Mean Time. This generally is broadcast from the Naval Observatory in Washington, DC.

You may call the US Naval Observatory’s Master Clock for a recorded time announcement. Time is
broadcast in universal time and EST (adjust for your local time zone) and includes a beep every five
seconds for accurate time synchronization.

US Naval Observatory Master Clock:
(202) 762-1401

An Example of Setting and Adjusting Time
1.
2.

90

Turn off SMI or USER.
Press quit

This completely exits SMI and makes all HP 48 functions available.
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Turn on the Date and Time Display

1. To turn on the HP 48 clock display, press [JIEiJJ or the | key.

The Calculator Modes menu displays.

CALCULATOR MODES %

Figure 5-102 Calculator Modes Menu

2. Press [y | (the Qkey)three times, [ 4 ] (the P key) once and press the C key to select
the Clock option.

CALCULATOR MODES
WUMEEE FORMAT: Fix o
AMGLE MERSURE: Dagirees

COORD S¥3TEM: Rectangular
« EEEP Mok _FM.

DISFLAY TICKING CLOCK?
[ [ [#CHE[FLAG JiAMiL] Ok ]

Figure 5-103 Clock On

3. Press the I3l key (the F key).

This will allow you to see the date and time at the top of the display at all times.

Set the Date

1. Press [ <& | 4 to get to the Time soft keys.
Suppose the date is November 26, 1998.

2. To enter this date, key in 11.261998 and press (the B key).
You will see the 11/26/98 date on the display at the top.

Set the Time

When you call the US Naval Observatory Master Clock, you will hear something like this: “(202) 762-
1401; U.S. Naval Observatory Master Clock at the tone,

Eastern Standard Time, 9 hours, 2 minutes, 45 seconds,
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Universal Time 13 hours, 2 minutes, 50 seconds.”

Key in approximately 1 minute ahead of the Universal Time, such as 13.0350. When the time gets to 13
hours, 3 minutes, 50 seconds, at the tone press |EJ{IT

You will see the time displayed at the top of the HP 48 display.

Adjust the Time

To adjust the time, listen to the time clock to determine if you are within the correct second.
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Adjust the Clock in One-Second Increments

1.

To set the clock forward one second, press [ < | 4 (TIME) and [ < | [ NxT |-
You will see on the soft key.

Type 8190 and press several times. Press once for each time you wish to
move the time one second ahead.
If you need to move the clock back a few seconds, press to change the 8190 to a

negative number and press [ENTER]| a few times. Press [ISR¢¥ for each second you wish to
subtract.

Adjust the Clock in One-Tenth-of-a-Second Increments

1.

To set the clock forward one tenth of a second, press [ <& | 4 (TIME) then [ < | [ nNXT |-
You will see on the soft key.

Type 819 and press several times.
Each time you press [JSE&Y. the time will move forward one tenth of a second.

If you need to move the clock back a few tenths of a second, press to change the
819 to a negative number and press a few times.

Press for each tenth of a second you wish to subtract.
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ADVANCED COGDO

This chapter is for users of the following cards:
w Advanced COGO

w Data Collection

w Construction Five

w  GPS/Robotic

In this chapter:

Staketoa Point. . .. ... . . . . . . 94
Staketoaline .......... .. .. . . .. 97
Staketoa Curve . ... ... ... ... . . 98
Stake to Points in the Random Points File . . ................. 99
Staking Shortcuts Using the RPTSMenu . .. ................. 99
Find Points Withina Range. . ... .......... ... ... ........ 100
Staking by Station (STA) and Offsets ... ................... 101
Multiple Sets of Angles to Multiple Points . .. ................ 102
Shots Routine Using an Instrument .. ..................... 104
Storing Elevations at Known North and East Points. .. ........ 106
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Key Definitions

Soft Keys These keys are called soft because their functions (and labels) change, depending on the menu selected.
Soft keys are represented in this manual as white lettering on a black, rectangular background.

Toggle Keys A toggle is a key whose function changes each time you press it. Any soft key in the display that has a
square after it is a toggle.

Hard Keys Hard key functions are imprinted on each key itself. The functions of these assigned keys are identified by
the SMI surveying overlay that came with your SMI program card. Hard keys are represented in this
manual as black lettering on a gray, rectangular background.

Primary Keys Primary functions (or keys) are noted directly above each key on the SMI overlay. Primary keys are
represented in this manual as black lettering on a white, rectangular background.

Stake to a Point

1. Press [ SETUP |, key in the occupied point number, and press | ocpy B
2. Key in the backsight point and press G-

3. Press [STAKE ], key in the point to be staked, and press [E3ll-

i STRRING 9: PT
SR T 26°58 "' 16"
Gn:  S.5H cLE: DiHA
RIGHT: 1. 54 PIET:S. 72
CUT: 164. 84

GRRDE: B, BBEA

sHOT EL: 1BE. 8823

[ H 1 IH ROB] FZPT |STOH] CUTE | SHOT |
Figure 6-1 Stake to a Point Example

The angle to turn and the distance from the instrument will be shown.

Q. DCEH+: If you have the Turn to Foresight (FS) option turned on in the Robot menu and your instrument
has servo motors, the instrument will turn to the foresight.

As you take sample readings using a prism on a pole, the screen will show two options that the
rodman needs to walk to find the point:

w Go or Come: This option will give you the Go or Come distances and Right or Left distances until
you feel OK about the position.

(That is the rodman's right, not the instrument's right.)

w CLK: This option shows a clock direction in which the rodman should walk for a specific distance.
The clock direction assumes that toward the instrument is 12:00. For example, five o'clock for 5.72
feet means that the rodman should walk away from the instrument and slightly to the instrument
man's left for 5.72 feet.

If Elevations are on, you will be given Cut or Fill values, as well.
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Stake Points Example

5 N 87°50'30" E 540.00 3

DELTA=24°10'08"
R=513.83
5

Figure 6-2 Stake Points lllustration

This example will have the instrument set up on point number one, backsighting point 2. To do this,
press 1 2 G

How to stake out point number 9:

1. Press [STAKE |-
2. Keyin 9 and press 22l

£ STAKING 3: FT

FT
EL: H.BEEE

Z2ulsd HW 15
ET: EE5E' 16" H I: . BEA
pIs: 337 . ras] rOD: A. BEA
| H I [H ROD] FEPT [=TOSH] CUTE | ZHOT |

Figure 6-3 Staking Point 9

This shows the exact distance and angle to travel to reach point number 9 from point 1
backsighting 2.

3. Send the rodman to the approximate position and press il Actually, you have two
options here: if you are using an ACE or SCE program, the easiest thing to do is turn your
instrument to the appropriate angle. Have your rodman line up in the sights, then press

or |EI&d- This will provide you with a Go or Come distance. Since it is required to
press the key to find the key, it is on the next menu of the ACE and SCE
programs; it takes fewer keystrokes to use or [EiFl. But for this example, you will
use the key.

4. After pressing |EXell; key in the information from the instrument.

Q
)
o
=
)
S
S
>
S
Q
S
o]
D
Q
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If you have the DCE or CVCE program, and you are hooked up to a total station, the information in the
gun will automatically transfer to the data collector. But if you are just using the SCE or ACE program,
the information will have to be entered manually.

CHUCR k2 iMI PRG
EXAAFLE: CRD

SDIST ZEMITHL £RT

332. 29688 96 81.H5560
£HIP|SEIP*[£0EL | DEL® | N5 [TETE

Figure 6-4 Slope Distance, Zenith Angle, Angle Right

The information displayed includes the Slope Distance, Zenith Angle, and Angle Right separated by
a space.

5. Key in 332.2500 [_spc | 90 [ sPc | 81.0550 and press [ENTER].

FTARING 8: FT

: BA
: 188, 8623
[ H 1 | KOB[ FEPT [ZTOZH] CUTE | 2HOT |

Figure 6-5 Rodman Options

The screen now shows two options that the rodman needs to walk:

w Go or Come/Left or Right: This example shows that the point is 5.5 feet away from the prism and
1.54 feet to the right. (That is the rodman's right, not the instrument's right.)

w CLK: This example shows the direction the rodman should walk — 5 o’clock is shown, with a
distance of 5.72 feet. Use whatever makes sense to your rodman.

This routine can be done as many times as necessary to position the prism on top of the point desired
by simply pressing X1l

Notice that Cut and Grade were not discussed. That is because a zenith angle of 90 (or flat) was used.
A different zenith angle or elevation will be used with the same distance and angle right to show the cut
and fill features of the Stake routine.

6. Press [sTAKE | 9 IEMM-

7. Press [ NXT |, then type the elevation at which you want the point being staked to be (in this
example, key in 100) and press for foresight elevation.

If you were staking out the foundation of a warehouse, you would want the elevation to be the same as
the point you are occupying at the instrument. The elevation of the occupied point in this example is
100 feet.
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8. Press until you see |Elll. then press Bl Enter the same distance and angle
right, but make the zenith angle 91.3007, by entering 332.2500 91.3007

81.0550 then press [ENTER].

ERHD-B =
<HOT EL: 91.2937
[ H 1 [H ROD] F=PT [STOSH] CUTE | ZHOT |

Figure 6-6 Point 9 Staked

FIELD DEFINITIONS

Fill: This field shows that 8.71 feet of earth will need to be added to the point to bring the
elevation where it needs to be.

Grade: This field shows what the point needs to be.
Shot El: This field shows the current elevation of the prism.
. If the elevation exceeded 100 feet, in the place of Fill would be the word Cut to show how much dirt
would need to be removed to make the elevation correct.

Notice also that the distances are slightly different than the example where the point was already flat.
The program compensates for the slope of the ground as well.

Stake to a Line

Prism

/— LEFT distance

COME distance

7

Perpindicular distance

Instrument

Stake to a Line

Figure 6-7 Stake to a Line

1. Press [ SETUP |, key in the occupied point number, and press |-
2. Key in the backsight point and press G-

3. Press [ STAKE |, key in a point number, press [ spc |, key in another point number that is on
the line to be staked, and press .

As you take sample readings using |Eieql]. you will be given Go or Come distances, Right or Left

distances, and perpendicular distances (PERPO) until you feel OK about the position. If Elevations
are on, you will be given Cut or Fill values based on the slope between the points.

. Another way to start the Stake to a Line routine is to press B
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Stake to a Curve

1. Press [ SETUP |, key in the occupied point number, and press | ocpy B
2. Key in the backsight point and press [ETGl-

3. Press [STAKE |, key in the PC <radius point>, [ spc |, PT of the curve to be staked,
and press [ Eall-

If the PC is point 7, the radius point is point 8, and the PT is point 9, the display should read: 7 8
9. Press 32l As you take sample readings using [l you will be given Go or Come

distances, Right or Left distances, and perpendicular distances (PERPO) until you feel OK about
the position. If Elevations are on, you will be given Cut or Fill values based on the slope along the
curve from the PC to the PT.

Stake to a Curve Another Way

98

Kev:

ProbucT: ACE or above

KEYSTROKES: or

This procedure allows you to take shots and find out how close you are to a curve. It also interpolates
the elevation along the curve between the PC and PT points to create a grade elevation at any point
along the curve.

Procedure

prompts for the PC, RP, and PT. Enter the point numbers separated by spaces and press
[ENTER].

You are now ready to take a shot near the curve.

Once you press and the measurement is taken, you will get a screen display similar to the
figure below.

STRRING CURVE 5-6-7 58
COHE: 3.563

FERFD: 1.89

RIGHT: 1.14

CHT: H.54

GRADE: 99,4656

sHOT EL: 188, 8819

[EEPT | ODCPY [ FEPT | SHOT [STOEH] CUTE |

Figure 6-8 Stake to a Curve Measurement

This screen indicates that the curve you are staking is defined by points 5, 6, and 7. The first shot is
1.09 feet away from the curve (PERPO). To stake the curve, the rodman can move toward the
instrument 3.63 feet or move 1.14 feet to his right. The grade is the elevation on the curve
perpendicular to the shot. The rodman should measure over 1.14 feet to his right as he faces the
instrument, and the instrument man should take another reading.

The keys in the Stake to a Curve menu work just like the keys in the main Stake menu ([STAKE ]). See
Stake on page 354 for more information about these soft keys.
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Stake to Points in the Random Points File

1. Press [ RPTS |, key in the point numbers you wish to stake, and press [ENTER]-

2. Press [ STAKE | and > ESPT P

You will be given the angle and distance to get to the first point in the Random Points file.

3. Press to take sample readings.

4. When finished staking the first point, press [ (3 | to stake the next point in the
Random Points file. To increment backward in the Random Points file, use E .

Staking Shortcuts Using the RPTS Menu

There are a couple timesaving functions in the Random Points file (JEEEY) that are designed to
automate the staking routine. One is the Note Search function in the RPTS menu and the other is the
key in the RPTS menu. These functions can be used separately or in conjunction with each
other to make the staking of points more streamlined. In this example, you will use them in conjunction
with each other.

& This function searches the points entered in the Random Points file and builds a new Random Points
file based upon the note you want to stake.

STAK

The STAK function searches the Random Points file for points within a given distance from the
occupied point. The resulting Random Points file can be sorted by distance or direction (angle).

As an example, suppose that you want to stake all the IPS (lron Pin Set) points in sequence from your
occupied point 4. You should go to the RPTS menu and enter the points or range of points to be staked.
In this example, you will enter a range of points and let the software pick out the IPS points.

1. Press the key and enter 1.10, then press the key.
2. Press the key twice and then 3.

You are prompted for the note to search for.

3. Type IPS and press [ENTER].
4. Press the key again.

N Note that the Random Points file has been changed to include only (1,2,8,9, and 10), the points that
have the note IPS.

Next you will stake all the points within 500 feet of the occupied point.

5. Press the key and press the key, since you already have the IPS points listed.
6. Press the key twice and then [J3ITd.

You are prompted to enter the maximum distance to stake.

7. Key in 500 and press [ENTER].

You are prompted to choose whether to sort by distance or angle.
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8. Answer YES to “Sort by Distance Instead of Angle.”

If you want to sort by angle, answer NO and it will begin with the point closest to the last staked
angle. Since you are staking using the Distance mode, the program will stake the points in order of
their distance away from the occupied point. In this example, your new Random Points file will be

(8,9,10.1, 2).
[ ] 3 [ ] -
n r 3 9
2  FENGE ™V |ps IPS
IPS ;
oP :
TRY
i . 10
IPS > IPS
TRY

Figure 6-9 Stake Points Example

Find Points Within a Range

Find the points that are within a certain range of the occupied point and stake them.

1. Press and key in the points through which you want to search.
Blank points will be ignored.

2. Press and STy -

You are prompted for the maximum distance to stake.

3. Key in a distance (e.g., 300) and press [ENTER]-
You are prompted:
Sort by Distance Instead of Angle

4. For Distance, press [JJIZ}; for Angles, press [JIEI-

5. Press [_RPTS |.
You will see the points that were within the specified distance.

6. Press to exit. You are ready to press and use [ (| to

stake each point.
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Staking by Station (STA) and Offsets

Located in the Stake menu, press then and & (Depending on the
program you are running, you might only have to press once to see the and

keys.)
It is possible to stake individual lines and curves by station and offset without a CVC (Construction

Five) program. The CVC program adds the ability to define a series of lines, curves, and spirals in
horizontal control, vertical control, and templates. See Construction Five, which begins on page 151, for

information on how to use the CVC program.

Line Stakeout

Press [ STAKE | [ NXT NxT | and JJJEE. You are prompted for the Beginning Point (BegPT),
Beginning Station (BegSTA), and Ending Point (EndPT). Enter these values separated by a space and
press [ENTER].

The very top of the screen will show the station and offset. Below is shown the elevation, backsight,
occupying point, station, then the next number. To stake it out, follow the distance and right angle
information.

Curve Stakeout

Press [STake ] [ ] [ ] 7~ N\ or in the third Curve menu. You will be prompted for
the Radius, Delta, and Beginning Station (BegSTA). Remember to enter each piece of data separated

by a space and press [ENTER|.

Note that if the curve is going to the left, the radius will need a “-” in front of it.

The information on the display will resemble that given for Line Stakeout above.

Q
)
o
=
)
S
S
>
S
Q
S
o]
D
Q

Chapter 6: Advanced COGO 101



Multiple Sets of Angles to Multiple Points

Foresight l |Foresight
point 3 4 point

Foresight 5

point

I Backsight
point
2

;
Multiple Angles to Multiple Points

Figure 6-10 Multiple Angles to Multiple Points

Press [ SETUP NxT | and By

S SET AT FT 0 ROD: 0. 0o S5

[2ER0] E: | ET1[EvAL [A2PT ] SHOT]

Figure 6-11 Shots Menu

With SMI’s Advanced COGO and above, there are two methods of taking multiple angles. This
increases accuracy by averaging multiple shots.

Multiple Angle Method 1

1. Set up on a known point.

2. Enter the Shots menu found under [ SETUP | [ NXT_]. Or use the shortcut: [ (> | [« |
(backspace).

3. Zero on the backsight and press [JJEEJll-
D In Manual mode, you will be prompted for the Zenith and Right Angles.

4. Turn to each foresight point and press |EIql-

. In Manual mode, you will be prompted for the Slope Distance, Zenith Angle, and Right Angles or Circle.
Remember to enter these numbers separated by a space.

You can have one or many foresight points.
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5. Flop the scope and take reverse readings (by pressing [Sg]) as you return to the
backsight, where you press -

Example: If you shot the points in the order of backsight point, 6, 7, 8, after you flop the scope, your
reverse order should be 8,7,6, backsight.

Multiple Angle Method 2

1. Set up on a known point.

2. Enter the Shots menu found under [SETUP | [ NXT |. Or use the shortcut [ (> |[ &« |
(backspace).

3. Zero on the backsight and press [JJEEJl}-

4. Flop the scope and press &) again.

D In Manual mode, you will be prompted for the Slope Distance, Zenith Angle, and Right Angles or Circle.
Remember to enter these numbers separated by a space.

5. Turn to each foresight point and take a shot in the reverse and direct positions before you
go to the next foresight point. You may be prompted to key in a point number before you

press EiilgN-

D The SMI software detects whether the instrument is direct or inverted automatically.

6. Press 2380 and it will increment to IB3pN .-

Repeat Method 1 or 2.
Take all of the sets you desire; go to any set by keying in a set number and pressing the SET
key (1, 2, 3, etc.).

9. To evaluate the set, press JEIY-

10. In the menu, press [ and the angles to each point will be displayed. Press
B again to see the angles for the next point. To see a specific point number, key in the

point number before pressing |-

11. To find the error, press [ Press again to see the error for the next point. To see
a specific point number, key in the point number before pressing L]

12. Reshoot any point in any position of any set by keying in the proper set number and
pressing the SET key (1, 2, 3, etc.), turning the instrument to the proper face position (direct

or reverse) and keying in the proper point number before pressing [ iaf]-

13. When satisfied with the results, press in the JI37YM menu.

The meaned point(s) will be stored as side shots. If you wish to traverse to one of the stored points,
key in the point number and press [ (| prra (the R key). If there is only one point being
stored, you will be asked to indicate whether it is a side shot or traverse point.

If some readings have been taken but not stored, pressing [ SETUP NxT | Efeagy will not clear the
old values. To clear old values, press [_SETUP NXT el SHOTS [
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Once the points have been stored, pressing [ SETUP NXT | and clears the old shots data. If
you wish to retain shots data in variables after shots are stored, press [_SETUP NXT -

[sHoTs §

This is a very time-consuming process if you do not have a DCE or above program. Upgrade today
from your SCE or ACE program and make work easier.

Shots Routine Using an Instrument

2

Foresight
point

Foresight
point 3 4

Foresight 5
point

Backsight
point

1

Multiple Angles to Multiple Points

Figure 6-12 Multiple Angles to Multiple Points

In the above illustration, you are occupying point 1, backsighting point 2, and taking readings on points
3,4, and 5. It is assumed that you have created a job and points 1 and 2 are stored.

1.

2
3.
4,
5

6.

7.

8.

Press 1 2 TG
Press [ sHOTS B

With the instrument in the direct position, sight the instrument on the backsight point (2).

Zero the instrument (optional).

Press JJEE)] (if you zeroed on the backsight point, this is optional).
Sight the instrument on point 3 and press gl
Sight the instrument on point 4 and press gl

Sight the instrument on point 5 and press gl

N The minimum number of foresight points is one. For example, you could have stopped at point 3 in this

example. There is no limit to the number of foresight points that can be used. Press on each

point until you are finished. You are using three foresight points in this example.
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10.

1.
12,

13.

14.

15.

16.

17.

18.

19.
20.

21.
22,

23.

24,

25.

26.

Reverse the scope, sight the instrument on point 5, and press S]]

With the instrument reversed, sight the instrument on point 4 and press [Faqll-

Sight the instrument on point 3 and press gl

Sight the instrument on point 2 and press [JEEi}-

You have finished set 1. To take another set, key in 2 and JE3gJ]. or just press and the
soft key will increment to JS3gJ]- You are now ready to repeat the steps for set 1.

Point the instrument in the direct position and sight the instrument on point 2 and press

Sight the instrument on point 3 and press gl

Sight the instrument on point 4 and press | sHOT B

Sight the instrument on point 5 and press gl

Reverse the scope, sight the instrument on point 5, and press S]]

With the instrument reversed, sight the instrument on point 4 and press [all-

Sight the instrument on point 3 and press |l

Sight the instrument on point 2 and press [JEE}-

You have taken two sets. If you wish to take more sets, repeat the procedure described above,

except the next set will be set 3, then set 4, etc. You will stop at set 2 in this example.

To evaluate the set, press 3TN -

Press Em

The angles to each point will be displayed.

To see a specific point number, key in the point number before pressing m To find the

error, press [3::{el:]-

Reshoot any point in any position of any set by keying in the proper set number and

pressing the SET key (1, 2, 3, etc.), turning the instrument to the proper face position (direct
or reverse) and keying in the proper point number before pressing |Eieqll-

When satisfied with the results, press .

The meaned point(s) will be stored as side shots. If you wish to traverse to one of the stored points,

key in the point number and press [ (3 |

PTRA

(the R key).

If some readings have been taken but not stored, pressing [ SETUP NXT will not clear

the old values.

To clear old values, press [ SETUP NXT feall| SHOTS |

Once shots have been stored, pressing [ SETUP NXT | and clears the old shots
data. If you wish to retain shots data in variables after shots are stored, press

[SETUP [ nxT | [ € | B8

Chapter 6: Advanced COGO

106

Q
)
o
=
)
S
S
>
S
Q
S
o]
D
Q




Additional Flexibility of the Shots Program

w Pressing the key then takes multiple direct sets without taking reverse readings.
w Zero the instrument on the backsight without taking a backsight reading.

w \When taking multiple sets to multiple points, you will be prompted with the set you are on and the
point number to be read next for direct and also for reverse.
w When you store the point or points and go back to the Shots program, the variables will be zeroed

out; however, if you press [ <& | BRI SMI leaves the variables unchanged, even though the
points have been stored.

Storing Elevations at Known North and East Points

A new feature in SMI’s surveying cards beginning with the Advanced COGO card, is (storing
remote elevations). It is found under [sTake | and [ NxT |-

The STOEL function is valuable for getting elevations on points in remote or hazardous places.

This program was suggested by Jirimiah Conkle of Westerville, Ohio, who expressed a need for finding
elevations on a highway with heavy traffic, and for locating elevations on buildings. Jirimiah computes x
and y points along the edge of pavement or the centerline of pavement, then he suggests using STOEL
to store the elevations of these points. He has found this method of storing elevations with point
numbers to be highly accurate.

Conditions Necessary to Use the STOEL Function

A point must be stored — north and east coordinates are all that is necessary to be stored with the point.
STOEL works in SMI’s Stake program. The purpose is to store an elevation with the coordinates using
the horizontal crosshair on the instrument.

unknown elevation

INSTRUMENT _ _
point with known

X,y coordinates

Figure 6-13 Establishing Unknown Elevation from Point with Known Coordinates
In the above illustration, the unknown elevation can be established by pointing the horizontal crosshair
on the desired point if the following conditions exist:

1. The instrument must be occupying a known point stored in the current job or a stored or
unstored free station.

2. A good elevation must be at the instrument. One of the following methods can be used for a
good elevation at the instrument:

A. If the instrument point has a good elevation stored with the point number under the
instrument, you can measure up from this point and enter this distance as the Hl value

in SMI under [ SETUP ].
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B. The best way to get a good elevation at the instrument is to take a benchmark reading
on a prism at a benchmark. For this to work properly, measure the distance from the
bottom of the prism rod to the center of the prism and enter this value as the HROD

under in SMI. See Benchmark Menu on page 253 for more information.

. You can now get the elevation of a stored north and east point with or without a prism.

How to Get the Elevation of a Point with a Prism
Use the same prism that you used to shoot the benchmark.

1
2. Set the prism over the point and press [ STAKE |-

3. Key in the point number of the point at which you want the elevation stored.
4

Press and turn to the prism at the point.

5. Press and SrTEA-

This stores the correct elevation of the point.

unknown elevation

point with known
X,y coordinates

Figure 6-14 Storing the Correct Elevation of a Point

How to Get the Elevation of a Point without a Prism
Measure and enter the HROD.
Shoot a benchmark.

1
2
3. Press [STAKE |-
4

Key in the point number of the point at which you want the elevation stored, then turn the
angle specified.

5. Press A

SMiI displays the angle to turn to the point.
Turn the horizontal angle to the point.
Move the horizontal crosshair to the desired place for the elevation to be stored.

8. Press and SrTEA-

This stores the elevation of the crosshair position with the coordinates of the point.
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Free Station Resection Explanation

Free Station Resection establishes an occupied point based on sighting two known points referred to as
points A and B. The program works as though you were occupying A, backsighting B, and traversing to
a third point (the instrument position). Therefore, the more accurate position should be A.
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Point B can be considered a good backsight point from A (on the line from A). If the Scale option is
used, a scale factor is applied, giving A and B equal weight. If you are using State Plane Coordinates,
the instrument position is a State Plane Coordinate and future shots from this free station position will
be stored as State Plane Coordinates.

. The lowest card available with 2PFS is ACE V6. References to slope staking or station and offset or
cross-sections may only be available in Construction Five.

SM/I’s Resection program has always been a true Free Station program with a high degree of accuracy,
without a need to be concerned with the strength of the triangles. However, just as you would not want
a short backsight, you would want to avoid too short a distance been the two control points from which
you are free stationing.

Free Station Resection Example

Go to the field and arbitrarily level your instrument over an unknown position in view of points 1, 3, and
5 (the PI), which are existing points.

5 N 87°50'30" E 540.00 3

Somewhere in
this area.

Figure 6-15 Free Station Resection

1. Sight the prism at point 1. This will be the Direct A shot. Key in 1 and press [ |
(shortcut for EZIEY) and press [EXEN- If you are prompted for "POINT A," key in 1 and

press [ENTER].

Here are the field angles and distance (in the circled area in the drawing above) from the
instrument to point 1 where the prism is sighted:

Slope Distance: 202.47
Zenith Angle: 89°30°
Circle: 0°00°00”
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2. Keyin 202.47 89.30 0 and press [ENTER]-

GEES FREE STATION PT A DIRECT S
cIR: @768 ' 8"

[iH
H I: A. BERE

Figure 6-16 Free Station Point A

Now the rodman takes the prism to point number 3.
3. Keyin 3 and press JEPLR-

This is the B Direct information from the gun while shooting the prism at point number 3.

4. Key in the instrument data: 426 .30 90.45 180.1303 [ENTER]-

SEEM FREE STATION PT B DIRECT 388
cIk: 18@°13'a3"

: 3
H I: A. BEA

Figure 6-17 Free Station Point B

5. Press EE).

FREE STATION doiimme

W GIEJ# REV[E DIEJE REW
Figure 6-18 Free Station Precision

You see a good precision (PREC: 28218).

The precision is the distance between the control points divided by the error. With a precision of 28218
you would expect to be off 1 foot if you travelled 28218 feet.

The higher this number is, the more precise your work is. If you see a small precision such as from 1 to
10, you did something wrong. Less than 1000 means that the work is not very good. Greater than
10000 is normally acceptable. Greater than 40000 is great. Greater than 100000 is luck.

If the NN is 15, press gl and point 15 will be stored. Or key in 15 before pressing gl which
ensures that the coordinates will be stored at point 15.
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. Storing the free station point number is optional. Even if you do not store the point, the coordinates are
still occupied by SMI so that you can stake or collect from this instrument position. However, if the point
is not stored by point number, when you traverse, occupy another point, or perform a free station
resection again, the free station coordinates are lost. In many instances, you will not want to clutter your
point numbers with free station points. The purpose of free stationing is not normally to find the
instrument position, but to use the instrument position to collect or stake other points.

) N 87°50'30" E 540.00

R=513.83
5

Figure 6-19 Free Station lllustration

Using Points 1 and 5 as Control Points

Keep the old reading to A (point 1) and give B a new point number and new data.

To reenter the program without losing the previous data entered, press [ NXT_|. Now enter new
information for B.

& If you leave the program and go back by pressing then |EZZY the previous data entered to
the points is lost. However, the point numbers that define A and B are not lost.

1. Keyin 5 and press [EDPILR-
2. Keyin 279.82 89.10 24 .13 and press [ENTER]-

3. Press GEREY.
4. Press L.

Point 16 will be stored.

Check the inverse between 15 and 16.

5. Keyin15 16 and pressthe P-P key.

You get .0007 ft., which is very close.

Free stationing to a third point is a good way to check the first two points. Another way to check for a
good instrument position is to stake to a known point.

v/ When doing free station resection, it is possible to reverse points A and B and still get a great
precision. If this happens, your instrument position will not even be close. For this reason,
check yourself by staking to a third point or resecting to a third point.
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Mean points 15 and 16 just for practice:
1. Press [ RPTS .
2. Keyinl15 16 and press [ENTER]-

3. Press [ nxT

4. Press m
5. Press .

The mean will be stored at point 17. This is the point you will want to use if you need to access
points 15 or 16.

QHED. 2476
2196, 2518

[MMEFR [ HORS [MEAM[STORE] [ ERIT |

Figure 6-20 Mean Points Screen

D You can also stake to a point, a line, or a curve from the free station point. This means that you will not
have to set up on a known point to do your staking work. This will save you the time of setting up your
instrument right over a point that might be difficult to find in the first place.
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DATA COLLECTION

This chapter is for users of the following cards: : C HAPTER
w Data Collection :
w Construction Five
w GPS/Robotic

In this chapter:

SMI Works with all Current Electronic Total Stations . ......... 114
Trial Run with Data Collection. ... ........................ 120
Separate Distance and Angle . . . ............ ... ... ....... 145
Azimuth Surveying . .. ....... .. . . 149
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Key Definitions

Soft Keys These keys are called soft because their functions (and labels) change, depending on the menu selected.
Soft keys are represented in this manual as white lettering on a black, rectangular background.

Toggle Keys A toggle is a key whose function changes each time you press it. Any soft key in the display that has a
square after it is a toggle.

Hard Keys Hard key functions are imprinted on each key itself. The functions of these assigned keys are identified by
the SMI surveying overlay that came with your SMI program card. Hard keys are represented in this
manual as black lettering on a gray, rectangular background.

Primary Keys Primary functions (or keys) are noted directly above each key on the SMI overlay. Primary keys are
represented in this manual as black lettering on a white, rectangular background.

SMI Works with all Current Electronic Total Stations

SMI works with all current instruments and almost all discontinued models. SMI does not work with two
older Nikon instruments: DTM1 and DTMS5, since these were not equipped with standard serial ports.
SMI does not work with some Topcon ET1 models. SMI requires a special “old style cable” to work with
Topcon’s GTS3, which has no serial port. This special cable works with the battery port.

Various electronic total stations can be selected in the SMI software under [_SETUP | | NXT NXT
and Most instruments allow the user to choose between Fine and CRS modes (
[ NXT | - ). The shortcut for both the instruments and the Fine and Coarse modes is
(][ X ] (multlpllcation key). When you enter this menu, the instruments are listed under the
manufacturer’s name. To find your specific model, press the key until your make appears on
one of the soft keys.

The electronic total station list includes:
w Topcon: all electronic models with serial ports fall under one of these:
GTS3, GTS4, CTS-1, or ET-1

Some older Topcon GTS3B instruments did not have a standard serial port. For these you will need
what SMI refers to as an “Topcon old style cable.”

w Lietz: all electronic models with serial ports fall under one of these:
Lietz or Sokkia

w Nikon: NIKN selects all current electronic models with serial ports.

w Leica: all electronic models with serial ports fall under one of these:
WILD1, WILD2, 2002, OLD TC, TC, REFL, and TCM

w Zeiss: all electronic models with serial ports fall under one of these:
Z46R, ELTA3, ELTA4, ELTRL, and ELT50

w Geodometer: all electronic models with serial ports fall under one of these:
GEO, GEO4, G420, RPU

w Pentax: all electronic models with serial ports fall under one of these:
PENT, PNT2, 2WAY

w Trimble: All electronic models with serial ports fall under one of these:
TTs, 3300, 3600, 5600
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Many times, a driver will work with more than what is listed here. Experiment a little if your specific
model is not listed here. If you have experimented with many different drivers and still are unable to get
your instrument to function, please call the SMI office and ask for technical support.

Other:

w Kern: KERN selects all KERN electronic models with serial ports.
w HP 3820: 3820 selects each HP 3820 model.

w Laser Atlanta: LASER selects each Laser Atlanta model.

-

Criterian: CRIT selects each Criterian model.

GPS and Robotic Instruments Require the GPS/Robotic Surveying
Card

SMl is the only supplier at this time of HP 48 software for GPS real-time kinematic dual frequency
receivers. SMI is also the only supplier of HP 48 software for robotic total stations.

GPS Works with SMI

GPS receivers supported at this time include Allen Osborne, Leica, Ashtech, and Javad. The goal is to
work with all GPS units.

DCE Plus GPS/Robotic

Currently, SMI supplies a special GPS/robotic card that includes all COGO and data collection
capabilities. That is, it contains all COGO functions, plus it works with the electronic total stations and

stores raw data.

CVCE Plus GPS/Robotic
SMI also supplies a special GPS/robotic surveying card that contains all SMI COGO, Data Collection
and Construction Five features.

See Robotic Functions, which begins on page 195 for further information and documentation regarding
SMI’'s GPS/robotic surveying cards.

Electronic Data Collection

In previous chapters, you were given examples where [ SIDS | [ TRAV_|and were pressed
and you were prompted for Slope Distance, Zenith Angle, and Angle Right.

This chapter is devoted to SMI’'s DCE surveying card and CVCE surveying card capabilities. When you
are in the field with these cards, and you have selected the instrument you are using, press
[CTRAV_]. You will automatically get the Slope Distance, Zenith Angle, and Horizontal Angle from the
instrument as though you had keyed in these values.

& To select your instrument, press [ SETUP NXT NXT and choose the manufacturer, then
choose the model (or use the shortcut to the instruments: [ | (multiplication key).
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Flag i Indicates Whether the Instrument is Active

Flag i is displayed to the left of SMI if you have chosen an instrument. If you have chosen your
instrument and wish to enter data manually, it is not necessary to switch to MAN1. You can press
[ < ] 5. This toggles to MAN1 mode. When you do this, the “" flag will disappear.

Now go through a trial run with your DCE card. Using a sample surveying job, you will learn how to:
Create (and back up) a job

Turn on/off Elevations, notes, and raw data

Select an instrument

Traverse points

Take side shots

Check distance and angle closure

Perform angle and compass rule adjustments

Compute area

Fyrysrrr g

Rotate and translate coordinates

Your SMI surveying card stores points and coordinates by job. This feature lets you keep multiple jobs
stored in your data collector at the same time.

Before you try this example, you should have already installed your SMI surveying card (see Getting
Started, which begins on page 17).

Create a New Job

1. Press [ _JOB |.
You will see the following screen.

CYCER RZ Ml

SHFL: CRD
JOBS

[ LG [ 0P [HOVE | HFER [KERH [ HEM ||

Figure 7-1 Jobs Screen

2. From the soft key menu, press m

% CREATE NEH JOE %

S804, BaEE
DBEE , GaEE
188, BaEa

FOINT] W | E | EL [NOTE]MEM |

Figure 7-2 Create New Job Screen

You will now have the option of changing the beginning point number or coordinates of point 1 in the
new job. Elevations are on, so you could change the elevation of point 1. Whether notes are on or not,
you can give a note for point 1. Some surveyors like to give the job name for the note for point 1 so that
whenever the ASCII point list is printed, you know the job name from the first point description.
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As an example, you will change the east coordinate to 10000 and you will put a note of YOUNG for
point 1.

3. Key in 10000 and press JIF-
4. Press QI key in YOUNG, and press [ENTER]-

The screen will look like the figure below.
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fHEHTE MEH JOB
S886 ., BEEE6

18880, BEa6
1618, HEEER
YOUNG

POINT] W | E | EL JWOTE[HEL |
Figure 7-3 Point 1 Note

By pressing JELE). alpha was turned on and you were prompted for a note.

. If you are willing to accept the default coordinates and no note entry for point 1, you simply press

[ new | new B
5. Press m

The display will show NEW JOB? and the cursor will flash at the bottom left of the display.

Note that the alpha symbol appears at the top of the display. This indicates that pressing a letter
key will type the actual alpha character, instead of the function assigned to that particular key.

Letters G-Z are labeled in red on the overlay to the right of their corresponding keys. To type letters
A-F, use the soft keys above the overlay.

6. For your sample job, type YOUNG and press [ENTER]-

You will see:

CVCR RZ SMI
YOUNG: CRD

SETUP
A EE'Ba" a1l NM 2

H I: &. B8a
ROp: © . BEE

[EEFT | 0CPY [WOTE| H | [H ROof oA |
Figure 7-4 Setup Screen

Note that YOUNG:CRD indicates the job name and CRD indicates that the YOUNG job is being
stored in the RAM card memory. If no RAM card is installed, you would see YOUNG:48M,
indicating the job is stored in the data collector’s memory.

Also notice that the setup screen also includes the display:
0° 00’00""-1-1 NN 2.

The first number, 0° 00’00” is the back azimuth, or back point. Normally, it will be the backsight point
number. The second number, 1, is the occupied point number. The third number, 1, is the last point
stored or staked.

At this stage, you have no backsight point or foresight point stored. Thus, your backsight is set to 0
degrees, and your foresight is the same number as your occupied point.

NN 2 means next number 2, indicating that the next point number to be stored will be point 2.
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Notes, Elevations, and Raw Data

When you installed your SMI surveying program, the notes and prompts were not activated. This
means that your data collector will not prompt you for a reference note for each point stored. To turn this
function on, press [_CHG_]. This first page of the Change menu is where you can toggle off and on the
flags at the top of the display screen. Or you can press the Shift Left shortcuts.

At the Change/Default menu, you will see raw, elevation, and notes shown as soft keys.

CYCR k2 SMI
YOUNG: CRD

CHANGE SETTIHGS

(0% k4] kL wELEYm[WOTE | Fiii4 | N}
Figure 7-5 Change Settings Screen
These are toggle keys; to turn on an option, press the appropriate soft key. A highlighted box will

appear in the soft key to indicate that the function has been selected, or turned on. To toggle the
function off, press the key again.

B XA and are two-way toggles, but is a four-way toggle. Each time you
press this soft key, you get a different soft key. It toggles as follows: I / / /

oL B

For example, press . The soft key will change to :
PROMPTING OFF, WILL STORE LAST NOTE.

Press and you get [JEX{]. The display will read:
PROMPTING WITH LAST NOTE.

Press and you get NI The display will read:
PROMPTING WITH NOTE TABLE

Press and you get I The display will read:
PROMPTING OFF, WON’T STORE LAST NOTE

Shortcuts to the Above Functions
w Use [ & ]2 totoggle raw data on or off.

= Use [ <& ] 3totoggle Elevations on or off.
= Use [ <& ] 4 to toggle note options.

(See Overlay Shortcuts on page 19 for a complete list of shortcuts to functions.)
For this example, leave on PROMPTING WITH LAST NOTE.

The display includes flags (next to USER / SMI) to indicate which of the following data collection
features are selected and currently active:

O - will not warn before overwriting a point

R - raw data on

Z - Elevations on

N - notes on

| - (for instrument) electronic data collection selected

If the above number is not displayed next to SMI, this means the feature is not selected.
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Selecting Your Instrument

@)
1. Press [ SETUP and then the soft key or use the shortcut >
[SETOP ] [Tt ] [k | y ] o3
(multiplication key). S &
S <
SR
CYCR RZ2HW iyl S E
YOung: CRD E)..
INSTRUMENTS
[ FINE | WAL F -6 W1 [Manalrana 260z |

Figure 7-6 Instruments Screen

At the instruments screen, the soft keys allow you to choose manual data entry ( [[IXYE} or
IR} ) or the specific instrument you will be using.

2. You can press to scroll through the soft key menu for additional instrument choices.

CVCR RZH SMI
YOUNG: CRD

INSTRUMENTS

(roPCofMikH [LEICR [LIETZ ] GEO [ TRIM |

Figure 7-7 Instruments Screen with Additional Soft Keys

First, choose the brand name. This will take you to a submenu of the types of instruments. Find
your instrument. If one choice does not work for your instrument, try another. In some cases, you
may need to change the baud rate or parity in your instrument. See Instrument Configuration,

which begins on page 383, for more information.
For example, to select Topcon, press and JI3EEY- To select Nikon, press IR - If you
see a delay time, press [ENTER]-

D Ifa delay time prompt appears, the number that appears is the default and it is always best to press

to accept the default.

When the instrument is selected and SMI returns to the setup screen, you will notice that i appears
at the top of the display. This indicates that an instrument has been selected for electronic data

entry.
Your SMI program supports almost all of the electronic instruments on the market today.

Connect the Data Collector to Your Instrument

Connect the instrument cable to the data collector or hard case and you are ready to begin collecting
data. This is how job data is transferred between your electronic instrument and your data collector.
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Trial Run with Data Collection

Figure 7-8 Data Collection Example

This practice example was conducted in the field using the DCE card, an HP 48, and a total station. The
HP 48 screens in this section show the actual data collected and the points stored. Please use this data
as a working reference only to help you become familiar with the operation of your program card; of
course, your field results will be unique to your job.

If you would like to follow this example using the actual raw data that was gathered, switch from
electronic to manual data entry by pressing [ <& ] 5 so you will be in Manual mode and the “I" at the
top of the display is not there; then key in the raw data (found later in this chapter) for each point.

Establish and occupy your first point

1. Set up your instrument in the field over a known point, identified as point 1. (Or mark a point
with a hub and tack.)

2. Next, point the instrument at a backsight point and zero the instrument. For most
instruments, you can zero the instrument from SM/ using [ SETUP NXT | and m (or
use a shortcut by pressing [ | then the 0 number key).

3. This is an optional step. It places the backsight bearing in the raw data. Press
(back bearing) soft key.

If you know the direction to the backsight, key it in. In this example, assume that direction to be S
15" W. So, key in 15 and press [ENTER]-

The display then prompts you with: QUADRANT?
Key in the quadrant number — in this case, 3 (for SW) — and press [ENTER]-

The display will then return to the setup screen.

CYCR RZMI EMI
YOUNG: CRD

SETUP
195°60'68" 1]l HNH 2

HI:E@.888
ROp: @ . @8

(1M1 | MBS | TRIG [ERAZ [ERER [RakiD]
Figure 7-9 Setup Screen
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Next, take a shot on the backpoint (point 2).
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Figure 7-10 Taking a Shot on the Backpoint
4. Put the rodman at point 2; mark point 2 with a hub and tack (or nail) and point the prism.

5. To take a side shot, press (the H key).

The display will read:
MEASURING
The instrument will take the reading and prompt with: NOTE FOR POINT 2.

You may use up to 256 characters for your note. This may include an abbreviated description or a
code to help you identify this point. This is where you might enter a code that your PC program
needs to perform an auto-draw function. See the note tables in the Transfer Version 7 manual for

a better description of this feature.
6. For manual entry, you will need to key in the following after pressing [_sips_|:

0
93.2535
96.22 |ET

7. PT for point will already be on the display. If you press the backspace key ([_«_]) twice,
this will be removed. Now key in BKPT (or any note you wish) and press [ENTER]-

BRG: S15°EE 68" 1 1: . BEE
pIz: 96, 6426 kODp: A, BEE
| £KT | A2 [ERG [DEFZ] H | [H ROD]

Figure 7-11 Taking a Shot on the Backpoint

The program will return to the side shot screen with point 3 shown as the “next number” to be
stored.
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Turn to the next point (to be stored as point 3).

31pF

Figure 7-12 Turning to the Next Point

The next point is an iron pin on the corner of the property; shoot this as a side shot. Put the rodman on
point 3 and point the prism.

8. Press (side shot).

The instrument will take the reading and prompt with: NOTE FOR POINT 3. Notice that the last
note putin the program is the one that appears now — “BKPT.” That is because the Note program is
set to “Prompt with last note.”

9. For manual entry, press and then the following information:

110.4355
86.0755
38.82

10. Press to clear the last note on the display, or press [ <@ | (the backspace key) four
times.

11. Now key in IPF (“iron pin found”) and press [ENTER]-

IFF
EL: 182, 6188
195°G8 ' BB =123 HH 4

erG: M4 16 'AS" W § 1: @, BEE
pIz: 38, 7316 kOD: B, AEE
| &RT | A2 | ERG |DEFZ | H | [H ROD|

Figure 7-13 IPF Results

The display will show the results in the side shot screen, with NN (next number) now set to point 4.
Note that the description you entered now appears in the upper-left corner of the display for this
point.
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Next, shoot a point on the fence line as a side shot (to be stored as point 4).

3P 4 FENCE
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Figure 7-14 Shooting a Point on the Fence Line as a Side Shot

12. With the instrument still occupying point 1, put the rodman over point 4 (a point along the
fence line).

13. Point the prism and press [ sips_]-

The instrument will take the reading, after which the display will prompt for a description: NOTE
FOR POINT 4.

14. For manual entry:
225.2305
85.4510

57.69
15. Press to clear the display, then key in FENCE and press [ENTER]-

195°ER BE sl d WM 5

BRG: MEB" 22 'BS"E v 1: @. BOE

Iz a7 . 0316 kOD: |, BEEA
| KT | A2 [ERG [DEFL] H I [H ROD]

Figure 7-15 Fence Results

Note that the display shows you are still occupying point 1 with point 4 as the last point shot, and
NN is now set to point 5 (195° 00” 00”-1-4 NN 5).
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The example will now traverse, or move, the instrument to the next point (to be stored as point 5).

31PF 4 FENCE

Figure 7-16 Traversing to the Next Point

16. Move the rodman to the next point (this will become point 5, the traverse point). Mark it with
a hub and tack. Point the prism and press this time instead of [ _sips_|.

The instrument will take the reading, after which the HP 48 will prompt for a description: NOTE
FOR POINT 5.

17. For manual entry, press and key in the following:
248.2635
90.2855
173.95

18. Press to clear the display, then key in TP (for “traverse point”) and press [ENTER]-

7o
1e5e5 HM &

ern: 83726 ' 35"E v : 6. BEE
pIz: 173, 9433 koo: H. BEE
[£RkT | A2 [ ERG JDEFZ| H 1 [H ROD|

Figure 7-17 Traverse Screen

The display will return to the traverse screen, but notice that the display now shows that your
occupying point is now 5, with point 5 as the last point stored. The backsight point is 1 (where the
instrument used to be), and NN is point 6.

19. Move the instrument to point 5 and have the rodman move to point 1.
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20. After the instrument is set up over point 5, sight the prism at point 1 and zero the instrument
by pressing [ |, 0 (zero key).

O

o
3Pk 4 FENCE 6 FENCE %
~ e S O
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Figure 7-18 Taking Another Side Shot Along the Fence

21. Take another side shot along the fence (to be stored as point 6). Shoot a point on the fence
line as a side shot.

22. Put the rodman at this point. Sight the prism and press [ sips_]-
23. For manual entry, you will need to press to return to the Side Shot menu.

. The program is still in the Traverse menu and if you key in the information below, the occupy point and
backsight point will change again:

20.5835
84.2735
52.46

The instrument will take the reading, after which the HP 48 will prompt for a description at point 6.

24. Press to clear the display, then key in FENCE and press [ENTER]-

EL:
1e5ms MW 7

g6 P2 %34 'S8" W 1: 8. 880
Iz oc. 2149 koD A, BEA
| KT | A2 [ERG [DEFL] H I [H ROD]

Figure 7-19 Side Shot Point on the Fence Line
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The display will show the results in the side shot screen. NN now defaults to point 7.

31PE 4 FENCE 6 FENCE 7

Figure 7-20 Shooting an Iron Pin Marking the Corner of the Property

25. With the instrument still occupying point 5, move your rodman to the iron pin. Point the

prism and press [ sips_|-

26. For manual entry:

150.3345
88.4445
30.13

The instrument will take the reading, after which the HP 48 will prompt for a description.

27. Press to clear the display, then key in IPF and press [ENTER]-

The display will show the data in the side shot screen.

1n5e7 MW 2

erG: D4 "EE ' PE"E o . 886

Figure 7-21 Iron Pin Marking the Corner of the Property

The screen shows that you are still occupying point 5, with point 7 as the last point stored; the NN
(next number) to be stored is set to point 8.

Now do some checking. First, inverse between the first and second iron pins.

28. The iron pins are found at point 3 and point 7. To inverse between these points, simply key

126

in 3 [spe ] 7-
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29. Pressthe P-P (point-to-point) key.

INVERSE FT 3 TO FT 7

S

H2&6°15' 34" E >
5157341 S
2

3

ejeq :/ 183deysn

Figure 7-22 Inversing Between the First and Second Iron Pins

The display shows the inverse direction and distance from point 3 to point 7, including change in
elevation and percent grade.

N Since the H I and H ROD values are set to zero, the rod must be kept the same height as the
instrument. Otherwise, the elevation values will not be correct. Another way to get correct elevations is
to measure and enter into SMI the H | and H ROD values.

Next, check to find out how far off points 4 and 6 are from the fence line by performing a perpendicular
offset.

Intersections Example

1. This exercise uses the Intersections function of your SMI surveying card. Press s (theT
key).

2. Keyin 3 and press B
3. Keyin 7 and press (point on line).
4. Since point 4 is the first point to be checked, key in 4 and press BB

5. Press (perpendicular offset).

The display shows the distance from point 3 to point 4 (81.6621’) and shows that point 4 is .4849
feet to the left of the fence line, as viewed from point 3.

INTERZECTION
FROM FT =
MS5"13"'34"E &1.66821

FT 4

FROM
5344 ' 26"E B.4849
LEFT OF LIME
[STORE[WOTE| | FT & [FERFI]

Figure 7-23 Distance from Point 3 to Point 4

Next, see how far off point 6 is from the fence line.
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6. Keyin 6 and press [N -

INTERSECTION
FROM PT
ME3E"15'234"E 1348177

FROM PT &
s394 '26"E B. 1984
LEFT OF LIME
[ETORE[MOTE]  [FT 2 [FERFO] |

Figure 7-24 Distance from Point 3 to Point 6

The display shows the distance from point 3 to point 6 (154.0177’) and shows that point 6 is only
.1984 feet to the left of the fence line.

Traverse to the next point, a corner, also an iron pin.

3pF 4 FENCE 6 FENCE 7P

Figure 7-25 Traversing to the Next Point

7. The instrument is still occupying point 5. Have your rodman move to the next point (an iron
pin on the corner of the property), then point the prism and press [ TRav_]-

The instrument will take the reading, after which the program will prompt you to type a description
for point 8.

8. Press to clear the display, then key in TP AND IRON PIN and press [ENTER]-
9. For manual entry, press [ TRAV_|:

270.0320

97.4030

69.74

The display will then return to the Traverse menu.

QeZed HH 9

BRG: SEP2E'AS"E W 1 0. 880
pI= 69,1152 koD A, BEA
| KT | A2 [ERG [DEFL] H I [H ROD]

Figure 7-26 Occupying Point 8

Note that you are now occupying point 8 (with 8 as the last point stored); your backsight is to point
5.
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10. Now move your instrument to point 8.

Next, traverse back to point 2.

31pF 4 FENCE 6 FENCE 7P
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Figure 7-27 Traversing Back to Point 2

11. Move the rodman back to point 2 (this is your beginning backsight point). Point the prism

and press [ TRAV |-
The instrument will take the reading, after which the program will prompt for a description.

12. Press to clear the display, then key in TP OLD POINT 2 and press [ENTER].
13. For manual entry:

264.2545

88.3305

210.24

The program will display the data in the traverse screen.

Se3=3 MM 18

ERG: S7r oo ' 4@y 1 @, 808
pIz 216, 1725 kOD: B, AEE
[£RT | A2 | ERG [DEFZ| H | [H ROD|

Figure 7-28 Occupying Point 9

Note that you are now occupying point 9, with point 9 as the last point stored. You are backsighted
to point 8, and NN is 10.

14. Move the instrument to occupy point 9 (old point 2).
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Take a side shot to the last corner (point 10).

10p

3IPF 4 FENCE 6 FENCE 7P

Figure 7-29 Taking the Side Shot to the Last Corner

15. With your instrument now occupying point 9, backsight on point 8 and zero the gun. Next,

16.

17.

move the rodman to the iron pin at the corner of the property. Point the prism and press
[ SsiDS |-

The instrument will take the reading. The program will prompt for a description: NOTE FOR POINT
10. Key in IP for iron pin.

For manual entry, press [_sibs_|:
131.1325
93.4255

40.78
Press to clear the display, then key in IP and press [ENTER]-

The display will return to the side shot screen. The display shows that you are still occupying point
9, point 10 is the last point stored, and NN is point 11.

Fi
L:

ERG: S29°@9'A5" W W 1: B. 8868
Iz 48, 69432 rop: @, BEE
| KT | A2 [ERG [DEFS] H | [H ROD]

F1. 8969
S=3=in HH 11

Figure 7-30 Taking a Side Shot to the Last Corner
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Take a final side shot to point 1 (to be stored as point 11).

3Pk 4 FENCE 6 FENCE 7 1P
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10v

Figure 7-31 Taking a Final Side Shot to Point 1

18. For angle closure, you will want this final shot to tie in all the corners. Move the rodman to
point 1. Point the prism and press [ sips_]-

19. For manual entry:
297.0440
86.2055
96.24

The instrument will take the reading, after which the data collector will prompt you to enter a
description for point 11.

20. Press to clear the display, then key in OLD POINT ONE and press [ENTER].

The display will show the data in the side shot screen.

. BE
Segell MM 12

erG: 1S @A 28" "E y 1: @, BE8
DIz 95, AddE kOD: B, AEE

[£ET | A2 [ERG JODEFS] H I JH ROD|

Figure 7-32 Taking a Side Shot to Point 1

You are almost finished. With SMI, it is also easy to check your work. You can do that now with distance
and angle closure.

21. Check distance closure by inversing between point 9 and point 2. Key in 9 2 and
pressthe P-P key (the X key).

INVERZE FT 8 TO FT 2

Sr2feat a2 "E
18724 ' @g"
B, B335

Figure 7-33 Checking the Distance Closure
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Note that the distance between point 9 and point 2 is only .0356 feet. That is a good distance
closure. Also note that the delta elevation is .2899 feet. This is because the rod height was not set

to the same height of the instrument as surveyed.
22. You can check angle closure by inversing between points 2 and 1, and then between points

9 and 11. Key in 2 1 and pressthe P-P key.

INVERSE FT 2 TO FT 1

HiS"8E' Ba"E

Figure 7-34 The Inverse Between Points 2 and 1

23. Now key in 9 11 and pressthe P-P key.

#INYERSE FT 9 T0 FT 11
H1S"@6H ' 26" "E

Figure 7-35 The Inverse Between Points 9 and 11

The display shows the inverse between points 9 and 11.
As you can see, the azimuths computed by the two inverses differ by only 20 seconds.

Good job!
Compute bearings and distances around the perimeter. Start with point 3 and move clockwise.
24. Press [ SETUP |.
25. Key in 3 and press [RIS-

26. Keyin 7 and press [ (| prra for point traverse (the R key).
This feature lets you traverse from the occupied point to another point in the current job.

% FOINT TRAVERIE

IFF
FL: 99. 1969
377 NN 12

BRG: H8ET15'24"E w 1: 8. BBA
prs: 229. 1664 kOD: B, BEAE
EKFT | OCFY [PINY | [PTRA | AKEF |

Figure 7-36 Bearing and Distance from Point 3 to Point 7

The display shows the bearing and distance from point 3 to point 7.
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27. Key in 8 and press [ (® | prra , OFr you can press 8 then the soft key, since you
are in the Point Traverse menu. This will save you a keystroke.

5 # POINT TRAVERSE
TP AMND TREOM PIM
EL: 89.22

Q)

<]

)

Q

35 =
Tugeg MM 12 S

ejeq :/ 183deysn

BRG: S18°58'39"W 4 1: 8. BBA
pIs: 87 . 9446 RrOp: B . BEGE
EKPT | OCFY [PINY [ [ PTRA | ARER |

Figure 7-37 Bearing and Distance from Point 7 to Point 8

The display shows the bearing and distance from point 7 to point 8.

28. Next, key in 8 10 and pressthe P-P key.

INVERZE FT B TO FT 103

Srat3d4'ar i

Figure 7-38 Bearing and Distance from Point 8 to Point 10

The display shows the bearing and distance from point 8 to point 10.

29. Finally, key in 3 and press prga

FOINT TRAVERZE 3

IFF
EL 182, 6158
Balnz WM 12

erc:HF1°23 ' 18" W 1: 8. 888
pIs: 222, 7 rrd rop: @, BEE
[EKPT[OCPY [PINY [ | PTRnA [ ARERA |

Figure 7-39 Bearing and Distance from Point 10 to Point 3
The display now shows the bearing and distance from point 10 to point 3.

Note that you can get the area now by pressing [Ty

CUCF RZM Ml
¥OUNG: CRD

ACRES = A.2638

S FT = 1143538.2889

PER = 311.7225

FREC =

[EEPT | OCFY [ PIWY | | PTE#A | HEER |

Figure 7-40 Calculating the Area
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CYCR RZH =Ml
YOUNG: CKD

LEmT | oLo | o | AREA [ PREC [ZPLOT]
Figure 7-41 Recommended Method for Calculating the Area
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However, this is not the recommended method. To get the area, press [gprs |- Keyin 3
7 [ spc | 8 [ spc | 10 [ spc | 3 [enteR] and EGIEHN-

The Random Point Area method is better because you can see and check your points in the Random
Points file before and after you compute the area. Using
first point. This is essential because it zeros any old acreages. It is also easy to key in a wrong number

using

makes it easy to forget to occupy the

pTRA . There is no way to check it except by keying them in again.

Printout of Your Data

The data from the example was transferred to a PC using SMI’s Transfer program.

Coordinates, elevations, and notes are printed by point number:

Data Printout

Point No. Coordinates

1

10

1

134

5000.00000, 10000.00000
4907.22476, 9975.14095
5022.61900, 9968.55934
5028.43059, 10050.01583
5019.86276, 10172.80605
5032.86525, 10122.23596,
5037.56610, 10197.17759,
4951.19199, 10180.63179
4907.23551, 9975.10700
4871.69573, 9955.28404

5000.00509, 9999.97418
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Elevation
100.00000
94.24949
102.61879
104.27260
98.53746
103.60229
99.19695
89.22352
94.53936
91.89692

100.66866

Notes

YOUNG

BKPT

IPF

FENCE

TP

FENCE

IPF

TP AND IRON PIN
TP OLD POINT 2
IP

OLD POINT ONE



View Function

You may also review each point using this function. The View menu key lets you view points, area, the
back azimuth, or raw data. Raw data is only viewable in the SMI programs that can connect to a total

station (DCE or above).
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View Menu 1 Soft Keys

ejeq :/ 183deysn

NEXT This soft key increments to the next point number.
PREV This soft key decrements to the previous point number.
This soft key lets you recall any point number. Key in the point number and press , or press

and you will be prompted for a point number.

This soft key shows the values of the beginning point in the job.

This soft key shows the values of the last point in the job.

1. Press [ VEW | and IENGEY -

FOINT COORDINATE 355

1

SEEE . BEEE

18880, AEa6
A, B80E

YOUMG

Figure 7-42 Reviewing Point 1
This shows point 1.

2. Press to see additional points.

Raw Data
Here is the raw data as stored by the SMI program:
CM Definition: SS: Side Shots; TR: Traverse; OC: Occupied Coordinates;
PC: Point Coordinates; CM: Comment; OS: Occupied Station;
TS = time stamp; e = electronic; m = manual
CM TS TUE 09/13/94 09:00:53A
PC 15000.00000 10000.00000 0.00000 YOUNG
SSmHI:0 HR:0 BKPT

0 1 2 BAZ:195.00000 AR:0.00000 ZA:93.25350 SD:96.220
SSmHI:0 HR:0 IPF
0 1 3 BAZ:195.00000 AR:110.43550 ZA:86.07550 SD:38.820
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SSmHI0 HR:O FENCE

0

1 4 BAZ:195.00000 AR:225.23050 ZA:85.45100 SD:57.690

TRmHE0 HR:O TP

0

1 5 BAZ:195.00000 AR:248.26350 ZA:90.28550 SD:173.950

SSmHI:0 HR:0 FENCE

1

5 6 BAZ:263.26350 AR:20.58350 ZA:84.27350 SD:52.460

SSmHI0 HR:O IPF

1

5 7 BAZ:263.26350 AR:150.33450 ZA:88.44350 SD:30.130

TRmHE0 HR:O TP AND IRON PIN

1

5 8 BAZ:263.26350 AR:270.03200 ZA:97.40300 SD:69.740

TRmHE0 HR:O TP OLD POINT 2

5

8 9 BAZ:353.29550 AR:264.25450 ZA:88.33050 SD:210.240

SSmHI0 HR:O P

8

9 10 BAZ:77.55400 AR:131.13250 ZA:93.42550 SD:40.780

SSmHI0 HR:O OLD POINT ONE

8

9 11 BAZ:77.55400 AR:297.04400 ZA:86.20550 SD:96.240

Make a Backup Copy of Your Job

Before continuing with additional exercises, you should make a backup copy of your job for
safekeeping.

Backup copies are always a good idea. They are a way to protect your larger or more complex jobs, but
they also give you a chance to experiment with computations without putting your original data at risk.

To back up your job:

1.

136

Press and choose the job you wish to copy by highlighting it using the
[ A Jand| ¥ |keys.

Press [ENTER]. Type in the destination name and press [ENTER].
Choose whether to send the copy to :48M (HP 48 memory) or :CRD (card memory).

Once you copy the job and choose the place for it to be saved, you will be taken to the Setup menu
of the new copied job. You can make changes without changing any data on your original job.

For HP’s only: With SMI you can copy a job from card memory to HP 48 memory, remove the RAM
card, then place the RAM card into another HP 48. Now you have the same job in two HP 48’s.
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Adjusting Angles (Including Side Shots)

Earlier, you saw that the closing inverse from point 9 to point 11 differed by 20 seconds from the original
inverse from point 2 to point 1.
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3IpF 4 FENCE 6 FENCE 7P

ejeq :/ 183deysn

Figure 7-43 Adjusting Angles

Here is how to make an angle adjustment that will correct the discrepancy in the plat; to do this, use the
Random Points file.

1. Press (the N key).
2. If a Random Points file is shown on the command line, press to clear it. Then key in

the following new Random Points file: 2 [ spc |1 [ spc |3 [ +/- |-

Entering a negative number in a Random Points file indicates that the point is a side shot. To make
a number negative, key in the number, then press (the Y key) to change its sign.

v/ Do not use the [ — | key.

3. Continue keyingin[spc |4 [ +/~ |[spc |5[spc |6 [ +~ |[spc |7 [ +~- |[ spc | 8
[spc |9 [ spc | 10 [ #/~ ][ spc | 11 [spc | 2 [ spc | 1 and press [ENTER]-
The display will show TEMP RANDOM POINTS. This means there is now a Random Points file in
the memory.

The last two traverse points you keyed into the Random Points file (2 and 1) are used to define the
direction that is assumed to be correct for the angle adjustment; the two traverse points
immediately before them (9 and 11) define the error direction. (Point 10 is a side shot. Side shots
are not used to define direction.)

4. Press to scroll the Random Points menu screen, then press the JJJY§ (angle
adjustment) soft key.

The display will show CALCULATING as it adjusts the angles. It will then store the new data with
your points, after which it will signal with a beep; the display will show DONE when the calculation is
finished.

Now check to see how well you did, by inversing between points 9 and 11.
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5. Keyin9 11 and pressthe P-P key (the X key).

The display will show the new direction of this line; it should match the direction of point 2 to point 1.

INYEKSE FT 9 TO PT 11
Hi3"@a'aa"E

Figure 7-44 Inverse Point 9 to Point 11

The Bearing is N15.0000E now. If you do a 2 to 1 point inverse, you will notice the bearing is the
same. The other information might be different, but that is okay — you only changed the bearing or
angle with this function.

Angle adjustment modifies the direction “in error” (in this case, point 9 to 11) to match the direction
or angle assumed to be correct (in this case, point 2 to 1) and adjusts all other angles in the plat
accordingly. This allows angle adjustment using an open traverse to a set of good points.

Making a Compass Rule Adjustment

A compass rule adjustment also lets you modify the plat and it uses the Random Points file. This will
affect mainly the distances of your data.

1.

Press [RPTS |-
The random point display will show the temporary Random Points file used in the above example.
This example will be using most of the same file.

Use the soft key to move the cursor back and erase the last three points: 112 1 (so
the cursor is flashing after the space behind the -10). Now key in the number 2. The Random
Points file should look like this:

21-3-45-6-789-102
Press .

The display will show that the temporary file is now the current Random Points file.

The last point (2) in the Random Points file is the accepted point. The traverse point immediately
before it in the file is the point shot to the accepted point at the end of the traverse. In this case, that
is point 9. (Point 10 is a side shot and is not used to define direction and distance of error.)

To make the compass rule adjustment, press and (compass rule).

The display will show CALCULATING as it adjusts the angles. It also will briefly display an angle

error and adjustment. It will then store the new data with your points, after which it will signal with a
beep; the display will show DONE. You can again check the results by inversing between points 9
and 1.

= INYERSE FT 3 TO FT 13
ng

Hi3°@a ' 1
15°@868'16"

96. B432
a. 45686

nnnn: 5 6355
[OFZET[HPLOT] Ak | CE JCOPYR[MERM |

Figure 7-45 Compass Rule Adjustment
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In this case, the compass rule adjustment moved point 5 a certain direction for a specific distance.
It then adjusted points 6 and 7 exactly the same amount. Points 8 and 9 also were adjusted, so that

point 9 became exactly coincidental with point 2.
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Computing Area
You can accurately compute the area within the boundary of any plat. Try it, using the working example
and the Random Points file.
1. Press [ Rp1S |-
2. At the Random Points screen, press to clear the existing points on the command

line.
3. Next, key in the points that define the boundary. In this case, you will key in the following: 10

[spc | 3 [spc | 7 [spc | 8 [ spc | 10 and press [ENTER|.
The display will show ‘TEMP.R” NOW CURRENT RPTS FILE.

ejeq :/ 183deysn

4. From the Random Point soft key menu, press [N
The program will calculate the data — point by point — and then display the area for the plat.

CUCR
YIOUGS2: CRD
ACRES

SeFT
FEF:

[ Enir | oue | cx [ akes [ PREC [2PLOT]]
Figure 7-46 Plat Area

nnn
e [t Jun ]

5. To view a graphic representation of the plat, press (screen plot) from the Random

Point soft key menu, then press again.

| E | =7
uf
(=10

Figure 7-47 Graphic Representation of Plat

You will see the plat drawn on the display, scaled to fit in the display.
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6. Press to return to the Screen Plot menu. Press and the message “WILL
DRAW LINES” displays. Press again.

Figure 7-48 SPLOT Point Numbers

7. Now press to return to the Screen Plot menu, then press for point numbers.
The message “WON'T DRAW LABLES” displays. Press again.

Figure 7-49 SPLOT Lines

Those are the three options from the Screen Plot menu.

Rotating Coordinates

SMr’s Rotate function is useful if you need to adjust your plat to bring it in line with a known direction,
such as a deed bearing.

For example, assume you need to rotate the plat so that the boundary line defined by points 10 and 8
fits an assumed deed bearing of S87° 30’E.

Currently, the bearing of this line is N70°33'49”E.
This is how to rotate the job to fit the known bearing:

1. Press [ RpTS |-
The display will show the random point display; if a Random Points file is shown on the command

line, press to clear it.

2. Key in a new Random Points file to encompass all the points in the job. Key in 1_.11 and
press [ENTER|- (Remember that the decimal point is a shortcut to include all consecutive
points between the first and last numbers.)
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3. At the Random Point menu, press (coordinate transformation).

The Transformation menu presents a series of soft key options to help you define the rotation that 9
will take place. S
=3
DO =
QN
S TRANSFORNATION OF TEHP $EEEEE <) D
wn:  ©. 88608 S5
cE: @ B888 T
<EL:  E.B88E ic: 1. 86086
ROTFT:

rOTS B°66'GE8"
<c: 1. BEBREEEA

[=MEZ] ROT [SCALE[ZSCLE] ] RUM

Figure 7-50 Coordinate Transformation Menu Options

4. Press m

S TRANSFORHATION OF TENF 35
en: @, 06886
nE:

A. aaRE
cEL: A.B888 s l.BeR8aa

pOTo D°G0' GE"
e 1. OOOBEDEE
OLOPTINEL 0L DELINHEL] | AT

Figure 7-51 Transformation Screen

5. First, you will define a reference starting point (or old point) and then a resulting point (or
new point). The old point is point 10, so key in 10 and press [Ig]-

s TRANSFORHATION OF TEHF
o —4871.6835

£ —2955. 3286

«eL: —91.89, sc: 1, BEEEA

LOTET: 16

hote A°E6 88"

oL 1. BEEEBEEE
OLOPT|MEIP|OLDELINIMEL] | ER

Figure 7-52 Current Coordinates and Elevation

The screen will display the current coordinates and elevation for point 10.

However, in this case, point 10 also is the new point, since you are simply pivoting your plat on
point 10 to match the deed bearing.

6. Key in 10 and press [RJ-

GEMNEE TRANSFORHATION OF TENFP $EE

oh:  H. @608

wE:  H. 8608

wEL: @, ARAR o 1. BEEAE
EOTFT: 16

rOTS @66 ' GE"
ccL: 1. A000REHEA
[OLEPT[MERPIOLOELIMIMEL] | EMIT |

Figure 7-53 Point Recalled

The display will show POINT 10 RECALLED.
7. Enter the direction of the current line, as defined by point 10 to point 8.

8. Press then the soft key for Rotate. Enter the direction of the current line, as
defined by points 10 to 8.
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9. Keyin 10 8 and press PIEN.

SEENSE TRANSFORHATION OF TEHF S8

oh:  H.A808

oE:  H.@A808

wEL: @ @AREE o 1. BEEES
EOTFT: 168

k0T 289°26'11"

<cL: 1. B06060606

[OLD: [NEWZ[ROTPTIROTS | | EWIT |

Figure 7-54 Initial Rotation Angle

The display shows an initial rotation angle of 289°26’11”; this is not yet an accurate figure, since the
program requires a second direction to compute the proper rotation angle. Enter that second angle
now. As indicated above, you know that the deed bearing for this line should be S87°30’E.

10. Key in 87.30.
11. Before pressing or any other key, that value needs to be changed to azimuth format.
Tochange it,press [ (3 | sk (the 2 key).

The display shows the value as an azimuth of 92.3000; now you can enter it as the second
direction.

12. Press NaEN.

S TRANSFORHATION OF TEHP 3
515

en: @,

oE: - HEOA

cEL: A.BRAE sc: 1. ABBAA
kOTFT: 1 @

kOT: 21°56'11"

wL: 1. B006E06E

(oL [HEWZ[ROTRTIROTE] | ERWIT |

Figure 7-55 New Angle

The display now shows the correct rotation angle as 21° 56°11”.

You also can see the rotation angle (and any other adjustments). They are shown on the screen.
The display gives any change that will occur in north and east coordinates, elevation, as well as
rotation angle.

13. To execute this rotation, press then m

The display will show that each point is being stored, and will signal with a beep when the plat has
been rotated; the display will read DONE. You can check the result by inversing between points 10
and 8.

14. Key in 10 8and pressthe P-P key.

INVEKSE FT 10 TO FT B
55736 '6a"E
IBBIEBII

238.9487
EL: =2.6734d
CRrpE: —1.119%
[=MEZ[ ROT [zChLE[zsclE] | RUN |

Figure 7-56 New Bearing

As you can see from the display, the line defined by point 10 to point 8 now shows the new bearing
of S87°30°00”. You can also view the bearings and distances around the boundary by keying in the
two points separated by spaces and then pressingthe p-p key.
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If you do a screen plot of the points that were just entered (10, 3,7 and 8), the plat now looks like

this:
@)
g
!
)
=3 33
=g
)

u
| |
10 -~

Figure 7-57 New Screen Plat

The old one was like this:

| E | =7
uf
(=10

Figure 7-58 OId Screen Plat

Translating Coordinates

You can translate (as well as rotate) coordinates. Translation is useful when you want to change the
actual coordinates of a point; the other points in the job will be adjusted accordingly. Here’s how:
Using the points from the example above, assume you want to change the coordinates of point 10.
Press [JIEM. then key in 10 and press &N

This shows its current coordinates of 4871.6835 N and 9955.3206 E (and elevation of 91.8969), and
you would like to change them to 10000 N, 20000 E and an elevation of 850 feet.

1. Press for Store Coordinate.

$TORE COORDINATE

PT_18 NN 12

4371.568385
I3, 3286
8969

99
91.89
1P

W | E | EL |MOTE |5TOREJRCLPT

Figure 7-59 Store Coordinate Menu

The display shows the Store Coordinate menu. You also see the current values for point 10 (you

can also view these values by keying in 10 and pressing from this menu). Enter the new
coordinates for point 10.
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2. Keyin 10000 and press i} - Key in 20000 and press 3] Next, key in 850 and press
[ |

3. To store these new coordinates as point 12, key in 12 and press -

ESTORE COORDINATE

L M | E | EL [MOTE[STORE[ECLFT]
Figure 7-60 Point 12 Stored

Note that in Figure 7-59 on page 143, the NN (next number) is point 12. That means you could
have simply pressed to store the new coordinates at point 12, but it is always good practice

to key in a point number first when you know you want to store a specific point. The screen is
displaying point 12 and its coordinates.

Now translate the plat.
4. Press for the Random Points file.
5. Press to clear the command line.

6. Keyin1.11 and press [ENTER|-

7. From the soft key menu, press (transformation).

The transformation display shows soft keys to help you define the translation you will be
performing.

Note that the screen also shows initial transformation settings; however, these are not valid until
you enter data to define the changes you will be making.

8. Press m

9. As in the earlier example, point 10 is the old reference point. Key in 10 and press [Ig] -

The display shows the existing coordinates for point 10. Now, however, you want to use point 12 as

the new point.

10. Key in 12 and press [Ea]-

SR TRANSFORHATION OF TEHF SEE
en: S5128.31835

eE:  1@@Add. 6794

cEL: Too. 16, scu:l. B66B6EA
ROTFT: 1B

kOT< B°@E'6E"

ccL: 1. ARBEAREE
[OLOPT[MEMP[OLBELIMIMEL] [ EMIT |

Figure 7-61 Point 12 Recalled

The display recalls point 12 and displays its coordinates. In this example, the rotation angle is 0, so

you need to set the rotation angle.

11. Press [ EXIT |
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12,

13.

14.

Press , key in O, and press [l all.

The display will show that the rotation angle has now been changed to 0.

To execute the translation, press iI3%Ga and m

The display will briefly show that each point is being stored, and will signal with a beep when the
process is completed.

Press to go to the View menu. Key in 10 and press |ENEY-

#POINT COORDINATE ¥
FOINT 146
nokRTH: 1 HEAAA. BE0A

: 2e6068. BA

Figure 7-62 Point 10

15.

The display shows that point 10 now has the new coordinates and elevation. The remaining points
in the job have also been transformed to match point 10.

You can view each point by pressing or IEA
Or key in a specific point and press for Recall.
For example, look at point 5.

Key in 5 and press i1

FOINT COORDINATE

E
norTH:  1BE5E6. 2@19
: 693

ZHZT7
6.6

Figure 7-63 Point 5

The display shows the new coordinates and elevation for point 5. As you can see, it also has been
translated to match the new position relative to the new point 10.

Note that both of the previous examples (rotation and translation) could have been done in one
operation. With a little practice, you will find that is a flexible and powerful tool.

Separate Distance and Angle

Separate distance and angle (YY) is in the menu. It is designed to let the surveyor:

-

-

Measure a distance to one point and the angle to another point.

Measure an angle and distance to a point and move that point away from the point in relation to the
instrument, toward the instrument, to the right of the point, or to the left of the point a specified
distance.

Use a combination of the above options.
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146

w Measure an angle and distance to a point and get an elevation of other points based on the
horizontal crosshair position in the instrument.

w Store several points with various elevations or distances from this list using the first distance from
IEY and last angle from |JEITYY (zenith and Horizontal Angle).

Stores point here

Tree, pole or post

Point to center of object
and press ZHA to get
the angle

Point prism and press SDA
to get the distance

Separate Distance and Angle (SDA) is
used to store a point at a place not
accessible to a prism.

Separate Distance and Angle

Figure 7-64 Separate Angle and Distance

One use of SDA is shown in the example above. Point the prism beside a tree or a pole and press

to get the distance, then point the center of the object and press |JEI[§ to get the angle. The
distance and the angle are used to compute a new point at the center of the object.

pole

rism
p 1ft.

1ft.
SDA to prism

Using SDA to find an elevation on an object

Figure 7-65 Using SDA to Find an Elevation on an Object

Another use of the Separate Distance and Angle function is illustrated above. Take a reading on a prism
at the bottom of the pole using |- Turn to the top of the pole and press |JETY-
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Whatever rod height is displayed is zeroed for the ZHA shot so that the elevation will be calculated to
the horizontal crosshair, rather than be lowered by the rod height. Other points with elevations can be

stored just by pointing and pressing [JEIY-
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Using SDA to store a point in a stream

Figure 7-66 Using SDA to Store a Point in a Stream

With SMI's SDA, you can add or subtract a distance to the prism point. You can also move right or left
from the prism point. The illustration above shows combining a distance back and a distance left.

Procedure to Store a Point Behind and to the Left of the Prism

1. If the instrument has been chosen, point the prism, press and IEYM-
The instrument will take a reading.

2. Keyin 25 and press IIThEN-
3. Key in 30 and press [JIIXa-

4. Without moving the instrument, press JEIIY-
A point will be at the break in the stream, 25 feet back of the prism, and 30 feet to the left.

S CEFARATE DISTANCE & &
GO: 2. BEE
LEFT: 36, 388

pIs: 254 . 8447
[ 2Hi [ Hbt | HOGE | RO ] HDE [ 200

Figure 7-67 Store a Point

As you can see using SDA, a point can be stored toward or away from the instrument, or right or left of
the instrument, or a combination of two of these.
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Using ZHA to Store Multiple Points at an Offset or at a Distance
Forward or Back

If you are only changing the prism point by distance — not by horizontal or vertical angle — you can store
multiple points at varying distances without having the instrument reread the distance.

Normally, the last thing you do in an SDA operation is press |JEIT§- This takes the current angles from
the instrument and uses them with the distance(s) entered previously.

If the horizontal and vertical angles do not change from the SDA reading, press [ <€ ] and JEIM
This stores the point with the angles to the prism.

Example
1. If the instrument is turned on, flag i will be set. Press E 5 to turn off the instrument.
2. Press and IEYM-

3. Keyin 100 [ spc | 89 [ spc | 30 and press .

% SEFARATE DISTANCE & <&

COHE: @, 884
LEFT: 8, 8Ea

pIs: 99,9843
[ 2HA [ HOt | WO | HO* [ HOE | 206 |

Figure 7-68 First Step of SDA Function

4. Keyin5 and press [JIbEY-

SEFARATE DIZTANCE 3 &

a.
5.

pIs: 99, 9848
[ 2HA | HO+ [ HOG- [ HDS [ HOE | Spw |

Figure 7-69 Five Feet to the Right

5. Press [ ] TN

EL: 1. 7daY
8700 'B0"=lnz2 HN 3

erc: H32°51 'dA"E v 1: B. BEG)
DIz 1AA. 1897 kOD: @, AR
[ 2HA [ HOvt [ HEL [ HO [HOE | <06 |

Figure 7-70 Stores a Point without Requiring Another Shot

Note that the distance was updated to account for the distance from the instrument to the point, 5
feet right of the prism. Other distances can be entered and stored using [ < | IETW

6. Key in 0 and press 5y -
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7. Keyin 10 and press [lI'hEN-

(@)

% SEFARATE DISTANCE § £ o
o3

= 3

GO: 168. 884 o =
LEFT: @, P88 2N
S o

9

Q

pIs: 189, 9848
[ ZHA [ HOt | HO-E [ HDS [ HOE | 206 |

Figure 7-71 Changes in the Horizontal Distance

8. Press (=] [EZIM
When Y is rressed, the point is stored and the distance is updated to show the total distance.

9. To take a normal side shot after storing one or more separate distance and angle points, just

press [ SIDS |.
10. Whenever you are storing points and wish to know the direction, distance, or difference in
elevation or grade between the points, key in the point numbers separated by a space

([spc ]) and press the pP-P  key.

D All functions discussed in previous chapters are available if you have the Data Collection or
Construction Five card, unless the instrument is chosen. The Horizontal Angle, Zenith Angle, and
Slope Distance are automatically collected from the instrument and used in the SMI software.

Before You Leave Data Collection
There is more to SMI’s data collection than what you have seen in the previous examples. DCE also
includes:
w stakeout
w two-point free-station resection
w sunshots
w benchmark
w trigonometric leveling
w and more

To review the features of your DCE card, see the features checklist in SMI’s Surveying Cards Features
on page 2 or go back to the chapter called Advanced COGO, which begins on page 93. Manually
entered examples are given in the following chapters: Standard COGO, which begins on page 41 and
Advanced COGO, which begins on page 93.

Information on individual functions may be found in Quick Reference of Menus and Functions, which
begins on page 241.

Azimuth Surveying

There are a few azimuth surveyors around. Certainly, azimuth surveying has some definite advantages.
For one thing, you always know the direction. When you close the traverse loop, you immediately know
your angle closure.
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A few years ago when a lot of computations were not so easy, the field reduction process was much
simpler.

You can survey in azimuths with the SMI surveying software, if you wish. Simply go to the Change
menu and press 0 (zero). This soft key is a toggle between Angle Right surveying (zero backsight),
Directional Theodolite surveying, and azimuth surveying. When you are set to azimuth surveying, if you
are occupying a point and you have chosen your instrument (and you instrument allows two-way
communication), the SMI software will send the back azimuth to the instrument when you key in the
back azimuth, back bearing, or back point. You may then turn to a point and press or

and store the point.
You may have noticed that most examples in this user guide deal with zeroing on the backsight and

turning Angles Right. Even though you may be accustomed to running azimuths, you may want to
consider switching to Angle Right. Here’s why:

-

With the SMI surveying software, you can have your display set to azimuth so that you can keep up
with your direction.

Generally, it is much easier to zero the instrument on the backsight, rather than set the back
azimuth on the instrument.

With SMI software, when you finish your boundary loop, you can easily check your angle closure
and distance closure.

With SMI software, your computations are automatic, so working in angles right does not increase
computation time for field book reduction.

If you wish to turn multiple angles, it is much more feasible when turning angles right.

If you like the idea of turning directly to a line azimuth when using azimuths, that is a nice plus; but,
with SMI surveying software, you can use Stake to get the correct Angle Right to turn and distance
to go.

SMI surveying software does not require that you switch from azimuths to Angles Right. However,
these are some reasons to consider it.
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CONSTRUCTION FIVE

This chapter is for users of the following cards:
w Construction Five

w GPS/Robotic with Construction Five

In this chapter:

SMI Software Features and Examples . ... ................. 152
Entering Horizontal Control. . .. ... ....... ... ... ... ....... 160
Take Some Readings in Construction Five. ................. 167
Entering Vertical Control . . ... ........... ... .. ... .c.0...... 171
Draw Vertical Control .. ........ ... .. . ... . . ... . o .i... 174
Entering Templates. . .. ... ... .. i 174
Draw the Template . ... ... ... . . . . . . . ... 177
Templates —Uncommon . . ........... .. . ... ... .. 178
Copy Templates to Other Side . .. ........................ 184
Slope Staking . .. ... .. .. 185
Cutsheet Files. . . . ... . . . . 189
Spiralsin CVC. . ... ... . . . 191

CHAPTER
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Key Definitions

Soft Keys These keys are called soft because their functions (and labels) change, depending on the menu selected.
Soft keys are represented in this manual as white lettering on a black, rectangular background.

Toggle Keys A toggle is a key whose function changes each time you press it. Any soft key in the display that has a
square after it is a toggle.

Hard Keys Hard key functions are imprinted on each key itself. The functions of these assigned keys are identified by
the SMI surveying overlay that came with your SMI program card. Hard keys are represented in this
manual as black lettering on a gray, rectangular background.

Primary Keys Primary functions (or keys) are noted directly above each key on the SMI overlay. Primary keys are
represented in this manual as black lettering on a white, rectangular background.

SMI Software Features and Examples

S8630 E 600

N\uo\'N

Figure 8-1 SMI Software Features Demonstration Example

In the example above, there is a simple curve from 2 to 4. For now, the above sketch will be used to
illustrate several features of the SMI surveying software to store the boundary points.

Create a Job Called HARVICK

1. Turn off all flags: raw data (( < | Rraw ), elevations (( < | ELEv ), notes ([ < |
NOTE ), and instrument (( <4 | wman ).
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2. Press m m key in HARVICK, and press .

CYCR Syl
HARYICKH: CRD

SETUF
g8 'aa"=1w] MM 2

Figure 8-2 Creating a Job Called HARVICK

Traverse the Boundary from Point 1 to Point 7
1. Press [ TRAV ] key in 70, press m, key in 3 (quadrant number), and press .

2. Key in 200 and press [EDEH-

% TRAVERZE

1e2u2 HH 2

ERG: STEEE ' AE" [
pIz: 2EHE, BREA
[ &RT | w2 [ERG JOEFL] | |

Figure 8-3 Storing Point 2

Point 2 is stored.

3. Press /~ \ (the S key).
4. Key in 45 and press [JJ2NJ (the A Key).
5. Key in 100 and press (tangent).

pLT: 432788 ' EE Y

Exr: 19,8912 no: 18,3771
[Lerr| 1 | T [kt

Figure 8-4 Entering the Delta and Tangent for the Curve

6. Press EMend ., then press B(JiE -

CYCh SHI
HARYICH: CRD
HORIZONMTHL CURVES
115"80'8@"s4ed NH 5

LEEF | L | €8 [wOTE] | |

Figure 8-5 Storing the Horizontal Curves
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7. Press [TRAV |-

TEAVERZE

FT
11508 BA" =dnd HH 5

kG HES " EE 86" b

Figure 8-6 Bearing and Distance

8. Press m

You will see 295 (the forward tangent). This is the azimuth of the above bearing.

9. Press [ENTER|.

TRAVERZE

E n
EEII
E n

<R T:
AZH:
EFRG:

128
295

5]
[l

BEE 1
BEE 1
BEE 1
DF o H'HEA
[HOET[EDIET] 22 | Wa [ICEFI] EMIT |

Figure 8-7 Azimuth of Bearing

10. Key in 250 and press NS -

6 S 86°30 E 600

100 AQ0

Figure 8-8 Traverse the Boundary Example

154 SMI Version 7 User Guide



3% TRAVERSE 35

4=583 HH &

gRG: HES B0 ' EE" |

Figure 8-9 Storing Point 5

Point 5 is stored.

11. Key in 410 (quadrant 4 and a 10-degree bearing) and press JELIY -

KT 22T 0EE AR

(] e Rl 15 R 15

ERG: HLEAEE ' @0" |

pFa 0 P EE ' @A
[HOIST[00ST] 24 | ¥ [ICCPI] ERIT |

Q
>
Q
S
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S
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=
o
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Figure 8-10 Entering the Bearing for Point 6

12. Key in 400 and press |[NEH -

SegEE MMV
ErG: M1E 76068 " A6" |

Figure 8-11 Storing Point 6

Point 6 is stored.
13. Key in 286.30 and press [ (quadrant 2 and the bearing).

HOIET|E0IET] 2a | Wa [ICEFI] EMIT |

Figure 8-12 Entering the Bearing for Point 7
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14. Key in 600 and press NS -

ce7ey MM 2

ERG: S5 T2A ' AE"E
pIz: GEE, BEAA
|&RT | A2 |ERG DEFZ | [ |

Figure 8-13 Storing Point 7

Point 7 is stored.

Find the Bearing and Distance from 7 Back to Point 1
Key in 1 and press E pinv  (for Point Inverse) (the P key).

Guvel HH 2

ERG: S9°49'16"E
pIz: 483, 5921
[EKPT[OCPY [PINY [ | PTRnA [ ARERA |

Figure 8-14 Finding the Bearing and Distance from Point 7 to Point 1

The bearing is S 9° 49’ 16” E. The distance is 408.59.

Traverse to Point 1 Using the Inversed Distance

1. Press [TRav |-
2. Keyin 209.4916 and press JEIIY -

TRAYERZE

HDISTISDIST] 22 | Ws [ICGPI] ERIT |

Figure 8-15 Entering the Bearing

3. Keyin 408.59 and press [IIgY-

TRAVERZE

ruZed HH 9

ERG: 59749 ' 16"E
pIz: 482, 3968
| &KT | A2 [ERG JOEFL] [ |

Figure 8-16 Traversing to Point 1
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Check the Distance Error from 8 to 1
Key in 8 landpressthe pP-P key.

INVERZE FT B TO FT 1

S2f59'1e"l
132259 1a"
. 86z22

[KAsH[KOEL | RETO | RRCL [USERs|REGS |

Figure 8-17 Checking the Distance Error Between Points 8 and 1

Find the Area, Perimeter, Square Feet, and Precision

1. Press [ RpTS |-
Keyinl[spc | [ @ | [ — | (this displays the double quotes) 2 ['spc |3 [ spc |4 [ » |
(cursor right to move past the quotes) 5.8 (this means to use all points from 5 through 8)
1. The entry should look like this:
1“2347581

2. Press [ENTER]-

3. Press TS .
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CWCR Syl
HARYICH: CRD

HCRES = B, 2246

S0 FT = 271578.8659
FPER = 2848, 2041
PREC = 934464

Figure 8-18 Displaying the Precision
This shows a super high precision. It is much higher than you can hope for in the field.

4. If you press [GIFY now, the display will show the following figure.

CWCR Ml

HARYICH: CRD

ACRES = 5.2346

SE FT = 271573.86859
= 2848, 2841

[EOIT | OLb | c¥ [ wkEn [ PREC [SPLOT)
Figure 8-19 Area Precision

Point 8 is very close to point 1. Above you see that the difference was .0022 feet. Therefore, the
square feet and precision are going to be more accurate if you take out point 8 and just leave 1. As
stated earlier, you will not be able to get a precision that high in the field.

Here is a more accurate way of getting area: Edit the above Random Points File by pressing
[RPTS_ |- You willsee 1 “2 3 4” 5.000008 1 (The program puts the zeroes in the file
automatically to separate the two numbers. This allows point numbers of up to 999,999.)
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Change the 8 to a 7 and delete the last 1 by using the backspace ([_«@__]) key. By removing point
8, you will get more accurate numbers for the lot.

Another way to edit this file is to press and re-enter. Either way is OK:
1“2 3 4” 5.000007 orl “2 3 4” 5.7.

Press and press JEIEN-

CHCR S|
HARYICH: CRD

4

T

HCRES
SR FT
FER

nam
Py

. 2246
rla7F.eals
a43. 2848

[LEniT | oio | cx [#REn | PREC [sPLOT]|
Figure 8-20 Displaying the Area

It is amazing how .0022 feet will make that much of a difference in the square footage.

Figure 8-21 Area, Perimeter, Square Feet, and Precision Example

Design a Spiral with 5 as the Main Pl

Design the spiral such that Spiral Length Back will be 100, the Spiral Length Ahead will be 100, and the
radius of the simple curve will be 150.

First store two points at estimated TS (Tangent to Spiral) and ST (Spiral to Tangent) points.
1. Press [sgTup |-
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2. Keyin 5, press 8 and |G-

CYCR Syl
HARYICK: CRD

SETUP
8a5a1l HH 9

Figure 8-22 Storing Points 5 and 8

3. Press [sips |-
4. Keyin5 4 and press IF¥-

% ZIDE FHOT

Q
>
Q
S
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AT 2E@%48 31

azn: 115766 868"

ERG: SEDTE0 ' BE"E
pFs—159°19' 29"
[HDIST[00sT] 24 | Wa [ICEPI] ERIT ]

Figure 8-23 Azimuth from Point 5 to Point 4

5. Key in 150 (estimated distance to the TS point) and press | -

Se5e2 MM 18
ERE: SES“E%'E‘E"E

Figure 8-24 Storing Point 9
Point 9 is stored.

6. Keyin5 6 and press X4l

% ZIDE FHOT

SRT: 22004021

AzH: 30EEE ' EE"

erG: H1A"EE ' BE"L

pFa P 4@ 31"
[HDIST[00sT] 24 | Wa [ICEPI] ERIT ]

Figure 8-25 Azimuth from Point 5 to Point 6
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7. Key in 150 and press |ENEH -

SeSelld MM 11
ErG: M 1E Q68 " AE" |

pIz: 15H, BEAA
|&RT | A2 |ERG DEFZ | [ |

Figure 8-26 Storing Point 10

Point 10 is stored.

S86°30 E 600

Figure 8-27 Spiral Example

Let SMI create a spiral according to the design and compute the mathematically correct positions of
points 9 and 10. See Spirals in CVC on page 191 for additional information. First, enter the desired
spiral data into the horizontal control.

Entering Horizontal Control

See Horizontal Control with Construction Five on page 277 for additional information regarding
horizontal control.

1. Press the or M key, and key in the horizontal control data.

Enter the entire boundary from point 1 to point 8 and insert the spiral into the horizontal control.
1 0 (0+00 is the station at point 1:)

[ ] [ — ] (the minus sign to get the double quotes for entering a simple curve)

2[spc |3 [ spc |4 [ p | (cursorrightto move the cursor to the right of the quotes)
[€ ] This will add {} to the display.

9 (the estimated tangent to spiral point)
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5 (the main PI) 10 (the spiral to tangent point)
150 (the radius of the simple curve between the spirals)

100 (spiral length back and ahead is the same so we only enter once) [ p_| (cursor

right) [spc ] 6 [spc | 7 [ spc | 8

The entry should look like this:
10“234 {95 10 150 100} 6 7 8

2. If the entry resembled the entry above, press [ENTER]-

Points 9 and 10 will give a prompt asking whether to override.

3. Press [ENTER] in each case.
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g=5=18 HH 11

ET: 2554631
pIs: 129. 34688
[CHAIM ] CUT | ThEW [ HCEL [ WCCL [THPL

Figure 8-28 Override Points

S Ifyou do not wish to override the original points, key in a desired point number before pressing [ENTER]-
If you use this approach, you must edit the HCCL file to replace 9 and 10 with the new point numbers.

Check the New Tangent Lengths from Points 9 and 10

1. Keyin5 9and pressthe P-P key.
The distance is 129.3408.

2. Keyin5 10 and pressthe P-P key.
The distance is 129.3408.
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Find the Station of Points 2, 4, 5, 6, 7, and 8

S86°30 E

700 AQ0

Figure 8-29 Find Station of Points Example

N A station is a location along a defined centerline.

Stations measure distance along a horizontal centerline. Each station is usually 100 feet long if
measuring in feet or 1000 meters long when measuring in meters. When indicating a particular distance
along the centerline, the station is followed by a plus and the remaining distance to get to the correct
position. For example, station 2+55.5 is 255.5 feet down the centerline from station 0+00. Station
10+000.00 would be 10 km from station 0+000.

When entering a station into the data collector, just omit the plus symbol and enter the distance. So, to
enter station 2+55.5, simply type 255.5. Offsets from the centerline are entered as positive (right) or
negative (left) values.

1. Press [consTt |, the M key.
2. Keyin 2 and press [ < | JJEEJ (the C soft key).

The functions in the Construction Five menu assume stations instead of point numbers. If you
want to work with point numbers, you must key in [ <& | before pressing il (foresight point).

2 STHHING 2400, 00 +0. 00§
yCE cHaIn: 1

Be5e2+80.08 HN 11
a1:11°82'B4"

Figure 8-30 Station and Offset at Point 2

Based on what the display is telling you, the station is 2+00 and the offset is 0. The instrument is
occupying point 5 and backsighting point 8. Based on this occupied point and backsight point, the
given angle to turn and the distance to go are listed in the lower left-hand corner of the display.
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3. Keyin4andpress [ | I

& #STHEING 3+89. G1 0, D0
YCE CHAIN:

SGe5=3+39.61 HH 11

&1:20°4@°31"
b15: 250, GRBG

Figure 8-31 Station and Offset at Point 4

Before continuing, suppose you have to change your occupy and backsight points. Press 7

L ocpy IO} BkPT §

Now press or the M key again to return to the Construction menu.

4. Nowkeyin5and press [ < | IEEM-
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SR CTANING 6+33. 27 -o2. 23 B
CYCE cHAIn: 1

EeFee+32,. 27 MY 11

T 322°29'As"
oIz 638, YESY
| B | OCPY ]

Figure 8-32 Station and Offset at Point 5

SMiI gives a station and offset for point 5 of 6+32.27 and left offset of 22.23. You can determine the
coordinates for that station and offset and compare them to the coordinates for point 5.

5. Press [ NxT |, key in 632.27 22.23 (the Y key) and press for

station store.
The software flashes ‘Point 11 Stored'.

6. Keyin5 11 and pressthe P-P key.

ZINVERZE FT 5 TO FT 11

MF4228'"'14"H
25294t
. 8852

[k [sTET0] AUTO] OPT JEMCH] |

Figure 8-33 Inverse Point 5 to Point 11

This does not positively prove the correctness of the work; however, it is good circumstantial
evidence.

Perform one more test:

7. Press the key, key in 632.27 22.23 (it should look like this:
632.27 -22.23) and press JEFEM-
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% Note that when a station and offset are used, press |JFEJ, but when a point number is used, press
[ ] Il

SR STRRING G+32. 87 -22. 23 EEE
CYCE CHAIN:

EePRE+32. 27 HH 12

SET: 322°29'A9"
pIz: 635, 7 1A4
[ B2 | DCPY |

Figure 8-34 Staking Points

Now compare the angle and distance when you use a point and when you use a station and offset
that were computed. It is not perfect, but it is close. This is additional circumstantial evidence to
prove the accuracy.

You can still do one more thing.
8. Press [STAKE |-
9. Key in point 5 and press [ Eall-

ceFel MM 12
SRT:ZE20 29 AR

oIz 638, YESY
[ZERD] [ F=PT [STOH] CUTF | SHOT |

Figure 8-35 Key in 5

10. Press the or M key, key in 6 and press [ < | IEFEM-

FEEEEE STARING Lo+2Y. 92 +0. o SEEEEE
CVCE CHAIN:

ceFnlBE+24,.92 HY 12
SRT:E70E AR

Figure 8-36 Key in 6

All these examples show that we can accept the station number as being OK. You know the offset
should be 0+00. Look at the angle and distance. This makes sense, since the instrument is
backsighting on the same point, and the distance is 600.

11. Key in 7 and press [ € | IEEM-

SR CTANING 16+2Y. 92 +0. 00 SRS
CYCE cHAIn: 1

ceFnle+24.92 HH 12

Figure 8-37 Keyin7

The distance should be zero; the offset should be 0+00. The station number is exactly 600 feet
more.
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Check the last point.

12. Key in 8 and press [ € | IEEM-

SRR CTHRING 20+33. 51 +0, (o SR
cycE cHAIn:  C1

EePe2E+33.51 MM 12

GET: 206 T4E " 44
pI:z: 4E3, S9EA
| E= ] DCPY |

Figure 8-38 Key in 8

6 S86°30 E 600
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Figure 8-39 Find the Station of Points 2, 4, 5, 6, 7, and 8 Example
The distance and offset are correct. The Angle Right looks OK, but perform the next step to check
it.

13. Press (the Z key), (Compute Angle Right), key in 7 6 and press
m. Press 7 8 and press m

COHFUTE ANGLE RIGHT 3

2raianan"
HEE"268 ' an" L
R o

S9
25646 ' 44"

Figure 8-40 Checking the Angle Right

The Angle Right checks: 256° 40’ 44”.

Regarding the station number, recall that previously, the perimeter of this project was discussed. That
perimeter should be a little more than this perimeter because of the spiral insert at 5.
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Below is a copy of what was done.

[T ZH
£ HOME COS0 BEMSOM:CED 3
ACRES = £.:234&
SEFT = 2715378, 8059
FER 2642, 2841
FRELC 234464

EOIT | OLD | C¥ | #REA | PREC [SPLOT

Figure 8-41 Copy of Example

Everything checks out OK for the free station resection point. You are now ready to take shots
anywhere and get station and offset positions on the boundary. You can also give any station and any
offset and get an angle to turn and a distance to go. Take a sample shot to get a clock direction to head
or get the Go or Come and Right or Left distances to the point.

As you have perhaps observed, this example is a control file with a closed loop.
Go to the field using the information from the example just shown.

The area is open, except for one large oak tree, and you will level your instrument over a place that is
convenient to work from and in view of at least two control points.

Free station to the shaded area:

1. Press [ SETUP NXT m and enter the two control points used for the free

station position.

2. Keyin5and press Ii2¥V -

3. Keyin 7 and press JREN-
From now on, SMI will remember these points as A (the northwesterly point) and B (the southerly
point).

4. Level the instrument. Position the prism at point 5 or A (zeroing on A is optional - it seems
impossible, but SMI’s Free Station Resection program works if you do not zero on
anything).

5. Choose your instrument: Press [ SETUP NXT NXT or use the shortcut [ |
X (Your brand), (Your type).

6. Since you might be in the office right now, if flag i is displayed at the top of the display,
press [ <& ] 5 to exit the Instrument mode.

[ % ] 5is atoggle that turns Instrument mode on or off.

& Ifflagiis off, the instrument will be off and when you press a key that normally causes the instrument to
measure, you will be prompted to enter the Slope Distance, Zenith Angle, and Angle Right.

7. Press [ ® |, then the key (a shortcut key to access).
The instrument takes a reading and displays the information.

8. After pressing JIY key in 175.39 (the Slope Distance), 87 .56 (Zenith Angle),
O (the circle reading,) and press [ENTER]-

9. Position the prism over point 7, then turn the instrument to point 7 or B and press |EIIL]-

10. Here is what you should use in an indoor setting (By now you know to put a space between
each entry):

463.46 89.30 181.2130 [ENTER]-
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11. Press R -

Figure 8-42 Displaying the Results

The precision shows 1 foot in 26446. If you get this in the field, that will be great. Pressing
is optional. However, for our example, for the rest of the chapter, press SO our point number

will agree. If you do not press here, the occupied point will read FREE, meaning the
instrument is on a free station point.

Check your work.

12. Press [STAKE |-
13. Key in 2 and press 2l

14. Position the prism over point number 2, point the instrument at point 2, and press gl
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The reading from the instrument is:
Circle Reading 253° 41,
Zenith Angle 86.50, and
Slope Distance 343.30.

15. Key in 343.30 86.50 253.41 and press [ENTER]-

STRRING 23

Figure 8-43 Staking 2

That is a fairly good check.

Take Some Readings in Construction Five

These readings will require manual input for simplicity.

Stake a Point at Station 6+00

This point happens to be in the spiral, but it does not matter. SMI finds the station wherever it is.

1. Press the key.
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2. Keyin 600 and press JIEEM-

et STAKING G+00), 00 +0, 0 s STRRING G+00, 00 =d, 00
CUCE cHaTh: 1 CYCE CHAIN: C1

235°E8 'a0" =1 Z2e5+EE, B0 || 23508 80" «FREE"G6+0E. ..,
MM _13 HH_12

AT 348714 18"
15 131.4123

Figure 8-44 Key in 600

If you pressed [felald. your screen will read the occupied point as “12” (the figure above on the
left); if you did not store the free station point, the occupied point is “FREE” (the figure above on the
right). For the rest of the example, the occupied point will be 12.

3. Press (Stake Shot).

4. Keyin 150 [ spc | 80 [ spc | 348 and press .

FHOT 5+58. 189 +3. 66

<R T+

24214 1@a"
Go: =.569 cLy: 6560
LEFT: 9.62 DIST: B 7

Figure 8-45 Shot Values

5. Have the rodman move accordingly.

6. Press A

7. Keyin 153.75 [ spc | 80 [ spc | 348.14 and press .

SHOT 5489, 99 0, 005

242°14' 1"

. CLE: FiB8
: B8] pIsT: A, @1

CUTS [STOSH]_F5 || SHOT [ssik

Figure 8-46 Drive the Stake

Drive the stake.

This point happens to be in the spiral. It does not matter. SMI finds the station wherever it is.

Staking Right of Way

The right of way marker is to be at station 8+50 at an offset of 50 feet.

Stake this point from the current free station position.

1. Press the key.

168 SMI Version 7 User Guide



2. Key in 850 50 and press M-

FEEEEE STARING B+50. 00 +50. o S
CYCE CHAIN

2357008 'a0" « 120 3+568, OH
T PR012 490

Figure 8-47 Enter Station and Offset

3. Press and key in 186.20 89.40 79.12 and press [ENTER]-

SHOT B+50. 01 +48. 9y
59 "1z2'49"
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Figure 8-48 Come, Left, and Dist Values

4. Have the rodman move a half inch toward the instrument and a half inch to the rodman’s
left, or have him move .06 feet toward 11 o’clock.

5. Drive the stake and press to check.

Staking the Centerline

Stake the centerline on 50-foot intervals beginning with station 0+00.

1. SMI defaults on 100-foot increments. To change the increment, press [ CoNnsT NXT

T | Tl

CyYC OFTIONS
8. a8

m-:nrri a.64
wTnp: 198, 66
CETHI | STAT [ C3Th | COF= | CEFS [ERIT. |

Figure 8-49 SMI Default

2. Key in 50 and press (Station Interval).

CWC OFPTIONRS

=Thl | STAT [ C5TH | CBFS | CBES [EXIT...

Figure 8-50 Station Interval

3. Press the key.
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4. Keyin O and press JIEFM-

ZZTARING Q+00, 0 +0, 00
CMCE CHAIN:

23376800 - %%-EHEIEI.EIEI

Figure 8-51 CVCE Chain C1

5. You are now ready to point at the prism. Press and stake the point.

6. Keyin 478.3753 90.2430 231.4511 and press [ENTER].

S SHOT 20+26. 10 -3, B4
232°45'11"

Figure 8-52 Come, Left, and Dist Values

7. To increment to the next station to stake, press [JJEJ] without keying in any value.

STAKING 0+50, 0f +0, 003
CYCE CHALM:

235708 'aE" - 1%-B+5El. u]5]

HH 1
SET: 236944 ' 38"
pI= 4239, 8490
| E£ [ OCPY

Figure 8-53 Stake the Next Station

8. Stake this, and press m to increment to the next point, etc.

Staking a Point on an Offset and Incrementing

1. Press the key.
2. Key in 100 (station number) 50 (offset distance) and press JEEN-

SR STRKING 1+00. 00 +50. 00 S5
cvcE cHarn: 1

ESS“EIEI'EIEI"-%EII+EIE.EIEI

Figure 8-54 Station and Offset
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3. Stake the point and press [JFFJ] again.

SRR STARING 1+G0. 00 +5o0, o0 S
cucE cHRIn:  C1

230708360 =] 2] +50,. BE
M 13

Figure 8-55 Staking the Point

Note that the offset remains constant as you press ] to increment to the next station.

You are now ready to learn how to work with vertical control and templates.

Entering Vertical Control

There are several types of vertical control. Following are some examples.

The vertical control example below includes slopes, a vertical curve, and break point. You will learn
how to enter this vertical control into SMI's Construction Five.

1. Press the key, and <.

2. The following information should be keyed in for this vertical control example:

STA, elevation, percent, quotes, pvc station, pvt station, close quote, percent, station, and percent.
See the figure below.

STA: 0+00
=100
STA: 4+00
STA: 9+00

LEV

E
STA: 15+00

o] 3
A00% 905 0 B4%

Vertical Control

Figure 8-56 Vertical Control
The data, when entered in the data collector, should look like this: 0 100 4 “400 900” -3 1500 2.54
The keystrokes to enter the data are: (zero is already displayed and a space is already there)
100[spc |4[spc |[ @ | [ — | (the minus key) 400 900 [ p_| (cursor right)
[ spc | 3[ +~ | (the Y key) [ spc | 1500 [ spc | 2-54
0 100 4 "400 900" -3 1500 2.54

Chapter 8: Construction Five 171

Q
>
Q
S
=~
)
S
®
"0
®)
S
2
g
Q
=
o
S




3. Press .

SRS STARING 1+50. 00 +50. o0 SE5EE
CYCE cHaIn:  C1

2353768 'aE" = 12 1+56, OF
MH 13
T 241°47 @1

pIs: 2233, 2244
[CHAIN] CUT | T [HECL WL [THPL]

Figure 8-57 Enter the Vertical Control

This enters the vertical control for the HARVICK job with which you have been working.

Continuing to use the example from above, the occupied point is still a free station point. You do not
have to use a free station point when using a vertical control — any known point will do.

How to Find the Designed Elevation for Station 0+00, 1+00, 9+00, and 15+00:
4. Press E 3, the shortcut to turning on Elevations.

5. Press the key, key in O, and press JIFEM-

Figure 8-58 Find the Designated Elevation

The elevation is 100, as it should be, because you are at the beginning station and your vertical
control start elevation is 100.

6. Key in 100 and press JIFEM-

% STAKING 1+00, 00 +0, 00
CYCE CHaIn: 1
eL: 1684, B8EA
ESS“EIEI'EIE"-%%-HEIE.EIEI

GT241%28'18" 4 0. 8808
rIz: 4E3, 9163 Kl 5]

Figure 8-59 Elevation at Station 1+00

The elevation at station 1+00 is 104. At a 4% slope, that could have been predicted.

7. Key in 400 and press JIEEM-

ZSTARING Y+00. 00 +0. 00
C1

EL: « AEER

235708 '8R" s 1 2 d+86, BA

Figure 8-60 Elevation at Station 4+00
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8. Key in 900 and press JIEEM-

SEZTAKING G+00. 00 +0. 00
chazn: . 1
: 115, 586A
235760 E‘HII‘:I. %2-9+EIEI. (E]E]

Figure 8-61 Elevation at Station 9+00

9. Key in 1500 and press JEM-

HEEEE STARING 15+00. 00 +0. 00 SEEE
CYCE cHaIn: Gl

EL: 1HE. SAEE
ES“EIEI'EIEI"-IIEETIS+EIE. 515

Figure 8-62 Elevation at Station 15+00

10. Press m .

S STRRING 15+50. 00 0, 00 SHEEE

EL: 181,77 HE
233788 '8a" .1 2n 1 54+58, BA
MH 13

dgit 174°57'S6" W 1 @, 888
pIz: 4EE, 27ET ROD:
| B2 JocPy| F£ [H ROD=TH

Figure 8-63 Elevation at Station 15+50

See that the software automatically incremented 50 feet. Recall that previously, the increment was
set from 100 to 50 feet.

Try giving SMI a station and an offset.
11. Key in 400 50 and press M-

HEEE STAKING Y+00, 00 +50, 0 S
CYCE CHAIN:
5]

e 115,
233760 'AA" = 1 2ed4+HA, BE
HH 12

GT 2724852 4 0. 8808
pIz: 182,.9154 (1] 5]
| £ JocPY[ FE [H RODJSTHE |

Figure 8-64 Elevation at Station 4+00.00 +50.00

Note that the elevation is the same as station 4+00 at the centerline. This indicates there is a
default flat cross-section template in this job. Go to the Template menu and see what it looks like.

Chapter 8: Construction Five 173

Q
>
Q
S
=~
)
S
®
"0
®)
S
2
g
Q
=
o
S



Draw Vertical Control

SMI can show you a drawing of the vertical control in your job.

1. Press [CoNsT | [ NXT | [ NXT |.
2. Press [T then KW for vertical control.

131.7063 EL

/ \ -
;}u 0 1.50 -u?'fi

36.7441

Figure 8-65 Draw Vertical Control

The number on the bottom of the screen is the low point of the control. The number on the top is the
high point of the control. The numbers on the left and right sides are the beginning and ending
stations.

D Please note that the vertical control is exaggerated. If it was not, the drawing would look like a flat line in
most cases.

Entering Templates
See Horizontal Control with Construction Five on page 277 for additional information.

1. Press and .

EUMME RTGHT TEHFLATE 0o, i S
MO SEGMEMTS

MO TEMPLATE
[EIGHT | PREY [HERT | DEL | ENIT [ERIT..]

Figure 8-66 Default Template

Do not let this fool you. There is a default template hidden in there, but it is flat. Once you go to
and press , the default template disappears and you need to enter your own
template.
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2. Press IENA.

EEE RIGHT TEHFLATE de0i. o SR
HO SEGMEMTS

psLr: 1. B8 ooz 6. B8
EkzLF: 1. 66 peN: E. B8
| 5Th [$EGL [ DEL [DITCH] DEW | EXIT |

Figure 8-67 Right Template

Note that the station defaulted on 0+00. You are now ready to enter segment 1.
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Figure 8-68 Station Template

If this is what the road work is calling for, the next figure is what the template looks like.

Station 0+00

-2.00%
12.00ft

-6.00% A

10'

Template

Figure 8-69 Station 0+00 Template

3. Press |39l

This is what the data should look like: -2 12

Following are the keystrokes:
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4. Key in 2 (for the -2% downward slope) and press (the Y key) 12 (for the
number of feet that the -2% grade travels) and press [ENTER]-

SRS RIGHT TENFLATE o+00, i S5
EGL: —Z2.@E% 12.84

: 1.64 ppIs: E . BE
ERzLF: 1. HA peN: H. BE
| DEL |DITCH] DEW | ERIT |

Figure 8-70 Segment 1

5. Press B3, key in 6 (for the -6% downward slope) [ +/= | [ sec | 8 [ENTER] (for the
number of feet that the -6% grade travels).

SRR RIGHT TEHFLATE o+ii, o SN
EGl: —Z2.@d% 12.6A
EnE: —G. @EX SR

psLr: 1. EHA ppIs: E . EE
EkzLF: 1. HA ped: H. EE
[ 5Th |=EG3 | DEL |DNTCH] DEW | EXIT |

Figure 8-71 Segment 2

6. Press and to remove the default ditch.

7. Keyin?2 (for the 2:1 ditch slope) 10 (for the number of feet the 2:1 ditch
travels) 3 (for the 3:1 backslope) and press [ENTER]-

B RIGHT TEHFLATE 0400, 00 S0
SEOL: —=.88% 12,88
: —6.0@% 2,688

psLk: 2. EE vpIs: 16, @6
ERzLF: 2. 80 peN: E. B8
| 5Th [$EG3 [ DEL [DITCH] DEW | EXIT |

Figure 8-72 Ditchslope and Backslope

That finishes the template at station 0+00. Now enter the next template on the right side of the
centerline 200 feet down the road.

Station 2+00

- 4.00%
12.00ft

10

Template

Figure 8-73 Station 2+00 Template

First go to station 2+00.
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8. Key in 200 and press SN

SRS RIGHT TEHFLATE 2«00, o0 SE5EE
E6L: —2.HBA% 12,6848
: —F,B8% 3. 8068

vp1s: 16, B6
ERsLF: 2. 60 peN: H. B8
[ 5Th |SEGL]| DEL [OITCH] DEW [ ERIT |

Figure 8-74 Station 2+00

9. To go to a segment not displayed, first key in the segment number that you wish to edit and

press B2 or it may be JEZFY or [EZX] - Since the B3 is displayed here, it is not

necessary to press the segment number first.

10. Key in 1 and press B3N
11. Use the arrow and backspace keys to change the -2 to a -4. The entry should be -4 12. When

it is, press [ENTER].
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S RIONT TENFLATE 2+00. 00 SRS
sE6l: —4.E@08% 12,88
e —6. BEY 2,88

pELF: 2. B8 ro1s: 16, B8
ERsLF: 2. HE oEN: H.
[ =Th [sEG2] DEL [0ITCH] DERW | EXIT |

Figure 8-75 Segment 1

12. Press .

You see 2 10 3.
13. Use the [ p | (cursor right) key to move the cursor to the 3 and change itto a 4. Press

[ENTER].

S RIGHT TEHFLATE 2+00, 00 5558
E6L: —4.BEH 12.84
sE6E: —6. 86X 2,688

: 2. 88 voIs: 16, B8
EK:LF: . BHE pEN: H. B8
[ =Th [5EG2 ] DEL [0ITCH] DERW | ERIT |

Figure 8-76 BKSLP 4

Draw the Template

1. Press [consT | | NXT NXT |.

2. Press LYY then for vertical control.
The program will then prompt you for the station you would like drawn; 0 is the default. For
this example, just press to accept 0 as the station.
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4,

You will now be prompted for the left or right side of the center line. Press for now.

2.0000 &EL

OF:T
HO.0000

o

Figure 8-77 Template Drawing

The number on the left is the offset from the centerline (it will always be zero). The top number is the
change in the elevation from the centerline to the top of the scene. The bottom number is the change in
elevation from the centerline to the bottom of the scene.The right side number is the offset to the right of

the scene.

Templates — Uncommon

Templates with Curbs

0.005

—:blq:—

10000%

i
2l

STA 3+00

+49% == =
-2%

1:1 a1

-_— =

‘ TEMPLATE 3200 -2 12 10000 00546 1 .01 3

Figure 8-78 Cut Template with a Curb

This example demonstrates how to handle a vertical distance such as a curb. This situation is handled
by entering a very steep slope for a very short distance. Figure 8-78 above shows a 0.5 curb.

Straight up is an infinite slope. To solve this mathematical problem, the curb can be entered as being
0.005’ long with a slope of 10000% (10000%/100 * 0.005’ = 0.5’ of vertical change). Therefore,
whatever the vertical change is, you can enter a slope of 10000 and move the vertical distance decimal
two places to the left.

1.

178

Press [CONsT | [ NXT to get in the Template Viewer. Press until the current
template is at station 2+00. Press to get in the Template Editor.

Type 300 and press to start editing the template at station 3+00. This new template is
a copy of the previous template. You will change it to match the template shown in Figure 8-
78 above.

SMI Version 7 User Guide



3. Type 1 and press S]] to edit the first segment. Press to clear the previous slope
and distance and type 2 12 and press [ENTER].

4. Press [EZX. press to clear the previous entry, type 10000 .005 and press
[ENTER].
Press XY type 4 6 and press [ENTER].

Continue entering this template in the next section.

Cut Templates without a Fill Slope

WSS RIGHT TEHFLATE 3+00. 00 S0
SEOL —=. HE% 12.84

<E6E: 10EEA. @8 @.81

ECY 4. H8% 5,88
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psLF: 1. @8 opIs: .81
ERsLF: 2. HE [ e e )
[ =Th |SEY | DEL [DITCH] DER | EHIT |

Figure 8-79 Cut Templates without a Fill Slope Template

The template in Figure 8-78 on page 178 also demonstrates how to enter the ditch information when
there is no ditch slope (fill slope). The software requires that the ditch slope (fill slope), ditch distance,
and back slope (cut slope) always have a nonzero value. If you make the ditch distance value close to
zero, both the cut and fill slopes will start from the shoulder. Since you can assume that all shots will be
taken above the shoulder, only the cut slope will be used. This step is continued from the previous

section.
7. Press [Jif). press to clear the previous entry, type 1 [ spc | -01 [ spc | 3 and
press [ENTER].

D Note that if a shot is taken below the “ditch” on this template, the data collector will catch on the 1:1
ditch slope.

Fill Templates without a Backslope

Station 4 + 00

€

Template

Figure 8-80 Fill Templates without a Backslope Example

This example demonstrates how to enter a template that does not have a back slope. The software
requires that the ditch slope (fill slope), ditch distance, and back slope (cut slope) always have a
nonzero value. If you make the ditch distance value close to zero, both the cut and fill slopes will start
from the shoulder. Since you can assume that all shots will be taken below the shoulder, only the fill

slope will be used.
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1. Press [CoNnsT | [ NXT to get in the Template viewer. Press until the current
template is at station 3+00. Press to start the Template Editor.

2. Type 400 and press to start editing the template at station 4+00. This new template is
a copy of the template at station 3+00. You will change it to match the template shown in
Figure 8-80 on page 179.

3. Type 1 and press S0 to edit the first segment. Press to clear the previous slope
and distance and type 2 12 and press [ENTER].

4. Press [EZX. press to clear the previous entry, type 8 6 and press
[ENTER].

5. Press JESH. type 3, and press to delete segment 3.

6. Press [EIil; press to clear the previous entry, type 1 [ spc | .01 [ spc | 1 and
press [ENTER].

SEEMERIGHT TEHFLATE Yeod. o0 SEE0E
<E6l: —2. @@ 12,080
<Ep2: —2. A &.0A0

psLF: 1. BB oIz E.H1]
ERsLE: 1. B8 oEd: A, AE
| 5Ta [#EGL| DEL JOITCH] DEMW | ERIT

Figure 8-81 Fill Templates without a Backslope

D The backslope must be entered as a placeholder, even though it does not exist.

Template with Ditch Bottom Example

If the template needs to represent a cut ditch with a flat bottom, use the following example:

Template with Ditch Bottom

100-220-5101421.5

Whereby the “2” in the sequence represents the horizontal distance or width of the ditch bottom
measured from the base of the cut ditch slope or foreslope.

| TEMPLATE 100 -2 20-51014 2 1.5 | STA 1400

2%
—:l--2-—4—|—|:— 5%

_m 20

1.5:1 1:1

Figure 8-82 Template with Ditch Bottom Example

N The presence of a ditch bottom is assumed when there is an odd number of elements in the template.
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Widening Example

Widening may be performed along the first segment or element of your template. Typically, this section
is widened, as it represents the travelway pavement or subgrade section of a standard two-lane road.
To perform a widening, you need to enter four stations with templates. Place a template at the
beginning of the widening (B), start of full widening (C), end of full widening (D), and end of widening
(E). Refer to the diagram below for referenced stations.

A &::::J|E:% A %
==, p 2

’-—-|C:::% c 30

===, p 'O

== E 2

== F §

]

S

Figure 8-83 Standard Widening Transition Example

Above is an example of a standard widening transition. You will use two different templates for the left
side only.

The diagram is illustrated as follows:

Standard Widening Transition Example Explanation

Left Template Right Template Station
Normal width left Normal width right Beg
<none required> <none required> A
Normal width left <none required> B

Full widening left <none required> C

Full widening left <none required> D
Normal width left <none required> E

<none required> <none required> F
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The templates illustrated may have been entered as follows:

Standard Widening Transition Templates

Left Template Right Template Station
0-212-84343 0-212-84343 Beg.
<none required> <none required> A
1300-212-84343 <none required> B
1600-220-84343 <none required> C
2000-220-84343 <none required> D
2300-212-84343 <none required> E

<none required> <none required> F

Superelevation Example

To perform superelevation, you also need to transition between a series of templates. These templates
need to be placed at the beginning and ending of the transitions. If you have a horizontal curve turning
to the right (clockwise), a standard method is to begin rotating the left side upwards until the cross-
slope of the pavement or subgrade matches that of the right side.

Then, both sides rotate uniformly until the station where the maximum superelevation (MSE) is
reached. Place another set of templates at the station the MSE is ending to start the transition back
down. Place yet another one at the point at the end of the superelevation to mark the end of the
superelevation transition.

The slope transition works on the first segment from the start of the template only.

A B === A
&:::UPZ::% B
~|

— \ c
. = D
e i

Figure 8-84 Standard Superelevation Transition Example

Figure 8-84 above is an example of a standard superelevation transition. You use two different
templates for the left side and two different templates for the right side.

The diagram is illustrated as follows:

Standard Superelevation Transition Example Explanation

Left Template Right Template Station
Normal crown left <none required> A
<none required> Normal crown right B
Maximum super left Maximum super right C
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Standard Superelevation Transition Example Explanation

Left Template Right Template Station
Maximum super left Maximum super right D
<none required> Normal crown right E
Normal crown left <none required> F

The templates illustrated may have been entered as follows:

Q)

Standard Superelevation Transition Templates g

[0)

Left Template Right Template Station _39

0-212-84343 0-212-84343 Beg. .g

1000-212-84343 <none required> A %

<none required> 1300-212-84343 B %‘
16006 12-84343 1600-612-84343 C
2000612-84343 2000-612-84343 D
<none required> 2300-212-84343 E
2600-212-84343 <none required> F

Interpolation Between Templates

When a shot is taken, or a foresight is entered for a station that is between two templates, the slopes
and distances from each segment are interpolated to create a new template exactly at that station.
When the two templates being interpolated between have different numbers of segments, the data
collector displays the error message “Templates Not Similar.” To prevent this from happening, a
template with the same number of segments should be placed right next to the template that has a
different number of templates.

The template at station 3+00 in the HARVICK example used in this chapter has three segments while
the other templates at 0+00, 2+00, and 4+00 have two segments.

You can correct this problem by creating a copy of the template at station 2+00 at station 2+99.99 and
putting a copy of the template at station 3+00 at station 3+99.99.

1. Press [CoNsT | [ NXT to get in the Template viewer. Press to start the
Template editor.

2. Type 200 and press to recall the template at station 2+00. When there is a station

number of an existing template entered before pressing [JEIY, the template at that station
is recalled.

3. Type 299.99 and press to store the current template at station 2+99.99.

This new template is a copy of the template at station 2+00. When is pressed after entering
a station number for a template that does not yet exist, the information from the template at the
station previous to the station entered is used to create the new station.

4. Press to recall the template at station 3+00.
When there is nothing on the stack, recalls the next template.
5. Type 399.99 and press to store the current template at station 3+99.99.
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This new template is a copy of the template at station 2+00. When there is a station number of a
template that has not been stored entered before pressing [, the current station is stored.

%Mnm TEHFLATE 3+99, 99 SE5EE
: —2.88% 12.6a

SEEE 1 BRGEE, ABE @, 61

cep3: 4. @E% &80

psLr: 1. EE opIs: AL A1
ERzLF: 3. BE oEN: H. EE8
| 5Th |3EGL | DEL |OITCH] DEM |

Figure 8-85 Interpolation Between Templates Example

Copy Templates to Other Side
Duplicate the right template on the left side of the centerline.

Press “Ves |

SESSE RIGHT TEHFLATE 2+00, 00 S8
:e61: —4. 885 12,688
sEE: —6. HEX 2,688

pp1s: 16, BA
ERsLF: <, BE peN: H. BA
XN =71 I

Figure 8-86 Right Template

2. Press and (this shows the left template).

EFT TEHFLATE @+00, 00
E6L: —4.BEH 12.8A4
sE6E: —6.EEY 2, 688

: 2. 88 voIs: 16, B8
ERSLF: 9 . 5 bEN: H. EIEI
[ LEFT [ PREY TWERT | DEL | EMIT [ERIT..]

Figure 8-87 Left Template

3. Press or on the soft keys to move up or down through the stations.

SELEFT TEHFLATE 0+, 00
: —2.868% 12.6806
e —6.@0% 2,88

: 2. B8 voIs: 16, B8
ERSLF: 5. DG DEN: H. EIEI
[ LEFT [ PREY TWERT | DEL | EMIT [ERIT..]

Figure 8-88 Navigate through the Stations

This example has demonstrated how to edit any template or add any template to the control file. Once
this is done, you are ready to go to the field and set slope stakes, reference point stakes, grade stakes,
property line stakes and collect cross-section data.
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Slope Staking

The goal of slope staking is to place stakes in the correct locations and put information on the stakes
that will help those operating earth moving equipment to know where the earth needs to be moved. The
stake is either placed at the catch point (intersection of the template and the existing ground) or at a
reference location offset from the catch point. The information put on the stake varies among survey
crews, so the SMI software provides several different types of information.

This example will demonstrate some of the features of SMI's slope staking functions. It assumes that
you have entered the horizontal and vertical control using the HARVICK example in this chapter.
Entering the templates in the previous examples is not required because this example will enter the
template you will be using.

1. Press [consT | [ NxT | and to get in the Template Viewer. Press to start the
Template Editor.

2. Type 450 and press to start editing the template at station 4+50. This new template is
a copy of the template at the previous station. You will change it to match the template in
Figure 8-89 below.
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Station 4+50

03

- 4.00%
12.00ft

10’

Template

Figure 8-89 Station 4+50

3. Type 1 and press S0 to edit the first segment. Press to clear the previous slope
and distance and type 4 12 and press [ENTER].

4. Press [EZX. press to clear the previous entry, type 6 8 and press
[ENTER].

5. Press [Pif). press to clear the previous entry, type 2 [ spc | 10 [ sPc | 4 and press
[ENTER].

WS RIGHT TEHFLATE Y+G0. 00 S5
sEfL: —4. @E% 12.848
EO: —G. @@ §.88

pELF: 2. HE opIs: 1 6. EHE
ERsLF: . BE (13 E = A 5
[ 5Th |SESL ] DEL [DITCH] BEW | EHIT |

Figure 8-90 Template at Station 4+50
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6. Press [ SETUP ].
7. Keyin 12 and press |24

8. Keyin 5 and press |Gl

To shoot a benchmark:

9. Press [_SETUP NXT m key in 100 [ spc | 89 [ spc | O and press .

[ REW [ JEMPT] ELv | | EM |

Figure 8-91 Benchmark

10. Key in 100 and press K]

% OCCUFIED FOINT
COOR
2145.2447
4544 . 4620
8. 2546

BT I

Figure 8-92 Occupied Point

Try staking station 5+00 at station 50 right.
11. Press the key.

12. Key in 500 50 and press M-

SRR STHRING S+00. 00 +50, 0 SEEEEE
cocE cHAIn: L1
EL: 115, 3468/
SeCO0R=5+868. 868 HY 132

ST ZE2TSF AT on @880
(]5)

Figure 8-93 Stake Station 5+00

13. Point the instrument at the prism and press JJC}-

14. For Manual mode, key in 114 [ spc | 89 [ spc | 303 and press .

B SHDT 500,23 +50. 23
HE?I@?II

Lk D@

pIsT: 9. 33

Figure 8-94 Station Stakeout Menu

To find slope stake information:
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15. Press .

THOT S+00. 23 +50. 23

@.24 Grpe: 163,
FILL TO ZHOULDEF: 12.18
ILOFE TO SHOULDER: 1.67:1

ouT: 5. 97 Ok F: 2. 98
[Z2HOT] CUTE [STO:H] REFR [CATCH] SHOT |

Figure 8-95 Slope Stake Information

16. Have the rodman move out about 6 feet and take another shot by pressing |Eill-

17. For Manual mode, key in 109 [ spc | 89 [ spc | 301.30 and press .

ZHOT Y+99. 97 +5G. 0
EL: 18H, 16
FILL TO SHOULDER:
SLOFE TO SHOULDEF:
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put: A, 35 ok F:H. 17
[=sH0T[ CuT= [£T02H] KEFP [CATCH] SHOT |

Figure 8-96 Slope Stake Menu

EX EX) and [EEI represent three ways that data can be displayed by SMI. Each refers to
cuts and fills and distances from the catch point or from the centerline.

With any of these options you have enough information to write on the slope stake so that the grader
operator can grade from the catch point to the centerline of the road.

The best way to learn is to practice:

18. Press Y8

The catch point is at the intersection of the template and the existing ground. In other words, it is
where the grader can stop cutting or filling.

Notice that when you pressed [JXfea], the station was rounded to the nearest station, which is
5+00. The Angle Right, Go/Come, and Left/Right values will put you on the even station. If you do
not want the stations rounded, set the Station Tolerance to 0 in the Construction Five Options

menu ([CoNsT ] [ NXT | [ NXT IBI3ll). Change the Station Interval in the

same menu to control which stations will be rounded. The default is to round to every station evenly
divisible by 1+00 if within 5 feet of that station (round to every station ending with +00).

% CATCH S+00. 00 +56, 36
@125 g

: B.32 cLe: 1584
RIGHT: B, 1 pIsT: AL 325

ILL: A. 80
;o 1688.1571
: 188, 1571

Figure 8-97 Catch Point Menu

19. Press to store the last shot taken to a point. It will be stored to point 13, the current
next number.

To shoot a reference point:

Chapter 8: Construction Five 187



20. Press to store the last shot in the cutsheet file. The following record will be stored:

STATION OFFSET GRADE SHOT CUT/FILL SHOULDER NOTE

5+00.00 56.02 100.16 100.16 F 0.00

Press to stake a reference point offset 10 feet from the catch point. If you enter an offset value
before pressing [F3gall, that value will be used instead.

FET S+00. 00 +66. 36 10. 0055
298%41 '@ag"

Figure 8-98 Reference Point Menu

21. Press then key in 103 89.25 303 and press [ENTER]-

FET S+00. 00 +566. 38 10. 00§

shoT EL: 99, 38
| SHET | CUTE [STOSH[REFPS[H RODEXIT...

Figure 8-99 Shot Data

Display the Reference point stake information.

22. Press [ nxt |, i

S BREAKPOINTS FROH CATCH SEHEE
S+0. 00 56,36 100 16
l! 18 ¢ 26. 38

Figure 8-100 Breakpoints from Catch

23. Press .

SR ERERKFOINTS FROH SHOT CREF) £5
+05, 2@ E(l. g2 99, 30

8. &5 1 l:lllfl
0.1

Figure 8-101 Breakpoints from Shot
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24. Press m

#5% EREARFOINTS FROH CENTERLINE 5
S+05. 828 B0 02 g4, 3

F 0. B5_ % 3. 86 56. 36 EL=100. 15
F 1B.32 ¢ 38.36 0. 00 EL=11H.47
F o.48 0 H. g 12. o0 EL=11H. 95
F o, 48 ¢ 12 00 0,00 EL=118. 43

[ CUT: [EREC[ERKE] | [ EWIT
Figure 8-102 Station 2+00 Template

Cutsheet Files

The cutsheet file stores information about stations and offsets, their grade elevations, and depending
on the application, it may also store the shot elevation, cut/fill values, and shoulder information. The
cutsheet can be viewed in the data collector by pressing [[CoNsT | [ NXT and I
Individual entries in the cutsheet file cannot be edited or deleted. There are soft keys in various
menus that will store the current information to the current cutsheet. The current cutsheet has the same
name as the current chain file. The cutsheet is deleted when the chain it is associated with is deleted.
The cutsheet file can be sent to a PC using SMI Transfer.
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Automatically Generating Cutsheet Files

The Auto Cutsheet menu can generate offsets and elevations for a range of stations. The offset can be
either a constant offset or an offset can be generated for the centerline and all breaks in the template
on both the right and left sides.

The following example assumes that you have entered the HARVICK example in this chapter up to this
point.

1. Press [const | [ NXT | [ NXT to start the Auto Cutsheet menu.

2. Press 0 XY 400 IENY 100 0 to indicate storing offsets and elevations
for each breakpoint in the templates at stations 0+00 through 4+00. If an offset other than 0
had been entered, only that offset and elevation would be generated at each station.

3. Press to store the indicated entries to the cutsheet.

If had been pressed instead of, or in addition to, pressing [JJIIEY. points with coordinates
at each of the stations and offsets and grade elevations would have been stored.

When sent to a PC using SMI Transfer, the cutsheet file looks like this:

Cutsheet File
STATION OFFSET GRADE SHOT CUT/ILL SHOULDER NOTE

0+00.00 0.00 100.00
0+00.00 -12.00 99.76
0+00.00 -20.00 99.28
0+00.00 -30.00 94.28
0+00.00 12.00 99.76
0+00.00 20.00 99.28
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Cutsheet File

STATION OFFSET GRADE SHOT CUT/FILL SHOULDER NOTE

0+00.00 30.00 94.28

1+00.00 0.00 104.00
1+00.00 -12.00 103.64
1+00.00 -20.00 103.16
1+00.00 -30.00 98.16

1+00.00 12.00 103.64
1+00.00 20.00 103.16
1+00.00 30.00 98.16

2+00.00 0.00 108.00
2+00.00 -12.00 107.52
2+00.00 -20.00 107.04
2+00.00 -30.00 102.04
2+00.00 12.00 107.52
2+00.00 20.00 107.04
2+00.00 30.00 102.04
3+00.00 0.00 112.00
3+00.00 -12.00 111.76
3+00.00 -12.01 112.26
3+00.00 -18.01 112.50
3+00.00 -18.02 112.49
3+00.00 12.00 111.76
3+00.00 12.01 112.26
3+00.00 18.01 112.50
3+00.00 18.02 112.49
4+00.00 0.00 116.00
4+00.00 -12.00 115.76
4+00.00 -18.00 115.28
4+00.00 -18.01 115.27
4+00.00 12.00 115.76
4+00.00 18.00 115.28
4+00.00 18.01 115.27
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Spirals in CVC

Definitions

Simple Spiral

Connects and is tangent to a straight line and a circular arc. The radius of the spiral at the TS is
infinite and at the arc is equal to the radius of the arc. The method used in SMI software to compute
the spiral can be referred to as a clothoid, Euler spiral, American spiral, or transition spiral. Other
easement curves not supported by SMI are cubic parabola, lemniscate, Searles, and A.R.E.A. 10

chord spirals.

Combining Spiral

Connects and is tangent to two arcs. The radius of the spiral at the two arcs is equal to the radius of
each arc. Not supported in CVC.
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Compound Spiral

Connects and is tangent to a straight line and a circular arc. The radius of the spiral at the TS is not
infinite and at the arc is equal to the radius of the arc. Not supported in CVC.

CVC requires entry of the TS, PI, ST, Radius, SLB, and SLA. The TS, PI, and ST are actually only used
to define the tangents of the two spirals. It then calculates the position of the spirals and compares the
computed ST and TS to the entered points. If they are different by more than the horizontal tolerance,
the user is prompted to overwrite the points or store them to a new point number.

If the user expects the TS and ST points entered to be exactly correct and is prompted to overwrite
them, he should store them to a different point number and then inverse between the entered and
newly-stored points to see how far they are apart. If they are far apart, the spiral may have been
entered incorrectly.

TS
Radius

Figure 8-103 Spirals
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Entering a Single Spiral

Sometimes it is useful to enter just one spiral instead of an arc inside two spirals, as is usually the case.
To enter the spiral in the following picture enter: {TS Pls SC Radius SLB O0}.

Figure 8-104 Single Spiral

One way the Pls (PI of the spiral) can be calculated is from the TS using the tangent direction and the
line perpendicular to the CC at the SC. The Radius is the radius of the arc.

Entering a Spiral and an Arc

To enter a spiral and an arc: {TS Pl PT Radius SLB 0}
If coming from the other direction: {PT Pl TS Radius O SLB}

FI

PT
T3 sLA

Radius
cC

Figure 8-105 Spiral and Arc

Spiral Program

A simple spiral solver can be used by turning on ALPHA, typing SPIRAL, and pressing [ENTER]. Enter
the Radius, SLB, SLA, and | (angle between tangents) to get some basic information about the two
spirals on the stack:
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X1 Y1 Xol ol Tangentl X2 Y2 Xo2 o2 Tangent2
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Radius

Figure 8-106 SPIRAL Program

01 and 02 are sometimes called the “throw.” Xo1 and o1 define a point called the “offset T.C.”
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RoBOTIC FUNCTIONS

In this chapter:

Robotic Functions . . . ... . 196
Robotic Instrument Drivers . . ......... ... ... ... .. ... .... 200
Geodimeter G600/Trimble 5600 . . . ....................... 200
Leica TCM/TCA. . . .. ... e 203
Topcon AP-L1A . . . 205
Topcon GTS-800A Driver .. .......... .. ... 207
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Key Definitions

Soft Keys These keys are called soft because their functions (and labels) change, depending on the menu selected.

Soft keys are represented in this manual as white lettering on a black, rectangular background.

Toggle Keys A toggle is a key whose function changes each time you press it. Any soft key in the display that has a

square after it is a toggle.

Hard Keys Hard key functions are imprinted on each key itself. The functions of these assigned keys are identified by

the SMI surveying overlay that came with your SMI program card. Hard keys are represented in this
manual as black lettering on a gray, rectangular background.

Primary Keys Primary functions (or keys) are noted directly above each key on the SMI overlay. Primary keys are

represented in this manual as black lettering on a white, rectangular background.

Robotic Functions

The robotic functions are designed to work with robotic instruments as a tool to enable a one-man or
two-man crew, rather than a two- or three-man crew. Another feature is the ability of the software to
continuously update the screen while staking or slope staking without pressing any additional keys.

. You will need to own the Construction Five GPS/Robotics (CVCER) or Data Collection GPS/
Robotics (DCER) program to access the following functions.

Supported Equipment

Supports all standard instruments plus the following instruments optimized for one-man operation:

-

F5r e

Leica TCA Series

Topcon AP-L1A and 800 series instruments
Geodimeter 600 series instruments

Trimble 5600 Series instruments

Zeiss Elta S20

Auto Shots

KEYSTROKES: [_® | [SHOTS

The soft key on the second page of the menu uses the robotics of the instrument to
automatically do as many more sets as specified.

Procedure

1.
2,

196

Set up a prism at the backsight and each point to be shot.

Sight on the backsight in the front face (zenith~90), press the ZERO key and then the I
key.

Sight on the foresight and press |Eileill- Repeat step 3 for every foresight.

Type the number of total sets to turn and press JIYIi{e]. The current set is finished and then
additional sets are performed. Enter 1 to finish the current set.
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Real-time Side Shot

KEYSTROKES: [_® | RsIDs

[ ] rsibs (the Qkey) records a side shot whenever the rod moves farther than the minimum
distance from the last shot taken. The current distance from the last stored point is displayed until a new
point is stored. The default minimum distance is 10. To change the minimum distance, type it in before

pressing [ @ | Rsibs (the Q key).

If the prism pole is not completely level before the measurement is recorded, it might create a problem.
Therefore, you may enter a negative sign before the distance so the data collector prompts you to store
the side shot when the distance from the last point is reached. This should also give you time to level
the prism before storing the shot.

(+) Distance = automatic storage

(-) Distance = user confirmed storage

Real-time Stakeout
KEYSTROKES: Ij_‘

The key in any of the stakeout menus takes a single measurement. Pressing [ <& ]
starts the Real-time Stakeout mode. Every time a new measurement is completed, the Go/Come Left/

Right values are updated. To stop measuring, press or twice.
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Rezero

KevsTrRokes: [=6 ] XN

SHORTCUT: [ | Re-o (the 0 key)

The [ ] keys in any of the menus sight on the backsight and set the Horizontal Angle to

zero. After setting the backsight to zero, it displays the Horizontal Angle error and stores it in the raw

data file if raw data is on. This routine assumes that the unshifted 1] key was used previously to
set the Horizontal Angle to zero and record the location of the backsight.

Instrument Servo Positioning Screen

KEYSTROKES: [ | (the O key)

A servo positioning screen is assigned to the [ ¢ | [ pos | keys. The positioning screen is helpful
anytime that tracking of the prism needs to be established. The screen shows live updates for angles,

distance if available, battery strength if available, and tracking information. If there are problems in
communicating with the instrument, the message “POSITION DATA NOT AVAILABLE” is displayed.
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Robot Servo Menu
KEYSTROKES:! (the R key)

This menu can be used to change instrument options and control servo operations for any instrument
that has servo abilities.

Robot Servo Menu Soft Keys

O
o]
7]

These are the same Coarse and Fine measure mode keys used in the JMIM:3g menu and on the

[ ] Fine

REFL

If the instrument driver supports it, you can switch between Prism mode and Reflectorless mode.

LTON

LTOFF

This button toggles between the track light being on and off if the instrument driver supports it.

Enter an azimuth to turn the instrument to. Alternatively, enter two numbers that define a direction. The
Zenith Angle is assumed to be 90.

FLOP

This function changes the face of the instrument.

Use this toggle key to control whether the instrument turns to the foresight point when the [==2g8 or

GEN Keys are used. This flag is turned on every time an instrument driver that has servo ability, but

not robotic ability, is selected. Other instrument drivers turn this flag off when selected. Note that if
Elevations are off, the instrument turns to a Zenith Angle of 90. If the difference in elevation between the
occupied point and foresight point requires a Zenith Angle greater than 45° up or down, the Zenith Angle is
set to 90 because this usually is caused by a point that does not have an elevation stored.

NSTR

POLE

This toggle key determines whether left/right is from the instrument perspective or the rodman's
perspective (only available on GPS/Robotic cards).

SRCH

Press this button to start a search for the prism (only available on GPS/Robotic cards).

SRCH=

This key toggles between turning on and off Search mode. This is useful when using robotic instruments
at the instrument.

Enter a bearing to turn the instrument to. The Zenith Angle is assumed to be 90.

This key turns the instrument to the Angle Right and Zenith Angle entered. If only one number is entered,
it is assumed to be the Angle Right, and the Zenith Angle is assumed to be 90°.

TOPT

Enter the point number to turn the instrument. The current backsight, HI, HROD, and occupied point are
used in the calculation. If Elevations are off, or if the point has a zero elevation, the Zenith Angle is set to
90.

198
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Robot Servo Menu Soft Keys

Enter the compass azimuth from the rod to the instrument. The instrument turns to point to the rod.

CDIR
CDECL This function is used to enter the magnetic declination for use with the JEe» ;3 command.

Angle Turning

KEYSTROKES: [ <] | RIGHT to turn right

[ ] Lerr toturnleft
- TRAV | to turn up
[y ] pown toturndown

For Geodometer, Trimble, and Zeiss instruments, enter an angle before pressing [ <& ] and the arrow
key. The instrument will turn by that number of degrees. If no angle is given, the previous angle is used
again. The default angle is 3°.

For Leica and Topcon instruments, enter a number between 1 and 5 to indicate the speed of the turn.
Press any key to stop turning. If no number is given, the previous number is used. The default number
is 3.
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Other Features

Two Point Free Station (JEIEY] ). Mean Backsight ([JIEEY). Trig Leveling ( JiIY). and Benchmark
(JIEX) 2! turn the instrument to the correct face when taking direct and reverse shots.

Notes About Using SMI with Robotic Total Stations

1. How to avoid an error at 30 feet:
It is possible for a 10-foot error to occur when you take a shot at about 30 feet if the instrument sees
two of the prisms on the 360° prism set instead of one.

2. Increase speed and accuracy using EIZY-

It is more desirable to use the Two Point Free Station function when using a robotic total station
than to set on a known point and backsight a known point.

3. Using 0.00 for H ROD sometimes works best.
If you have a rod reading other than 0.00 while working with elevations and free station resection,
set this value at ROD A and ROD B in the JEZE}] program also ([ SETUP ] [ nxT | IEZEA
[t J)-

4. Using AUTO for multiple shots to one or more points:

If you want to take multiple shots to multiple points, set a prism at the backsight point and each
foresight point. Use and to occupy the robot at the backsight prism and press

mavalrf srors ) zeno Rad &S |

Turn to each foresight point and press |5l After the last foresight point, press and
) - If you wish to have the robot automatically finish the set and do one more set, type 1 and

press GGY -
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Now you may relax while the robot is directed by SMI to automatically finish all sets to all points and
display the results. Press to store the meaned coordinate position of each point. If Raw
Data is on, SMI's modified raw data of each shot is also stored.

Robotic Instrument Drivers

Geodimeter G600/Trimble 5600

To control the Geodimeter 600/Trimble 5600 series instruments via radios, you must have the
Command and Control (C&C) option or have an instrument firmware version later than 696-03.00. If the
C&C module is not installed on your instrument, it can be purchased from and installed by your dealer.

Setting up the Geodimeter 600/Trimble 5600 Instrument

To prepare the instrument to communicate with the SMI data collector, set the following parameters on
the instrument:

Option Setting
Station address 1
Remote address/control unit address 2
Radio channel 1

Perform the following steps on the instrument to set these values:

1. Press [ MNU | 1 (Set) 5 (Radio) “Channel=1?" “Station address” 1 “Remote
address” 2 [ ENT |.

2. The communications of the instrument and both radios should be set to 9600 baud and no

parity.
3. Press [ MNU | 4 (Data com) 1 (Select Device) 2 (Serial) “Serial ON?” 1.8.0.9600
ENT

4. Set the table number to 0 and press [ ENT |. If asked “REG KEY?” answer [ No_|. If asked
“Slave?” answer [_NO_|.

To put the instrument in RPU mode:

Press the JEIZ] key and choose Remote mode. If asked “Set sector?” press [l If asked
“Measure Ref obj?” press [JJJJ]- When told to press any key, do so.

N Itis not necessary to remove the keyboard. After pressing the key, the instrument turns off and is ready
to accept commands through the radio.

You may also set these values on the SMI data collector to match the settings on the instrument. Select
the Custom Instrument Functions menu by pressing [ < | [INFN_]- Use to change the radio
channel, [JEEEY to change the Instrument Address, and to change the Control Unit Address.

200 SMI Version 7 User Guide



Setting up the SMI Data Collector

Press [ @ | (multiplication key) or press [ SETUP | [ NXT | [ NXT to get to the
instruments menu.To install the Geodimeter 600 driver, press [ NXT_| [ NxT_| JEEZH and [N If

you are using the Trimble 5600, press and B2 You will be asked for a
baud rate. Set the baud rate to match the instrument (usually 9600) and press [ENTER].

Plug the data collector into the radio’s A port (the lower one) and make sure the radio is turned on.

Press | & | [CINFN_] to start the Instrument Functions menu. Make sure [ 1ADD |

match the settings in the instrument. To start communication through the radios, press the soft key
labeled R This will initialize the radio communications and turn the instrument level
compensators on.

Geodimeter/Trimble Custom Instrument Functions Menu

KEYSTROKES: [ INFN
The Custom Instrument menu for the Geodimeter 600 and Trimble is explained below.

Geodimeter/Trimble Custom Instrument Functions Menu Soft Keys

This function prepares the Geodimeter to receive commands from the data collector. The Geodimeter
must be in RPU mode for this to work.
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This function turns the Geodimeter off, but leaves the radio for the Geodimeter on. The radio the data
collector is connected to can be turned off manually. To turn the Geodimeter back on, turn the radio for the

data collector back on and press the button in the Custom Instrument Functions menu. To turn

off the Geodimeter and its radio, press the |JEIJgal] key on the last page of the Custom Instrument
Functions menu.
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This function immediately puts the Geodimeter in Follow mode. If needed, a search is performed before
FOLL starting Follow mode. This is useful when m and flags are turned off and you want the
instrument to follow the prism.

This function immediately sets the Distance mode. If the [ lm toggle is set to
(Coarse) the future shots use this Distance mode. You can enter 0-3 to select one of the following:

0: Standard >4s-
DIST
1: Track 0.4s-
2: Repeated Standard 4s-
3: Fast Standard 2s

Use this toggle key to select whether the Aim command is used before performing a Coarse mode shot.

m The Aim command adds about 4 seconds to the shot.

Use this toggle key to select whether the Follow command is used after performing a Coarse mode shot. If
the Aim command is used, Follow must be executed before the instrument will follow the prism again.
m This function changes the horizontal search range.

m This function changes the Zenith Angle search range.
m This function sets the sound level of the instrument. Enter a value between 0 and 99.
LEVEL This function enables the level compensator.
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Geodimeter/Trimble Custom Instrument Functions Menu Soft Keys

This function turns both the instrument and its radio off. To turn the Geodimeter on again, the Geodimeter
must be manually turned on and put in the RPU mode again. To turn the Geodimeter off but leave the

| ROFF | radio on, use the |JJgal] key in the Custom Instrument Functions menu instead of the [JGIeJgal] kev-

This is so it can be turned on again from the data collector.

This function changes the default radio channel. The default is 1. The value should match the radio

CHAN channel setting on the instrument.
This function changes the default instrument address. The default is 1. The value should match the
m “Station Address” setting on the instrument.
This function changes the default control unit (data collector) address. The default is 2. The value should
CUADD match the “Remote Address” setting on the instrument.

List of Error Messages

Custom Instrument Functions Menu Error Messages

Error Message

“NO RESONSE FROM RADIO”

“GEO: NOT RESPONDING”

“NOT LEVEL”
“SCOPE FLOPPED”
“NO DISTANCE”
“BATT LOW”
“SERIAL ERROR”
“TIME OUT”
“WRONG MODE”
“TARGET NOT FOUND”
“TARGET LOST”
“ZA TOO STEEP”
“TRY AGAIN”

Procedure

Check connection to radio. Try turning the radio off and back on.

Turn radio off and back on. Press the m soft key in the E
[INFN__] menu. It may be necessary to press the m soft key a

second time. If this does not work, restart Geodimeter 600 RPU mode.
Instrument is not level.

Geodimeter cannot measure a distance or track the prism while flopped.
Make sure of tracking prism and try again.

Battery on Geodimeter is low.

Check cable connections.

Try again.

Try again.

Point instrument toward prism and search again.

Search for prism.

Data collector attempted to move to an invalid Zenith Angle.

Previous operation interrupted, try again.

Notes on Using the G600 Driver or 5600 Driver

1.

202

While in reverse face, the instrument only measures if it is already on the prism. It cannot

search while in reverse face. It first gets a distance from the prism, then moves down to the
LED to get the angles and calculate the Zenith Angle to the prism. As implemented, it is
assumed that all reverse face distances will be measured to prisms that are farther away
than 20 feet. It will not zero or set angle in reverse face.

To connect the data collector directly to the instrument, select the m driver instead of

the T driver ([SETUP] [hxt | [hxT EZE E=X))- A baud rate of

4800 works better when using a cable instead of the radios.
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3. Ashotin Coarse mode takes about 3 seconds if in Track mode and JJITJjj and flags
are turned off. A shot in Fine mode takes about 10-15 seconds. The default setting is Fine.

The mode is changed by using the JE))/ IEIEY toggle key in the Instrument menu.

Leica TCM/TCA

Setting up the Data Collector
To install the driver on the data collector, press [ SETUP | [ NxT NXT and

It Wl You are asked for a delay time. The delay time is how long the data collector waits for the
instrument to initialize itself after turning it on. You are also asked if you want to leave the instrument on.
If you want to save battery power by having the data collector turn on and off the instrument before and
after each shot, press JJIJ]- Setup is the same whether connecting to the instrument via cable or
radio modems.

Setting up the Leica Instrument

To prepare the Leica to communicate with the data collector, set the GSI baud rate to 9600, the protocol
to GSI, parity to NONE, Terminator to CRLF, and 8 data bits.
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TCA1100

On the TCA1100, the following keys are used to set the communications:
Get in the Main menu and press to set the following:
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Option Settings
Rec. Device RS232
Baud rate 9600
Protocol GSI

Parity NONE
Terminator CRLF
Data bits 8

Stop bit 1

D Make sure that Remote Control (RCS) is turned off in the Extra menu.

™  The instrument must be in the Measure mode screen to work with the data collector. From the Main
menu, press the MEAS key.

If the data collector is used to turn on the Leica, the instrument should start up ready to use GSI. To do
this on the TCA1100, from the main menu, press and set the “autoexec-application” to “Meas &
Rec (GSI).”

TCA1103

On the TCA1103, the following keys are used to set the communications:

1. Get in the Main menu, then press and set “Meas Job:” to “RS232.”
2. Press ESC to get back to the Main menu.
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3. Press 5 for Configuration and select 2 Communication mode.

4. Press 1 GSI Parameters and set the following:

Option
Baud rate
Protocol
Parity
Terminator
Data bits

Stop bit

Setting
9600
GSl
NONE
CRLF

8

1

Q. RCS mode must be turned off. On the Leica, press PROG (Program) RCS to turn it off.

> The instrument must be in the Measure mode screen to work with the data collector. From the Main
menu, press the MEAS key.

Leica Custom Instrument Functions Menu

KEYSTROKES: [ <€ | [(INFN_|

Leica Custom Instrument Functions Menu Soft Keys

This function shows the current ATR, LOCK, and LOCKED status.

ATR

This toggles the ATR mode. Turning on ATR turns off the LOCK mode.

LOCK

This toggles the LOCK mode. Turning on LOCK mode turns on ATR mode. Turning off LOCK mode turns
off ATR mode.

CLR

This function sends a STOP/CLEAR command to the instrument. This is useful when problems occur —
especially the error @W100 (Instrument busy). This function also stops tracking the prism and stops the
motors from moving.

This function sends the prism constant to the instrument.

This function changes the horizontal search range.

This function changes the Zenith Angle search range.

This function turns the instrument on and off.

SET

This function requires an ID number and value and sets the ID in the instrument to the given value.

CONF

This function requires an ID number and returns the current value in the instrument.

GET

This function requires a Wl number and returns the current value in the instrument as a string on the stack.
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Leica Custom Instrument Functions Menu Soft Keys

This key toggles between “WILL USE DIST MODE ON LEICA” and “WON'T USE DIST MODE ON
DIST LEICA”. The “WILL” option allows the Distance mode to be set on the Leica and not have the data
collector change the mode based on the Fine/Coarse toggle key.

Notes on Using the GSI Driver

1. If you are seeing W100 (instrument busy), try turning off the JJEJJ- Also try pressing
CLR
2. Toggling the instrument off and back on can help you get out of error situations.

3. See the Wild Instruments On-line manual for valid values to use in the , , and

el commands and learn what the various GSI error numbers mean.

Notes on Using the TCA Drivers

1. The message E182 can mean that an invalid target has been found. Try pointing closer to
the prism and try again.
2. To use the arrow keys to move the instrument while in the Instrument Positioning ([ ]

[ SETUP |) menu, the instrument should not be locked on the prism (LCKD = 1). First, press
the key to exit Lock mode and then press the arrow keys.
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3. When tracking the prism, the TCA scope may not be pointing exactly to the prism, but the
exact angle to the prism is shown and sent to the data collector. Coarse mode does not
apply the correction to the center of the prism.

4. When using the routine in traffic, setting a narrow search range helps to
overcome problems when the prism is temporarily obstructed. It is recommended that you

use 5° for both |EGIIY and Y in the Instrument Functions menu ([ <& | [CINFN_])-

Topcon AP-L1A

Setting up the AP-L1A Instrument

Turn on the AP-L1A and press the MENU key.
Press F1: PARAMETERS.

Press F3: COM.

Press F1: COM1.

Press F1: BIT FORMAT.

Select D8 S1 NONE and press F4.

Press F2: TRANS SPEED.

Select 9600 and press F4.

9. Press F3: TERMINATE.

10. Select ETX and press F4.

11. Press the ESC key to get back to the COM menu.
12. Press F2: COM2.

© N o g kb=
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13. Select Radio channel (B is default) and press F4.
14. Press MENU to exit the menu.

Putting the AP-L1A in Remote Mode

Attach antennas to the radios.

Connect the data collector to the radio.
Attach the radio battery to the radio.

The CTS light should be on and steady.

Turn on the AP-L1A and press the MENU key.
Press F3: REMOTE.

Press F1: REMOTE.

Setting up a Direct Cable Connection to the Instrument

1. Connect the data collector's cable to the instrument's SIG connector.

2. Turn on the AP-L1A and leave it in the standard screen that shows the angles on the screen.

Setting up the Data Collector

To install the driver in the data collector, press [SETUP | [ NXT NXT
and LRI The data collector attempts to set up some default values on the
instrument. If the instrument is not connected to the data collector when is pressed, the Busy

light stays on until the key is pressed. If the key is pressed, the driver is still installed.

AP-L1A Custom Instrument Functions Menu

KEYSTROKES: - SETUP

AP-L1A Custom Instrument Functions Menu Soft Keys

This function gets the current options from the instrument and shows them on the screen of the data
OPT collector:

w  SRCH HA: Horizontal Angle range for searches.

w  SRCH ZA: Zenith Angle range for searches.
w  SCAN: “NARROW’ “MIDDLE” “WIDE”
w SPEED: “LOW” “MIDDLE” “HIGH”
w  WAIT: Time in seconds.
m Enter the Horizontal and Zenith Angle search ranges.
SCAN Enter the scan range (1-3).
m Enter the tracking speed (0-2).

Enter a wait time. This represents the time lag the instrument waits before searching again when the lock

WAIT on the prism is lost.
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AP-L1A Custom Instrument Functions Menu Soft Keys

m Enter the tracking sensitivity (0-2).

Enter a normal or high search pattern (0-1).

Enter the radio channel for the Satel 2ASx radio (0-9 or A-F).
Enter the radio channel for the Satel 3ASd radio (0-9 or A-F).

Notes on Using the APL Driver

1. See the AP-L1A manual for optimum settings for | SPEED | and |EEE)-

If the CD light on the radio indicates a poor signal, check the antennae and batteries.

The radio may not work well when within 5 feet of the instrument radio.

Do N

Several lights flashing on the radio when the data collector is not in use indicate radio
interference. Change the radio channel at the instrument and at the data collector.

T
c
S
Q
=
)
S
(%]

5. Older models of the Satel Radio Modem may only support channel B.
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Topcon GTS-800A Driver

Setting up the GTS-800A/GTS-802A Instrument

The GTS-800A can be set up to communicate with the data collector in three different ways. The
methods are through a cable, through the 2Asx or 3ASd radios, or through the RC-2R using optical
communications.

Cable Connection

Turn on the GTS-800A and let the self-check finish.
Press F6: Para.

Press F2: Communication.

Press F1: Serial Port RS232C / RC-1.

Press F3 to select RS232C.

Press F1: SET and answer YES.

Press F2: Set RS232C.

Set "B. Rate" to 1200, "Data.L" to 7, and "Parity"” to "even" and press F1:SET and answer
YES.

9. Press ESC to go back to the main menu.

© No g kv Dd-=

10. Select STD to see horizontal and vertical angles.
11. Connect the data collector to the instrument with the cable.
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12,

On the data collector, press [ @ | IET- When asked
“Using Cable to 800?” press JfEZJ- When asked “Use Search?” answer if you
want the instrument to automatically search for and track the prism.

The next time the instrument is turned on, the only steps needed are 1 and 10-12.

Radio Connection

1.

2 © 2 N0 o s

20.
21,

If you are using a Y cable, make sure the dip switch 3 on the RC-2R is set to the ON position.
Dip switches are located behind the batteries of the RC-2R. More detailed information is
available in the RC-2R manual.

Attach the antennas and batteries to radios. The CTS light should be on and steady.

Connect the data collector (and RC-2R if using a Y cable) to one radio and the GTS-800A to
the other radio.

Turn on the GTS-800A and let the self-check finish.
Press F1: Prog.

Press F6: MORE.

Press F3: EXT. LINK.

Press F2: Setting.

Press F1: CABLE/RADIO MODEM/RC-1, RC-2.

. Select the type of radio modem you have, either 2ASx or 3ASd and press F1: SET.
. Press F4: PARAMETER(RADIO MODEM).

12.
13.
14.
15.
16.
17.
18.
19.

Press F1: SELECT PARAMETERS.

If you are using 2Asx, select the desired radio channel and press F1: SET.

Select REC-B and press F1:SET.

If you are using 3ASd, press F4: PARAMETER(RADIO MODEM).

If you are using 3ASd, press F3: SET CHANNEL(3ASd).

If you are using 3ASd, select the desired radio channel and press F1:SET and F6:0K.

Press the ESC key to get back to the EXTERNAL LINK menu.

Press F1: Execute.

You will see the message "Remote control is being done from the controller.”

If the message is "Failed Initialize", check the connection to the radio and the radio battery.

On the data collector, press [ @ | IET- When asked “Using

Cable to 8007?” press [JJJEIl]- When asked “Using RC-2R Optical Communication?”

answer [JiIl]- When asked “Using RC2 Y cable?” answer if using the RC2 Y cable
to connect the radio, data collector, and RC-2R. The RC-2R can also be used without the Y
cable, but the trigger button on the RC-2R must be pressed manually.

The next time, the only steps needed are 1-7 and 19-21.

RC-2R Optical Connection

1.

208

Make sure the dip switch 3 on the RC-2R is set to the OFF position. Dip switches are located
behind the batteries of the RC-2R. More detailed information is available in the RC-2R
manual.

Turn on the GTS-800A and let the self-check finish.
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Press F1: Prog.

Press F6: MORE.

Press F3: EXT. LINK.

Press F2: Setting.

Press F1: CABLE/RADIO MODEM/RC-1, RC-2.

Select the RC-2 option and press F1: SET.

Press the ESC key to get back to the EXTERNAL LINK menu.

0. Press F1: Execute.

o P ® N O RG

You will see the message "Remote control is being done from the controller.”

11. On the data collector, press [ | IET- When asked “Using

Cable to 800?” press [JJEEIl]- When asked “Using RC-2R Optical Communication?”

answer [N
The next time, the only steps needed are 1-5 and 9-10.
GTS-800A Custom Instrument Functions Menu
KEYSTROKES: | 8 | [(INFN_|

Not available if using cable connection.
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GTS-800A Custom Instrument Functions Menu Soft Keys

This key gets the current options from the instrument and shows them on the screen of the HP 48.

ObT w  SRCH HA: Horizontal Angle range for searches
w  SRCH ZA: Zenith Angle range for searches
w  SCAN: "NARROW" "MIDDLE" "WIDE"
w  SPEED: “LOW” “MIDDLE” “HIGH”
w  WAIT: Time in seconds
m Enter the Horizontal and Zenith Angle search ranges.
SCAN Enter the scan range (1-3).
m Enter the tracking speed (0-2).
PTRN Enter the normal or high search pattern (0-1)
WAIT Enter a wait time. This is how long the 800 waits before searching when the lock on the prism is lost.
m Enter the tracking sensitivity (0-2).
RC2Y This key toggles between using the RC-2 to find the prism and using a search pattern.
RC20 This key toggles between using the RC-2 optical communications and not using them.
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GTS-800A Custom Instrument Functions Menu Soft Keys

This key sets the instrument to Machine Control mode.
This key sets the instrument to Survey Control mode.

This key changes the radio channel of the 2ASx radio.
This key changes the radio channel of the 3ASd radio.

Notes on Using the GTS-800A Driver

1.

See the GTS-800A manual for optimum settings for SCAN, SPEED, PTRN, WAIT, SENS,
MACH and SURV.

The CD light on the radio indicates a poor signal. Check the antennae and batteries on both
radios.

The data collector radio may not work well when within 5 feet of the instrument radio.

Several lights flashing on the radio when the data collector is not in use indicates radio
interference. Change the radio channel at the instrument and at the data collector.

Older models of the Satel Radio Modem may only support channel B.

The "LIVE" update in the Instrument Positioning (| ¢ | [ SETUP |) menu is not available
when connecting directly to the instrument and using the Topcon STD screen.

If the cable connection option of "External Link" is used, the data collector will behave just
like it does when connected through the radios.

If you are using a RC2-R and it will not cause the instrument to turn, follow the RC2-R setup
instructions to match the RC2-R's channel to the instrument.

Notes on Using the Topcon RC-2R

1.

210

Tracking mode is necessary for the RC-2A to optically communicate with the 802-A.
Because of this, the angle turning functions such as [if5all. [ < |.[ » |.[ A ], and
[ ¥ _] keys are deactivated.

When using the RC-2A closer than 10m to the instrument, the RC-2A should be in low power
mode. Activate low power mode by holding the ESC key down on the RC-2A while pressing

the RC-2A power key. You will hear two beeps as the RC2-A turns on to indicate low power
mode instead of one beep for full power mode.

RC2 will beep once when starting a search and twice when a link is established.

The “NO RESPONSE” message when using optical communications is referring to no
response from the instrument. When there is no response from the RC-2R, the message
“RC2 NOT RESPONDING” will be displayed instead.
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Zeiss ELTA S20 (DLS 70 Radio)

Setting up the Data Collector

Most HP 48 calculators are not set up to run at the 19200 baud rate required to control the Zeiss Elta
S20 through the radio. The HP 48 controls the Zeiss Elta S20 by connecting directly to the serial port on

the instrument. To install the driver in the HP 48, press [ SETUP NXT NXT EEE) and
I A shortcut is to press [ < | Z.

& If you have a Turbo 48, Pocket SMI, or a Titan data collector, you will be able to communicate with the
instrument using the radio's native baud rate of 19200.

Setting up the TURBO 48

The TURBO 48 can run at up to double the speed of the HP 48. It can be connected directly to the
Zeiss radio because it runs at the required 19200 baud rate. To install the driver in the TURBO 48,

press [_SETUP NXT NXT m and m A shortcut is to press E Z.

To set the baud rate on Pocket SMI or Titan to 19200, select “Settings...” in the File menu. Turn on
“Force baud rate” and select 19200. Press OK to exit. Select the instrument by pressing

[ooxr ] oot ] IS (ot ] Y o I
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Setting up the Zeiss Elta S20R (DLS 70 Radio)

1. Put the SMI interface for the S10/S20 PCMCIA card into the PCMCIA slot in the Zeiss
instrument.

oj0qoy :6 49)deyD

Turn on the instrument by pressing the PWR button.

Use the left and right arrow keys to select S_SMixxx (xxx is the version number) and press
ENTER (the blue arrow key at the lower right side of the keyboard).

Press F9 (SETUP). Steps 5 through 10 are only necessary if the current setting is wrong.
Press F1 (RADIO) to enter the radio serial number.

Press F2 (RDIO/RDIO*) to toggle “Using Radio” to YES.

Press F3 (BAUD) to toggle the baud rate at the serial port.

This is not necessary if using the data collector at the radio.

N o a »~

Press F4 (PRISM) to change the prism constant.

Press F5 (CRS1/CRS2) to toggle Coarse mode to “Fast” (No Finelock) or “Accurate” (2
second Finelock).

10. Press F6 (ROBOT/MAN) to toggle between Robotic and Manual modes. Manual mode turns
off Quicklock, Finelock, and Tracklock. Pressing the Search key on the data collector or the
Zeiss turns the Robotic mode back on.

11. When finished setting the options, press F10 (EXIT). To exit the Setup menu without saving
changes, press the ESC key.
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Zeiss Elta S20R (DLS 70 Radio) Functions Menu

KEYSTROKES: [ <& | [CINFN_|
Zeiss Elta S20R (DLS 70 Radio) Functions Menu Soft Keys

LEVEL This function displays the current level status at the instrument.
m This function changes the prism setting on the instrument.

Notes on Using S20 and S20R Drivers

1. When in Coarse mode (LY in menu), FineLock mode is not used unless the
Coarse mode in the Zeiss SETUP menu is set to “Accurate.” When using the Accurate
Coarse mode, Finelock takes two seconds. When in Fine mode, FineLock adds about five
seconds to the shot.

2. When the reflector is hidden while the $20 is searching horizontally, the instrument makes
two complete revolutions and then stops. If it is hidden while the S20 is searching vertically,
the instrument scope will point straight up or down. Put the reflector in view and try again.

3. The Zeiss 360 prism has an offset of 3 mm.

Zeiss ELTA S20 (Georadio QL)

Setting up the Data Collector for Connection to a Serial Port on S20

Connect the data collector to the serial port on the Zeiss S20 using the standard or Y cable. Press

[SETUP) [Cwoer ] [k [ zeiss RN sz0 ]

Setting up the Data Collector for Connection to Georadio QL

Connect the data collector to the serial port labeled “A” on the Georadio QL.
Connect the Quicklock sensor cable to the port labeled “B” on the Georadio QL.

On the data collector, press [ SETUP NXT NXT m and m

Turn on the Georadio QL.

Press - INEN | to start the Instrument Functions menu.

o o 0 v bdh -

Press the BN soft key; the data collector gets the current settings from the Georadio

QL. “NO RESPONSE” means the data collector was unable to communicate with the
Georadio QL. Check the cables and batteries.

7. The default settings on the Show screen are CHAN: 1, CUADD: 2, IADD:1. Use the [ITYY:
EIE . and ITSLY soft keys to change the settings on the radio.

v/ Note that these settings must match what is set in the S20.
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Setting up the Zeiss Elta S20 (Georadio QL)
Put the SMI Interface for S10/S20 PCMCIA card into the PCMCIA slot in the Zeiss instrument.

Turn on the instrument by pressing the PWR button.
If the SMI Interface program starts automatically, press the ESC button.

i

Use the up and down arrow keys to select S_SMIxxx.EXE (xxx represents the version
number) and press the Space key to the left of the blue arrow keys. This makes the SM/
Interface the default application.

o

Use the blue up and down arrow keys to select “System Software.”
Press ENTER to get past the leveling screen and press 9 (Configuration).
Press 1 (Instrument), 3 (Switches), and 9 (Data Radio).

If there is no data radio option, then this version of the S20 firmware uses the DLS 70 radio. Please
see the instructions in Zeiss ELTA S20 (DLS 70 Radio) on page 211.

8. Press 1 (Configuration) - make sure the Module selected is “Georadio QL.” Press the SPACE
key to toggle.

9. Make sure the Installation selected is “Internal.”
10. Press ESC to exit back to the “Data Radio Switch” screen.

11. Press 2 (Parameter). There will be a long pause while the internal radio parameters are
checked. The Address field defaults to 1 and should match IADD on the data collector. The
Channel field defaults to 1 and should match CHAN on the data collector. Protocol is fixed at
23.

12. Press the ESC key several times until prompted to exit. Select “Yes” and press ENTER.
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The instrument turns off.
13. Turn the data collector’s radio on.
The instrument tries to connect when the program is started.

14. Turn the instrument back on. The SMI program should start automatically. If it does not, use
the up and down arrow keys to select S_SMIxxx.EXE and press ENTER.

15. Press F9 (SETUP).

Steps 15 through 20 are only necessary if the current setting is wrong.
16. Press F1 (RADIO) to enter the data collector's radio number.

This should match CUADD on the data collector. The default is 2.
17. Press F2 (RDIO/RDIO*) to toggle “Using Radio” to YES.

18. Press F3 (BAUD) to toggle the baud rate at the serial port. This is not necessary if you are
using data collector at the radio.

19. Press F4 (PRISM) to change the prism constant.

20. Press F5 (CRS1/CRS2) to toggle Coarse mode to “Fast” (No Finelock) or “Accurate” (2
second Finelock).

21. Press F6 (ROBOT/MAN) to toggle between Robotic and Manual modes. Manual mode turns
off Quicklock, Finelock, and Tracklock. Pressing the Search key on the data collector or the
Zeiss turns the Robotic mode back on.

22. When finished setting the options, press F10 (EXIT). To exit the Setup menu without saving
changes, press the ESC key.

N The instrument tries to connect with the radio using the new settings when exiting Setup.
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Zeiss Elta S20Q (Georadio QL) Functions Menu

KEYSTROKES: [ | [CINFN_]
Zeiss Elta S20Q (Georadio QL) Functions Menu Soft Keys

This function shows the current radio channel, Control unit ID, and instrument address.

This function changes the radio channel at the data collector's radio. Change the channel at the instrument
CHAN to match by following steps 1 through 11 in Setting up the Zeiss Elta S20 (Georadio QL) on page 213. The
default is 1.

This function changes the control unit (data collector) address. Change the radio number at the instrument
CUADD to match by following steps 14 through 16 in Setting up the Zeiss Elta S20 (Georadio QL) on page 213.
The default is 2.

This function changes the instrument address. Change the instrument address at the instrument to match
by following steps 1 through 11 in Setting up the Zeiss Elta S20 (Georadio QL) on page 213. The default is
1.

LEVEL This function displays the current level status at the instrument.

This function changes the prism offset setting on the instrument.

Notes on Using S20 & S20Q Drivers

1.

214

When in Coarse mode ( in menu), FineLock mode is not used unless the

Coarse mode in the Zeiss Setup menu is set to “Accurate.” When using the Accurate Coarse
mode, Finelock takes two seconds. When in Fine mode, FineLock adds about five seconds
to the shot.

When the Quicklock sensor is hidden while the S20 is searching horizontally, the instrument
makes two complete revolutions and then stops. If it is hidden while the S20 is searching
vertically, the instrument points straight up or down. Put the Quicklock sensor in view and
try again.

The Zeiss 360 prism has an offset of 3 mm.

To use more than one radio with the same instrument at the same time, set a unique Control
Unit Address (CUADD) on each radio. Set them all on the same channel as the instrument.
When a search is started from a particular radio, the Quicklock only finds the sensor
attached to the radio that started the search.
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GUIDE To GPS

This chapter will guide you through the process of setting up your
equipment, establishing the GPS orientation, verifying the orientation,
using GPS to perform survey operations, and using GPS with total
stations. If you are working on a job with State Plane Coordinates, follow
the steps in GPS Setup Using State Plane Coordinates on page 216. If
you are using local coordinates for your job, skip to the section GPS Setup
Using a Local Coordinate System on page 217.
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GPS Setup Using State Plane Coordinates . ................ 216
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Drivers for GPS Receivers .. ..., 227

Chapter 10: Guide to GPS 215



Key Definitions

Soft Keys These keys are called soft because their functions (and labels) change, depending on the menu selected.

Soft keys are represented in this manual as white lettering on a black, rectangular background.

Toggle Keys A toggle is a key whose function changes each time you press it. Any soft key in the display that has a

square after it is a toggle.

Hard Keys Hard key functions are imprinted on each key itself. The functions of these assigned keys are identified by

the SMI surveying overlay that came with your SMI program card. Hard keys are represented in this
manual as black lettering on a gray, rectangular background.

Primary Keys Primary functions (or keys) are noted directly above each key on the SMI overlay. Primary keys are

represented in this manual as black lettering on a white, rectangular background.

GPS Setup Using State Plane Coordinates

Complete the following steps to use State Plane Coordinates for GPS setup.

1.

216

Make sure that you have a point stored in the current job that contains the State Plane
Coordinates for the location that you will put the base receiver on.

Press to see the current flag settings for raw data, elevations, and Meters mode. If
they are on, you will see R, Z, and M. Raw data and elevation settings can be changed in the

first page of the Change menu [ _CAG_|. Press 3 and the IEE30/
toggle key to change the Meters mode.

Press [ > GPS to get in the GPS Options menu.

Press the first soft key labeled and enter the state plane zone you are in. The format
to use is the state abbreviation followed by the zone abbreviation if there is more than one
zone. Examples of valid entries are: ALE (Alabama East), CA3 (California 3), UTS (Utah
South), TXNC (Texas North Central), SC (South Carolina). A space can be put between the
state and zone if desired: AL E, CA 3, UT S, TX NC, SC. See State Plane Zones on page 226
for a complete list.

Press the [_spc_|/[LOCAL]| toggle key to select “STATE PLANE COORD.”

Press IIZE) and enter how many measurements you want to average for each shot. Enter

0 to average measurements until you press the I3 key. See GPS Average Shots on
page 219 for a description of the Shot Averaging screen.

Pocket SMI and Titan only: If you want to use a Geoid file, you can download it to the data
collector using Transfer 7 using the “Download Geoid File” command in the Geoid menu.
Turn on the use of the Geoid file after downloading it by selecting “Use Geoid99” in the
Geoid menu. See Geoid99 Files on page 226 for additional information.

If you are not using a Geoid file, enter the Geoid separation in meters using the soft
key. You can find your local Geoid separation at the Web site:
http://www.ngs.noaa.gov/GEOID/GEOID99/datageo99upc1.html

If you are going to use Benchmark (JJEIIJl]) to establish your elevations, this step is
optional.

Measurements that exceed the tolerances will be rejected with an error message. To change

the default values for quality and position tolerances, press [ ars_ | Il See
GPS Tolerance Menu on page 224 for additional information.
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10. Follow the steps for setting up the data collector, base receiver, and rover receiver in the
section named Drivers for GPS Receivers, which starts on page 227.

11. If the elevation of your base station is not accurate, or you do not want to measure the
height of the base and rover antennae, you can use Benchmark (JJEJIJl]) to establish the
vertical position. Position the rover antenna on a point with a known elevation. Press

[t | BEXT-

Verify the accuracy of the setup by staking some points.

GPS Setup Using a Local Coordinate System

Complete the following steps to use a local coordinate system for GPS setup.
1. Get in the job you will be working with by pressing and selecting the job. If
this will be a new job, press [ NEw | NEw

2. Press to see the current flag settings for raw data, elevations, and Meters mode. If
they are on, you will see R, Z, and M. Raw data and elevation settings can be changed in the

first page of the Change menu [ CHG_|. Press [ MoDE [ELLRUTN FEET ]
toggle key to change the Meters mode.

3. Press|[ > GPS to get in the GPS Options menu.
4. Press the [ spc_|/[LOCAL] toggle key to select “LOCAL COORDINATES.”

5. Press [IZX) and enter the number of measurements you want to average for each shot.

Enter O to average measurements until you press the I3 key. See GPS Average Shots
on page 219 for a description of the Shot Averaging screen.

6. Pocket SMI and Titan only: If you want to use a Geoid file, you can download it to the data
collector using Transfer 7 using the “Download Geoid File” command in the Geoid menu.
Turn on the use of the Geoid file after downloading it by selecting “Use Geoid99” in the
Geoid menu. See Geoid99 Files on page 226 for additional information.
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7. If you are not using a Geoid file, entering a constant Geoid offset is of little benefit unless
you have a large job and want to enter a different Geoid offset as you move to different

areas of the job. Enter the Geoid separation in meters using the soft key.

8. Measurements that exceed the tolerances will be rejected with an error message. To change

the default values for quality and position tolerances, press [ ars_ | Rl See
GPS Tolerance Menu on page 224 for additional information.

9. Follow the steps for setting up the data collector, base receiver, and rover receiver in the
section named Drivers for GPS Receivers, which starts on page 227.

10. If you put the base receiver on a known point that you entered as the base point, perform
this step: Put the rover on a known point, entering it as the backsight point (E2{] IEGH)

and then pressing [ (® | and the zero key. The data collector will get a position from
the receiver to orient the horizontal angles from the base. Skip the next step.

11. If you put the base receiver on an unknown point, press [ setup | [ NXT_| IEZE- Using
[IEZE) with GPS is identical to using it with a total station, except that you do not use the
keys. See Free Station (Two-Point Free Station/Resection) on page 295 for more

information about JEIEY. If the elevations of the points you used for &Y are accurate,
you can skip the next step.
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12. If the elevation of your base station is not accurate, or you do not want to measure the

height of the base and rover antennae, you can use Benchmark (JJEJIJi]) to establish the
vertical position. Position the rover antenna on a point with a known elevation. Press

seTup | [ NxT_| JIEXT. Enter a point number or elevation and press |Gl or

respectively.
13. Verify the accuracy of the setup by staking a few points.

GPS Functions

The following sections provide information to familiarize you with various GPS functions.

GPS Status Screen
KEYSTROKES: [ @ | [ Pos |

The screen will show a live update of the current HMS latitude, HMS longitude, number of satellites,
seconds since the last radio message (link), position quality (5 is RTK fixed), HDOP, VDOP, horizontal
error estimate, and vertical error estimate. The GPS status screen does not change the current menu.
When any key is pressed, the status screen will disappear and the key function is executed.

GF3 STATUS
LaT: 37 .E@822343051
Long: —113. 3288775
AT LInK: 999, 8
muaL: 1
Hoor: 1. 14 HERR: H. 131
wpor: 1. 87 VERR: H. 213
L | [emPT[EL* | [ EM |

Figure 10-1 GPS Status Screen
The items in the display of the GPS status screen are:

GPS Status Screen Terms and Definitions

LAT Latitude in HMS.

LONG Longitude in HMS.

SATS Number of satellites being used.

LINK Number of seconds since last receipt of a radio transmission from the base. The number 999 indicates

that no transmissions are being received. This number should be 1 when connected to the rover receiver.
The base does not receive radio messages, so the link will be 999 when connected to the base receiver.

QUALITY Shows the quality of the current GPS position. See the glossary for a complete description. At the base the
quality is 1 (stand-alone); at the rover it should be 5 (fixed RTK).

HDOP Horizontal Dilution of Precision: This value should be less than 2 for accurate positions.

VDOP Vertical Dilution of Precision: This value should be less than 3 for accurate elevations.

HERR Horizontal Error: Shows the receiver's estimate of the horizontal error in the current distance units.
VERR Vertical Error: Shows the receiver's estimate of the vertical error in the current distance units.
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GPS Average Shots

The data collector can average several measurements from the receiver to get a more precise position.
Anytime the data collector needs to get a position from the receiver, if REPS (press
IEEX)) is set to a number other than 1, the GPS Average Shots screen appears to show the progress
of the collection of the measurements. Individual measurements that do not meet the current tolerance
settings are not used. A lot of useful information about how close together the positions being collected
are is shown, along with some soft keys that give the user several options while the positions are
coming in.

After the shots specified have been measured, the shots are averaged and used. If the horizontal and/
or vertical standard deviation tolerances have been set in the GPS Tolerance menu ([ ¢ | [ Gps |

and/or fENY). the standard deviations are compared to the tolerance values. If the
standard deviation tolerances are not met, the user is asked whether to use or discard the results.

4
TRARING S5 GF: SHOT=

Figure 10-2 GPS Average Shots Screen
The items in the display of the GPS Average Shots screen are:

GPS Average Shots Screen Terms and Definitions

H RANGE The diagonal length of a box drawn around all the measurements.
V RANGE The farthest vertical distance between all the measurements.
H SDEV The Horizontal Standard Deviation: 68% of the measurements are within this distance of the average. The

lower the number, the closer together the measurements are.

V SDEV The Vertical Standard Deviation: 68% of the measurements are within this distance of the average. The
lower the number, the closer together the measurements are.
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The distance from the average horizontal measurement to the last measurement collected. The number
H =-3 after “ & -” is the number of the measurement.

The distance from the average vertical measurement to the last measurement collected. The number after
“%-" is the number of the measurement.
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The soft keys in the menu of the GPS Average Shots screen are:

GPS Average Shots Screen Soft Keys

Stop collecting measurements and use measurements already taken. When REPS is set to 0, the GPS

m Average Shots screen averages measurements until the m button is used. This allows you to take
as many shots as you want.

m When m is pressed, a scatter plot of all the measurements is drawn on the screen. No
measurements are collected while in the Draw screen. Press any key to return to the GPS Average Shots
screen.

m Discard all measurements taken so far and start over.

ABRT Discard all measurements and cancel current operation.
Side Shot

Occupy a point with the rover antenna and take a side shot by pressing the key. If the position
from the receiver is within the tolerances, the point will be stored. If one of the tolerances is exceeded,
the data collector will beep and show the value that is bad. It will continue to try to collect the position
and show the bad value until a good position is collected. If the number of shots to be averaged is more
than one, the GPS Average Shots screen will show the progress of the shots. The number of

measurements to be averaged can be changed by pressing | REPS |

Staking

Pressing will cause the data collector to get a position from the receiver. If the position from the
receiver is within the tolerances, the stakeout information is shown. If one of the tolerances is
exceeded, the data collector will beep and show the value that is bad. It will continue to try to collect the
position and show the bad value until a good position is collected.

If the number of shots to be averaged is more than one, the GPS Average Shots screen will show the
progress of the shots. The number of shots to be taken can be changed by pressing

To see a live update of the staking information, press [ < | |Elell- Again, the tolerances are
checked to make sure the position is valid before displaying the results. The update of the screen will
happen about every second or two. The GPS Average Shots screen is not used in this routine.
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Graphical Stakeout (Not in HP 48)

Pocket SMI

£i3 |PocketsMI 1.1 ¢ 1:14 €9

Status: 0Q:1 RMS:12.986
Setup:  0°00°00"-1-5

|

Exik

B - 0100t [w] Rod at Center
Dist: 0,094 Cuk: 0,076
Morth: 0,044 Grade: 2735.504
East: 0077 Elew: 2735.428

Figure 10-3 Pocket SMI Graphical Stakeout

Use in the Stake menu to enter the foresight point. Press the smiley-face icon at the bottom of
the screen to start the graphical stakeout screen.

Titan

Use in the Stake menu to enter the foresight point. Press the large F in the lower right corner of
the screen and select the Real-time Stake menu from the popup window. Press and the
stakeout data will be displayed.
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Pocket SMI and Titan

Directions are given assuming that the top of the screen is pointed toward north. If your receiver
supports it, the data will be updated five times per second. When you are within the tolerance distance
of the point being staked, you will see a large smiley face. Press Options to change the stakeout
tolerance and scale settings. Press to exit the Graphical Stakeout menu.

Storing a Known GPS Position to a Point

To convert known latitude, longitude, and ellipsoid height to a coordinate and store to a point, press
GPs__| and the soft keys and then [NBZRQ. Enter latitude, longitude, and height and press
ENTER|. The point is stored using the current localization.
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Real-time Side Shot

KEYSTROKES: [_® | RsIDs

Real-time Side Shot stores a point whenever the rod moves farther than the minimum distance from the
last shot taken. The current distance from the last stored point is displayed until a new point is stored.
The default minimum distance is 10. To change the minimum distance, type it in before pressing

[ ]andthe Rsips key.

Real-time Stakeout
KEYSTROKES: [ |

The key in any of the stakeout menus takes a single measurement. Pressing [ <8 ]
starts the Real-time Stakeout mode. Every time a new measurement is completed, the Go/Come, Left/
Right, North/South, East/West values are updated. To stop measuring, press or CANCEL
twice.

Summary of GPS Menus

The following sections provide summaries of various GPS menus.

GPS Menu
Kev:
GPS Menu Soft Keys
m This key prompts for base radio information and initializes the base receiver.
ROVER This key prompts for rover radio information, initializes the rover receiver, and prompts for setup
information.
INST Select the type of GPS receiver.

- GPS Options Menu.

- GPS Tolerance Menu.

OPT
TOL
UTIL GPS Utility Menu.
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GPS Instruments Menu

GPS Instruments Menu Soft Keys

GGA

Driver for NMEA GGA data stream.

NCT

Driver for NavCom Technologies receivers.

JAVAD

Driver for Topcon/Javad receivers.

LEICA

Driver for Leica 500 series receivers.

Driver for Ashtech Z family receivers

Driver for NMEA LLQ data stream.

PJK

Driver for NMEA PJK data stream.

Driver for manual entry of Latitude, Latitude, and height.

GPS Options Menu

Kev:

GPS Options Menu Soft Keys

Enter the State Plane Coordinate system. The format to use is the state abbreviation followed by the zone
abbreviation if there is more than one zone. Examples of valid entries are: ALE, CA3, UTS, TXNC, SC. A
space can be put between the state and zone if desired: AL E, CA 3, UT S, TX NC, SC. See State Plane

Zones on page 226 for a complete list.

SP

This key toggles between using a state plane system and local system.

Enter the number of measurements to average for each shot; the default is 1. If REPS is set to a number
other than 1, the GPS Average Shots screen is displayed when a shot is taken. Enter O to indicate that you

want to continue to collect measurements until you press the m key in the GPS Average Shots
menu.

Enter the geoid separation. Use 0 if it is not known.

Press this key to have the data collector get the current cutoff elevation from the receiver. To change the

cutoff elevation, enter it and press | ENTER |. Some receiver documentation calls this the elevation mask.

Return to the Main GPS menu.
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GPS Tolerance Menu

Kev:

GPS Tolerance Menu Soft Keys

HSDEV

Horizontal Standard Deviation: When the GPS Average Shots screen is finished collecting
measurements, the horizontal standard deviation of the shots is compared to this tolerance value. If the
tolerance is exceeded, the data collector will ask whether you want to use the collected measurements.

VSDEV

Vertical Standard Deviation: When the GPS Average Shots screen is finished collecting measurements,
the vertical standard deviation of the shots is compared to this tolerance value. If the tolerance is
exceeded, the data collector will ask whether you want to use the collected measurements.

QUAL

Quality: To have survey-grade accuracy, the quality must be 5. Setting the quality tolerance to any value
except 5 is not recommended unless you plan to use the receiver in Stand-alone mode instead of RTK.
See GPS Terms on page 225 for more information.

Horizontal Dilution of Precision: This value is compared to the HDOP sent from the receiver on each
measurement and should be less than 2 for accurate positions. This value has no units.

VDOP

Vertical Dilution of Precision: This value is compared to the VDOP sent from the receiver on each
measurement and should be less than 3 for accurate elevations. This value has no units.

EXIT

Return to the main GPS menu.

Horizontal Error: This value is compared to the receiver's estimate of the horizontal error on each
measurement. This value is in the current distance units.

VERR

Vertical Error: This value is compared to the receiver's estimate of the vertical error on each
measurement. This value is in the current distance units.

GPS Utility Menu

KEY:

GPS Utility Menu Soft Keys

Enter the latitude and longitude to convert to Northing and Easting.

Enter the Northing and Easting to convert to latitude and longitude.

Enter the State Plane Northing and Easting to get Plane scale and Ellipsoid scale on the stack. Multiply
these numbers to get the combined scale factor.

This option gets latitude/longitude and height values from the receiver and puts them on the stack.

This option gets latitude/longitude and height values from the stack and converts them to coordinates and
stores them to a point.

This option returns you to the GPS menu.
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Raw Data Generated by GPS Routines

When Raw Data is turn on, measurements from the receiver are stored in the raw data file. The raw
data records related to GPS are shown below.

Position

CM GPS Latitude Longitude Altitude HeightRod SPCSadj Geoid VertError HorzError Satellites VDOP
HDOP Quality

Average Position
CM GPS lat long alt Hrod SPCSadj Geoid
VertError HorzError Satellites VDOP HDOP Quality
VertError HorzError Satellites VDOP HDOP Quality

Set Base Position

CM BASE Latitude Longitude Altitude HeightBase SPCSadj Geoid VertError HorzError Satellites VDOP
HDOP Quality

Position Using NMEA LLQ and NMEA PJK
CM GPS North East Elevation HeightRod SPCSadj Geoid Satellites CoordinateQuality

. SPCSadj is how much the state plane elevations are adjusted based on a benchmark done in State
Plane mode. When using a local coordinate system, this value is zero.
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GPS Terms

Quality

In the SMI GPS software, quality refers to the type of location solution the receiver has calculated.
There are five possible values:

Autonomous position: The base always has a quality of 1. If the rover has a quality of 1, then the
rover is probably not receiving data from the base.

Code Differential mode: Does not apply to RTK mode.
RTK positioning with codes: This is not a good RTK position.
RTK positioning with float integers: This is not a survey grade position.

RTK positioning with fixed integers: A good position has been calculated.
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RTK (Real Time Kinematic)

Corrections from the base receiver are used to get an accurate position at the rover.

Standard Deviation

Sixty-eight percent of the measurements are within this distance of the average.
The lower the number, the closer together the measurements are.

Geoid99 Files
ProbucT: DCER+ (Titan and Pocket SMI only)
Geoid: Geoid99

Select this option to correct elevations recorded by GPS instruments. The respective Geoid files must
be installed in the data collector for the corrections to be applied.

Procedure

Before you start collecting GPS information with the Titan or Pocket SMI, toggle on this option. Now
each recorded point has a Geoid correction applied to it before it is saved to the job file.

D Make sure you have transferred the Geoid files to the data collector. To do so, use the SMI Transfer V7
product. The Geoid files may be accessed from the V7 CD in the /GEQOID directory, or you may
download them from our FTP site (ftp:/ffp.smi.com/).

State Plane Zones

* Alabama “ALE” “ALW”

* Alaska “AK1” “AK2” “AK3” “AK4” “AK5” “AK6” “AK7” “AK8” “AK9” “AK10”
* Arizona “AZE” “AZC” “AZW”

* Arkansas “ARN” “ARS”

* California “CA1” “CA2” “CA3” “CA4” “CA5” “CA6”
* Colorado “CON” “COC” “COS”

* Connecticut “CT”

* Delaware “DE”

* Florida “FLE” “FLW” “FLN”

* Georgia “GAE” “GAW”

*Hawaii “HI1” “HI2” “HI3” “HI4” “HI5”

*|ldaho “IDE” “IDC” “IDW”

*lllinois  “ILE” “ILW”

*Indiana “INE” “INW”

*lowa “IAN” “IAS”

*Kansas “KSN” “KSS”

* Kentucky “KYN” “KYS”

* Louisiana “LAN” “LAS” “LASH”

226 SMI Version 7 User Guide


ftp://ftp.smi.com/

* Maine “MEE” “MEW”

* Maryland “MD”

* Massachusetts “MAM” “MAI”

* Michigan “MIN” “MIC” “MIS”

* Minnesota “MNN” “MNC” “MNS”
* Mississippi “MSE” “MSW”

* Missouri “MOE” “MOC” “MOW”

* Montana “MT”

* Nebraska “NE”

*Nevada “NVE” “NVC” “NVW”

* New Hampshire “NH”

* New Jersey “NJ”

*New Mexico “NME” “NMC” “NMW”
*New York “NYE” “NYC” “NYW” “NYL”
* North Carolina “NC”

* North Dakota “NDN” “NDS”

* Ohio “OHN” “OHS”

* Oklahoma “OKN” “OKS”

*Oregon “ORN” “ORS”

* Pennsylvania “PAN” “PAS”

* Rhode Island “RI”

* South Carolina “SC”

* South Dakota “SDN” “SDS”

* Tennessee “TN”

*Texas “TXN” “TXNC” “TXC” “TXSC” “TXS”
*Utah “UTN” “UTC” “UTS”
*Vermont “VT”

*Virginia “VAN” “VAS”

* Washington “WAN” “WAS”

* West Virginia “WVN” “WVS”

* Wisconsin  “WIN” “WIC” “WIS”
*Wyoming “WYE” “WYEC” “WYWC” “WYW’”
* Puerto Rico and Virgin Islands “PR”
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Drivers for GPS Receivers

This section contains instructions specific to particular models of GPS receivers. It is assumed that you
are following the steps in this document when told to in either of the following sections: GPS Setup
Using State Plane Coordinates on page 216 or GPS Setup Using a Local Coordinate System on page
217.
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Javad/Topcon TPS GPS Driver

Instructions are specific to the Javad Legacy receivers, but will also work for other Javad/Topcon
receivers.

Setting up the SMI Data Collector

Follow the steps in GPS Setup Using State Plane Coordinates on page 216 or in GPS Setup Using a
Local Coordinate System on page 217.

Setting up the Javad Base Station Receiver
1. Select the Javad driver by pressing [ GPS [JavaD B

2. Put the GPS antenna on a tripod in a spot where there is a wide view of the sky. If using
State Plane Coordinates, it must be on a point for which you have the State Plane
Coordinates. If using local coordinates, it can be on a known point or an unknown point.

Connect the GPS antenna to the receiver.

Connect the battery to the receiver’s “Power” port.

Connect the cable from the data collector to the receiver’s “Serial A” port.

Connect the base radio cable to the receiver’s “Serial C” port.

Connect the power to the base radio.

Connect the radio antenna to the base radio. Put the radio antenna as high as possible.
Press the large “I” button to turn on the receiver.

0. Hold down the “FN” button until the “REC” light turns from red to green and back to red.
This sets port “Serial A” to 9600 baud.

11. The “STAT” light flashes green once for each GPS satellite and orange once for each
GLONASS satellite. If the green and orange flashes are followed by a red flash, the receiver
has not been able to get a position yet. Wait until the red flashing has stopped before going
to the next step.

2 © 2N O AW

12. Press | (® |[ pos | to see the GPS status screen. If you see the message “POSITION
DATA NOT AVAILABLE,” there could be a problem with the baud rate, cable connection, or
the receiver may not have a position yet. Check the cables, make sure the receiver’s “STAT”
light does not have a red flash, and repeat step 9.

13. The GPS status screen shows a live update of position and other useful information about
the accuracy of the position. When connected to the base, the quality will be 1, the link will
be 999, there should be at least 5 satellites, the HDOP should be lower than 2, and the VDOP
should be lower than 3. The RMS values shown are error estimates in feet or meters,
depending on the current mode. The RMS values will be high at the base receiver. If the
HDOP and VDOP values are high, they may get lower after a few minutes. If they do not get
low enough, you can still proceed, but accuracy may not be very good unless more
satellites come into view.

14. Press T to enter the distance from the ground to the base of the antenna. Note

that if you are using JEZ&N or [JEXIl] to establish your elevations, it does not matter if the
height of the base and rover antennae are entered.
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15.

16.

17.

Press [EYX3] in the GPS menu. Enter the point number occupied by the base station or O if
the base is on an unknown location. You will be prompted for the radio baud rate. The

default radio baud rate is 38400. Type 38400 and press [ENTER]. You will be prompted for the
radio port number. If you are connected to a Legacy receiver, you should enter 2 for port C.
If you have a Hyper or Odyssey receiver that has a built-in radio, you should enter O for
Auto. The data collector will then initialize the receiver as a base station. If there is an error
communicating with the receiver, it will beep and display an error message. If it is
successful, it will return to the GPS menu.

Turn on the base radio. You should see the Transmit light (TX) blink once per second. If the
Receive light (RX) is blinking, there is radio interference. If the TX light is not blinking, make

sure the radio port and baud rate entered using the [EJ3] key are correct.

Disconnect the data collector from the base receiver.

Setting up the Javad Rover Receiver

o 9k~ 0bd =

10.

1.

12,

13.

Follow directions for setting up the Javad base receiver first.

Put the antennae on the pole.

Connect the GPS antenna to the receiver.

Connect the battery to the receiver’s “Power” port.

Connect the cable from the data collector to the receiver’s “Serial A” port.

Connect the rover radio cable to the receiver’s “Serial C” port. Hyper and Odyssey receivers
may have the radio built-in.

Connect the power to the rover radio; this is not necessary if the radio is built-in.
Press the large “I” button to turn on the receiver.

Hold down the “FN” button until the “REC” light turns from red to green and back to red.
This sets port “Serial A” to 9600 baud.

The “STAT” light flashes green once for each GPS satellite and orange once for each
GLONASS satellite. If a red flash follows the green and orange flashes, the receiver has not
been able to get a position yet. Wait until the red flash has stopped before going to the next
step.

Press IELEY to enter the distance from the ground to the base of the antenna. Note

that if you are using JEZEY] or [JEII to establish your elevations, it does not matter if the
height of the base and rover antennae are entered.

Press in the GPS menu. You will be prompted for the radio baud rate. The default

radio baud rate is 38400. Type 38400 and press [ENTER]. You will be prompted for the radio
port number. If you are connected to a Legacy receiver, you should enter 2 for port C. If you
have a Hyper or Odyssey receiver that has a built-in radio, you should enter O for Auto. The
data collector will then initialize the receiver as a rover. If there is an error communicating
with the receiver, it will beep and display an error message. If it is successful, it will return to
the GPS menu.

If you are using a local coordinate system, see GPS Setup Using a Local Coordinate System
on page 217 to finish setting up. If you are using a state plane system, see GPS Setup Using
State Plane Coordinates on page 216 to verify setup.
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Checking the Status of the Rover

1. Press [ / | [ pos | to see the GPS status screen. If you see the message “POSITION
DATA NOT AVAILABLE,” there could be a problem with the baud rate, cable connection, or
the receiver may not have a position yet. Check the cables, make sure the receiver’s “STAT”
light does not have a red flash, and repeat step 9.

2. The GPS status screen shows a live update of position and other useful information about
the accuracy of the position. When connected to the rover, the quality should be 5, the link
should be 1 or less, there should be at least 5 satellites, the HDOP should be lower than 2,
and the VDOP should be lower than 3.

3. If the link value in the GPS status screen is higher than 1, there is a problem with radio
communication. The link value shows how long since the last data was received from the
radio. Without good radio communication, the quality will not get up to 5 and errors will be
large. If the rover radio “Receive” LED is flashing once per second, then check the port and

baud rate entered using the key.

4. High HDOP and VDOP values are caused by a poor arrangement of satellites or not enough
satellites. Try moving to a location where more of the sky is visible. Sometimes the
arrangement of satellites in the sky will be poor even if the entire sky is visible.

Custom Instrument Functions Menu
KEYSTROKES: | 8 | [(INFN_|

Custom Instrument Functions Menu Definitions

RESET This option resets the receiver. After reset, the receiver will have to reacquire the satellites.

OFF This option turns off the receiver.

List of Error Messages
Custom Instrument Functions Menu Error Messages

Error Message Procedure

“BAD QUALITY =1" The rover is not getting data from the base. Check connections and Send
and Receive lights on the radios. Check the radio serial port and baud rate
settings on the data collector.

“BAD HDOP = 6" The HDOP for the last shot exceeded the HDOP tolerance set in the
[eps . IKI2. and keys.
“BAD VDOP = 6" The VDOP for the last shot exceeded the VDOP tolerance set in the

s ), I, = I v

Leica GPS Driver

Instructions are specific to the Leica 530 GPS receivers, but will also work for other Leica GPS System
500 receivers.

Setting up the SMI Data Collector

Follow the steps in GPS Setup Using State Plane Coordinates on page 216 or in GPS Setup Using a
Local Coordinate System on page 217. Select the Leica GPS driver by pressing | GPS

and [N
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v/ The Leica GPS receiver should not be put in Survey Mode before using it with the SMI data
collector. If Survey Mode is on, the SMI collector will report Error 4 when the BASE function is
run.

Setting up the Leica Base Station Receiver

1.

© o N o R DN

10.

1.

12,

13.

14,

Put the GPS antenna on a tripod in a spot where there is a wide view of the sky. If using
State Plane Coordinates, it must be on a point for which you have the State Plane
Coordinates. If using local coordinates, it can be on a known point or an unknown point.

Connect the GPS antenna to the receiver.

Connect the battery to the “PWR” port or put a battery pack in the receiver.

If a Leica controller is connected to the receiver, remove it from the receiver.

Connect the cable from the data collector to the receiver’s “TERMINAL” port.

Connect the base radio cable to the receiver’s “PORT 1" port.

Connect the power to the base radio.

Connect the radio antenna to the base radio. Put the radio antenna as high as possible.

Press the receiver’s “ON/OFF” button to turn on the receiver. An alternate way to turn on
and off the receiver is in the Leica Instrument Functions menu (| < | [TINFN_|) using the

I and I soft keys.

Wait until the “Tracking” LED light is green and steady, indicating that enough satellites are
being tracked to calculate a position.

Press | ( | [ pos | to see the GPS status screen. If you see the message “POSITION
DATA NOT AVAILABLE,” there could be a problem with the cable connection, or the
receiver may not have a position yet. Check the cables and make sure the receiver’s
“Tracking” LED light is steady and green.

The GPS status screen shows a live update of position and other useful information about
the accuracy of the position. When connected to the base, the quality will be 1, the link will
be 999, there should be at least 5 satellites, the HDOP should be lower than 2, and the VDOP
should be lower than 3. The RMS values shown are error estimates in feet or meters,
depending on the current mode. The RMS values will be high at the base receiver. If the
HDOP and VDOP values are high, they may get lower after a few minutes. If they do not get
low enough, you can still proceed, but accuracy may not be very good unless more
satellites come into view.

Press [ < | [nen_| and JETIll- Select the type of antenna you have at the base and
press [ENTER]. The data collector will tell the receiver which antenna you selected and the
offsets for that antenna will be part of the calculations of the elevation. Press [ HI |

to enter the distance from the ground to the base of the antenna. If you are using the Leica
Tripod hook, you should select one of the tripod antenna options and measure to the height

hook instead of the base of the antenna. Note that if you are using [EZZ&N or IETH to

establish your elevations, it does not matter if the height of the base and rover antennae are
entered.

Press [EYX3] in the GPS menu. Enter the point number occupied by the base station or O if
the base is on an unknown location. You will be prompted for the radio port number. Press 1

and [ENTER]. You will be prompted for the radio baud rate. The default radio baud rate is

38400. Type 38400 and press [ENTER]. The data collector will then initialize the receiver as a
base station. If there is an error communicating with the receiver, it will beep and display an
error message. If it is successful, it will return to the GPS menu.

Chapter 10: Guide to GPS 231

o
>
Q

2
)
=
~
i
@©
=
Q
)
S




15.

16.

Turn on the base radio. You should see the Transmit light (TX) blink once per second. If the
Receive light (RX) is blinking, there is radio interference. If the TX light is not blinking, make

sure the radio port and baud rate entered using the [EJX3] key are correct.

Disconnect the data collector from the base receiver.

Setting up the Leica Rover Receiver

o © e N g AN

1.
12,

13.

14.

15.

16.

Follow the directions for setting up the Leica base receiver.

Put the GPS antenna on the pole.

Put the battery pack in the receiver.

Put the receiver on the pole if mounting to a pole.

Connect the GPS antenna to the receiver.

If the Leica controller is connected to the receiver, remove it from the receiver.
Connect the cable from the data collector to the receiver’s “TERMINAL” port.
Connect the rover radio to the receiver’s “PORT 1" or “PORT 3" port.

Connect the radio antenna to the rover radio.

. Press the receiver’s ON/OFF button to turn on the receiver. An alternate way to turn on and

off the receiver is in the Leica Instrument Functions menu (| <& INFN__]) using the

I and IR soft keys.

The radio “Power” LED should be on. If not, check the connection.

The radio “Receive” LED should be blinking once per second. It may be difficult to see in
direct sunlight. If it is flickering, there may be radio interference.

If using a local coordinate system, see GPS Setup Using a Local Coordinate System on
page 217 to finish setting up. If you are using a state plane system, see GPS Setup Using
State Plane Coordinates on page 216 to verify setup.

Wait until the receiver’s “Tracking” LED light is green and steady, indicating that enough
satellites are being tracked to calculate a position.

Press [ < | [inen | and JJXIll- Select the type of antenna you have at the rover and
press [ENTER]. The data collector will tell the receiver which antenna you selected, and the
offsets for that antenna will be part of the calculations of the elevation. Press | HROD |
to enter the distance from the ground to the base of the antenna. If you are using the AT502
pole or AT501 pole, enter a height of 2m using the [[IBY key. Note that if you are using

IEZZ) or IEXIA to establish your elevations, it does not matter what the height of the base
and rover antennae are.

Press in the GPS menu. You will be prompted for the radio port number. If the rover
radio is on “PORT 1,” press 1; if it is on “PORT 3,” press 3 and [ENTER]. You will be prompted

for the radio baud rate. The default radio baud rate is 38400. Type 38400 and press [ENTER].
The data collector will then initialize the receiver as a rover. If there is an error
communicating with the receiver, it will beep and display an error message. If it is
successful, it will return to the GPS menu.

Checking the Status of the Rover

1.

232

Press | ® |[ pos | to see the GPS status screen. If you see the message “POSITION
DATA NOT AVAILABLE,” there could be a problem with the cable connection or the
receiver may not have a position yet. Check the cables and make sure the receiver’s
“Tracking” LED light is steady and green.
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2. The GPS status screen shows a live update of position and other useful information about
the accuracy of the position. When connected to the rover, the quality should be 5, the link
should be less than 1, there should be at least 5 satellites, the HDOP should be lower than 2,
and the VDOP should be lower than 3.

3. If the link value in the GPS status screen is higher than 1, there is a problem with radio
communication. The link value shows how long it has been since the last data was received
from the radio. Without good radio communication, the quality will not get up to 5 and RMS
error estimates will be large. If the rover radio “Receive” LED is flashing once per second,

then check the port and baud rate entered using the key.

4. High HDOP and VDOP values are caused by a poor arrangement of satellites or not enough
satellites. Try moving to a location where more of the sky is visible. Sometimes the
arrangement of satellites in the sky will be poor even if the entire sky is visible.

Custom Instrument Functions Menu

KEYSTROKES: | <& |, [ INFN

Custom Instrument Functions Menu Definitions

ON This option turns on the receiver.

OFF This option turns off the receiver.

RESET This option resets the receiver. After reset, the receiver will have to reacquire the satellites.

ANT Select the type of antenna you are using. After you select it, the data collector will tell the receiver, and the

offsets of that antenna will be used in calculating the positions. This allows you to measure the height to
the base of the antenna or to the height hook if selecting one of the “Tripod” antennae.

o
List of Error Messages %z
)

Custom Instrument Functions Menu Error Messages g
Error Message Procedure g
“BAD QUALITY =1" The rover is not getting data from the base. Check connections and send §

and receive lights on the radios. Check radio serial port and baud rate
settings on the data collector.

“BAD HDOP = 6" The HDOP for the last shot exceeded the HDOP tolerance set in the GPS
| opr W ToL MEUCY Hoor LSV
“BAD VDOP =6" The VDOP for the last shot exceeded the VDOP tolerance set in the GPS

L opT N ToL it keys.

Note on Using the Leica GPS Driver

Programming the radios using Pacific Crest's radio program may be necessary.

Navcom NCT 2000 GPS Driver

Instructions are specific to the Navcom NCT 2000 GPS receivers.

Setting up the SMI Data Collector
1. Turn on the data collector and press [ @ | [ _Gps_] [ NCT |
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2,

Press [ > aPs_ | Il Press the second soft key to toggle the [EIIN/ XM key

and indicate whether this job will use local coordinates or State Plane Coordinates.

If you are using State Plane Coordinates, press the key to enter the state plane zone
you are in.
Press the [EIEE] key to indicate how many measurements you want to average per shot.

Enter O to have the data collector average measurements until you press the JJIE3] soft
key.

Setting up the NCT Base Station Receiver

1.

© o N o

1.

12,

13.

234

Put the GPS antenna on the tripod in a spot where there is a wide view of the sky. If you are
using State Plane Coordinates, it must be on a point for which you have the State Plane
Coordinates. If using local coordinates, it can be on a known point or an unknown point.

Connect the GPS antenna to the receiver.
Connect the power to the receiver.

Connect the cable from the data collector to the receiver’s control port. The port should be
preset to 9600 baud.

Connect the base radio cable to the receiver’s data port. The port should be set to match the
baud rate of the radio.

Connect the power to the base radio.
Connect the radio antenna to the base radio. Put the radio antenna as high as possible.
Press the receiver’s “ON/OFF” button to turn on the receiver.

Wait until the “Tracking” LED light is green and steady, indicating that enough satellites are
being tracked to calculate a position.

. Press| @ | [ pPos | to see the GPS status screen. If you see the message “POSITION

DATA NOT AVAILABLE,” there could be a problem with the cable connection, or the
receiver may not have a position yet. Check the cables and make sure the receiver’s
“Tracking” LED light is steady and green.

The GPS status screen shows a live update of position and other useful information about
the accuracy of the position. When connected to the base, the quality will be 1, the link will
be 999, there should be at least 5 satellites, the HDOP should be lower than 2, and the VDOP
should be lower than 3. The RMS values shown are error estimates in feet or meters,
depending on the current mode. The RMS values will be high at the base receiver. If the
HDOP and VDOP values are high, they may get lower after a few minutes. If they do not get
low enough, you can still proceed, but accuracy may not be very good unless more
satellites come into view.

Press T to enter the distance from the ground to the base of the antenna. Note

that if you are using EZ&N or [JEIIl] to establish your elevations, it does not matter if the
height of the base and rover antennae are entered.

Press [EYX3] in the GPS menu. Enter the point number occupied by the base station or O if
the base is on an unknown location. You will be prompted for the radio baud rate. The

default radio baud rate is 38400. Type 38400 and press [ENTER]. The data collector will then
initialize the receiver as a base station. If there is an error communicating with the receiver,
it will beep and display an error message. If it is successful, it will return to the GPS menu.
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14.

15.

Turn on the base radio. You should see the Transmit light (TX) blink once per second. If the
Receive light (RX) is blinking, there is radio interference. If the TX light is not blinking, make

sure the radio port and baud rate entered using the [EX3] key are correct.

Disconnect the data collector from the base receiver.

Setting up the NCT Rover Receiver

AR

1.

12,

13.

14.

15.

16.

17.

Follow directions for setting up the NCT base receiver first.
Put the GPS antenna on the pole.

Put the battery pack in the receiver.

Put the receiver on the pole if mounting to a pole.

Connect the GPS antenna to the receiver.

Connect the cable from the data collector to the receiver’s control port. The port should be
preset to 9600 baud.

Connect the rover radio cable to the receiver’s data port. The port should be set to match
the baud rate of the radio.

Connect the radio antenna to the rover radio.
Press the receiver’s “ON/OFF” button to turn on the receiver.

. The radio “Receive” LED should be blinking once per second. If it is flickering, there may be

radio interference.

Wait until the receiver’s “Tracking” LED light is green and steady, indicating that enough
satellites are being tracked to calculate a position.

Press IELE:Y to enter the distance from the ground to the base of the antenna. Note

that if you are using EZ&N or [JEIIl] to establish your elevations, it does not matter if the
height of the base and rover antennae are entered.

Press in the GPS menu. You will be prompted for the radio baud rate. The default

radio baud rate is 38400. Type 38400 and press [ENTER]. The data collector will then initialize
the receiver as a rover. If there is an error communicating with the receiver, it will beep and
display an error message. If it is successful, it will return to the GPS menu.
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Press | (® |[ pos | to see the GPS status screen. If you see the message “POSITION
DATA NOT AVAILABLE”, there could be a problem with the cable connection, or the
receiver may not have a position yet. Check the cables and make sure the receiver’s
“Tracking” LED light is steady and green.

The GPS status screen shows a live update of position and other useful information about
the accuracy of the position. When connected to the rover, the quality should be 5, the link
should be 1 or less, there should be at least 5 satellites, the HDOP should be lower than 2,
and the VDOP should be lower than 3.

If the link value in the GPS status screen is higher than 1, there is a problem with radio
communication. The link value shows how long it has been since the last data was received
from the radio. Without good radio communication, the quality will not get up to 5 and RMS
error estimates will be large. If the rover radio “Receive” LED is flashing once per second,

then check the port and baud rate entered using the key.

High HDOP and VDOP values are caused by a poor arrangement of satellites or not enough
satellites. Try moving to a location where more of the sky is visible. Sometimes the
arrangement of satellites in the sky will be poor even if the entire sky is visible.
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18. If you are using a local coordinate system, see GPS Setup Using a Local Coordinate System
on page 217 to finish setting up. If you are using a state plane system, see GPS Setup Using
State Plane Coordinates on page 216 to verify setup.

Custom Instrument Functions Menu

KEYSTROKES: [ 8| (HP48) or RED SHIFT INFN (Titan or Pocket SMI)

Custom Instrument Functions Menu Definition

RESET This option resets the receiver. After reset, the receiver will have to reacquire the satellites.

List of Error Messages
Custom Instrument Functions Menu Error Messages

Error Message Procedure

“BAD QUALITY =1" The rover is not getting data from the base. Check connections and Send
and Receive lights on the radios. Check the radio serial port and baud rate
settings on the data collector.

“BAD HDOP = 6" The HDOP for the last shot exceeded the HDOP tolerance set in the GPS
| opr W ToL MEUCY Hoor EEVRN
“BAD VDOP = 6" The VDOP for the last shot exceeded the VDOP tolerance set in the GPS

| opT N ToL Rt keys.

Ashtech Z GPS Driver

Instructions are specific to the Ashtech Z receiver family.

Setting up the Ashtech Z Base Station Receiver
1. On the data collector, select the Ashtech Z driver by pressing | GPS and

[ AsHZ B
2. Put the GPS antenna on a tripod in a spot where there is a wide view of the sky. If using

State Plane Coordinates, it must be on a point for which you have the State Plane
Coordinates. If using local coordinates, it can be on a known point or an unknown point.

Connect the GPS antenna to the receiver.

Make sure the battery is installed in the receiver.

Connect the cable from the data collector to the receiver’s “Serial A” port.

Connect the base radio cable to the receiver’s “Serial B” port.

Connect the radio antenna to the base radio. Put the radio antenna as high as possible.

© N o o~

Press the power button to turn on the receiver. Push one of the arrow keys on the receiver to
get past any warning messages.

9. Press [ % | [INFN_] to see the Ashtech Instrument Functions screen. Press the
soft key to set the receiver back to the default settings. Any warning messages that appear
when turning on the power will appear again. Press one of the arrow keys to dismiss them.
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10.

1.

12,

13.

14.

15.

Press | (® |[ pos | to see the GPS status screen. If you see the message “POSITION
DATA NOT AVAILABLE,” there could be a problem with the baud rate or cable connection.
Check the cables and try again. If the receiver has not calculated a position yet, the latitude
and longitude will be zero.

The GPS status screen shows a live update of position and other useful information about
the accuracy of the position. When connected to the base, the quality will be 1, the link will
be 999, there should be at least 5 satellites, the HDOP should be lower than 2, and the VDOP
should be lower than 3. The RMS values shown are error estimates in feet or meters,
depending on the current mode. The RMS values will be high at the base receiver. If the
HDOP and VDOP values are high, they may get lower after a few minutes. If they do not get
low enough, you can still proceed, but accuracy may not be very good unless more
satellites come into view.

Press T to enter the distance from the ground to the base of the antenna. Note

that if you plan to use JEZ&] or [JEXI to establish your elevations, it does not matter if the
height of the base and rover antennae are entered.

Press [EYX3] in the GPS menu. Enter the point number occupied by the base station or O if
the base is on an unknown location. You will be prompted for the radio port number.
Usually, you should enter 1 to use port B. You will be prompted for the radio baud rate. The
default radio baud rate is 9600 if you are using the Pacific Crest RFM96W radios, or 38400 if
you are using the Pacific Crest PDL radios. Type the baud rate and press [ENTER]. The data
collector will then initialize the receiver as a base station. If there is an error communicating
with the receiver, it will beep and display an error message. If it is successful, it will return to
the GPS menu.

Turn on the base radio. You should see the Transmit light (TX) blink once per second. If the
Receive light (RX) is blinking, there is radio interference. If the TX light is not blinking, make

sure the radio port and baud rate entered using the [EX3] key are correct.

Disconnect the data collector from the base receiver.

Setting up the Ashtech Z Rover Receiver

@ No g kv Dd-=

10.

Follow the directions for setting up the Ashtech Z base receiver first.

Put the GPS antenna on the pole.

Connect the GPS antenna to the receiver.

Make sure the battery is installed in the receiver.

Connect the cable from the data collector to the receiver’s “Serial A” port.
Connect the rover radio cable to the receiver’s “Serial B” port.

Connect the radio antenna to the rover radio.

Press the power button to turn on the receiver. Press one of the arrow keys on the receiver
to get past any warning messages.

Press [ % | [inFn_| to see the Ashtech instrument functions screen. Press the
soft key to set the receiver back to the default settings. Any warning messages that appear
when turning on the power will appear again. Press one of the arrow keys to dismiss them.

Press IELE:Y to enter the distance from the ground to the base of the antenna. Note

that if you are using JEZ&N or [JEXIl] to establish your elevations, it does not matter if the
height of the base and rover antennae are entered.
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1.

12,

Press in the GPS menu. You will be prompted for the radio port number. Usually, you
should enter 1 to use port B. You will be prompted for the radio baud rate. The default radio
baud rate is 9600 if you are using the Pacific Crest RFM96W radios or 38400 if you are using

the Pacific Crest PDL radios. Type the baud rate and press [ENTER]. The data collector will

then initialize the receiver as a rover. If there is an error communicating with the receiver, it
will beep and display an error message. If it is successful, it will return to the GPS menu.

If you are using a local coordinate system, see GPS Setup Using a Local Coordinate System
on page 217 to finish setting up. If you are using a state plane system, see GPS Setup Using
State Plane Coordinates on page 216 to verify setup.

Checking the Status of the Rover

1.

Press | pos_ | to see the GPS status screen. If you see the message “POSITION
DATA NOT AVAILABLE,” there could be a problem with the baud rate, cable connection, or
the receiver may not have a position yet. Check the cables and try again.

The GPS status screen shows a live update of position and other useful information about
the accuracy of the position. When connected to the rover, the quality should be 5, the link
should be 1 or less, there should be at least 5 satellites, the HDOP should be lower than 2,
and the VDOP should be lower than 3.

If the link value in the GPS status screen is higher than 1, there is a problem with radio

communication. The link value shows how long it has been since the last data was received
from the radio. Without good radio communication, the quality will not get up to 5 and errors
will be large. If the rover radio’s “Receive” LED is flashing once per second, then check the

radio port and baud rate entered using the key.
High HDOP and VDOP values are caused by a poor arrangement of satellites or not enough

satellites. Try moving to a location where more of the sky is visible. Sometimes the
arrangement of satellites in the sky will be poor even if the entire sky is visible.

Custom Instrument Functions Menu
KEYSTROKES: | 8 | [(INFN_|

Custom Instrument Functions Menu Definitions

SLEEP This option puts the receiver in power-saving Sleep mode.

INIT This option initializes the receiver. After INIT, the receiver will have to reacquire the satellites.

RESET This option resets the receiver. After reset, the receiver will have to reacquire the satellites. You will need
to set the Base and Rover modes again.

RELIA This option is used to set the RTK reliability of the receiver. The higher the reliability setting, the longer it
takes to achieve a fixed RTK solution. Press the button to see the options. See the Ashtech manual for
more details.

MULTI This option is used to set the multipath setting of the receiver. Press the button to see the options. See the

Ashtech manual for more details.
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List of Error Messages
Custom Instrument Functions Menu Error Messages

Error Message Procedure

“BAD QUALITY =1" The rover is not getting data from the base. Check connections and Send
and Receive lights on the radios. Check the radio serial port and baud rate
settings on the data collector.

“BAD HDOP = 6" The HDOP for the last shot exceeded the HDOP tolerance set in the GPS
and (eys.

“BAD VDOP = 6" The VDOP for the last shot exceeded the VDOP tolerance set in the GPS

an TN keys.

NMEA LLQ GPS Driver

The NMEA LLQ message contains local coordinates instead of latitude and longitude. The LLQ driver
can be used with GPS receivers that will output LLQ messages.

Setting up the SMI Data Collector
To install the LLQ driver on the SMI data collector, press [ @ | [_aps and M.
Another way is to press NXT | [ NxT | [eps ] and M.

A tolerance value for the coordinate quality can be set by pressing [/ | [ _eps | Hoor M
the coordinate quality exceeds the value set in HDOP, the coordinate will not be used.

Setting up the GPS Receiver

To prepare the GPS receiver to communicate with the data collector, set the baud rate to 9600, the
parity to NONE and the protocol to NMEA LLQ. If there is an output frequency option, set it to 1 record
per second.
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Allen Osborne Associates Rascal Receiver

First ensure that your GPS setup is complete and that you have a real-time solution. Once you have
obtained a solution on your Rascal rover receiver (viewed on the Survey Point Navigation screen),
follow these steps to prepare the rover receiver to send LLQ messages to the data collector.

1. From the rover Rascal's main menu, select TurboKinematic Setup (5).
2. Toggle option 5 so that the NMEA output is on.
3. Plug the SMI RS-232 cable into the AUX port of the Rascal.

Notes on Using the LLQ Driver

1. Setting the base station as the occupied point gives a good orientation for the Go/Come
Left/Right values in the Stake menu.

2. If you want to manually type in the coordinates and elevation instead of getting them
electronically, choose the MAN3 option in the Instruments menu ([ E3{1J
and [IEN)-

3. When raw data is turned on, a comment record precedes shot information as follows: CM
GPS north east elevation Hrod Geoid Satellites CoordinateQuality.
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Instrument Position . . . .......... . . . . . ... 299

Instruments . . ... ... 300
Instruments — On/Off. . . ... ... . .. 300
Intersections . . . ........ ... 301
JOD. . 302
Latitude and Departure . . ... ... .. ... ... 304
Level Notes . . . ... ... 305
Line Stakeout. . . . ... . . .. 308
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Mean Backsight. . . ... . . . . . 309
Mean Points (Random Points Menu). . .. ................... 310
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Metric Mode. . . . ... .. . . . 313
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Note Search. ... ...... .. . . . . 316
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Print. . . e 327
RAM Card Memory . . . ... 329
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Real-time Side Shots. . .......... . ... .. .. 332
Recall Point . . . ... .. . . . 332
Rectangularto Polar . . ...... ... ... . ... . . . . . . .. 332
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Reflectorless Mode . . . ......... ... . . . . . . . ... 332

Registers (REGS) Menu . ... .......... .. ... . 333
Return . . . ... 334
Rezero. . . ... 334
Robot Servo Menu . . ... ... . . . ... 335
Scale. . ... 335
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Vertical Curves . . . ....... ... .. 375
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In this section are listed the command key functions and soft key functions of your surveying program in
alphabetical order by function name. The program that the function requires is listed under each
function also. For example, if you are trying to access a robotic function but only have an SCE program,
you will be unsuccessful. The following are the programs SMI offers.

SCE - Standard COGO

ACE - Advanced COGO

DCE - Data Collection

CVCE - Construction Five

DCER - Data Collection/Robotics
CVCR - Construction Five GPS/Robotic

DOT - Construction Five Department of Transportation

L 2N 2N 2 2 2 A

D Remember to take advantage of SMI’s upgrade program if you find a function in this manual that you
would like to use but do not have the correct program to do so.

Angle Adjustment
Kev: YN

ProbucT: ACE+

KEYSTROKES: [T/ ] YN o' [ Aa ]

This function performs an angle adjustment using a current Random Points file and can be accessed
from the Random Points menu or the Compass menu.

When running the [JJl¥3l] command once while the raw data flag is set on ([ <€ ] 2), the angular error
and the number of angles are stored to the raw file.

Procedure

D Remember to copy or back up your job before performing an Angle Adjustment or Compass Rule
function.
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Create a Random Points file for the current job. The last two traverse points in the file should define the
direction assumed to be correct; the two traverse points immediately before the last two points should
define the error direction.

0 N 87°50'30" E 3
6 540.00
wn
™\

W o\,
bfg R
>/ C\m

1 654.72
5 S 87°55'40" W 4

Figure A-1 Angle Adjustment

Example 1 — Closed Traverse Without Side Shots

Refer to the illustration above and assume that it represents a field traverse where you shot point 1 and
called it point 5 and shot point 2 and called it 6. The direction from point 5 to 6 will be slightly different
from the direction from 1 to 2.

To perform an angle adjustment, press [ RPTS |, keyin 1.6 [ spc | 1 [ spc | 2 and press [ENTER]-

To find the angle error, press [ (3 | [compPas] and press [EYZ5]- Press Y3 to adjust the angle
error out of the traverse. The program will go through its calculations and when it is through, the screen

will display “DONE.” Now to confirm the angle from 5 to 6 is the same as from 1 to 2; key in 5 6
and pressthe p.p key.

Side shots from the traverse points should be entered as negative numbers (see below).

Example 2 — Closed Traverse to Known Points

Assume point 4 has side shots of points 101 through 108. The Random Points file should look like this:
1234-101.108 56 1 2. To cause 101.108 to be negative, key in 101.108 and press the key
(the Y key), not the minus key.
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Example 3 — Angle Adjustment with an Open Traverse

48 50
2 4 46 49
I
150
149
3
1 S 47

Open Traverse to known points

Figure A-2 Open Traverse to Known Points

In the above illustration, you traversed from point 1 to point 50, where points 1, 2, 149, and 150 are
previously established points. The Random Points file would look like this: 1.50 149 150. To find the

angle error, press [_® | and press [EYEn]- When Yl is rressed, the direction from 49 to 50 will
become the same as the direction from 149 to 150 with all of the angles between appropriately
adjusted.

. To enter Angle Left while traversing, key in the Angle Left, press to change the sign, then press
in the Traverse menu. The program understands that a negative Angle Right is an Angle Left.

Angle Point and Intersection Point
KEY: and

ProbucT: SCE+

KEYSTROKES: [ SETUP NXT

Use these two functions from two different instrument locations. Coordinates and elevations may be
collected from the remote points without a prism.

In order for the elevations to be correct, the height of instrument should be stored in the SMI program
before shooting the benchmark.

Procedure

From one instrument location, use to store angles to a point (or points), such as towers, bridge
abutments, road centerlines, fence lines, and so on.

From another instrument location, use to create points at the intersection point of each of these
points.

Angle Point and Intersection Point Definitions

Angle point is used to collect angles from an occupied point.

Intersection point is used to create intersection points from another occupied point to the objects pointed

X PT when angle points were stored.
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7 72

23 24

Use X Point from 23

Figure A-3 Angle Point from 23

71 72

70

‘23
24
Use X Point From 24

Figure A-4 Angle Point from 24

Once you have stored an angle point from one instrument position, you can move to another setup or
traverse point and point to the same object; the program will create an intersection point — with
elevation (if Elevations are on).

1. While your instrument is sighted on the point, press to store an angle to the next

number, or enter the point number where you want the angle stored, then press EYgill-
Take as many angle point readings as desired.

2. Move to another point. (Traverse, free station, or occupy a different point in the normal
manner.)
3. Point the same object with the instrument: press [ SETUP NxT | then key the point

number used in the angle point and press JE{Zlll-

When the program recognizes the number as an angle point, it will collect the angles to the point and
calculate the coordinates (and elevation, if on) of the point. The current angle automatically is
intersected with the previous angle to create an intersection with the coordinates (and elevation, if on)
by point number.

Example

As the following will illustrate, this function can be used to get coordinates and elevations of
inaccessible objects or when in dangerous places; special thanks to Shelly Van Winkle of the Missouri
Department of Highways for suggesting this innovative program!

. R Lk e
B -
’ \ Pid Ay ’4‘
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, \ - -
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Figure A-5 Angle Points Stored from Point 20
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In the illustration in Figure A-5 on page 247, angle points were stored from control point 20. The angle
points are numbered 21, 22, and 23.

While the instrument occupied point 20, it sighted the tower and was pressed. This was stored
as angle point 21. Then the church steeple was sighted and pressed; this was stored as angle
point 22. Finally, the radio tower was sighted and pressed; this was stored as angle point 23.

The instrument was then traversed to point 24 and then to point 25. While occupying 25, the tower was
sighted (point 21) and an intersection point was shot. To do this, [ SETUP |, [ NxT | were pressed then
21 keyed in and pressed.

% Note that since the next number was set to 21, it was not necessary to key in 21 before pressing

BXZll - Since each was stored in the same order as B} it was not necessary to key in a
point number before pressing each |E{@ll}- 'f Elevations are on, elevations will be stored from the

positions. Remember, in order for the elevations to be correct, the height of instrument should
be stored in SMI before shooting the benchmark.

Area
KEY: m

ProbucT: SCE+

KEYSTROKES: (key-in data) | AREA |

This function computes the acreage of an area within a predefined boundary.

Procedure

Work though the following examples to compute the area for various situations.

9 N 87°50'30" E 3
540.00
W S ™ Ul
LIS 2\%
2(N S\t
1 654.72
5 S 87°55'40" W 4

Figure A-6 Compute Area lllustration

How to Find the Acreage in the Compute Area lllustration

1. Traverse from point 1 to point 4.

This stores points 1 through 4.
2. Press [ RPTS |, key in 1.4 and press [ENTER]-
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3. Press m

CYCh SH

ARER: CRD

ACRES = 2.5274

S FT = 114449, 2376
FEF = 1394.7175

[LEMT | OL0 | cf [ AkE# [ PREC [ZPLOT)

Figure A-7 Find Area

How to Find the Area, Precision, and Perimeter at the Same Time

1. Traverse from point 1 to point 5.
This stores points 1 through 5.

2. Press [ RPTS |,keyinl.5 1 and press [ENTER]-
3. Press Y-

Uk £l
AREA: CRD

ACRES = 2.6274

S0 FT = 114449,3332
FEER = 1594.7222

FREC = 713484

[LERT | OLO | CH [ WREA | PREC [ZPLOT)|

Figure A-8 Find Area, Precision, and Perimeter

For more information about using Random Points files, see Random Points on page 329.

How to Find Acreage Around a Boundary with a Curve

2 N 87°50'30" E 540.00
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Figure A-9 Find Acreage Around Boundary with a Curve

Refer to the illustration above.
Points 1 through 9 must be stored in the data collector.
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Press [ RPTS |,keyin1.4 [spc | [ ¢ | [ — | (the minus key) 7 [spc | 8 [ spc | 9
[ » | (the R key) 6 and press [ENTER]-
The data should look like this: 1.4 “7 8 9” 6

Press m

How to Find Acreage Around a Boundary with a Non-tangent Curve

N 87°50'30" E 3
540.00

Compute the area for this lot with a non tangent curve

Figure A-10 Compute the Area for a Lot with a Non-tangent Curve

Refer to the illustration above.

1.
2,

5.

Traverse around the boundary and store points 1 through 4.

Perform a distance - distance intersection from points 1 and 4 using the radius as the
distance from points 1 and 4.

Store the radius point at 5.
Press [ RPTS |,keyin1.3[spc |[ @ | [ — | (togetquotes)keyin4 [spc |5 [ spc |

1 and press [ENTER]-
The data should like this: 1.3 “4 5 1”

Press m

See Example 2 — Inputting Points While Traversing on page 47 for additional information.

Assign Default Keys

ProbucT: SCE+

KEYSTROKES: [ & | K [ENTER]

This function automatically assigns SMI surveying functions to keys on the data collector and starts the
SMI program.

To exit SMI and go to the HP 48 functions, press [ < | QUIT (the [ _& ] key). To re-enter SMI,
press [ & | K [ENTER]-
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Azimuth-to-Bearing Conversion

KEY: atB
ProbucT: SCE+

KEYSTROKES: [ @ | ams (the 5 key)

This function converts an azimuth to a bearing.

Procedure

With the azimuth value entered into the command line, execute the function. The display will show the
value as Angle Right, bearing, and deflection angle.

For example, a back azimuth of 301°12’ would be converted to a bearing of N58°48’'W. Other angles
will be displayed based on the current back azimuth.

CWCR Ml
AREA: CRD

<kT: 319°32 'aa"

rzH: 3E1°12'Ga"

ErE: N2S° 48 ' @E6" W

pFs 133°32'6A"
[EEPT[OCPYIMOTE] | [ &0 |

Figure A-11 Azimuth-to-Bearing Conversion

Backsight Point
KEY:

ProbucT: SCE+
KEYSTROKES: [ SETUP BKPT

This function allows you to enter a backsight point from your occupied point, and computes and stores
a back azimuth from the occupied point. This requires a zero set on the instrument when the backsight
is pointed if doing an Angle Right survey.
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Procedure

Press [ SETUP |. Key in the desired backsight point and press |EIGIll- The backsight point will be
stored, and the back azimuth will be computed and stored using the coordinates of the current occupied
point.
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D DCE+ users: In the menu, you also can press [ <] to shoot the backsight point

and compare it to the stored backsight point. After prompting for the backsight point number, a shot is
taken that gives you a check on the backsight distance. Information about the backsight point check is
stored in the raw data file if Raw Data is on.
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Bench
KEY:

ProbucT: CVCE+
KEYSTROKES:

This function, used for a back-of-terrace position for slope staking, has been improved thanks to a
suggestion by Jess Stanley and Mike Jones, two of our great customers from California.

Ditch data may now be entered without defining the vertical control or template. A horizontal control
must be entered and the BNCH data (offset, elevation and slope) must be entered. Backslope can be
down (fill area) or up (cut area); the program knows, based on where you take the shot.

Bench will also override the current template information. This is useful when a special ditch needs to
be used that is not defined in the current template.

Procedure
The illustration below shows ditch data without using a template.

. Elevations should be turned on when slope staking benches.

3
/(Cut Area)

2~
N
N

N o (Fill Area)
‘o4

e

Figure A-12 Ditch Data Without Using a Template

If a template has not been defined, the program uses only the ditch defined by the key.
Another option is to use a template (as in the example shown in the illustration below).

alternate
ditch slope  (Cut Area)

Q point \ s
1 2 5 ~

‘7
4 (Fill Area)

Figure A-13 Ditch Data Using a Template

If you take a shot between the centerline and the alternate ditch slope point, the program will use the
template. If you take a shot outside that point, the program will use the alternate ditch slope information.
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Here is another example:

Bench Area
& Bench
Bt TLLLLLLELLECTTPR o, Slope

04

o . Loy,
o Existing .- ‘Y., Prism
o - ground "

Road
Centerline -

Shoulder

Template Area j

Figure A-14 Alternate Slope

Bench offset
from Centerline

In the illustration above, the alternate slope or bench is defined by the offset from centerline, bench
elevation, and the bench slope.

When you press [ENsi}. these are the items requested by SMI. When a shot is taken where the offset
is greater than the bench offset used, the slope stake information given will be based on the bench data
that has been entered.

If the offset to the shot is less than the bench offset used, the template will be used if a template has
been entered.

The illustration indicates that the ground level is higher than the bench elevation. If the elevation at the
rod is less than the elevation of the bench, SMI assumes the slope given was down instead of up.

For example, if the slope given was 2 and the elevation of the rod is above the bench elevation, the
slope would be up at a 2:1 slope. If the elevation of the rod is less than the bench elevation entered, the
data given would assume the slope to be down on a 2:1 slope.

When using bench information and the shots are beyond the bench offset, a template is not needed. If
there is a template, it will be ignored for all points beyond the bench offset used.

I>

Bench data entered for the right side of the road is mirror imaged for the left side of the road. Therefore, Y % XS

if you want to use the template on the left side of the road beyond the bench offset, the bench should be 3 § e

o ma

nullified. g3 X

S

To nullify a bench, press [[CONST NXT NXT key in O and press . % é =

9]

Horizontal control should be entered to use benches; otherwise, SMI has no idea where the offset is a o %

from. kel

Benchmark Menu

Kev: IEXI

ProbucT: DCE+

KEYSTROKES: [ SETUP Telilf BM |

Use this function for shooting a location with a known elevation to establish the elevation of the
occupied point. This function allows you to transfer a benchmark elevation to the instrument.
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The comment record (CM) within the raw data reports Benchmark Elevation, Height of Instrument,
Height of Rod, Horizontal Angle (reporting an angle right), Zenith Angle, and Slope Distance.

/ H ROD
% Benchmark
HI — —

_

Figure A-15 Transferring a Benchmark Elevation to the Instrument

Procedure

Manual Entry

Press [ SETUP ]. Press BEXIN Key in Slope Distance, Zenith Angle, and Angle Right (each
value must be separated by a space).

When finished, press [ENTER]- You will see the following submenus:

Benchmark Menu 1 Soft Keys

REV Press this key to collect a second Zenith Angle to be averaged with the first shot.

Press this key to get the elevation from the given point number. This calculates a new elevation for the

BMPT occupied point and occupies it.
Kéy in the elevation (.)f the benchmark. Press . The elevation of the occupied point is now
displayed and occupied.
m Press this key to start over by taking another shot.

Benchmark Menu 2 Soft Key

STORE Using this function is optional.

w You may press to store the elevation with the occupied point.

w You may key in a point number and press to store the coordinates and elevation in a
different point.

w You may go to another function such as or Side Shot without using LI - The
elevation will stay intact. The new occupied point is displayed as COOR, since the point was not
stored.
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You may now key in an elevation of the benchmark and press I3l (or key in a point number that
contains the benchmark elevation and press |Elal)-

Or, you may flop the scope and press [JEIS}; key in Slope Distance, Zenith Angle, and Angle Right
(each value must be separated by a space), and press [ENTER]-

Electronic Entry

The instrument should be pointing to the prism on the benchmark point and ready to take a reading.
Press [ SETUP nxT_| [IEXTI When the instrument reads the data, it will be displayed on the
screen.

Key in the elevation of the benchmark point and press (or key in a point number that contains
the benchmark elevation and press |ElIal))-

The reference elevation is displayed and temporarily stored with the occupied point information (but it is
not yet permanently stored in a point number). To store this elevation at a point, key in the point number

and press JLEA -

Advantages/Disadvantages of Setting HI and HROD

If Tl and IEGERY are left at 0.00, the elevation this benchmark routine brings to the instrument will
be a “reference elevation.” This will not be the current elevation at the point under the instrument;
however, when side shots are taken to the same rod (that has not been raised or lowered), SMI will
store the correct elevations along with the north and east coordinates. If you are using tripods for prism

points, and K I for remote elevations, or 1N, it will be necessary to enter the
HIl and HROD.

Change/Defaults

KEY:
ProbucT: SCE+

KEYSTROKES: (the W key)

This menu key accesses the Change/Defaults menu, which includes functions that allow you to modify
defaults used by the program for display and storage of data.

Procedure

The Change/Defaults menu includes a large number of soft keys; your card will determine which are
available. Many of the soft key options are toggle switches; a box in the soft key indicates that the item
has been selected. Press to scroll through the soft key menu screens.

Once you have set the defaults the way you want them to be, press [ JOB NXT (Save
Flags). You can then make other changes or even clear the memory of the data collector (assuming
you have a RAM card installed). You can then get your saved defaults back by pressing

(for Recall Flags).

The two categories of defaults that will not be restored are tolerances (|gfsJiIj ) and beginning point

defaults (JEXTl)-
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Change/Defaults Menu 1

CYCR
AKER: CRD

2 SHI

CHANGE SETTIHGS

[ OWFLA] Rkl JELEVs[WOTE | FIZH | HH ]|

Figure A-16 Change Settings Menu 1

Change/Defaults Menu 1 Soft Keys

OVRW

This toggle key lets you control the replacement (or overwriting) of point data. When selected (on), the
card will automatically replace points; the number 1 will appear in the display to the left of SMI to indicate
that this option has been activated.

When deselected, the card will check before replacing point data.

The default is off, requiring you to confirm before a point is overwritten.

This toggle key lets you select whether raw data will be stored with each point. When selected (on), the
number 2 will appear in the display to the left of USER to indicate that this option is active. The default is
off.

ELEV

ELEVw=

This toggle key lets you select whether elevations will be stored with point data. When selected (on), the
number 3 will appear in the display to the left of USER to indicate that this option is active.

The default is off.

NOTE

AUTO

LNTE

QEEEHBEAE A

NTBL

This four- way toggle key toggles between:

w PROMPTING OFF, WON'T STORE LAST NOTE
PROMPTING OFF, WILL STORE LAST NOTE
PROMPTING WITH LAST NOTE
PROMPTING WITH NOTE TABLE

When Notes are on, you will be prompted to enter a note or description for each new point when it is
stored. If Notes are off, you can still put a note on the last point or any other point if the coordinates have

been stored. | SETUP (o3l prompts for a note on the last point. If a point number is entered before

pressing [ SETUP [Me3jll . it prompts for a note on the specified point number. When this option is
used, the number 4 will appear in the display to the left of SMI to indicate that this option is active.

L 200 2 4

FIX4

This function lets you modify the number of decimal places displayed on the screen when using the data
collector for adding, subtracting, multiplying, and dividing and when using SMI to display distance and
elevation. The display will prompt you to enter the fixed number of digits you want shown after the decimal
point. That number will then appear in this soft key. The default is four decimal places. Other values such
as Go/Come, Left/Right, cut/fill, triangle solutions, and intersections are not affected by this fix point. To

have this fix point also control these other values, press CHG NXT DSPLY [S)'¢ll. (See

Display Options Menu on page 257.) |JEI] and [EEDY are not affected by either of the fix points.
These are always defaulted to three places after the decimal.

This toggle key lets you select whether the card will prompt for the next number to be stored. If this option
is not selected, the card will automatically use the next available number, unless you manually key in a
point number to be used.

Cursor Position in Notes
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By default, the cursor is at the beginning of the note for editing. However, if you want the cursor to be at

the end of the note, press [_CHG NXT IEEH. You will be prompted with END
COMMAND LINE CURSOR POSITION.

Change/Defaults Menu 2
KEYSTROKES: [_CHG NXT

CYCE 2 Ml
RKER: CRD

CHANGE SETTIHGS

[D=PLYJIWFUT [ HOGE [0 =T] TOLH [ E1GPT |

Figure A-17 Change Settings Menu 2

The first soft key you see in the second menu is [PEIRY- Press this soft key to access the Display
Options Menu.

Display Options Menu
KEYSTROKES: [__CHG NXT

The Display Options menu allows you to adjust how information is presented on your screen and lets
you turn Beep on or off.

CVCR 2 SMI
AKER: CRD

DISPLAY OPTIONS

[EFS aJEEEPs] Finy | 1 | cFiz [ExIT...|
Figure A-18 Display Options Menu

The Display Options menu has the following soft keys:

Display Options Menu Soft Keys %i
‘n
<
3

g
o
S
%)
COOR= . . . . . .
This key toggles the display between Angle Right, coordinate, bearing, and azimuth format (see also
Display Format on page 287).
This key turns Beep on and off.
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Display Options Menu Soft Keys

This key toggles between “Will use Fix4 for digits after decimal” and “Won’t use Fix4 for digits after

decimal.” The digits after the decimal can be any amount you specify under FIxa RIE
number you specify will then be displayed after the “FIX” on the soft key. For example, to have your

distances, elevations, and Go and Come values set to three digits after the decimal, press 3
[5)'¢Wll. The soft key toggle will now be ISV&EN / B3V &R B to turn on and off “Will use Fix3 for digits
after decimal” and “Will not use Fix3 for digits after decimal.” ( fd)&«XLN is on.)

This key toggles between 1 sec angles and .1 sec angles.

CFIX

This function prompts for a CVC Fix Point. This function lets you fix the number of places after the decimal
for station and offset values.

. Ifyou are in Meters mode, you can press and you will see an option to toggle between

1+00 and 1+000. This indicates an option for how stations are displayed. The option is between two
or three numbers after the plus and before the decimal. When in Feet mode, there will be two
numbers after the plus when displaying stations.

Press this key to exit to the previous menu.

If Meters mode is on, this key toggles between having stations every 100 meters and every 1000 meters.
If Meters mode is off, this key is blank.

The next soft key in the Change/Defaults Menu 2 is NIl

CYCR Byl
ARERA: CRD
INPUT OPTIONS
[ 020 [EWn | 1 [HRON] [ ERIT

Figure A-19 Input Options Menu

Input Options Menu

KEYSTROKES: CHG NXT INPUT

The Input Options menu has the following soft keys:

Input Options Menu Soft Keys

This function chooses options for the MAN2 setting (manual instrument input) when using SIDS, TRAV or
SHOT and other manual inputs when the electronic instrument is turned off. This key toggles between
entry of Slope Distance, Zenith Angle and Horizontal Angle (Angle Right) and HZD Horizontal Angle,
Zenith, Angle and Slope Distance.
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Input Options Menu Soft Keys

This option determines the cursor position of notes.

See Cursor Position in Notes on page 256 for additional information.

If the Time Stamp is toggled on, it will insert a time stamp after each shot in the raw data file.
TS

Enter a new Height of Rod. This key is blank when Elevations are off.This key toggles between prompting
for a rod height after the shot and using the current rod setting. When toggled on, you will see “WILL
PROMPT FOR HROD BEFORE STORING.” Now, when you take a side shot or a traverse, the shot will
first be taken; then you will be prompted for the HROD before the point is stored. Height of rod prompting
is useful when frequently changing the rod height.

1241) This key exits to the previous menu.

The next soft key in the Change/Defaults Menu 2 is |JIBIE)-

CYCR 2 M|
AREA: CRD

MODE OFTICOHS

[[FEET| AR | W2 [ZERDs] [ EHIT |
Figure A-20 Mode Options Menu

Mode Options Menu

KEYSTROKES: [_CHG Tl MODE |

The Mode Options menu has the following soft keys:

Mode Options Menu Soft Keys

FEET

This key toggles between Feet mode and Meters mode.
METR
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ARC

This key toggles between “Arc definition degree of curvature” and “Chord definition degree of curvature.”

CHORD

This toggle key lets you select North Azimuth (NAZ) or South Azimuth (SAZ). SAZ is used for surveys
done where a 0 azimuth is pointing south.

For example, Hawaii uses a south azimuth grid system. Some DOT controls also are based on south
azimuth, but north azimuth is used most often.
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Mode Options Menu Soft Keys

| ZERO=
[ AZIM =]

This toggle key lets you use zero or a nonzero angle as the angle to the backsight.
EELEL] sets the angle to the backsight to zero.

& DCE/CVCE users: when this option is selected, m appears in other relevant soft key menus

to allow you to set the Horizontal Angle in the instrument to zero.

=110 lets you use a directional theodolite where you enter an angle in the backsight, enter a foresight

angle, and the Angle Right is computed. m will be replaced with [IF3a=1] in all relevant soft key
menus.

& DCE/CVCE users: when this option is selected, pressing Jyi:EM brings in the current Horizontal

Angle from the instrument as the angle to the backsight.

m assumes that the angle to the backsight is the back azimuth.

When selected, IR (azimuth survey) will appear in all relevant soft key menus.

&, DCE/CVCE users: when this option is selected, pressing m sends the backsight azimuth to

the instrument (this may not be available on all instruments).

This key returns to the previous menu.

The next key in the Change/Defaults Menu 2 is the soft key.

CYCR
HARNICK: CRD

k2

Ml

ACJUSTHMENT OPTIOMS

| Ec s[scALE[METR] | [EXIT|
Figure A-21 Adjustment Options Menu

Adjustment Options Menu

KEYSTROKES: CHG NXT ADJST

The Adjustment Options menu has the following soft keys:

Adjustment Options Menu Soft Keys

This toggle key lets you select whether to use the Earth’s curvature and refraction adjustment to the
elevations that are stored with the points in your job calculations. This function should default to ON

(IEEED) 'tis recommended that you normally leave this on. The EC adjustment starts to lose accuracy
at about 2000 to 4000 feet. After this distance, leave the function on, but go to the other end of the line and

use Mean Backsight ([_SETUP NXT T | IR

This key prompts for a scale factor. Entering 1 will disable the option. When working with State Plane

Coordinates, you may enter a scale factor here. A shortcut to this function is E (the

multiplication key). If Scale is on in the [JEIZE]] function (Two Point Free Station program), SMI will
automatically find the scale factor for you and use it when collecting points from the free station position.

This key toggles between Feet mode and Meters mode.
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Adjustment Options Menu Soft Keys

EXIT This key returns to the previous menu.

The next key in the Change/Defaults Menu 2 is |-

HOTOL|Z0TOL|ELTOLNTOL=[HTOLE] ERIT |

Figure A-22 Tolerances Menu

This soft key presents a submenu that allows you to modify current tolerance values for vertical and
Horizontal Angles, elevations, and horizontal and Slope Distances when taking multiple angles and

distances in your current job. Whenever a tolerance is exceeded, the data collector will signal with a
beep and/or an arrow pointing to the error.

Tolerances Menu

KEYSTROKES: [_CHG el ToLm

Tolerances Menu Soft Keys

HDTOL This key is used to change the horizontal distance tolerance. The default is .01 feet.
SDTOL This key is used to change the elevation tolerance. The default is .01 feet.
ELTOL This key is used to change the Slope Distance tolerance. The default is .01 feet.
g2
LTS
VTOLS This key is used to change the vertical angle tolerance. The default is 1'. a @ e
38
§ D X
o
HTOLS This key is used to change the Horizontal Angle tolerance. The defaultis 1". % E =
o
20 C
S g
24 This key returns to the previous menu. a >

The last soft key in the Change/Defaults Menu 2 is |Sall-

1
noETH:  SEEE, BEEE
ERST: SEEE. BEEE
ELEY: 1838, 688

POMT] N | E [ EL [WOTE

Figure A-23 Beginning Point Defaults Menu
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Beginning Point Defaults Menu

KEYSTROKES: [_CHG el BGPT

This soft key lets you set your beginning point defaults. The normal defaults are 5000 for north and
5000 for east. If Elevations are on, the default elevation is 100 for the first point. The default first point
number is 1. When you change these default values, they will be used for the first point each time you
create a new job.

Beginning Point Defaults Menu Soft Keys

This key is used to change the default first point number created with a new job. The default is set to point

POINT 1.
This key is used to change the default north coordinate of the first point created with a new job. The
[ N default is 5000.
This key is used to change the default east coordinate of the first point created with a new job. The default
| E | is 5000.
This key is used to change the default elevation of the first point created with a new job. The default is 100.
- L
(ACE + users): This key is used to change the default note for the first point created with a new job.
NOTE
EXIT This key returns you to the Change/Defaults menu.

Codes

KEY:

-

ProbucT: SCE+

KEYSTROKES: [ <& | y (the . key)

This function key lets you enter a code with a note.

Procedure

If you wish to assign a code to a point, it can be stored with the note.
First, enter the note. Then press [ < ] 3 (the . key) and key in the desired code.

Press to store the note/code with the point.

. It may be best to enter the code first, depending on how well your PC software is able to recognize (and
search) codes or notes.
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Compass Rule Menu

Key:
PRODUCT: SCE+

KEYSTROKES: [ | (the key)

This menu key allows you to perform compass rule or angle adjustment operations (ACE and above)
on points in the current Random Points file.

When running the command once while the raw data flag is set on ([ <€ ] 2), the distance
adjustment factor and the angle adjustment are stored to the raw file.

D Remember to copy or back up your job before performing a compass rule adjustment.

Procedure

At the Compass Rule menu, you will see the following soft key options:

Compass Rule Menu Soft Keys

This key is used to modify the current Random Points file. Press to clear the old data and type in
the points to be adjusted. When you have finished editing your Random Points file, press [ENTER | to

save the file. See m and in this table for more on how to enter points in the Random
Points file.

(SCE +): you may store multiple Random Points files (see Random Points on page 329).

(ACE+): This function calculates and displays the angle of error for your Random Points file without
changing your points. (Use this before making any adjustment; after adjusting the points, this will show an
error of zero.)

(ACE+): This key is used to perform an angle adjustment using the current Random Points file.

The last two traverse points in the Random Points file should define the direction assumed to be correct;
the two traverse points immediately before the last two points should define the error direction (See Angle
Adjustment on page 244).

CRERR

This key is used to find the compass rule error (see Angle Adjustment on page 244.)

This key lets you perform a compass rule adjustment using the current Random Points file.

The last point in the Random Points file should be the accepted point. The second-to-last traverse point in
the file should be the point shot to the accepted point at the end of the traverse.

o N 87°50'30" E 3
540.00
NS o\%
ol 3\%
=|& 3 A
1 654.72
5 S 87°55'40" W 4

Figure A-24 Performing a Compass Rule Adjustment
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Refer to Figure A-24 on page 263 to perform a compass rule adjustment:

1. Points 1 through 5 should be stored in the data collector.

2. Press [ RPTS ], keyinl.5 1 and press [ENTER|-
3. Press and I

A compass rule adjustment will be performed.

4. To check, key in5 1 and pressthe P-P key.

The distance should now be zero.

Compass Rule Adjustment with an Open Traverse Example

Once the angle adjustment is performed, change the Random Points file to look like this: 1.49 149.
After keying in the random point values and pressing [ENTER], Press [EiI2e- This gives the precision
of the open traverse. Press and (for Compass Rule Adjustment). When you inverse
from point 49 to point 149, you should now have a zero distance and the points from 3 to 49 should be
appropriately adjusted. Side shots should be entered as negative numbers as illustrated in the example
below.

S You can also find the compass rule error by pressing [ | and [GIEG]- Compass rule
error ( ) should be pressed before IR

48 50
2 C) s P
150
149
3
1 47

Open Traverse to known points

Figure A-25 Open Traverse to Known Points lllustration

Compute Angle Right
KEY:

ProbucT: SCE+

KEYSTROKES:

This function is used to compute the Angle Right from the back bearing, or from the back azimuth.

Procedure

You also can use azimuth values to compute Angle Right. This function assumes you are occupying
the point where the two lines meet. This routine makes it easy to get an Angle Right from two lines
(defined by two points on each line), or by two azimuths defining the direction of the two lines.
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This key calls up a submenu:

Compute Angle Right Submenu Soft Keys

Enter the back azimuth or two points that define the back azimuth.

BKBR Enter the back bearing.

Enter the foresight bearing.

Enter the foresight azimuth or two points that define the foresight azimuth.

Construction Five

KEY:
ProbucT: CVC

KEYSTROKES:

This key is used for staking and slope staking by station and offset using horizontal, vertical, and
template control files.

Procedure

Construction Five has several submenus, so this section provides an explanation of those keys here.
For examples on using Construction Five, see Construction Five, which begins on page 151.

Construction Five Menu 1

ZETAKING 5

n: -1
EL: B.BB6A
2ndn5 HH A

GET: 286°15'48"
pIs: 654 . 7260
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Figure A-26 Construction Five Menu 1

Note that keys that use a station and offset, such as |JEEN. ES2d. and M. wi!l also accept just
a station or a station, offset, and skew angle. If just one number is on the stack when the key is
pressed, it will be used as a station with a zero offset. If two numbers are on the stack, they are used as
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a station and offset. If three numbers are on the stack, they are used as a station, offset, and skew
angle. When a skew angle is entered, skew is measured clockwise from ahead with the offset
measuring along the skew.

Construction Five Menu 1 Soft Keys

Enter the backsight station and offset.

Press [ <@y | JJEEJ to enter a backsight point.

Enter an occupied station and offset

Press E Y34 to enter an occupied point.

Enter the foresight station and offset. If only the station is given, then the offset indicated by COFS or

CBFS in the CVC Options ([JEIafl) menu is used. If nothing is on the stack when |JJ[FEJl] is pressed,
then the station is incremented to the next station interval.

Press [ <@y | JJJHEJ to use a point number to get a station and offset.
Press E m to store a foresight to the cutsheet.

| BS |
|_Fs |

Enter a new Height of Rod. This key is blank when Elevations are off.

Stake Shot: Press to take a shot. Even if the shot is outside the shoulder, the Station Stakeout menu will
STKS appear.

Press to take a slope stake shot. If the shot is inside the shoulder, the Station Stakeout menu will appear.
SSTK If the shot is outside the shoulder, the Slope Stake menu will appear.

266 SMI Version 7 User Guide



Construction Five Menu 2

BeEE'68" =11 MM 3

ZT:@°08'aa"
p1s: 9, BEEE
[CHAIM] CUT | Thed [HECL [ WECL [THPL]

Figure A-27 Construction Five Menu 2

Construction Five Menu 2 Soft Keys

CHAIN Chain menu (see Chain Menu on page 271).
Cutsheet menu (see Cut Menu on page 272).
Template Adjustments menu (see Template Adjustments Menu on page 272).
Used to enter the horizontal control for the current chain.
Used to enter the vertical control for the current chain.
The Template menu.

Construction Five Menu 3

CYCE cHaIn: 1

A"EE'BE"=1=]1 NH 3
ST @ EA ' @E"

0Is: @, BEEA
[OkakETET0[ AuTa | OPT [EMCH] |

Figure A-28 Construction Five Menu 3
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Construction Five Menu 3 Soft Keys
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The CVC Draw menu (see Draw Menu on page 274).

STSTO Store a point at a given station and offset or station, offset, and skew.

AUTO The Automatic Cutsheet/Points menu (see Auto Stationing Menu on page 275).

OPT CVC Options menu (see Construction Five Options Menu on page 276).
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Construction Five Menu 3 Soft Keys

Enter the bench offset, elevation, and back slope to slope stake to a bench. This uses the backslope as a
BNCH cut/fill from the bench for slope staking.

Station Stakeout Menu

When a shot is taken inside the shoulder or if Elevations are turned off, the Station Stakeout Menu
appears.

# ZHOT S+90. 23 +50. B33

5:806
pIsT: 8. 33

Figure A-29 Station Stakeout Menu

Station Stakeout Menu Soft Keys

CUTS This key saves shot information to the cutsheet.

This key stores the last shot.

Press E e to store the point being staked.

Enter foresight station and offset.

Press E m to enter the foresight point.

Stake Shot: Press to take a shot. Even if the shot is outside the shoulder, the Station Stakeout menu will

m Enter a new Height of Rod. This key is blank when Elevations are off.

SHOT appear.
SSTK If the shot is outside the shoulder, the Slope Stake menu will appear.
EXIT Return to the Construction Five menu.

Slope Stake Menu

To access this menu, you must have a vertical and horizontal control and template already entered in
the job. If you do not have a template, you can use Bench. Then press the soft key in the first
menu of Construction Five.

; X SHOT Y+99. 97 +56. 02 3
EL: 186,16  GRDpE:

168, 32
FILL TO SHOULDER: 12.12
SLOFE TO sHOULDER: 1.98:1

uT: H.35 ok F:E.17
[ZzH0T[ CUTS [5T0EH] KEFP [CATCH] SHOT |

Figure A-30 Slope Stake Menu
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Slope Stake Menu Soft Keys

Press to take a second shot. The SDIN/SDOUT value will be a distance along the slope of the existing
SSHOT ground.

CUTS This key saves shot information to the cutsheet.

This key stores the last shot to a point number.

Pressing E 3ot stores the catch point to a point number.

The Reference Point Stake menu: If a distance is on the stack when this key is pressed, that distance is
used as the reference point distance from the catch point. This will turn servo-driven instruments to the
reference point.

STOSH

The Catch Point Stake menu: This will turn servo-driven instruments to the catch point. This also
CATCH computes a catch point.

Press to take a shot, ignoring the previous shot. If the shot is inside the shoulder, the Station Stakeout
SHOT menu will appear. If the shot is outside the shoulder, the Slope Stake menu will appear.

BRKC Pressing this key shows cut/fill and distances from the catch point to the breakpoints.

BRKR Pressing this key shows cut/fill and distances from the reference point to the breakpoints.

Pressing this key shows cut/fill, distances, and intervals from the catch point to the breakpoints.

Enter a change in elevation from the last shot to the existing ground to simulate another shot. Use on flat
ground when there is a sudden change in elevation.

Enter a change in elevation from the last shot to the existing ground to simulate another shot. Use on flat
CELF ground.

EXIT Return to the Construction Five menu.

[#]
m
-
(7]

Enter a new Height of Rod. This key is blank when Elevations are off.

Reference Point Menu

Key: I3 on the first page menu of the Slope Staking menu
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RFPT S+00. 00 +66. 36 1o, id §5E
41'@as"

RADE: .
<HoT EL: 186, 16
| SHOT | CUTS [3TOSK[REFPS[H_ROD|EH

Figure A-31 Reference Point Menu

Reference Point Menu Soft Keys

SHOT Press to take a shot on the reference point.
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Reference Point Menu Soft Keys

CUTS This key saves shot information to the cutsheet.

This key stores the last shot.

Pressing E e T] stores the point being staked.

STOSH

Press this key to store a new distance for the reference point.

Enter a new Height of Rod. This key is blank when Elevations are off.

1241) Press this key to return to the Slope Staking menu.

BRKC Press this key to show cut/fill and distances from the catch point to the breakpoints.

BRKR Press this key to show cut/fill and distances from the reference point to the breakpoints.

Press this key to show cutffill, distances, and intervals from the catch point to the breakpoints.

Catch Menu

KEY: on the first page menu of the Slope Staking menu

CATCH 5+00. 00 +56. 36
a1 2s g

Lk 1:@@

pIsT: .35

185, 1571
| SHOT | cuts [sTOSH] REFP [H_KOD

Figure A-32 Catch Menu

Catch Menu Soft Keys
SHOT Press this key to take a shot on the catch point.
CUTS Press this key to save shot information to the cutsheet.

Press this key to store the last shot.

STOSH
Pressing E e T] stores the point being staked.

The Reference Point Stake menu: If a distance is on the stack when pressed, that distance is used as the
reference point distance. This function will turn servo-driven instruments to the catch point.

Enter a new Height of Rod. This key is blank when Elevations are off.
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Catch Menu Soft Keys

EXIT Press this key to return to the Slope Staking menu.
BRKC Press this key to show cut/fill and distances from the catch point to the breakpoints.
BRKR Press this key to show cut/fill and distances from the reference point to the breakpoints.

Press this key to show cut/fill, distances, and intervals from the catch point to the breakpoints.

Chain Menu
KEY: on the second page menu of the Construction Five menu

KEYSTROKES: [ CONST NXT CHAIN

CYCR Z iy ]
HARVYICK: CRD

CHAIN MEHU
C1 IS CURRENT CHAIM

[MEW | OLG | TOPC | TO4B [LELETIEXIT...

Figure A-33 Chain Menu Screen 1

Chain Menu Screen 1 Soft Keys

Press this key to create a new chain.

OLD Press this key to select a chain to become the current chain.

TOPC Press this key to transfer a chain to a PC using the Versions 5 and 6 methods.

TO48 Press this key to transfer a chain from a PC using the Versions 5 and 6 methods.
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DELET Press this key to delete a chain.
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EXIT Press this key to return to the Construction Five menu.

COPY Press this key to copy the current chain into a chain with a new name.
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Cut Menu

Key: on the second page menu of the Construction Five menu

KEYSTROKES: [CONST | [ NXT

Cut Menu Soft Keys
Press this key to view the cutsheet for the current chain.
Press this key to print the current cutsheet.
Press this key to send the current cutsheet to a PC using the Versions 5 and 6 methods.
Press this key to delete the current cutsheet.
Press this key to return to the Construction Five menu.

Template Adjustments Menu
KEYSTROKES: [ CONST | [ NXT

% TENFLATE ADJUSTHENTS
: TMPL  pezs: TMPL

TEHFLATE ADJUSTHENTS
psLr: TMPL  oprs: TMPL

Figure A-35 Template Adjustments Menu Screen 2

Options in this menu override whatever is in the current template. Entries with TMPL in the display
mean that the template has not been overridden.

Template Adjustments Menu Soft Keys

DSLP Ditch slope - the slope from the shoulder to the ditch as a value with a ratio to 1.
m Ditch distance - the distance from the shoulder to the ditch.
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Template Adjustments Menu Soft Keys

BKSL Back slope.

Ditch bottom width.

% Note that this is now available in the Template Editor.

This key boots the elevation of the entire template relative to the vertical control.

1241) Press this key to return to the Construction Five menu.

Template offset: After entering an offset, indicate whether offsets will be from the centerline or from the
TMPO template. This is useful when the vertical control is offset from the horizontal control

Press this key to enter a slope stake offset. When slope staking, the offset will be shown to where the shot

was taken, but the slope stake information will be for the offset minus the slope stake offset ( [ESaa)-
This is useful for placing reference stakes.

CDDIS This key toggles between “Constant distance from shoulder to ditch” ( [fe}»]»]{f ) and “Constant ditch

slope between templates” ([fejpiz]H=0 )-

CDSLP

Template View Menu

KEYSTROKES: [ CONST | | NXT for viewing and editing the templates in the current chain

X Your job must have a horizontal control in the job to view before you will see the following keys.

Template View Menu Soft Keys

LEFT

This key toggles between viewing the left and right templates.
RIGHT

PREV Press this key to view the previous template.
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NEXT Press this key to view the next template.
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Press this key to delete the template being viewed.

EDIT Press this key to edit the current template.

EXIT Press this key to return to the Construction Five menu.

R->L Press this key to replace all the left templates with the right templates.
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Template View Menu Soft Keys

L->R

Press this key to replace all the right templates with the left templates.

Template Edit Menu

KEYSTROKES: [CONST | [ NXT for editing the current template
Template Edit Menu Soft Keys

STA

Enter the station number of the template to edit. If a template does not exist at that station, then a template

is created from the previous template. If is pressed without a number, the next template is
displayed. If there is not a next template, then the user is prompted for a station number.

Enter the segment number to be edited or created. A segment is a slope and distance between the
centerline and the shoulder. If no segment number is given, the segment shown on the key will be used.
After a segment has been entered, it will be displayed and the key will show the next segment to be
edited.

DEL

Enter a segment number to be deleted.

DITCH

Enter the ditch slope, the ditch distance, and back slope.

Enter the ditch bottom width. If no ditch bottom widths are entered, the chain is still compatible with
Version 5 chains.

EXIT

Return to the Template View menu.

Draw Menu
KeysTROKES: [const | [ NxT | [ nxT | BT

CYCR
ARER: CED

ZH SMI

CRAW CHAIN

ETEN I ST I B I

Figure A-36 Draw Menu
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Draw Menu Soft Keys

Press this key to draw the horizontal control.

% Note that spirals drawn on the screen are approximated by an arc.

Press this key to draw the vertical control.

131.7963 EL
5Th
0.0000 15000000
86.7441

Press this key to draw a template given a station and side.

ERLTEN S
OF:T
HOLo0an
1241) Press this key to return to the Construction Five menu.

Auto Stationing Menu
KEYSTROKES: [[CONST | [ NXT | [ NXT

AUTOD STATIONING

pER: B+08. 00
enp:  B+08. 60
v 168, BB0BE
OFFsT: 8, BEBBA

| EEG | END [INTVL [OFFET] CUTZ [ COOF; |

Figure A-37 Auto Stationing Menu Screen 1

EER: @+E0,. BA
Enp:  B+E6, BA
nTyL: 1868, BBEEE
OFFsT: B, BEAEA

Figure A-38 Auto Stationing Menu Screen 2
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This function automatically creates cut sheet entries or points at specified stations and offsets/

breakpoints.

Auto Stationing Menu Soft Keys

Enter the beginning station.

Enter the ending station.

INTVL

Enter the interval distance between stations.

OFFST

Enter the offset. If 0 is used, points will be generated at each of the breaks in the template.

CUTS

Press this key to store all the specified stations and offsets to the cutsheet.

COOR

Press this key to store all the specified stations and offsets to a point number.

1241

Press this key to return to the Construction Five menu.

Construction Five Options Menu
KEYSTROKES: [[CONST | [ NXT | [ NXT

Construction Five Options Menu Soft Keys

STAI

Station interval is used for rounding stations in the cut sheet and automatically incrementing the foresight
point.

STAT

Station tolerance indicates how close a station must be to the station interval to be rounded in the
cutsheet. Shots that are within the station tolerance distance of the station interval will be rounded to the
station interval. For example, if the station interval was 50 and the station tolerance was 5, a shot taken to
station 3+51.23 would be stored in the cutsheet as 3+50. A shot to 3+56.34 would be stored as 3+56.34.

CSTA

This is the constant offset to be used when only the station is on the stack when foresight (m) is
pressed.

COFS

This is the constant breakpoint number to be used when only the station is on the stack when foresight

(m) is pressed. For instance, to take shots on the ditch bottom when there are two segments
before the shoulder, enter 3. This is useful when staking the same offset at several stations.

CBFS

Constant breakpoint is used when only the station is on the stack when foresight ( || FEJ) is pressed.

This is useful when staking a particular breakpoint such as the shoulder or curb at several stations. If there
are two segments in the template to get to the shoulder, enter 2 to stake the shoulder when you enter a

station and press m

EXIT

Press this key to return to the Construction Five menu.

MXOF

Maximum offset is used when trying to calculate the station and offset of a particular location. If set to
zero, the entire chain is searched for the station with the smallest offset to the location. If not zero, the first
station with an offset to the location less than the maximum offset will be used. This can speed up how
long the calculations take.
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Construction Five Options Menu Soft Keys

Extend the Horizontal Control past the beginning and ending points of the horizontal control to allow shots.

Horizontal Control with Construction Five

KEYSTROKES: [ CONST NXT HCCL

§ nge B 2
1000'

1

Figure A-39 Horizontal Control
Procedure for entering the above horizontal control in Construction Five:
1. Press [ConsT |

2. Press and .
3. Key in the following: 1 [ spc | O [ spc | 2 and press [ENTER]-
The data will look like this:

1 0 2 before you press or after you go back to HCCL.

Breakpoints

Use the same procedure as for a baseline, except you enter more point numbers.
The HCCL file for this water line will look like this: 102345

4

0+00
N
(6)]

snusyy Jo 8ousisjoy

XoInd v Xipuaddy

Figure A-40 Breakpoints

Q
S
Q
T]
c
S
Q
=n
]
S
(7]

Simple Curves
The entry into HCCL is: 10“234”“567”8

Figure A-41 Simple Curves lllustration
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Compound Curves

The entry should look like this: 1023 4”“456” 7
Notice how point 4 is part of both curves.

Figure A-42 Compound Curves

Spiral Curves

The illustration below should have an entry that looks like this: 1 0 {2 3 4 500 300 200} {5 6 7 500 300
200} 8 where 2 and 5 are TS points, 3 and 6 are main PI points, and 300 is the spiral length back and
200 is the spiral length ahead.

Figure A-43 Spiral Curves lllustration

One of the main features of SMl is that the spiral can be designed or checked for accuracy. If points 2,
4,5, and 7 are only guessed positions and are along the tangent, SMI checks for accuracy and will
override the points with the correct coordinates. If you do not wish to override these points, SMI will
warn you that it is about to override the point coordinates. At this time, just change the point number
and press to store the new coordinates at a different point number.

Combinations of lines, simple curves, and spirals: The data for this sample should look like this:
102%345”{67 8500 300 300} 9
where the radius of the simple curve is 500 and the SLB is 300.

Figure A-44 Spiral Curves
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Coordinate to Coordinate Inverse

KEY: NE-NE
ProbucT: SCE+

KEYSTROKES: [ % | Ne-NE (the x key)
This command inverses between two sets of unstored coordinates.

Procedure

Key in the north coordinate for the first pair and press [ENTER]. Key in the east coordinate of the first pair
and press [ENTER]. Key in the north coordinate for the second pair and press [ENTER]. Key in the east
coordinate for the second pair and press [ENTER]. With both sets of coordinates entered on the stack,
press [ | Ne-Ne  and the inverse will be displayed.

Curve Stakeout — (Horizontal Curve Stakeout)
KEeY:

ProbucT: SCE+

KEYSTROKES: [ STAKE NXT NxT | IEIGNE or press LN, then enter curve information
and press BRI

This key is used to stakeout a curve by station and offset.

If you need to enter curve information different than radius and delta, you can use the Curve menu to
enter the data, then press in the Horizontal Curves menu. You will be prompted for a beginning
station.

Procedure

Using Radius and Delta

Access to the Curve Stakeout function can be found on the third page of the menu as
Y3 The program requires that the PC be occupied and that the backsight be along the tangent
(away from the PI). When in the menu is pressed, the user is prompted for the
radius, delta, and beginning station “Radius Delta BegSTA.”
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Using the Curve Menu

Occupy the PC, backsight on the tangent, press /= \ (the S key on the data collector), enter two
elements of the curve (indicate whether the curve is turning to the left by entering a negative radius),
then key in the station number of the PC and press I

You can now give any station number and get the Angle Right, deflection angle, tangent distance,
tangent offset, and chord distance.
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You can enter a constant offset for staking by station number, or you can enter tangent distances or
chord distances and get stakeout data. Thus, it is easy to stake a simple curve by station or tangent or
chord distances. Following are explanations of the menu keys.

Curve Stakeout Menu Soft Keys

Enter a station to be staked.

Pressing E stores a point at the given station.

Increment to the next station. If a number is on the stack when is pressed, it will be used as the
new increment. The default increment is 100. When the end of the arc is reached, it starts over.

When is showing, enter the tangent length to stake. When is showing, enter the
distance along the chord to stake.

This key is different, depending on the setting of the [N/ [51;(8]:]3] toggle key on the next page.

OFSET Enter an offset to be staked. The default is 0.

Manual or electronic entry of shot info: Changes to shot screen (Go/Come Left/Right).

E I a3 dl (robotic only): Shot screen information constantly updated.

[ | IEE: Shows the shot screen using the last shot without taking another shot. This is useful

to tell the rodman where to go from the previous foresight point instead of a direction and distance from
the instrument.

Press this key to store the point being staked.

Press E PXrelad to store the last shot.

STOPT

This key toggles between staking tangent length and offset and staking chord length offset. This toggle

TAN key changes the setting of the ||}/ IR soft key and the second line of the display. The display
toggles between showing TL (Tangent Length) and TOFF (Tangent Offset) for the Jay\YIll option and
CHORD 99 g TL (Tang gth) (Tang ) | TAN |
CHL (Chord Length) and COFF (Chord Offset) for the [e{¥[e]z]»] Option.
Curves
Key: /~ \

ProbucT: SCE+

KEYSTROKES: /~ \ (the S key)

This function allows you to perform curve computations. The Curves functions are very flexible. You
can choose in the menu whether you wish to work with Arc Definition Curves or Chord
Definition Curves. The default is Arc Definition Curves. To change this setting, press [ CHG NXT
| MODE | and you will see (or if is displayed, pressing will display
).

Procedure

When sufficient information has been entered, the curve can be computed and displayed. Usually, any
combination of two of the elements described in this section will be enough to compute the missing data
for the curve.
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The Curves menu includes the following:

Curves Menu 1 Soft Keys

This key is used to enter a delta angle in degrees (interior angle of arc).

This key is used to enter a radius length.

This key is used to enter a tangent length.

This key is used to enter a tangent length when in Arc Definition mode. If in Chord Definition mode, the
key changes to and is used to enter a chord curve length. The Arc and Chord Definition modes

can be changed by pressing [ CHG NXT m / CHORD§

O
j=n

This key is used to enter a chord length.

This key is used to enter an external length.

Press for the second Curves menu screen; the soft key options are listed next:

Curves Menu 2

KEYSTROKES: /= \
¢/ Do not use the PC, CC, POC, or PT keys on the second menu when using the soft keys on the

third menu.

Curves Menu 2 Soft Keys

This function is used to enter the degree of curvature. An arc length definition of 100’ is the default (flag 52
is clear). However, if flag 52 is set, the 100’ chord length definition is used.

This flag is changed automatically using the [-X=ToJll/ [eizl0]:]»] Soft toggle key in the Change menu:
m (see Change/Defaults on page 255).

PC

This key is used to enter the point of curvature and occupy that point. If this is not entered, the current
occupied point is assumed to be the point of curvature. Key in a point number for the PC and press
. Key in a point number for the PT and press . Now you will have the option of keying a

point number for the RP, PI, or POC and the curve will be computed. Find the radius of a curve defined by
three points on the curve by using the PC, POC, and PT.

This key is used to enter the point number at the center of the curve. The radius is calculated from this
point to the point of curvature (the occupied point).

The point of curvature should be occupied before using this function in order to compute a valid radius.

This key is used to enter the point of intersection. This is the point at the intersection of the two tangents to
the curve.

PT

This key is used to enter the point of tangency. The chord of the circle is calculated from this point if the
point of tangency (PT) and the point of curvature (PC) have been defined.

POC

This key is used to enter a point on the curve. The curve can be calculated from this point if the point of
tangency (PT) and the point of curvature (PC) have been defined.
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Curves Menu 3

KEYSTROKES: /= \

When using the functions on this menu, it is assumed the occupied point is the Pl and the backsight is
along the tangent line through the PC.

The keys on menu 3 are designed to calculate the delta of the arc based on the direction of the forward
tangent. Any other information about the arc may be entered before or after entering the direction of the
forward tangent.

¢/ Do not use the PC, CC, POC, or PT keys on the second menu when using the soft keys on the

third menu.
Curves Menu 3 Soft Keys
NPIPT This key can be used to enter the point number of the next PI.
This key can be used to take a shot on the next Pl and store it as a side shot. If you are using electronic
m data collection, pressing this key will cause the instrument to take a shot on the PI.

After the direction to the forward tangent and one other known dimension of the arc have been entered,
the PC, CC, and PT points will be stored in that order.

If you have entered only the direction to the forward tangent, after you store the points, the display
shows the Distance submenu of the Traverse menu. This allows you to enter the distance and Zenith
Angle to the Pl and traverse to the PI of the next arc.

If the next Pl point is already stored using the or RN} keys, the program traverses to that
point and shows the third page of the Curves menu.

After the curve has been calculated, the display will present the curve data; additional soft keys now are
available to store points and traverse through the curve. You can traverse around the curve by defining
the direction in which the curve is turning; press Il RIGHT B

The direction of the curve is always defined from the PC toward the PT. You may view the curve data at
any time by pressing from the soft key menu.

Or press FY to see area information for the curve: sector, segment, and fillet. The curve routine
presents a final set of soft keys to help you further define and store the curve data.

Curve Menu 4 Soft Keys

This key allows you to change the forward tangent of the curve. If a value is not entered, the forward

FATN tangent from the current back azimuth is used.
This function is not needed if you have traversed along the tangent to the PC or if the CC is used to define
the curve.

This key is used to store a point on the curve that you have just calculated. (This key also stores the “curve
STORE center” point that is used as a reference for calculations.) When finished, you will be presented with the
following soft key options:

This key uses the arc length from the previous data to continue traversing around the curve.

This key stores a new curve length and recalculates a new point based on the new curve length and
- radius.

This key allows you to store a note with the last point stored. To store a note at a different point, key in the

NOTE desired point number before pressing o110 -
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Curve Menu 4 Soft Keys

VIEW This key redisplays the curve data.

Insert Curve at Point of Intersection While Traversing
KEY:

This soft key will appear in the Traverse menu after a bearing is entered.
While traversing from Pl to PI, you can insert a curve at each PI.
1. Press and traverse to the Pl of a curve (or you can press and occupy the PI

point and backsight a point along the tangent, then press [ TRAv_]). Enter the direction to
the next Pl (Angle Right, azimuth, bearing, or deflection angle).

This automatically computes the delta for the curve you wish to insert.

2. Press [&1-

You will see what appears to be the first soft key page of the Curves menu. Use any of these
options except delta, since delta is already computed.

3. Key in a value and press the appropriate key.

The curve data for the curve you are about to insert will be displayed and you will see the second
page of the Traverse menu soft keys displayed.

4. Key in the information to move you to the next Pl point (like the horizontal distance).

The PC, RP, and PT points will be stored, as well as the next Pl point. You will be occupying the
next Pl point, ready to traverse to another PI, and while doing so, insert another curve at this PI, if
you wish.

Example

Curves are also illustrated in Insert a Curve on page 56. Here non-tangent curves will be illustrated.

N 87°50'30" E 3
540.00
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Compute the area for this lot with a non tangent curve

Figure A-45 Non-tangent Curves

1. If Elevations are on, turn them off ([ <& ] 3).

2. Traverse from 1 to 4.

Keystrokes: [ NEw [l NEW |
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A. EXAMPLE 15 A 200 Ol
B. 87.5030 ¥l 540 G-
C. 218.20 N 200 G-

3. Intersect from 1 to 4 using the radius as distance 1 and 2.

4. Store the second solution by point number in point 5.

A. ><(INTERSECT -the T key) 1 500 sl

B. 4 JEFN 500 A

1:533"49'34"|| 5848,
Z:H42"58'14"W SB6 . BEEE
(1zTofazTofNote] ] [ |

Figure A-46 Intersections

C. Press 1 BN
D. [RPTS ]1.3 [[spc | [ |4 [[spc |5 [[spc |1 [EnTeR] G-

E. Enter the Random Points fileas: 1.3[ spc |[ @ || — |4 spc | 5[ spc |1 [ENTER].

F. Press m

CYCR M
CURYE: CRD

. 378
971v.8
e53. 20

w
feml
M
-
mmn
= =

[[EoiT | oin | cx |aken [ PREC [sPLOT)
Figure A-47 Area for Lot Displayed

Customize

KEY:
ProbucT: SCE+

KEYSTROKES: (the O key)
This function lets you customize the functions of the user keyboard and save special values.

Procedure
Key: (&Y to assign a number or program to a key

To assign a program or program name or a number, press [[#&J]- Type the number, program, or
program name. For example, assign a key that will automatically show the software version you are

using. Press [#EXJ then type VER (for version) and press [ENTER]- Now press the key to which you
want this function assigned.
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If you want it to be assigned with a Shift left, press [ <& ] then press the desired key. Or, to assign a
single key, just press that key. For example, to assign VER to [ STAKE |, with VER showing on the

display, press [ STAKE ].

After any key change has been done, the SMI at the top right side of the display will change to USER,
indicating that the default key assignments have been changed. The rest of the SMI overlay is still
active.

In the menu, press [JIEZ to switch from having USER to SMI displayed at the top of the
screen. Now STAKE is active, rather than VER. This allows you to assign many of your own user key
assignments and go to and JEE;] to switch back and forth from using your own key
assignments and the SMI key assignments.

Customize Menu Soft Keys

m Press this key to assign a function to a key.

KDEL Press this key to remove a user key assignment.

Press this key to store a number in a numbered register. Type the value to be stored, then the number of
RSTO the register in which to store it before pressing i3l

RRCL Press this key to recall a number from a register. Type the register number before pressing [={:1s{Il.

Press this key to toggle user keys on and off.

Press this key to start the Memory Registers menu.

Example

You are traversing north 3 degrees and 30 minutes, and east for 33 1/2 poles. Multiply the poles in the
deed by 16.5 and get feet, then use those feet in the traverse.

1.

© ©® N oo e ~ 0D

Press [CUSTOM].
Press m

Key in 16 .5.
Press (the Multiplication key).

Press [ENTER]-
Press R (this assigns 16.5 and Multiply to R).

Press [ TRAV .

Key in 3.30 and press ¥4l

Key in 33.5 (poles) and press R.
You will see 552.75 (feet).
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10. Press to traverse to the next point with a distance of 552.75 feet.
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Date/Time

If you are working with sunshots, it is of particular importance that your program be set to the correct
date.

Setting or changing the current time:

To set the time of a data collector other than the HP 48, set the system time following the directions in
the user manual for that particular device.

To set or change the current time in your HP 48, turn SMI off (QUIT or the [ & ] key) and press
] (the 4 key).

This opens the Time menu window. Press the [ A ] or [y ] key to scroll the time menu to “Set
time, date...” Press [ to accept the menu choice. Press [y | to move down to the date
fields, then press [ p ] to highlight the desired time or date field. Once the field is highlighted, key in
the appropriate value (month, day, year); the value will appear on the command line. Press to
accept it and place it in the field.

Press Il when finished. This enters the changes you made and exits the Date menu. Then press
& | K [ENTER] to return to the SMI program.

Degrees - Minutes - Seconds (HMS or DMS)
(Convert to)

Key: or

ProbucT: SCE+

KEYSTROKES: [ <€ | or [ ] then or (the Divide key)

Same as Hours - Minutes -Seconds

This function key is used to convert a decimal number to the degrees-minutes-seconds format.

Procedure

Key in your decimal number and press [/ | then [ERN- The resulting number is converted to
HMS format.

Delete
KEY:

ProbucT: SCE+

KEYSTROKES:

This function allows you to delete points, jobs, Random Points files, raw data, or the entire RAM card.
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Procedure

Press the soft key corresponding to the desired function:

Delete Menu Soft Keys

Press this key to delete points. The display will prompt you to enter the point number(s) to be deleted. Key
PNTS in the point number and press |ENTER |-

To delete a range of points, key in the first point number, [ gpc |, and the last point # to be deleted,

then press @=INjfzJl- The points will be deleted.

Press this key to delete a job. The display will prompt you to enter the name of the job to be deleted.

JOBS The names of your jobs will be shown on a stack (press the up and down arrow keys to scroll through the
menu and find the job you wish to delete. To delete it, with the job highlighted, press |ENTER| then

or press m to cancel.

(DCE+) Delete raw data: The display will ask you to confirm that you wish to delete raw data for the
current job. Press the soft key to confirm or m to cancel.

(SCE+) Delete a Random Points file: After you have selected this option, the display will show the names
RPTS of Random Points files in the current job (you may need to press to see additional files).

Press the soft key corresponding to the name of the file you wish to delete. Press |ENTER | then
\'{ =3 to confirm.

Delete card data: The display will ask you to confirm that you wish to erase the card in port 2. Press the

CARD soft key to confirm or press m to cancel.

Display Format

KEY: pisp
ProbucT: SCE+

KEYSTROKES: [ | pisp  (the 6 key)
This function lets you select the type of display format for your job. It is a shortcut, instead of going to

CHG NxT | and PEIRE-
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Procedure

Press this toggle key to switch between four types of display: Angle Right, bearing, azimuth, and
coordinate. The screen will confirm as each is selected (e.g., DISPLAY BEARING). The display
format may be changed at any time and does not affect how data is stored or calculated.

DOT Menu

ProbucT: DOT

KEYSTROKES: | &y | [ por_ | (the Z key)
This menu contains functions specific to the DOT card.
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. This section will explain special custom programs/functions that are available as an option with your
DOT card.
Programs include the following:

two-point resection

two- and three-corner shots

manual entry of cross-section data

one-time boot of the rod

store offset points

cross-section offsets

cross-sections

FIryr9rvrr 8

zero the rod
w random point station

The following custom programs are designed to simplify or provide more immediate access to special
functions and routines that may be used more frequently in certain applications. Many of these special
programs were initially developed for the South Carolina Department of Transportation.

To access the DOT menu, press | <& poT_ | (the Z key).
The display will show the DOT menu (below).

oot RZM M
HETRIC: CRD
DoT
B "EA'EE@"e1n] HH 2
H I: 8. BEE
RrOD: A, BEE
[2COF | 3COF [MaWK | EDOT | 2T0F [ COFF |

Figure A-48 DOT Menu

The DOT menu includes two soft key screens. Press to scroll to the next menu screen.

ooT RZH EMI
HETRIC: CED

LoT
BEa'aa"=1s1 MM 2

H I: 8. BEE
RrOD: A, BEE

(oro0 [ RPs | [ | [ |
Figure A-49 DOT Menu Page 2

The programs are accessed from their respective menus using the corresponding soft key.

In the following sections you will find a description of each special program.

Two-Corner Calculation

Use this function when you shoot two corners of a building and measure the third side.
Shoot two corners of the building and press |ESGl-
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The display next asks you to identify whether you are moving clockwise (CLK) or counter-clockwise
(CCLK) around the building.

Ernter distance as
CLK: CLOCKWISE
CCLE: CHTR CLOCKWISE
to store two corners
based on the last two.
I A I N N

Figure A-50 Two-Corner Calculation Prompt

Press the appropriate soft key to indicate the direction.
The following prompt displays: ENTER LENGTH OF LAST SIDE.
This is the missing side. Key in the distance and press [ENTER].

Three points will be stored: the two points not shot, and the first point shot. By storing the first point
shot, the PC can automatically plot the four sides of the building.

Three-Corner Calculation

Use this function when you shoot three corners of a building and want the data collector to compute the
fourth corner.

Shoot the three corners and press |ES5Ll-
The missing corner is stored and the first point is stored for auto plotting purposes.

Manual Entry of Cross-section Data

Use this function when you are taking cross-section shots and get an obstruction that requires you to
switch to manual entry of cross-section data. This program uses the last two points shot to compute
manual cross-section data.

Press fIIAVE.

#HANUAL CROSS SECTIONE
RZIHUTH: E°6&'aa"
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Figure A-51 Manual Cross-section Submenu
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The display will show the Manual Cross-section submenu with the following soft key options:

Manual Cross-section Submenu Soft Keys

(if Elevations are on) This option prompts you for the change in elevation. Key in the difference in
m elevation and press |ENTER |. You will then be prompted for the distance from your reference point. Key in
the distance and press | ENTER |. The new point (“next number”) will be stored.

MOVE This option prompts you for a distance from your reference point. Key in the distance and press [ENTER |-
The new point (“next number”) will be stored.
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Manual Cross-section Submenu Soft Keys

1241 This option returns to the main DOT menu.

Boot the Rod

Use this function when you want to temporarily adjust the height of the rod. This is useful when you
need to raise the rod for a clear shot over an obstruction.

Key in the boot value and press |[[Jeill- This value is temporarily stored as the height of rod.

& The boot value may or may not be reset to zero, depending on how you set the function (DOT
menu 2).
When OROD is on and the HI (height of instrument) has a nonzero value, the next shot uses the boot

value, after which the HI is automatically reset to zero. This is useful when you want the rod booted for
only one shot.

When OROD is off, the boot value (or HI) is not reset to zero, and will be carried through to each
subsequent shot. This is the default.

Store Offset

This function lets you store offset points.

Press Bl The display will show the following: CENTERLINE PT?
Key in the point number and press [ENTER].

The display will show the following: BACKPOINT?

Key in the backpoint number and press [ENTER].

You are now ready to store offset points.

The display will show soft keys to help you identify your offset points.

RZIHUTH: 116°35'@@"
norTH: DP9, ZEEEA

ER:T: ooEd, BEREE
ELEY: . AaEEER

=T [£0ET] KT |HOVE [RISTH0IST 4|
Figure A-52 Store Offset Screen
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Typically, you will use the (distance right) and (distance left) soft keys to store offset
points.

22

10

Figure A-53 Store Offset lllustration

In the above illustration, point 15 is the occupied (centerline) point and point 10 is the backsight point.
Points 16 through 18 were stored using (I Ral- Points 19 through 21 were stored using [REl-
was used to move up for storing points 22 through 27.

was used to store point 28.
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Cross-section Offset

This function allows you to store offset points from a cross-section.

Press Kool M.

The display prompts you for the occupied point.

Key in the point number and press [ENTER].
The display will show soft key options to help define offset points.

#ZTORE OFFXET

: 118235 '@@"
EEE‘IE‘I. HEEEE

EE . BEEEE
B. G8aaa

[ A2 | POL OIST4[IT400ET+ [HOTE ]
Figure A-54 Cross-section Offset Screen

Cross-section Offset Screen Soft Keys

m Use either m (azimuth) or (point on line) to define the direction from the occupied point.
Use to identify the distance along the line.

Use to define the distance left.

Use to define the distance right.

If you wish to describe a point, press . Key in the description and press .

Zero the Rod

This function is used in conjunction with the Boot function, described in Boot the Rod on page 290.
This is a toggle key; press once to toggle it to on. The display will show 0 ROD EACH SHOT.
The key also will change to to indicate that this function has been selected.

When OROD is on, the height of rod will be reset to zero after the shot.

To deselect this function, press to toggle the key off. The display shows WILL NOT O ROD.
The key also will change to indicate that this function is no longer active.

The default for this function is off.
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Random Point Station

This function lets you set up within sight of two known stations and shoot the two stations to establish
your occupied station.

Press [JEIEM-

ERANDOH FOINT STATIONS
B+EE . B8

[15Th[@5Th| o [DEGEC|PISTA]CONT ]

Figure A-55 Random Point Station Menu
The Random Point Station menu includes the following soft key options:

Random Point Station Menu Soft Keys

1STA (Station 1) This option identifies a station on the centerline before the line enters a curve.

2STA This option takes a shot to the PI (point of intersection) of the curve.

This is the delta of the curve (negative value indicates that the curve turns to the left).

DEGC This option lets you set the degree of curvature, assuming arc definition.

PI (point of intersection) station: This option lets you enter the station number for the point of intersection.
PISTA

This option runs the main body of the program. This program occupies the coordinates 5000/5000, and
CONT generates a horizontal control file based on the information you have entered using this menu.

Elevations (On/Off)
KEY:

ProbucT: SCE+

KEYSTROKES: [ | (the 3 key)

This function allows you toggle Elevations on or off.
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Procedure

Press this toggle key to switch between Elevations on and Elevations off. The screen will confirm your
setting. When Elevations are on, the letter Z will appear at the top of the display to indicate that this
setting is active. Additional soft keys relating to Elevations will appear in various menus; these do not
appear when Elevations are off.

CVCE and DOT users: Elevations must be on when slope staking. See Construction Five, which begins
on page 151, for more information.
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Exit SMI

KEY: auiT
ProbucT: SCE+

KEYSTROKES: [ | auiT (the [ o] key)

This function key allows you to exit the SMI program and returns the keyboard to the regular HP
assignments.

Procedure

To exit SMI and be entirely in the Calculator mode, press [ <€ | andthe quir  key. To go back to
SMI, press [ | K [ENTER]-

When you use to assign keys, the SMI label at the top will automatically change to USER.
For a more detailed explanation of SMI and USER, see User Mode on page 33.

Feet to Inches

KEY: FT+IN
PrRoDUCT: SCE+
KEYSTROKES: [ | FT>IN (the 7 key)

If you need to convert decimal feet values to feet and inches, you may run this command to convert the
value on the stack.

Procedure

Enter the decimal feet and get feet and inches to the nearest sixteenth on the stack.

First Available Point (FAP)

KEY: FAP

ProbucT: SCE+

KEYSTROKES: [ | rap (the key)

This function key lets you identify the first available (non-used) point for the current job.

Procedure

When executed, this function will briefly show the first available point for the current job. If there are no
point numbers in the command line, this function searches from the beginning of the job for the first
unused point number, and assigns it to be the next number to be stored (see Next Number (NEXTNO)
on page 314). Or key in a point number and press the key; the search will begin from that point. If that
point is used, the search goes forward to the next highest unused point number. If the entered point
number is unused, the search goes backward until it finds the FAP after the next lowest used point.
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For example, to find the last point number stored, enter a point number beyond the end of your job into
the command line and press [ <& ] and the rap  key. The card will search backwards from that
point until it finds a stored point. The “first available point” displayed will be the point number just after
the highest point stored.

To find an available point number in a gap between a group of points, key in the number of a used point
number that falls somewhere in the group of stored points before the gap. The program will search
forward for the first empty point; this will be displayed as the next available number.

Free Station (Two-Point Free Station/Resection)
Kev: IR

ProbucT: ACE+

KEYSTROKES: EX
SHorTcuT: [ | IEZEY (the key)

This function establishes an occupied point based on sighting two known points, referred to as points A
and B. The program works as though you were occupying A, backsighting B, and traversing to a third
point (the instrument position). Therefore, A should be the more accurate position.

Point B can be considered to be a good backsight point from A (on the line from A). If the Scale option
is used, a scale factor is applied, giving A and B equal weight. If you are using State Plane Coordinates,
you should use the Scale option so the instrument position is a State Plane Coordinate and future shots
from this free station position will be stored as State Plane Coordinates.

D The lowest card available with 2PFS is ACE. References to slope staking or station and offset or cross-
sections may only be available in Construction Five.

Procedure

Resection programs sometimes are only distance-distance intersection programs. As most surveyors
know, distance-distance concerns itself with instrument position and strength of triangles. If the triangle
formed is weak, the positional accuracy of the instrument may be in error anywhere from several
hundredths of a foot to several feet.

SM/I’s Resection program has always been a true free station program with a high degree of accuracy,
without a need to be concerned with the strength of the triangles. However, just as you would not want
a short backsight, you would want to avoid too short a distance between the two control points from
which you are free stationing.

Q
S
Q
T]
c
S
Q
=n
]
S
(7]

SMI added the option to mean any number sets of points stored by 2PFS. Even though it is called
2PFS, it is actually a multiple point free station program. However, it is referred to as 2PFS (rather than
MPFS) because the procedure uses only two points at a time. Each time 2PFS is used, an instrument
position can be stored by point number. Multiple instrument points can be stored for various sets of
control points for the same instrument position. These instrument points can then be meaned using

and |IEAN

The result can be evaluated for errors. If one point is found to be too much in error, the remaining points
can be meaned and stored.
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Free Station/Resection Menu 1

Free Station Resection Menu 1 Soft Keys

Press this key to take a direct shot on point A. Press E and this key will display the shot

information without taking a shot. If a point number for A has not yet been given, pressing [JEYIT] will
prompt for a point number.

Press this key to take a reverse shot on point A. Press E and this key will display the shot

information without taking a shot. If point A has not yet been given, it will prompt for a point number. If
Elevations are turned off, or in GPS mode, this key is blank.

A REV

Press this key to take a direct shot on point B. Press E and this key will display the shot
information without taking a shot. If point B has not yet been given, it will prompt for a point number.

B DIR

Press this key to take a reverse shot on point B. Press [ <@y | and this key will display the shot

information without taking a shot. If point B has not yet been given, it will prompt for a point number. If
Elevations are turned off, or in GPS mode, this key is blank.

B REV

RSLTS When R=I:{RgY is pressed, the shot information is used to calculate and display the occupied coordinate

information. The E:EIREY Kkey is replaced by the Ejfel:{=8 key to allow storing the occupied coordinates

to a point and to the raw data file.
STORE

The m command automatically calculates the scale factor for a project based on making a
HOLD comparison between two known sets of coordinates and the raw measurements during the m

made to them. The calculated scale factor is set as the scale for the current job by using the EJef:\R3

REAL option. By selecting the Jiz[e]Rvl option, you will hold the current scale factor without applying the
recomputed scale to the project.

SCALE Selecting [:{F:\Mll does not calculate or apply a scale factor. Use this toggle key to choose between
calculating a scale factor (Ji:]:\ll) and calculating real world coordinates ( fJoJ-\R=l) where the scale
factor is 1.

Free Station/Resection Menu 2

Free Station Resection Menu 2 Soft Keys

Enter the point number. Point numbers for A and B can be entered at any time, even before you go to the
PT 2PFS program. These control point numbers are remembered when you go to another program and

return even if you press m instead of | <y 2PFS |.

!

PTB Enter the point number.

This key toggles between using the mean elevation, the elevation from point A, and the elevation from
MNEL point B. If Elevations are turned off, this key is blank.

ELFA Elevation from point A.

ELFB Elevation from point B.

ROD A Enter the rod height for point A. If Elevations are turned off, this key is blank.

296 SMI Version 7 User Guide



Free Station Resection Menu 2 Soft Keys

ROD B Enter the rod height for point B. If Elevations are turned off, this key is blank.
Enter the height of the instrument. These values (ROD A, ROD B, and Hl) are also remembered, even
m when you exit and return to 2PFS. If Elevations are turned off, this key is blank.
m This toggle key determines whether reverse shots will collect a Horizontal Angle.
m This toggle key determines whether reverse shots will collect a Zenith Angle.
m This toggle key determines whether reverse shots will collect a Slope Distance.

For an example using 2PFS, see Free Station Resection Example on page 108.

GPS Menu

PRrobucT: GPS/Robotic
KEYSTROKES: [ Gps | (the Z key)

The GPS menu contains the functions specific to GPS. See details in Guide to GPS, which begins on
page 215.

Grads

Here is a quick fix for how to traverse in Grads: Key in Grads and press [ <] (the 9 key) to
convert from grades to degrees, minutes, and seconds and tenths of a second. This angle on the stack
can be used in the Side Shot or Traverse menu by pressing the |JEE4l] key.

To convert from DMS (degrees, minutes, and seconds) to Grads, key in a DMS angle and press [ |

(the 9 key).

Example
Problem: Traverse 60.555 Grads for 500 meters.

Solution: You will need FIX 5 for this one.
1. Press [ _CHG |, key in 5, and press [JFETH-
You will see JEECH
2. To work in Meters mode, press [ _CHG | [ nNxT | and m

3. Press to toggle to EEY-
4. Press [TRAV ], key in 60.555, and press [ | [IfE2N-

This converts to 54 degrees 29 minutes and 58.2 seconds.
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5. Press m

Zres TRAYERSE 335

L: 168, 08666
I=igeld HN 17

5296, 355603 W 1: 6. 058
5467.685523  roo: ©.BE@
[ kT | A2 | ERa JUEF<] H 1 [H KOO

Figure A-56 Grads Example

6. Key in 500 and press NS

If you now wish to convert 54 degrees 29 minutes and 58.2 seconds to Grads, key in 54 .2958 or press

[ |, IEXAl to recall the azimuth to the stack and press [ (> | JEl=Xel- You will see 60.555.

HMS Trig Functions

ProbucT: SCE+
KEYSTROKES: [ | HsIn  (the S key)

[ ] Hasin (the S key)
[ ] Hcos (the T key)
[ ] Hacos (theT key)
[ ] Hran (the U key)

[ ] HATAN (the U key)

The normal calculator trig functions assume that angles entered are in decimal degrees and that
inverse trig functions should return decimal degrees. These HMS trig functions assume HMS degrees
instead of decimal degrees. Enter the value to be operated on and press the keys to execute the
desired functions.

Hours - Minutes - Seconds (HMS) - Adding

(Add)

KEY: Hms+

ProbucT: SCE+

KEYSTROKES: [ (3 | Hms+ (the + key)

This function adds two numbers in HMS format.

Procedure

You should have two numbers in the stack, in HMS format. Press [ ] nus+ (the key) to
see the sum in HMS format.
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Hours - Minutes - Seconds (HMS) - Subtracting

(Subtract)

KEY: "Hms-

ProbDuUCT: SCE+

KEYSTROKES: [ (3 | "nms- (the — key)

This function subtracts two numbers in HMS format.

Procedure

You should have two numbers in the stack, in HMS format. The resulting value is in HMS format.

Inches to Feet

KEY: IN-+FT
ProbucT: SCE+

KEYSTROKES: [ % | IN+FT (the 7 key)

If you need to convert feet and inches to decimal feet values, you may run this command to convert the
value on the stack.

Procedure

Enter the feet and inches and get decimal feet. Enter the feet, inches, numerator, and denominator on
the stack in that order. If there is no fraction of an inch, you can just enter feet and inches. If there are
no feet, enter 0 for the number of feet.

Instrument Functions

ProbucT: GPS/Robotic
KEYSTROKES: | &y | [ INEN__| (the O key)

The Instrument Functions menu contains functions that are specific to the current instrument driver. If
the current instrument driver does not have an instrument functions menu, the data collector will just
beep and not change the menu.
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Instrument Position

ProbucT: GPS/Robotic
KEYSTROKES: | @ | [ pos | (the O key)

The Instrument Position screen shows a live update of the angles, distance, and tracking status of a
robotic instrument. The current menu is not changed. If the current driver does not support this feature
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or there is a communication problem, the screen will display the message “POSITION DATA NOT
AVAILABLE.” See Robotic Functions, which begins on page 195 for more information.

Instruments
KEY:

ProbucT: DCE+

KEYSTROKES: [ SETUP | [ NXT | [ NXT (or [.MORE | ["nxT for
electronic levels)
SHORTCUT: | @ | [INsT | (the | X | key)

This function allows you to select an instrument for electronic data collection; it also permits you to
select manual data entry.

Procedure

From the Setup menu, press [ @ | for the Instrument soft key menu.

Press to scroll through the menu screens to see available instruments (for a description of each
instrument supported, see Instrument Configuration, which begins on page 383). Press the appropriate
soft key to select the instrument you will be using.

X When you select an instrument, the program will switch the data collector to Electronic Instrument
mode. When the data collector is set for electronic data collection, the letter | will appear at the top of
the display to indicate that this option is active.

See Instrument Configuration, which begins on page 383, for detailed information about setting up
electronic instruments and which driver to select.

For manual side shots and traverses:

Even if you are using an instrument to collect data, you can select manual data entry for side shot and
traverse functions.

Press [[IIXE] to use menu-driven data entry (via the soft keys).

Press IIYEY to emulate the electronic data entry format (you will be prompted to enter Slope
Distance, Zenith Angle, and Angle Right on the command line).

Press [JIIXEY to enter coordinates instead of angles and distances when taking a shot.

Instruments — On/Off
Key: I

ProbucT: DCE+

KeysTROKES: [ < | [IFIXI (the 5 key)

This key lets you toggle between instrument (electronic data collection) and manual data entry.
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Procedure

Press this toggle key to switch between On (electronic entry) and Off (manual entry). The screen will
confirm your setting.

When instruments/electronic data entry are on, the letter | will appear at the top of the display to
indicate that this setting is active. The default is Off.

Intersections

KEY: ><
ProbucT: SCE+

KEYSTROKES: >< (the T key)

This function allows you to define the intersection from any two stored points, which include bearing-
bearing, bearing-distance, distance-distance, and perpendicular offset.

Procedure
Press >« to begin.

INTERSECTIONS
FT 1: @

OFFsET 1: @, B8

Ik 11 NB"G8'B6"E

FT 2
OFFSET 2: @, B8
[PT 1]0F:1|  |PERPD]  [iOWT]|

Figure A-57 Intersections Menu

To use an offset from line one, give an offset value and press JRIF3l] before you press |JER
feaad . Which allows you to use an old point number without reentering. Just press fgudl- If a
direction from point 1 has been entered, you may also use [adll. etc.

The display will prompt you to define line 1. Use the soft keys to enter a reference point for line 1. Key
in a point number, and press [EIR

Next, further define line 1 by keying in either the direction (press JERISH o 32l ): @ point on line
(press EXIRI)). or the distance to point (press |RISEN)-

The direction also can be defined by keying in two point numbers (separated by a space) and pressing
| Az |

The display will now prompt you to define line 2. Use the soft keys to enter a reference point for line 2.
Key in a point number, and press [SE

Next, further define line 2 by keying in either the direction (press [EIy or JIE2J) 2 roint on a line

(press EIEY). the distance to point (press |RIEY ). or press to get a perpendicular distance
to the first defined line.
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The display will show the intersection.
Perpendicular offset lets you move a point to a line while occupying a remote point.
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Example of Perpendicular Offset
N The job must first have points in it to perform this function.

Take a shot near the line.

Press ><.
Key in #2 and press to enter it as point 1.

Key in #3 and press to enter it as a point on line 1 (to define the line).

o & @ b=

Key in #1 and press JIIgJ]- Then press for a perpendicular offset.

The display will show the distance to the right or left of the line on which that point number is

located (as a + or - value). If you press here, the point will be stored on the line between
points 2 and 3 and perpendicular from point 1.

& The Intersections menu lets you enter an offset distance from point 1 and/or point 2. The perpendicular
offset example above can be accomplished even more efficiently (and more easily) using SMI’s Stake
to a Line routine.

Job

KEY:
ProbucT: SCE+

KEYSTROKES: (the G key)

This function allows you to create a new job, select an existing job, delete, copy, move, or transfer a
job, and define parameters for your job.

Procedure

At the Job menu, press the soft key to make your selection. Press to scroll to the next soft key
menu (Menu 2).

. The soft key functions vary, depending on the card you are using.
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Job Menu 1

Job Menu 1 Soft Keys

Usethe [ A | and [ W__| arrow keys to highlight the job you want to select. Use the [[[JEi]gl and
m soft keys to move up and down the list a page at a time. When the correct job is highlighted,

press [ENTER]. Press [_EXIT_| or [CANCEL] to cancel the selection.

COPY Setlict :he jzl? to be copied and press |ENTER |- Type the destination name. The :48M and .CRD should
not be typed in.

If you have a RAM card, press the soft key indicating where to place the job. If you are copying a job
between the RAM card and the internal memory, the job name can be the same.

MOVE Select the job to be. moved and press. ENT.ER . If you have a RAM card, press. the soft key indicatin.g
where to place the job. If you are moving a job between the RAM card and the internal memory, the job
name can be the same.

Press this key to transfer an entire job, including points, raw data, etc., to a PC or to another HP 48. You

XFER can toggle between YT (for transferring data to the PC) and I} for transferring data to

another HP 48.
The data collector receiving the job cannot already contain a job with the same name. Refer to your
Transfer User’s Guide for more information on transferring to/from a PC.

This function is an alternate transfer utility and is used to send and receive coordinates to/from a PC. Use
this method if you do not wish to send an entire job or if you only have Kermit on your PC. When coming
from the PC, Kermit allows you to merge a job with an existing job on the data collector.

v/ CAUTION: If you are in the wrong job in the data collector, sending a job from the PC using
Kermit will replace points without warning.

Press this key to see the submenu for creating a new job. This menu has the following soft keys:

New Key Submenu Soft Keys

POINT Press this key to change the beginning point number for the next job to be created.

Press this key to change the north default value for the first point in the next job to be created.

Press this key to change the east default value for the first point in the next job to be created.

Press this key to change the elevation default value (providing you have selected elevations — see
EL Change/Defaults on page 255) for the first point in the next job to be created.
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Enter a note for the first point in the next job to be created. The note should be keyed in only after
NOTE Yel1al is pressed; when you are finished, press [ENTER] or press twice to cancel.
Press this key to create a new job using the default values on the screen for point 1. The display will
prompt you for a job name. Key in the name and press |ENTER | (this will also bring up this job as the
current job), or press twice to cancel and return to the Job menu.
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Job Menu 2

Job Menu 2 Soft Keys

DEL This key allows you to delete a job. Select the job to be deleted and press |ENTER |. Press |ENTER | to

confirm or press to cancel and return to the Job menu.

SFLG Press this key to save the current flag settings of the CHG menu.
RFLG Press this key to recall the flag settings.

Latitude and Departure
KEY:

ProbucT: SCE+

KEYSTROKES: [ MORE NXT LT DP

You may display the difference in latitude, departure, and elevation from any two points. This may be
used to check closure data on a known point.

Procedure

The command prompts you to select the first and second points that you want to inverse between, then
it reports the change in latitude, departure, and elevation from the first point to the second point.

: LATITUDE DEFARTURE ¥
LATITUDE: B . B245H
DEFARTUR: B . 167E
o ELEYTR: . BE1E

LEvEL[LT oF] | | | |

Figure A-58 Latitude and Departure Screen
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Level Notes
KEY:

PrRobDuUCT: SCE+
KEYSTROKES: [ MORE | [ NXT |

more | [ NxT | [ <€ ] (to clear previous data)
SHORTCUT: [ @ | [LEVEL | (the L key)

This function lets you run 1-wire or 3-wire levels with a rod and manual or electronic level.

Figure A-59 Level Notes Screen/Soft Keys

Level Notes Screen/Soft Keys Definitions

BM: This is the original benchmark elevation.

TBM: This is the Elevation of the original benchmark or last turning point (IZ:31d ).

A BM: This is the difference between the original benchmark and the last turning point (BM - TBM). This should
be close to 0 when you complete the loop by pressing g3l while pointing at the original benchmark.

BS: This is the last entered rod reading at the backsight.

HI: This is the elevation of the level at its axis.

FS: This is the last entered rod reading at the foresight (m @ FS TP )}

EL: This is the elevation of the last shot.

This soft key is used to enter the starting benchmark. All other values are cleared when this key is used.

This soft key takes a reading on the backsight.

| BN |
.:m By
2 53
m This soft key is not normally used, but will manually update the elevation of the HI. a g @
38
m This soft key takes a reading without moving up the benchmark. EL in the display shows the elevation at § o X
the point measured to. TX S >
Use this soft key to enter the desired elevation and the FS field in the display will show the desired rod § § g
reading. 2 <
%)
This soft key takes a reading on the foresight turning point. The TBM and i BM values are updated. Data

is stored to the raw data file if the STO option on the next menu page is toggled on.

STO This soft key toggles between storing or not storing data to the raw data file. The coordinate file does not
get updated.

Use this soft key to enter a grade elevation to see a Cut or Fill value on the screen when FS and EL are
used.

This soft key toggles between using a 1-wire or 3-wire level. When a 3-wire level is used, distances are
shown and accumulated, as well as the elevations.

INST Use this soft key to select an Instrument. If you are using a supported electronic level, you can select the

driver for your level by pressing r> LEVEL NXT INST §
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Level Notes — Instrument Selection Screen Soft Keys Definitions

Select this option to do manual entry of level measurements.

m This is the Leica NA 2002 level. Use settings of 2400-Even-7-1. This used to be named .

This is the Zeiss DiNi series levels. Use settings of 9600-None-8-1.

DL100 This is the Topcon DL 100 Levels. Use settings of 1200-Even-7-1.

Procedure

See a diagram of this example in Figure A-67 on page 308.

1. Press [ MORE el LEVEL F

Figure A-60 Level Notes Screen

2. Give it a benchmark (100) and backsight (5.42). Type 100 and press [JEYI}- Type 5.42 and

press M-

Ten: 16HE., HH

Figure A-61 Specifying Benchmark and Backsight

3. Now you can give it a foresight reading. Enter foresight (10.68) and press M-

Figure A-62 Specifying Foresight

The elevation at the foresight is shown as 94.74 in the display. If the soft key on the next

page is turned on, this entry will be saved to the raw data file. The il key does not change the
location of the level.
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4. If the card is DCE or above, it will prompt for a description if Notes are on. Key in the

description and press [ENTER]-

These level notes with the description will be stored in the raw data file, even if Notes are off.
5. If there is a design grade on a project, and a desired elevation of 96’: key in 96 and press

L EL_[

It will provide the desired rod reading.

LEVEL NOTES
Ten: 1

Figure A-63 Desired Rod Reading

This tells us what the foresight needs to be (9.42) to have a desired elevation of 96’.

6. Press the key and enter 10.2 to move the level to Station 2.

LEVEL NnOTEZ

Figure A-64 Move Level to Station 2

7. Press the JJEEJ] key and enter 8.02 to see that the elevation at Station 2 is 103.24.

LEVEL NnOTEZ

Figure A-65 Station 2 Elevation

8. Press the key and enter 225 to calculate the elevation at the last benchmark.

The ending benchmark elevation is 101, which is a .01 difference from the TBM elevation shown.
This means we have an open loop error of .01. Notice that the £ BM shown is -0.99. If this had
been a closed loop (the ending benchmark is the same as the beginning benchmark), the 4BM
would show the closed loop error.
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LEVEL NnOTEZ

eH: 100, 800 Ten: 168,998
«gH: —@. 990

H
3
kS
I
s
L

: @
: @
: @
: @

Figure A-66 Benchmark Elevation
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F5 TP=10_2
F5=39.4Z F5-10.6% BS5=802 F5 TP=2.74

Station 1 Station 2

BS=5.42

HI=105_42 Hi=103.24

BM=100 EL=-96EL -94.74 TEBEM - 35.22 BM=101

Figure A-67 Level Notes Example

Line Stakeout
KEY:

ProbucT: ACE+

KEYSTROKES: [ STAKE | [ NXT NXT

This function is used to stakeout a tangent line by station and offset, and is found on the third page of
the Stake menu. Unlike the Curve Stakeout menu, the program does not require that a point on the line
be occupied. When is first pressed, the user is prompted for the beginning point, the beginning
station, and the ending point “BegPT BegSTA EndPT".

Procedure
, type in the beginning point number, press [ _sPc_|, type the beginning station, press

PC |, type the ending point number, and press [ENTER]- You Will see a screen similar to the following:

STAKING 0+40, 00 +0, 00 3

EL: 98,9452
2ule@+4@.86 HH 11
&T:8°608'ag" HI:4.288

p1s: 46, BABA rOD: 6. 964
[ZETUP| =Th [ INC JOFZET| ZHOT [STORT]

Figure A-68 Line Stakeout

Put the rodman on line, sight on the prism, and press to get the Go/come, Left/Right
information. After staking the point, press to stake the next station.

Line Stakeout Menu Soft Keys

SETUP When you press this key, you are prompted for same information as the JER[J[= function.

Enter a station to be staked.

Pressing E stores a point at the given station.

Increment to the next station. If a number is on the stack when is pressed, it will be used as the
new increment. The default increment is 100. When the end of the line is reached, it starts over.

OFSET Enter an offset to be staked. The default is 0.
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Line Stakeout Menu Soft Keys

Manual or electronic entry of shot information: Press this key to change to the shot screen. If you have a
SHOT GPS/Robotics card, E =1 (o3l will take repeated shots and do a live update of the screen.

Press this key to store the point being staked.
STOPT

Pressing E PXread stores the last shot.

Manual Data Entry

Manual data entry can be accessed almost immediately, even if you are collecting data electronically.
For manual side shots, press [ SIDS_| (The H key).
For manual traverses, press [ (3 TRAV_| (The K key).

Mean Backsight
Kev: N

ProbucT: DCE+
KEYSTROKES: [ SETUP | [ NXT el MBS |

SHORTCUT: [ < | mBks (the 8 key)

This function allows you to shoot a backsight point twice: directly, and with the scope flopped. These
two measurements are then meaned to recreate the elevation of the occupied point.

The comment record (CM) reports the resultant horizontal angles.

Procedure

The new elevation and the new horizontal distance are meaned with the occupied point’s elevation and
horizontal distance from the backsight point. These values are then used to restore the occupied point.

If you are using an electronic instrument, the direction and distance will be collected automatically;
otherwise, you will be prompted to enter the data. Once MBS data is entered, the display will show an
additional submenu:

Q
S
Q
T]
c
S
Q
=n
]
S
(7]

Mean Backsight Submenu Soft Keys
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Press this key to bring in the Zenith Angle and Horizontal Angle after the scope has been flopped. The
m data collector will show an arrow symbol next to the error if any of the tolerances have been exceeded.

If you decide to store the occupied point based on the meaned backsight, press E3gelz{=}, or key in a

point number and press E3[el:{d -

SHOT2 Press this soft key if you want to take two direct backsights instead of flopping the scope.
VTOLS Press this key to change the Zenith Angle tolerance.
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Mean Backsight Submenu Soft Keys

HDTOL Press this key to change the horizontal distance tolerance.
ELTOL Press this key to change the elevation tolerance.

Mean Points (Random Points Menu)
Kev: |

ProbucT: DCE+

KEYSTROKES: (type points to be meaned) [ MEAN |

This key is used for calculating the mean coordinates of a group of points, which is useful for averaging
several shots made to the same point or averaging several free station shots. One value of this function
is that you can find the midway point between two points.

After XYY is pressed, the points are averaged and shown on the screen. Y]] shows the MEAN
ERRORS display, FIEEEY) shows the point that is the farthest from the average.

Mean Points Menu Soft Keys

m Press this key to show the mean errors display.

m Press this key to show the worst point display.

m Press this key to show the mean coordinates display.

Press this key to store the mean coordinates to a point.

Press this key to return to the Random Points menu.
Procedure

1. Press [ RPTS |, type 1 [ spc | 4 [ENTER]-

2. Press [ NxT

CYCER 2 M1
EXANFLE: CRD

TEMF
RAHDOM POIMTS

Figure A-69 Random Points Screen
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3. Press m

EAN
noRTH:  DE93. SEH3
ERST: 5440[, 16
ELEW: 60, BEBA
NOTE:
MNER [0k [MEANSTORE] | ENIT |

Figure A-70 Mean Points Screen
Your display numbers will most likely not be the same as shown here.

4. You can now press [JL1a to store a point there (or enter a point number and press

sTorE )3

Another value of mean is that it allows you to use 2PFS (two-point free stationing) to store points
from several sets of points and mean the position along with the elevation, and store it.

Using [ SC |, enter new points 15 and 16, 17.

5. Press[_sc_|.

Key in 5093.5603 and press [} for the north coordinate.
Key in 5440.1664 and press 3] for the east coordinate.

Key in 60 and press for the elevation.

© ® N o

Key in 15 and then press (if you just press G, the program will use the Next
Number (NN) as the point.)

£ STORE COORDINATE 3
FT 13 MM 16

[, ] E EL_|NOTE |ZTORE|RCLPT)

Figure A-71 Entering Point 15

Now enter point 16 in the same manner so that it matches the following screen.

#5TORE CODRDINATE 33

2893, 5383
o448. 2864
58, 8588
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Figure A-72 Entering Point 16
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Now enter point 17 in the same manner so that it matches the following screen.

& STORE COORDINATE
FT 17 MM 18
2E93. D2Eg

448, 2133
68, 8457

MOTE |ETORE|KCLFT|

Figure A-73 Entering Point 17
10. To mean the above points, press [ RPTS |, key in 15.17 and press [ENTER|-

11. Press and m

HEAN FOINTS

MEHHM
293, 5378
5446, 1975

eH. 8322

Figure A-74 Mean Points 15, 16, and 17

12. Press [N} to get the mean error of points.

HEAN FOINTE

Figure A-75 Mean Error of Points

13. Press [IGLE) to get the worst point.

Figure A-76 Worst Point

14. Point 15 was the worst, so you can now delete it by going to the Delete menu or, if the errors
are within your tolerances, you can press Ffli[§- This stores the mean point as the next

available point number. Or you can key in a point number and press g -
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Memory Clear
Kev: N

ProbucT: SCE+

Hold and press /3] @nd I to clear the internal memory of your HP 48. The display
will ask TRY TO RECOVER MEMORY?

Press NI to clear the memory. This will erase all job data stored on the data collector’s internal
memory. If you are using a RAM card, the jobs will not be erased. This erases only the internal memory
of the calculator.

If you are using a Pocket PC or Titan, click on “File” then “Clear Calculator” then choose “no” when
asked to “TRY TO RECOVER MEMORY.” Again, this will not erase the jobs.

Metric Mode
KEY:

PRODUCT: CVCE+
KEYSTROKES: [_CHG wamlll mooE W FEeT Jll METR

This function toggles between feet and meters. All distances are assumed to be in meters when in
Meters mode.

Meters mode affects how stations, precisions, areas, volumes, degree of curvature, Earth’s curvature,
and distances are used and displayed.

If you open another job that you do not want to be in, Meters mode makes sure you toggle back to feet
before making any changes. The program will stay in Metric mode until you change it back to feet,
regardless of which job you are working in.

An M will be shown in the display when Meters mode is active.

More

Kev:
ProbucT: SCE+

KEYSTROKES: (the Z key)

This function lets you carry out miscellaneous functions, including compute Angle Right, compute
volume, contouring (ACE+), and triangle solutions, etc.

In the More menu, soft key options will vary, depending on the card you are using; press to
scroll the menu screens.
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More Menu 1

More Menu 1 Soft Keys

Compute Angle Right is used to compute the Angle Right from the back bearing and the foresight bearing,
CAR or from the back azimuth and foresight azimuth. (You also can use azimuth values to compute Angle
Right.)

This function assumes you are occupying the point where the two lines meet. CAR makes it easy to get an
Angle Right from two lines (defined by two points on each line), or by two azimuths defining the direction
of the two lines.

This key accesses a submenu that lets you key in the appropriate data values:

[2174:1- 3 enters the back bearing.

IEZTE3 onters the back azimuth or two points that define the back azimuth.

IEEELY enters the foresight bearing.

m enters the foresight azimuth or two points that define the foresight azimuth.

Zenith and Slope Distance is used to enter a zenith and Slope Distance on the stack or command line and

ZSLOP get a change in elevation and horizontal distance on the stack.
Vertical Curve is used to access the Vertical Curve menu (see Vertical Curves on page 375). This soft key
accesses a submenu, allowing you to enter:

- [=\V/elll Point of Vertical Curvature

- Point of Vertical Intersect

TRI Press this key to perform triangle solutions (see Triangle Solutions on page 371).

VOL Press this key to compute volumes (see Volume on page 379).

Topographic/Contouring scales the distance to each contour line from an elevation point in the direction of
TOPO another elevation point (see Topo (Contouring) on page 366).

More Menu 2

More Menu 2 Soft Keys
LEVEL Press this key to run levels with a rod and a level (See Level Notes on page 305).

This function calculates the latitude, departure, and change in elevation between two points. Latitude is
LT DP the distance north and departure is the distance east.

Next Number (NEXTNO)

KEY: nexTnO

ProbucT: SCE+

KEYSTROKES: [ | nextno (the key)

This function key lets you determine the next point number to be stored in your current job.
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Procedure

Key in the point number you wish to use as your next point for storing data, then press E NEXTNO -
Or press E nexTno first; the display will show the next default point number. Key in your desired

point number and press [ENTER], or press twice to cancel.

Next Point (NXTP)
KEY:

ProbucT: SCE+
KEYSTROKES: [ STAKE NXT NXTP

If there is no point on the stack, it searches the Random Points file for the closest point to the last shot
and gives the Go/Come value. If there is a point on stack, it gives the Go/Come value to that point from
the last shot. If two points are on the stack, NXTP searches the range of points for the one closest to
the last shot and gives the Go/Come value.

If several points are to be staked, you can select EDIT from the RPTS menu and enter the point
numbers or range of points, separated by a period, to stake.

After entering the points in the Random Points file, (Foresight Next Random Point) and
(Foresight Previous Random Point) can be used to walk through the points in the Random Points file
instead of entering one point at a time in FSPT.

North-East Bearing

ProbucT: SCE+

N When the bearing is in the northeast quadrant, bearing and azimuth have the same value.

North-West Bearing

KEY: N-w
ProbucT: SCE+
KEYSTROKES: [ @ | nw (the 4 key)

This function key converts the northwest bearing to azimuth.
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Procedure
Key in the bearing and press [ @ | nw - The display will show the value in azimuth format.

. This is a toggle key; with the azimuth showing in the northwest quadrant (between 270° and 360°)
press [ @ | n~w fo get azimuth-to-bearing.
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Note Search

KEY: NOTE
ProbuUCT: ACE+

KEYSTROKES: [ RPTS NXT NXT NOTE

As an example to demonstrate usage of this command, suppose you want to enter a range of points
and sort out only the points with a note of IPS.

Procedure

1. Press the key and enter a range of points, then press the key.
2. Press the key twice and then the noTE key.

You are prompted for the note to search for.
3. Type IPS and press [ENTER].

4. Press the key again.

Note that the Random Points file has been changed to include only the points that have the note
IPS.

Note Table

[ECHO | ADD | wEL |PSOMIPSUP | ERIT |

Figure A-77 Note Table

Kev:

ProbucT: ACE+

KEYSTROKES: [0 ]

This function allows you to view and use notes stored in a note table.

Procedure

Whenever you are prompted to enter a note (with the cursor flashing on the command line), you may
view the note table by first pressing the [ & | to turn alpha keys off, then pressing |EN{:i]- Scroll
through the notes and press to select the desired note.
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There are a few predefined notes available to you which can be edited, deleted, or added.

Note Table Predefined Notes

ECHO This function lets you edit the currently highlighted note.

This function lets you add a new note to the note table.

This function uses the currently highlighted note by placing it in the point number.

This function deletes the currently highlighted note.

(Pressing [ENTER] will perform the same function as m when the note is highlighted.)

EXIT This function exits the note table and repeats the last note used.

D These options only appear when you are using the Note Table option and only appear when you are
being prompted to select a note from the table.

Notes (Four-Way Toggle)
KEY:

ProbucT: ACE+

KEYSTROKES: <8 | (the 4 key)

This overlay function allows you toggle on and off the note prompt last note recall and note table
prompting.

Procedure

Press this key to toggle between four settings:
w  Prompting Off - will not store last note

w  Prompting Off - will store last note

w Prompting with Last Note
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w  Prompting with Note Table

The display will confirm your selection. When Notes are turned on, the letter N will appear at the top of
the display to indicate that this function is active.

If using a note table is preferred to typing in a note, use the Notes toggle key to turn on Prompting with
Note Table. Then the note table will start immediately, instead of having to press [ & | [EXEM-

N These also may be toggled using the Change/Defaults menu.
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Occupy a Point

KEY: ocpy

ProbucT: SCE+

KEYSTROKES: [ | ocpy (the M key) or or or
(¥ ]

This function key allows you to occupy a given point.

Procedure

Key in the desired point number and press E ocpy - This point will now be occupied in the
current job 1.

Occupy a Station

PRrobucT: CVC+

KEYSTROKES: (the M key)
This function key allows you to occupy a station and offset.

Procedure
Key in the desired station and offset and press | ocpy |

Offset from Random Points
KEY:

ProbucCT: ACE+

KEYSTROKES: [ RPTS NXT OFSET

This command stores offset point perpendicular, left or right, to points in the Random Points file.

Procedure

1. Press the key and enter a range of points, then press the key.

2. Press and then BIRE1.

3. Key in the offset distance and press [ENTER]. To store an offset to the left, key in the offset
distance and then press the key.
The offset points are automatically stored.
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Offset Intersection
Key: ISR or KA

ProbucT: SCE+

KeysTrokes: >< 3R
This soft function key lets you store a point at an offset distance from any intersection.

Offset Random Points

Procedure

To demonstrate this function, use the following illustration:

2

OFFSET
*® POINT

3 N70°E 4

Nisog

1

Figure A-78 Offset Procedure

Create an intersection 50’ north of the line defined by points 3-4, and 75’ east of the line defined by
points 1-2.

1. Press >« for the Intersections menu.

The display will show:

s INTERSECTIONS 55
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Figure A-79 Intersections Screen
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2. First, enter the offset distance from line 1-2. Key in 75 and press [

3. Keyin 1 and press 4yl
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4. Key in 2 and press [KN-

INTERSECTIONS

(7o, B8
giE“EIEI'BEI"E

Figure A-80 Defining Line 1

5. Enter the offset distance from line 2. Key in 50 and press [[EEE]-

The offset distance is entered as a negative value because the offset point occurs to the left of the
line.

6. Key in 3 and press gy

i 3 INTERSECTIONS & i
FROM PT 1
H42°26'22"E 163.3861

FROM PT_3
MN74°32'BR"E 187.4987
LEFT OF LIHE
[ZTORE[WOTE] [ PT 3[PERPO] |

Figure A-81 Intersections from Points 1 and 3

7. Key in 4 and press Y-

UZER
i HOME COGOD JOE1 }

DEFIME LIME 2

[Ermai e e [ [ RE AT

Figure A-82 Defining Line 2

8. To store your new intersection as a new point, key in a point number and press [JELI - If
you do not key in the point number, it will store the point with the next number.

If you would like to see the point that has just been stored, go to random points, key in 1.5 and
press [ENTER]. Then press [EZXel. choose the option you wish, and then press again.

| | | L]

L

Figure A-83 Offset Example
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Pause

KEY: Pause
ProbucT: DCE+
KEYSTROKES: P key

This command pauses the Robotic Tracking mode and any search the instrument is attempting.
Running the Pause command again will resume instrument tracking.

Perpendicular Offset
KEY:

ProbucT: SCE+

KEYSTROKES: >< (the T key)
This function allows you to determine distance from a point to a line.
Using the example in Figure A-83 on page 320:

1. Press >« for intersections.
2. Keyin 1 and press sl

3. Keyin 2 and press X1

4. Choose the point you that you want to find the perpendicular offset of. Key it in, (use 3 for
this example) and press 4y

5. Press [EI8)-
This shows the distances from two points.

If you press here, a new point will be stored on the line that you designated, and it will be
perpendicular to the point that was designated.

ProbucT: SCE+

d>

2 &3

. 33 @
Point Inverse T3 3
® X

39>

KEY: pinv %‘-ib

5 0<

S &

S =

KEYSTROKES: E pnv  (the P key)

This function key lets you inverse (compute the direction and distance) from the occupied point to
another point in the current job.

Procedure

Starting from the desired occupied point (see Occupy a Point on page 318), key in the value for the
point you are inversing to and press [ (® ] and the piny  key. The display will show the inverse
from the occupied point.
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A Point Inverse submenu presents additional options:

Point Inverse Submenu Soft Keys

BKPT Press this key to enter a backsight point number.

Press this key to occupy the next available point, or key in a specific point number before pressing this
OCPY soft key to occupy that point.

Press this key to execute another point inverse from the current occupied point to any other point in the
PINV job. The display will prompt you to enter the “inverse to” point.

Press this key to execute a point traverse from the current occupied point to another point in the job. The
PTRA display will prompt you to enter the “traverse to” point.

m Press this key to show the area traversed since the last time a point was occupied.

Point on Grade

KeY:
ProbucT: DOT

KEYSTROKES: [ | (the V key)

This function computes additional points along a grade between two stored points; Elevations must be
on.

Procedure

This function computes the grade and distance between two stored end points, and stores new points
at a predetermined interval (or stores a predetermined number of points) between those two end points.

The display will prompt you to enter both end points. Key in the points (separated with a space) to
define your line and press [ENTER]- A soft key menu will then give you options for creating new points
along the line (and grade).

Point on Grade Menu Soft Keys

INTRV Press thIS. key to enter a distance interval for the new p0|nt§. Eor example, 25 RInzA"A creates and
stores points every 25 feet along the grade until the end point is reached.

#PTS Press this key to enter a number of points to be inserted. For example, 3 E:¥=3§:l creates and stores
three equidistant points along the grade between the end points.

Pressing this key lets you continue storing points beyond the end point for a specified distance. For
XTND example, 50 el will continue storing point(s) for 50 feet beyond the end point.

When a soft key is pressed, the calculations are automatic, and the new points are stored.
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Point-to-Point Inverse

KEY: P-P
ProbucT: SCE+

KEYSTROKES: P-P (the X key)

This function key inverses between any two points in the current job and is used to check distance and
direction (azimuth and bearing, delta elevation, and grade) between two points.

When using a scale factor other than 1.00, both the scaled distance and the ground, or the non-scaled
distance, display. The scaled distance is marked with an asterisk (*).

Procedure

Key in the point numbers, separated by a space (the [ spc | key), and press the P-P  key. The
display will show the inverse between the two points, including distance, bearing, and azimuth.

. If Elevations are on when you store points and inverse between two points, you will get bearing and
distance, and change in elevation and % grade between the two points.

Point Traverse

KEY:  prRA

PrRobuCT: SCE+
KEYSTROKES: [ @ | ptra (the R key)

This function lets you traverse from the occupied point to another point in the current job.

Procedure

Starting from the current occupied point (see Occupy a Point on page 318), key in the point number you
are traversing to and press E and the prra key. The display will show the new occupied
point, as well as the backsight and foresight points. Point Traverse has the same submenu as Point
Inverse (see Point Inverse on page 321).
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Polar to Rectangular

ProbucT: SCE+

KEYSTROKES: [ % | P=+R

Use this command to convert from polar to rectangular coordinates. Type a distance and press [ENTER].
Type an HMS degree angle and press [ % | andthe p+Rr key.
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Predetermined Area

KEY:
ProbucT: SCE+

KEYSTROKES: [ 8| (the SPC key)
This function lets you compute a predetermined area using either the Hinge (pivot) method or Slide

method.

Procedure

The Predetermined Area menu offers Hinge and Slide computation methods. In addition, there is a
simple trapezoidal computation routine that is a slide method that does not require stored points.

Predetermined Area Soft Keys

Press this key to start the Predetermined Area Hinge Method menu. This function holds a defined hinge
point and pivots one line of the boundary from that point along another line to create the desired area. The
points defining the boundary should be in the Random Points file. The pivot line cannot intersect the
boundary on a curve.

Please refer to the table named Predetermined Area Hinge Method Soft Keys on page 325 and the
section named Hinge Method on page 325 for additional information.

Press this key to start the Predetermined Area Slide Method menu. This function slides a line from a
baseline to form a four-sided figure with the desired area.

Please refer to the Predetermined Area Slide Method tables in the section named Slide Method, which
begins on page 326.

This is a simple routine to find the lengths of the sides of a trapezoid. It prompts for the baseline distance,
the two interior angles, and the area in square feet or meters. It is assumed that the baseline and opposite
side are parallel. After performing the calculations, the lengths of the other three sides are put on the
stack.

Dis.3

Dis.1

Dis.2
Ang.1 Ang.2
Base

Figure A-84 Trapezoidal Routine
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Hinge Method

Predetermined Area Hinge Method Soft Keys

Press this key to edit the Random Points file. The Random Points file should begin with the hinge (pivot)

point and end with the two points defining the line along which the calculated point will be stored. The last
point you enter in the Random Points file must be on the line along which you will be moving to make your

adjustment. Curves can be in the boundary, but the calculated point cannot be put on a curve.

See Random Points on page 329 for help on entering points and curves in a Random Points file.

ACRES Pressing this key results in a prompt for acres or hectares and calculates where the point should be stored
to get the desired area. This function displays the result and starts the Predetermined Area Hinge Method
Store menu.

HECTA

SQFT Pressing this key results in a prompt for square feet or square meters and calculates where the point

should be stored to get the desired area. This function displays the result and starts the Predetermined
Area Hinge Method Store menu.

The distance shown after entering the desired area is the distance from the second-to-last point in the
Random Points file along the line defined by the last point.

Predetermined Area Hinge Method Store Soft Key

STPT Press this key to store the point that makes the boundary fit the area required.
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Slide Method

Predetermined Area Slide Method Point 1 Soft Keys

PTA1 Enter the first point on the baseline of the area.

Predetermined Area Slide Method Line 1 Soft Keys

m Enter the bearing from the first point defining the first side.
m Enter the azimuth from the first point defining the first side.
POL1 Enter the point on line from the first point defining the first side.

Predetermined Area Slide Method Point 2 Soft Keys

PT2 Enter second point on the baseline of the area.

Predetermined Area Slide Method Line 2 Soft Keys

Enter bearing from second point defining second side.

Enter azimuth from first point defining second side.

POL2 Enter point on line from first point defining second side.

Predetermined Area Slide Method Area Soft Keys

ACHES Enter acres or hectares to calculate the solution. This displays the solution and starts the Predetermined

Area Slide Method Store menu.

SQFT Enter square feet or square meters to calculate the solution. This displays the solution and starts the
Predetermined Area Slide Method Store menu.

Press this key to see the default azimuth of the sliding line, which is defined by the first and second
SLDAZ baseline points. Enter a different azimuth to use for the direction of the sliding line. This function must be
used before entering the area.

326 SMI Version 7 User Guide



Predetermined Area Slide Method Store Soft Keys

PT3 This function stores a point on the intersection of the first line and the sliding line.
PT4 This function stores a point on the intersection of the second line and the sliding line.
NOTE This function stores a note for stored points.

Previous Menu/Screen

KEY: PREV

ProbucT: SCE+

KEYSTROKES: ) | PREV (the L key)

This key reverse scrolls the soft key menu screen.

Procedure

Press [ ] PREV to scroll backwards through the soft key menu screens — this key is the opposite of

the key.

Print

Key:
PRODUCT: SCE+

KEYSTROKES: (the U key)

This function allows you to print point/job information or raw data (DCE+ only).

Procedure

Whenever the data collector is sending data to print, you will see an arrow annunciator flashing at the
top right of the display.

At any time, you may interrupt the printing of points by pressing [ oN_]-
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k2 Ml
FRINT

CYCR
HARYICH: CRD

LMIEE | OFT |FKINT | PEDM

Figure A-85 Print Screen
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Print Menu Soft Keys

Press this key to toggle between an infrared and a wire connection to the printer. Selecting [ wi

print through the HP 48's infrared port. Pressing [T will print through the serial interface (cable
required) to a serial printer. The default is infrared.

—

OP

Press this key to select different printing options, depending on the card you are using. A submenu will
present additional soft keys.

See the table named Print Options Menu Soft Keys below for additional information.

PRINT

Press this key to print a point, a range of points, or the entire job file.
If there are no point numbers entered into the stack, all the points in the current job will be printed.

Enter one point number into the stack to print that single point number; or enter starting and ending point
numbers to print the range of points between them (inclusive).

Press this key to print the points in the current Random Points file.

STAK

Press this key to print staking information about the points in the current Random Points file. The current
back azimuth and the occupied point will be used.

(DCE+): Press this key to print the entire raw data file.

If your data collector is in “Serial Print” mode, this soft key may be used to send the raw data to a serial
printer or DOS-based personal computer.

To send the data to a file in your PC, connect the data collector to your PC’s serial port using a serial
cable, then set the PC to “Text Receive” mode.

Print Options Menu Soft Keys

COOR

Press this key to toggle the printing of coordinates with each point. When selected (on), coordinates will
be printed. The default is On.

Press this key to toggle the printing of bearing and distance between the points as they are printed. When
selected (on), the bearing and distance will be printed. The default is Off.

[]
(o]
(]
I
[

N+E =

N+E

(SCE+): Press this key to toggle the printing of north and east coordinates of each point. When selected
(on), the north and east coordinates of each point will be printed. The default is On.

m
-
| ]

m
-

(SCE+): Press this key to toggle the printing of the elevation of each point. When selected (on), the
elevation of each point will be printed. The default is On.

NOTE

NOT =

(ACE+): Press this key to toggle the printing of the note for each point.

When selected (on), notes will be printed. The default is On.

EXIT

Press this key to exit and return to the Print menu.
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RAM Card Memory

The HP 48 supports 128K, 256K, 512K and 1Mb RAM cards. Only 256K, 512K, and 1Mb RAM cards
are available as of January 2001.

Clearing memory: Clearing the HP 48’s internal memory will not erase the RAM card. To erase the

RAM card, use laol CARD

Random Points

KEY:
ProbucT: SCE+

KEYSTROKES: (the N key)

This function lets you create or edit a specified list of points which have been stored in a job. This is
called a Random Points file. This also lets you run a large number of routines that require a valid
Random Points file.

Procedure

The random point display begins with an “Edit” menu that lets you define a temporary Random Points
file.

To create a temporary Random Points file, define the range of points by keying in each point number,
separated by a space (the key).

(If the display shows another temporary Random Points file on the stack, press to clear the
stack; you may then begin defining your new Random Points file.)

A number-space-number (e.g., 1 20), will only enter points 1 and 20.

A number-point-number (e.g., 1.20), will enter points 1 through 20.

You can get creative in entering the points you want entered into your Random Points file: 1.5

7 10.20 are points 1 through 20 with 6, 8, and 9 being left out. Descending ranges such as
20.10 to indicate 20 through 10 are also permitted.

In some examples (such as angle adjustment) that include side shots, the side shots need to be
entered as a negative number. When entering a range of side shots, only one negative needs to be
entered. For example, -6.20 is side shots 6 through 20. Do not enter -6.-20; this will cause an error.

Curves are defined using the following points (separated with a space): point of curvature (PC), center
of curve (CC) or radius point, and point of tangent (PT). These points are entered on the command line
inside double quotes.

Example: “15 18 24”.

To find the quotes, press [ @@ | [ — |

To move the cursor outside the second double quote, press [ ] (the R key).
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To indicate an arc with a delta greater than 180°, make the radius point negative by pressing the
key while the cursor is on the radius point.

When you have finished editing your Random Points file, press to save the file.
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Once is pressed, you will see a menu of functions that can be used with the current Random
Points file. These functions also are found in the More menu.

Random Points Menu 1 Soft Keys

Press this key to edit the points in the current Random Points file. You may edit and add/delete points to

EDIT the file using the standard editing keys. After you are finished editing, press [ENTER | and you will be
prompted for the name of the Random Points file. The default file name is TEMP. To save the random

points list to a different file name, press to clear the command line and enter a new name. Each
Random Points file is associated with the job it was created in.

(SCE+): Press this key to create a menu of old Random Points files to select. When the corresponding soft
OLD key is pressed, the old file becomes the current Random Points file. The current Random Points file is
then used by all functions that require a valid Random Points file for their computations.

Press this key to perform transformations (see Transformation (Translating, Rotating, Scaling, and
CX Changing the Elevation) on page 368).

Press this key to compute area (see Area on page 248).

PREC Press this key to compute acreage, square feet, perimeter, and precision. When running the lid:{5#

command once while the raw data flag is set on (E 2), the precision for the random points is stored
to the raw file (see Area on page 248).

Press this key to plot lines on the data collector display; lines are oriented so that north appears at the top
SPLOT of the display, and they are scaled to fit on the screen. Curves defined by “PC RP PT” will also be plotted.
Point numbers may also be turned on or off (see Computing Area on page 139).

Press to access the second menu of soft keys:

Random Points Menu 2 Soft Keys

OFSET Press this key to compute points from a line with break points.

XPLOT Press this key to plot cross-section areas by point number (see XPlot on page 380).

Press this key to perform an angle adjustment.

See Angle Adjustment on page 244 for additional information.

Press this key to make a compass rule adjustment.

CR See Compass Rule Menu on page 263 for additional information.

Press this key to copy the points listed in the Random Points file to another job or a different location in the
COPYP same job. You will be prompted for the destination job, then the beginning point number. The default
beginning point number with which you are prompted is the same as the first point number in the Random
Points file. If you want to renumber the points, enter a new beginning point number.

Press this key to mean (average) the north, east, and elevation values of the points in the Random Point
list.

See Mean Points (Random Points Menu) on page 310 for additional information.

Press again to access the third menu of soft keys:

Random Points Menu 3 Soft Keys

(SCE+): Press this key to compute a predetermined area using the Hinge method (see Predetermined
Area on page 324).
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Random Points Menu 3 Soft Keys

Press this key to adjust the elevations in a traverse similar to the way the compass rule adjustment adjusts
ELADJ the north and east coordinates.

Press this key to stake points within a certain distance of the occupied point. This function will stake all
STAK points listed in the Random Points file. If you would like to pre-specify the points you would like to stake,
you may place them in the Random Points file and when you occupy a point and backsight a point, go to

stake and simply press [ <@ | [JJF3all]- To back up to a previous point, press [/ | 2l

You can search the Random Points files for a particular point that has a note you are looking for. For
NOTE example, include your whole job in the Random Points file. Press {54}l twice to bring up the (o2}
soft key. Press it and type the note you are looking for, e.g., IPS for Iron Pin Set, and press | ENTER |.

Now press MMM again. All the points that have IPS as their note are now the only things in your
Random Points file.

Press this key to send the points listed in the current Random Points file to another computer. The points
TOPC are sent in a ASCII comma delimited format. To use SMI Transfer to get this type of transfer, set the
current data collector to “SMI Kermit V6” and select just the coordinate format.

See Transfer Procedure below for more information.

Transfer Procedure

Using the SMI V7 Transfer program, you can transfer a random group of points.

1.

2
3.
4

Enter String E

On the PC, open the SMI V7 Transfer program.

Select the From DC command from the Main menu.

Choose SMI Kermit V6 from the Data Collector drop list.

Adjust the options on the Setup tab if necessary and click on the Transfer button.
You are prompted to enter the name of file in which to save coordinates.

Enter name of file to save coordinates in.

5

ak. I Cancel |
Figure A-86 Enter String Dialog Box %i
‘n
. Type a path and file name to create on your computer for the random points (e.g., 5
C:\CONTROL.ASC), or just type a file name to be placed in your data directory (e.g., 24
CONTROL) and click on OK. S
On the SMI data collector, select a group of random points using the command and
press to send the data.
This displays a dialog box that lists the file name and the amount of data transferred.
Transferring from the SMI Kermit v6 E

Receiving C:A\COMTROL.ASC data.

Bytes received: 39

Figure A-87 Transferring from the Data Collector Dialog Box
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Real-time Side Shots

ProbucT: GPS/Robotic

KEYSTROKES: [ @ | Rsips (the Q key)

This command automatically stores side shots at the specified distance interval. See Robotic
Functions, which begins on page 195, for more information.

Recall Point
Kev: or

ProbucT: SCE+

KEYSTROKES: elad for editing coordinates of points or [ VIEW RN for viewing
only

This soft key lets you recall and view the data for any point in the current job.

Procedure

When you execute this soft key function, the display will prompt you to enter the point to recall. Key in
the point number and press [ENTER], or key in the point number first and then press the appropriate
function key(s).

™ does not require a point number; it will automatically display the data for the first point in the
current job (see View on page 377).

Press to increment to the next stored point (it will automatically skip any point numbers not
used and jump to the next stored point).

Rectangular to Polar

PrRobucT: SCE+

KEYSTROKES: [ | R»pP (the 1 key)

This command converts from rectangular to polar coordinates. Type a Northing and press [ENTER].
Type an Easting and press [_® | thenthe Rsp key. The polar distance and HMS degree angle
will be put on the stack.

Reflectorless Mode

ProbucT: DCE+

KEYSTROKES: [prisw [ RerL

This button toggles between [N to indicate Prism mode and to indicate Reflectorless
mode. The mode of the instrument is changed when the key is pressed.
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If the current instrument driver does not support Reflectorless mode, you will see the message
‘REFLECTORLESS MODE NOT SUPPORTED”.

Registers (REGS) Menu
N8 REGS |

ProbucT: SCE+

KEYSTROKES: < | [ JOB | or [CUSTOM] m

This function stores information in “registers” so that a single keystroke can be used to quickly recall the
information when needed.

This function basically speeds up your survey work, since a single key assignment will insert frequently
used data that would otherwise have to be manually entered.

Procedure

Press [ JOB | and Memory Registers will appear on the soft keys ([IIKII through |-

For more registers, press and you will see through |JEEll}- To store a number in a
register, key in the number and press [ <& ] and a soft key. To recall a value from a stored register,

just press the soft key.
Example: Store 5280 into register |-

CUCE GPS B2 1 sMI
JOEL: CRD
REGISTERS
Shift Lt to store

1 1 e 1 3 1 49 ] 5 16 |

Figure A-88 Registers

1. Press [ =f JOB | to see the registers.
2. Keyin 5280 and press [= | IIKIN-

3. To recall the number in the Il revister, press K-
The registers can also be accessed using [cUSTOM] and [IeE)- You can store and recall numbers

using registers I through IEEEN-

Six registers are on the first set of soft keys and six are on the second set of soft keys.
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Storing and Recalling Numbers in Registers

1. Press [ =f JOB .
You will see a list of memory registers [JJEI through [IEEIN-

2. To store 5280 in register I, key in 5280 and press [ <& | K- To recall KN
just press K-

3. Press and [EITXY and you will see the same set of registers. Press [JJflll here
and you will see 5280.
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4. Use and to store and recall registers. To store 43560 in register JJEI. first

key in 43560 and press [ENTER|. Key in 5 and press [ERY-

To recall this number from the register, key in 5 and press [FIJg8]. There may be times you
would like to recall a register and use it in traverse, side shot, intersect etc., without needing

to change your soft keys. Pressing [ <6 | and [ | [RRsTo0 ] are shortcuts to
and [EEEY.

You stored 43560 into register earlier. The following steps show how to recall register |-

1. Keyin5andpress [ < |andthe RrcL key. You will see 43560 on the stack.
2. Keyinlandpress[ < |andthe RgprcL key. You will see 5280 on the stack.

Even though there are only 12 numbers shown in the Register Menu, registers 1 through 26 are

available via I8 and BN

Examples

Find the acreage of a 10000 square-foot lot: Key in 10000 andpress5 [ %y | RrcL to
recall 43560 stored earlier, and press [+ _|. You will see 0.2296 (acres).

N A number or a keystroke sequence can be assigned to a key.

Return
KEY: RN
ProbucT: SCE+

KEYSTROKES: [ @ | rin  (the . key)

This function allows text to continue on the next line.

Procedure

While keying in a note or Random Points file, it may be easier to read them on the screen if a return is
inserted into the text when the characters approach the right edge of the screen.

This will drop your text entry to the next line.

Rezero

PrRobucT: GPS/Robotic
KEYSTROKES: [ | REe-0 (the 0 key)

This command turns a robotic instrument back to the backsight, shoots a prism, reports the angular
difference from the original backsight reading, records the difference in the raw data file, and sets the
Horizontal Angle to zero.

~ The[ ] zero or [ key must have been used previously so the data collector knows the
Zenith Angle to turn to the backsight.
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Robot Servo Menu

ProbucT: DCE+

KEYSTROKES: (the R key)

The Robot Servo menu contains routines that are useful when using robotic instruments as well as
servo motor instruments and conventional total stations.

The Robot Servo Menu is available in DCE+ cards but some buttons may not be available if not using a
Robotic capable card. See Robot Servo Menu on page 198 for detailed information about the Robot
Servo menu.

Scale

PrRobucT: ACE+
KEYSTROKES: ADJST JETe¥NN3
SHORTCUT: [ | scaLe (the key)

This key prompts for a scale factor. Entering 1 will disable the option. When working with State Plane
Coordinates, you may enter a scale factor here.

Screen Plot
KEY:

ProbucT: SCE+

KEYSTROKES:

Use this command to plot lines and points on the data collector display; lines are oriented so that north
appears at the top of the display, and they are scaled to fit on the screen. Curves defined by “PC RP
PT” will also be plotted.

Procedure

To view a graphic representation of the plat, including points, point number, and lines, press
(screen plot) from the Random Point soft key menu. Any negative numbers will not have lines drawn to
them — only points with numbers.
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Separate Distance and Angle
Kev: XM

ProbucT: DCE+

KEYSTROKES: EN

This function allows you to enter a separate distance and angle, as well as offset distances, to store a
point. This is useful when you are trying to shoot power poles, building corners, around trees or creek
banks, and for determining elevations of (or distances to) inaccessible objects.

The comment record (CM) in the raw data reports the Height Instrument, Height of Rod, Horizontal
Angle (reporting an angle right), Zenith Angle, and Slope Distance.

Procedure

If your data collector is set for electronic data collection, the instrument takes a reading and collects the
distance to the prism when you press the [JEY key.

If your calculator is set for MAN2 collection, the display will prompt you for Slope Distance, Zenith
Angle, and Angle Right (Horizontal Angle).

Once data has been collected (or manually entered), the display shows a submenu with the following
soft keys:

Separate Distance and Angle Submenu Soft Keys

When not in GPS mode, m is the first soft key. Pressing this key brings in the Horizontal and Zenith
Angles. The horizontal distance of the first shot taken when m was pressed is used with the new
angles to calculate a new position.

If the Zenith Angle is different by more than 1 foot, the Height of Rod is not used in the calculations. This
allows a spot high above the prism to be pointed to on the second shot and you can get an accurate
elevation without having to set the Height of Rod to 0.

Pressing E m instead of just m does not take new angle measurements but uses

the offset distances to move the shot taken when m was pressed.

When in GPS mode, EJL8 3=} is the first soft key. Pressing E1Lela{3 stores the point measured when
m was pressed with the offset distances applied.

STORE

Press this key to add the specified distance to the distance just measured. Key in the distance, then press

i [+ |

Press this key to move the point toward the instrument the desired distance. Key in the distance, then

HDJ
oress [N

Press this key to move the point to the right the desired number of feet. Key in the distance, then press

il [ Ho>

II

Press this key to move the point to the left the desired number of feet. Key in the distance, then press

HD < E

HD <

If the HD keys are used, they should be used before the |JEIIY key.

D When working with elevations, if you move the crosshair more than 1 foot vertically, the program will
give the elevation at the crosshair (it zeroes the height of the rod).
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Example: Shooting a Tree

1. Shoot at prism on side
Df tree to get distance
and press SDA

‘\—/ 2., Sight the center of

the tree and press ZHaA

I

ﬁ&*k
INSTRUMENT

Figure A-89 Shooting a Tree

Point the instrument to a prism at the side of the tree (1) and press spa . Next, turn 90° to the
center of the tree (2) and press [JE[Y] . The distance and angle to the tree will be stored as the point.

Another equivalent method:
1. Point the instrument to a prism at the side of the tree (1) and press M-
2. Type the radius of the tree and press the correct direction key: .5 |IEGA-

3. Press [ € | BTN to store a point in the center of the tree.
Example: Shooting the Top of a Telephone Pole

—'—*D_—l_l__
- ] L]
2. Press ZHaA
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\ 1. Press SDA
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Instrument

Figure A-90 Shooting a Telephone Pole
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1. Point the instrument to a prism at the side of the telephone pole and press JEM-

2. Point the instrument to the center of the top of the telephone pole.

3. Press JEIIY to store a point in the center of the top of the telephone pole.
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Setup

Key:
PRODUCT: SCE+

KEYSTROKES: (the | key)

This menu key allows you to enter setup parameters for side shots and traverses; it also contains
routines for specialized side shots. The Setup menu includes various soft keys, depending on your
card. Press to scroll through these soft key menus.

Setup Menu 1 Soft Keys

Press this key to create a back azimuth, based on the inverse between the current occupied point and the
backsight point entered using this soft key.

Pressing E Sagl prompts for a backsight point number, takes a reading on the back point,

and gives data as though you were staking the point. The purpose is to make sure this is the right
backsight point. If the instrument is turned on, it will take a reading on the prism on the backsight point and
display the discrepancy, if any. This will automatically be stored to the raw data file, even if Raw Data is
turned off.

Press this key to occupy a point in the current job. Enter the desired point number and press the soft key
to occupy that point, or press the soft key first, and you will be prompted for a point number.

Press this key to put a note at the last point stored, even if note prompting is off. [iXleJf=ll can also be
used to enter a note for any point that has been previously stored. Key in the point number before pressing

[ Nore |

(SCE+): Press this key to store the height of the instrument. This soft key is blank if Elevations are turned

off. Press E SN (the 3 key) to toggle Elevations mode.

(SCE+): Enter a new Height of Rod. This key is blank when Elevations are off. If you wish to be prompted

for HROD after the shot is taken, press [ CHG NXT T3l and m To toggle this
feature off, press m again.

Press this key to electronically take separate distance and angle measurements for a point (see Separate
Distance and Angle on page 336).

Shortcut: | <€ | (the Y key).

Setup Menu 2 Soft Keys

Two-Point Free Station Resection: This function is also used for Multiple Point Free Station Resection.

shorteut: [ | IEZ2R (the key).

See also Free Station (Two-Point Free Station/Resection) on page 295.

Press this key to bring a benchmark elevation to the occupied point.

Shorteut: | <€ | (labeled BMRK).

See Benchmark Menu on page 253.

Press this key to make multiple shots to the same point, or to multiple points, either directly or with a
flopped scope.

Shortcut: [ | BACKSPACE.
See Shots on page 340.
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Setup Menu 2 Soft Keys

Angle to Point is used with Intersection to Point to create a point at the intersection of angle
. measurements from two different occupied locations. Coordinates and elevations may be collected from
the remote points without a prism.

From one instrument location, use to store angles to a point (or points), such as towers, bridge
abutments, road centerlines, fence lines, and so on. The coordinates of the occupied point are stored in
the next number and the Horizontal Angle is stored in the note with a tag.

See Angle Point and Intersection Point on page 246.

Intersection to Point should be pressed after sighting on the point shot to using after moving the
instrument to a new location. If a point number is not entered before pressing , it is assumed that
the first point shot using is being pointed again. To shoot points out of order, type the point
number assigned by at that location before pressing . calculates the
coordinates and elevation of the remote and stores it in the same point number that used.

See Angle Point and Intersection Point on page 246.

Press this key to zero the Horizontal Angle in most electronic total stations.

Shortcut: El 0.

Setup Menu 3 Soft Keys

Press this key to select an instrument, or select manual data entry using one of two manual entry methods.

Shorteut: [ | (multiplication key).

See Instruments on page 300.

INST

Mean Backsight is used to shoot a backsight point directly and with the scope flopped. These two
measurements will be meaned to recreate the elevation of the occupied point.

Shortcut: [ <€ | 8 (labeled MBKS).
See Mean Backsight on page 309.

Press this key to do trig leveling on a shot.

Shortcut: El 8.

See TRIG (Trigonometric Leveling) on page 372.

TRIG

Press this key to set the back- azimuth to the backsight point.

Press this key to store the back bearing. After entering the bearing, you will be prompted for the quadrant
BKBR (NE =1, SE =2, SW =3, NW = 4). If you want to enter the quadrant with the bearing, key it in as the first
digit of the bearing.

Example: S 69°35'14” W would be entered as 369.3514.

Press this key to display the raw shot data from the last shot taken; this option is available only when data
is gathered using either MAN2 (manual entry method 2 — see Instruments on page 300) or electronic
entry.

Q
S
Q
T]
c
S
Q
=n
]
S
(7]

snuay\ JO 8ousIBjoY
XoInd v Xipuaddy

Appendix A: Quick Reference of Menus and Functions 339



Shots
KEY:

ProbucCT: ACE+

KEYSTROKES: [ SETUP | [ NXT | IO
To ensure that old shots are clear, press [ | Ela8-
To ensure that old shot data is retained, press [ € | B8

SHORTCUT: [ > | [ @]

This function allows you to take multiple sets of angles and distances to one or more points, mean
them, convert these meaned angles and distances to coordinates, and store them by point number as
side shots. If multiple angles are taken to one point, the point may be stored as a side shot or as a
traverse point.

Shots Menu 1
KEYSTROKES: [ SETUP | [ NXT

EEEEESET AT PT 0 ROD: 0. 00 SEEEE
cIr: NOT STORED
z& MOT STORED
p1z: NOT STORED
HH DIE 22 REY @

esoIk: HOT STORED
gsrey: HOT STORED
[2ERD | E: [SETL[EMAL [w2PT [ ZHOT |

Figure A-91 Shots Menu 1

Shots Menu 1 Soft Keys

Use this key to set the Horizontal Angle in the instrument to zero. Zeroing the instrument is optional.

& Do not use m after you have started taking readings.

%  Some instruments cannot be zeroed from the data collector using this key. In this case, you may

choose to zero from the instrument. |JJEEJ] is used to take a backsight reading whether the scope
is direct or reverse. If the instrument has been zeroed, pressing this key with the scope direct is

optional if not using the J\IxfeJ function.

& If you are using an electronic instrument, measurements will be made automatically; otherwise, you
will be prompted for the input.

Backsight is used to read the Horizontal Angle only to the backsight point. A prism is not required for the
backsight point unless using the J:\Tjfel key.

SET1 SET1 is the default beginning set. Once SET1 is finished, press K{glll to increment to SET2. Pressing
I3 p@ increments to IR, etc. If you wish to go to a specific set, key in the set number then press
the SET key. For example, if you are on SET4 and you wish to go to SET2, key in 2 and press EJ3f:il.

The soft key will switch to S ER- E (Shift Left) will decrement to I EN. etc.

EVAL If one or more sets are shot, press [3Y.YIll and you will see the angles and distance(s) direct and
reverse, as well as the meaned angles and distance.
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Shots Menu 1 Soft Keys

Azimuth Point: This function was suggested by Charles Elam of Lincolnton Georgia. It allows you to take

multiple angles on a point far away without a prism. It operates like any other point using [KJ;le3ll. except
a prism is not needed and a specific distance is always stored. The distance is 234.0123.

Y.v4:a @l is also found under [ SETUP | and :l NXT |- At this location, it is used for taking a

single side shot to establish the direction to a point without a prism. The distance is always 234.0123.

& To remotely locate points with north east and elevation points without a prism, see Angle Point and
Intersection Point on page 246.

This function is used to take both direct and reverse readings to foresight points when taking multiple

angle and distance readings. If a specific point is entered before [EJz[ea Ml is pressed, then the reading is
taken for the specified point.

Each time is pressed, it first determines whether it is a direct or reverse face shot. It then collects
the shot information and assigns that shot to a point number in the current set. The point number shown
after DIR in the Shots Menu display is the point where the Shots program thinks the next direct shot will be
taken. REV in the display is the point number where the program thinks the next reverse shot will be
taken. These point numbers are especially important to watch when taking shots to multiple points at the
same time. If the point numbers shown in the display are not where you want to take the next shot, type

the correct point number before pressing i [e1l . If the next point number is zero when s [e1ll is
pressed, you will be prompted to enter the point number.
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Shots Menu 2 Foresight Options

goren: HOT STORED
FSOPT] TRUTOTFLOR] 1

Figure A-92 Shots Menu 2

Shots Menu 2 Soft Keys

Foresight Options:
FSOPT This function provides a list of soft keys that let you choose which angles and distances will be used in the
Multiple Angles program. The menu is displayed below:

e 23 § tMI
i HOME OGO ZEIF52:CRD }

FS OPTIONS

I B} Horizontal Angle

m/ m: Zenith Angle

m/ m: Slope Distance

m/ m: Horizontal Angle Reversed
EEZSNEZSE) : Zenith Angle Reversed
m/ m: Slope Distance Reversed

Each of the previous options are toggles. If the box is displayed, the function is active. If the box is not
displayed, the function is not active. Note that the default is On for all, except the Slope Distance

reversed. You may wish to turn this on also by pressing the key once.

AUTO Thls.optlon is only avallable. with robotic |r.1$trum<.ents. After using m m and I (o2 to take
the first shots on the backsight and foresight points, enter the total number of sets to be taken and the
data collector will control the robotic instrument to turn the remaining sets.

See Auto Shots on page 196 for additional information.

FLOP This is only available with servo instruments. The instrument will reverse face.
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Shots Evaluation Menu Soft Keys

S CHON FT
“HOT_ _&RT
1: 0 gE oo

|HOM JERROR] DELZ [LELPT|PTROD

Figure A-93

14 ROD: 0. oo SEEEEEERE
2d SLOFE DIST

Qi Ge5E0 100 o0n

Shots Evaluation Menu

Shots Evaluation Menu Soft Keys

Press this key to show the angles and distances direct and reverse. The mean of these angles and
distances is also displayed.

& If you have more than one point being used to take multiple readings, each time m is

pressed, a new point is displayed. If m is pressed one more time after the last point is
displayed, the point number is rotated back to the first point. To see the readings for a specific point,

key in the point number before you press |l

This function shows the mean error deviation for each point shot. Pressing [4=]zle]z] increments just as

m. Each time you press [EiL:le):]1. the error for the next point number will be displayed.

msuuu PT 14 R0 5 auu%
HOT E OI3T
M 35 hhonn ol anomn CThncong
(F 3600050 5058580 Loo. ol
K

k]

35.5 Loooogg 100, ogn
ELR IIIIIIIJ'-IIJ HIII 53580 10, 000

[ZHOK [ERROR] DELE DELPT|PTROD|STRTS]

To find the errors of a specific point, key in the point number, then press [F={=le]2]-

Delete Shot allows you to delete any shot for the current point shown. Press m until the point
containing the shot is displayed. The shots are numbered sequentially as shown on the screen. This

means that to delete the reverse shot in the second set, enter 4 before pressing [M=KJM. Each set has
two shots and the reverse shot is listed after the direct shot, so 4 is the correct number.

% Ifa shot is not acceptable, it is not necessary to delete it. You can just reshoot it. For example, to

reshoot point 16 reversed: Press [ NXT | m and I3 (or [ SETUP NXT -

I3le3k) ). Key in 16, reverse the scope, and press 3:le1ll- Now press [aV/XMMl and press

m until 16 is displayed.

This function lets you delete an entire point from the list of points on which you are taking readings.

This function lets you enter the rod height for each point. To go to a specific point, key in the point number

before pressing [agz{e1]-
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Shots Evaluation Menu Soft Keys

When all angles are turned and acceptable, press this key and the mean of each angle and distance to
STPTS each point will be used to convert to coordinates and be stored as side shot points.

If data was collected for only one point, the user is prompted to choose whether to store it as a side shot
or traverse.

& After B3IE] is pressed when you go to Shots, the angle and distance values for each set will be

deleted. If you wish to go back to Shots without deleting these values, press E sHoTS B
& Before B31aEY is pressed, just pressing KJ3[e3gY retains the old values.

& Ifyou have not pressed [EXIRY and you wish to clear old values anyway, press E

[sHoTs |

Close Horizon

This was an option on the previous version cards; however, you can now use the same instrument
procedure to turn angles using i) as you did using T

1. Zero on the backsight point.

2. Turn to the foresight point and press |Eisqll-

3. Flop the scope, zero on the foresight point (optional now), and press |l
4. Turn to the backsight point and press [JEEJi}-

This is one set.

o

Go to set 2 and repeat steps 1 through 4 or go to step 6.

6. Press BIRYYH and G-

Procedure

is used to take multiple angles and distances to one or more points. Any number of sets can be
used. A set is defined as direct and reverse readings to one or more points. In some cases, a reverse is
not desired, such as when there is a top-mounted electronic distance meter. In this case, we define a
set as a direct reading only.

Following are examples and explanations of the function and how it may be used. SMI’s Shots
function is very flexible. You can evaluate your results and reshoot any bad results before you leave the
instrument position.

will not only improve the accuracy of your north and east coordinates, but if Elevations are on,
will compute the elevations more accurately than taking a single side shot. If you are using
tripods or different prism heights, you should enter a rod height for each point separately. However, the
rod height cannot be entered until some shots have been read. To enter the rod height of each point
being shot, press [ SETUP NXT and IEENY- You will be prompted for the point

number.

When taking shots, you will see something like this near the center of the display:
NN DIR 17 REV 16

This indicates that you can either take another direct on the next point (17), or if you have finished
taking direct readings, you can take the reverse on the same point (16). If you prefer to not comply with
the suggestion, key in the proper point number before pressing il To see the errors, press

ULl ERRORE
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If you get completely out of the Shots menus, and if you have not used to store the point or

points, press [ SETUP | and [ NxT | and to get back into the display. As long as is not
pressed, the shots data will not be lost.

If you have pressed and press [SETUP | [ nxT_] and [IIRY. the variables will be erased.
After has been pressed, if you wish to go to Shots without erasing the variables, press (<]

[sHoTs §

If you have not pressed [[gE]. and you wish to erase the shot values anyway, press [ | Bl

Once the shots have been taken, you can evaluate each reading to each point in each set. If you are
uncomfortable with a reading, you may reshoot any point in any set, either direct or reverse. You can
then reevaluate the readings. Once you are pleased with each reading, press to store the
mean of all data in all points. The mean of all angles and distance to each point is stored as a side shot.

If you prefer to traverse to one of these points, key in the point number and press [_¢® ] and the
PTRA key (the R key)

Using Shots to Take Multiple Angles to One Point
Method 1

You should be occupying a point and backsighting a point.
Turn the scope to the backsight point and press [JJEEJl}-
Turn the scope to the foresight point and press |aqll-

1

2

3

4. Reverse the scope and press B}l

5. Turn the scope to the backsight point and press [JJEEJl}-
6

Press |2l
The soft key will switch to B3R

7. Repeat steps 2 through 5. Perform as many sets as you wish.

8. Press I reshoot any bad readings and press I}

You now have the option of storing the point as a side shot or a traverse point.
Method 2
1. You should be occupying a point and backsighting a point.

Turn the scope to the backsight point and press [JJEEJl}-

Reverse the scope to the backsight and press -
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2

3

4. Turn the scope to the foresight point and press |Eiqll-
5. Reverse the scope to the foresight and press |Eilqll-

6

Press 532

The soft key will switch to JE3EY-

7. Repeat steps 2 through 5. Perform as many sets as you wish.

8. Press I reshoot any bad readings and press I}

You now have the option of storing the point as a side shot or a traverse point.
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Replacing a Bad Shot

If you find a point that has a direct or reverse in a set that is outside your tolerance, it can be deleted
and reshot. Values that exceed the tolerance have a small arrow next to the value. However, it is not
necessary to delete it. You can just reshoot it. Suppose you wish to reshoot the direct reading for set 2
on point 25:

1. Press and . (If you are out of the Shots program, press [ SETUP NXT
IESW) sHoT B

2. Key in 2 and press the SET key (not necessary if it is showing B3¢

3. Point the instrument in the direct position at point 25.

4. Key in 25 and press |EIll-

The values for the direct shot in set 2 to point 25 will be replaced with the new reading.

24 .25

Ne
Ne

Multiple Angles to Multiple Points (SHOTS)

Figure A-94 Multiple Angles to Multiple Points

In the illustration, the instrument is occupying 1 and backsighting 2. You zeroed the instrument on point
2.

™ When taking shots, there will be a prompt in the middle of the display that indicates an expected point
direct or reverse.

BEESET 1:D AT PT 22 ROD: 0. 000 35
CIRS6°13'29"  oogor oy

2& 97 46'39"  ooop o1m
pIs: 92, 2588

ESDIR: 359°59'58"
BsREW: 179759 "'42"
[ ZERD [ E= [ZET1[EVAL [ AZPT [ ZHOT |

Figure A-95 Replacing a Bad Shot Example Display

For example, in the screen display above, you see NN DIR 22 REV 0. This means you can turn the
instrument scope to direct, point at 22, and press . Since the display shows REV O, if you take
a reading in the reverse position, SMI will prompt for the point number. However, you can point the
instrument at any point at any time in direct or reverse, key in the correct point number that you are
sighting, and press |3isl]- The data will be collected for that point.
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Taking Shots on Multiple Points

Method 1

1. Point the instrument at 2 and press [EFIY] then M-
2. Point the instrument at 22 and press |-

EsDIR:EA°E@1'15"
eskEw: 188766 "' 58"
[ ERD | ES [ZET1[EMAL | HZPT [ ZHOT |

Figure A-96 Taking the Shot at Point 22

3. Point the instrument at 23 and press S}l

4. Point the instrument at 24 and press |-

5. Point the instrument at 25 and press S}l

6. Reverse the scope and:

Point the instrument at 25 and press |l
Point the instrument at 24 and press |l
Point the instrument at 23 and press |l
Point the instrument at 22 and press |l

mo o w® »

Point the instrument at 2 and press -
7. With the scope still reversed, press B3l
The soft key will then change to |ESER
Point the instrument at 2 and press -
Point the instrument at 22, key in 22 and press S il
Point the instrument at 23 and press |l
Point the instrument at 24 and press |l

mo o w »

Point the instrument at 25 and press |l

Q
S
Q
T]
c
S
Q
=n
]
S
(7]

snuay\ JO 8ousIBjoY
XoInd v Xipuaddy

8. Flop the scope to direct and:

Point the instrument at 25 and press |l
Point the instrument at 24 and press |l
Point the instrument at 23 and press |l

o o w >

Point the instrument at 22 and press |l
E. Point the instrument at 2 and press JJEEJi}-

Additional sets may be taken as needed.
Press then and each point will be stored as a side shot.
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To traverse to one of these points, key in the point number and press  ptra ([ | and the R key).

. If you have a robotic card and instrument, use after the first five steps and all the other shots
will be taken automatically.

Method 2

1. Point the backsight (point 2) direct and press [JJEEJl}-

2. Reverse the scope, point the backsight (point 2) and press [JJEEJl}-
3. Turn to point 22, key in 22, and press |l

BEESET 1:D AT PT 22 ROD: 0. 00058
CIR: D 22'8a" 0= 10
2&¢ 87"@@'2a"  gmogr0a¢
pIs: BEBZA. 56688 ¢, 0000

HH DIR 23 REY 22
EspIR: B°@1'1S"
eskEv: 180" B8 ' SA"
[ZERD [ E: [ZET1|EMAL [ HEPT [ ZHOT |

Figure A-97 Taking the Shot at Point 22

Q. SMiI tries to predict the point number and the face (direct or reverse) you will be shooting next (NN DIR
23 REV 22). If you wish to take a reading to a point that SMI does not predict correctly, key in the point

number before pressing Il

Flop the scope (to direct), point 22, key in 22, and press [all-
Turn to point 23, key in 23, and press .

4
5
6. Flop the scope (to reverse), point 23, key in 23, and press |-
7. Turn to point 24, key in 24, and press .
8. Flop the scope (to direct), point 24, key in 24, and press |Elql-
9. Turn to point 25, key in 25, and press .
10. Flop the scope (to reverse), point 25, key in 25, and press |EIql-
11. Press |E3gl-

The soft key will then change to |ESER
12. Point the backsight (point 2) direct and press [JJEEJl-
13. Reverse the scope, point the backsight and press [JJEEJi}-
14. Turn to point 22, key in 22, and press [Fall-
15. Flop the scope (to direct), point 22, key in 22, and press |Elqll-
16. Turn to point 23, key in 23, and press .
17. Flop the scope (to reverse), point 23, key in 23, and press |EIql-
18. Turn to point 24, key in 24, and press .
19. Flop the scope (to direct), point 24, key in 24, and press |Elqll-
20. Turn to point 25, key in 25, and press .
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21. Flop the scope (to reverse), point 25, key in 25, and press |Eiqll-

Additional sets may be taken as needed by pressing (SMI will increment to [JE3E}). and
repeating these steps. When satisfied with the results, press then and each point will
be stored as a side shot.

To traverse from the occupied instrument position to one of these points, key in the point number and
press prra ([ | and the R key).
At any time while taking shots, you can press and see the results of the angles.

You can press BN and the point number will increment.

Press | now to increment to 25 then back to 22.

To show a specific point number, key in the point number before pressing |-
Pressing shows the errors in angles and distances for each point.

Press again to increment back to point 22.

Side Shot

KEY:
ProbucT: SCE+

KEYSTROKES: (the H key)

This function/menu key allows you to electronically or manually take a single Horizontal Angle, Zenith
Angle, and Slope Distance to a point, convert to coordinates, and store by point number without
changing the occupied point and backsight point.

Procedure

When an instrument is not chosen:
If you have not chosen an instrument, will display soft keys for manual entry.
When an instrument is chosen:

If you have chosen an instrument, will electronically collect the Horizontal Angle, Zenith
Angle and Slope Distance, convert to coordinates, and store by point number. After the data is
collected in the electronic mode, the setup menu is displayed on the soft keys for additional data entry
options.
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Choosing an Instrument

To choose an instrument (DCE+), press [ SETUP NXT nxT_| DSl or use the shortcut [ ]
(multiplication key), and choose your brand. You may need to press to find your
instrument brand. Choose the model by pressing the appropriate soft key.
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For further information about instruments, see Instrument Configuration, which begins on page 383.

Three Ways to Switch from Electronic Data Collection to Manual
Input

After you have chosen your instrument, there are three ways to do manual input of data in the Side
Shot mode:

= Press [ SIDS | for manual entry.
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w Press [ <& ] 5. This turns the instrument flag (the | symbol at the top of the display) off. Now

press for manual entry. To turn the instrument (I symbol) on again, press [ <q ] 5.
will now electronically collect again.

w Press [ SETUP NXT NXT and [N o' YA is always manual now.

If you are using [[IIXYEY. when you press [_sIDs |, you will be prompted for Slope Distance, Zenith
Angle, and Angle Right. Key in the appropriate values (separated by a space — the key). Press
to convert the angles and distance to coordinates stored by point number.

Changing MAN2 Order of Input
The order of data entry can be changed by pressing [ CHG NXT and I - The soft
key toggles to i} Now instead of being prompted for

SDIST, ZENITH ANGLE, and ANGLE RT, you will be prompted with ANGLE RT, ZENITH ANGLE,
and SDIST.

If you are using manual entry method 1 (MAN1), pressing will present the soft key options
shown in the table called Side Shot Page 1 Soft Keys below, depending on the card you are using.

Side Shot Soft Key Page 1 for Manual Entry

You may enter the value first and then press the soft key; or press the soft key and you will be prompted

to key in the value (then press [ENTER])-
Side Shot Page 1 Soft Keys

Press this key to enter an Angle Right. For Angle Left, key in the angle, press | +/- | and press
pay

EXil

Press this key to enter an azimuth. Enter two point numbers if you want to use the inverse between those
m points as the azimuth to the next point.

Press m to see the last azimuth. Press [ENTER] to use this value as the new azimuth.

Press E m to put the last azimuth on the stack. Then you can add or subtract to the

azimuthusing [ @3 | Hms+ or[ (@ | "Hus-

Press this key to enter a bearing. After entering the bearing, you will be prompted for the appropriate
EX quadrant (NE=1, SE=2, SW=3, NW=4).

An optional way to enter bearing and quadrant is to enter the quadrant as the first digit of the bearing.

For example, a bearing of S 23° 11’12” W would be keyed in as 323.1112 and then you would press

Press this key to enter a deflection angle to the right, or key in a negative number to enter a deflection
DEF 4 angle to the left. Key in the number first, then use the key, rather than the Minus key, to change

to a negative number. After a direction has been entered, the angle is presented at the top of the display.
Also shown is the Distance submenu that lets you enter a distance.

Press this key to enter the height of the instrument. Hl is defined as the vertical distance from the point
under the instrument to the axis of the scope on the instrument.

To change the last height of the instrument, key in the new Hl and press m When Elevations are
on, the current height of the instrument is displayed.
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Side Shot Page 1 Soft Keys

Enter a new Height of Rod. This key is blank when Elevations are off.

m You may choose to have the HROD prompt each time you take a shot. This allows you to take a reading
before you enter the HROD.

To use this option, press [ CHG NXT INPUT m In this menu, m is a toggle

key.

Side Shot Soft Keys Page 2
KEYSTROKES: [ 8IbS | | NXT

SIDE SHOT %

EL: 458. 2534
30=51=87 HNH 88

BrG: S43°53'38"W v 1: 5. 248
pIs: 1BBE9. BEFSE RO 4.878
[EFPT [OCPY [NOTE| REP [ERGs] |

Figure A-98 Side Shot Page 2

Side Shot Page 2 Soft Keys

Press this key to enter a backsight point. The backsight azimuth is calculated based on the current
BKPT occupied point when this key is pressed.

Press this key to occupy a point with the data collector. If a back point has been entered, the back azimuth
OCPY will automatically be updated.

(ACE+): Press this key to enter a note for the last point stored. After you press this soft key, the display will
NOTE prompt you to enter a note. The alpha keyboard will be turned on automatically.

%, A note can be stored at any time at any point number that exists. If a point number is keyed in before
[MoXi Ml /s pressed, you will see NOTE FOR POINT 123 (if you pressed 123 before you pressed
SETUP | and l[e1fM). Key in the note and press |ENTER|. The note will be stored at the

specified point. If no number is keyed in first, the note will be stored at the last point number stored or
staked.

Press this key to repeat the last direction and distance to store another side shot.

If this key is pressed while in Traverse mode, it will use the last direction and distance to create a traverse
point (see Traverse on page 371).

This is a toggle key that lets you switch between the four methods of angle display.

Q
S
Q
T]
c
S
Q
=n
]
S
(7]

snuay\ JO 8ousIBjoY
XoInd v Xipuaddy

a3t
. “z": 1 n
A RT= kRG: H2B5 A0 ' BE"E

pFs —23°45 ' 52"
LI ETE I I T

COOR=

Appendix A: Quick Reference of Menus and Functions 351



Side Shot Distance Soft Keys

Press this key to enter a horizontal distance. Key in the desired value before pressing the soft key, or enter
two point numbers separated by a space to use the inverse between them as the horizontal distance to
the next point.

To use the last horizontal distance, press iyl before entering a value; the last value used will be

shown on the command line. Press |ENTER | to save the value as the current horizontal distance. After
the distance has been entered, a point will be stored, and you will be returned to the Side Shot menu.

Pressing [ | |EBIEHl displays the last horizontal distance on the stack.

Press E DY to enter feet and inches instead of decimal feet. You will see the prompt “FEET
INCH NUM DEN". Enter the feet, inches, numerator of the fraction of an inch, and denominator of the
fraction of an inch separated by spaces. If there is no fraction, just enter the feet and inches.

Example: Traverse North 30 East for 28 feet, 41/2 inches. Press | _TRAV__|. Key in 30 and press

XA Press [ € | ERIEA  You will be prompted for FEET INCH NUM (numerator) DEN

(denominator). Keyin28 [ spc |4 | sPc | 1 [ sPc | 2andpress [ENTER]| The distance will be
converted to a decimal value and displayed as DIS: 28.3750.

%  The numerator and denominator are optional. For example, if you only have 28 feet and 6 inches,

you may enter 28 6 and press AN . This will be converted to 28.5 feet.

Press this key to enter a Slope Distance. Key in the desired value before pressing the soft key.
To use the last Slope Distance, press E»]s3fll before entering a value; the last value used will be shown
on the command line. Press |ENTER | to save the value as the current Slope Distance.

Press this key to enter a Zenith Angle. Key in the desired value before pressing the soft key.

% A Zenith Angle is an angle where straight up is zero, and horizontal (level) is 90 degrees or 270
degrees.

To use the last Zenith Angle, press before entering a value; the last value used will be shown on
the command line. Press |ENTER| to save the value as the current Zenith Angle.

VA

Press this key to enter a vertical angle. Key in the desired value before pressing the soft key. A vertical
angle is an angle where the horizontal (level) is zero. Pointing down below level is negative and above
level is positive.

To use the last vertical angle, press before entering a value; the last value used will be shown

on the command line. Press | ENTER | to save the value as the current vertical angle.

Insert Curve at Point of Intersection: [e{@xl assumes that the occupied point is on a Point of
Intersection (PI) of a curve. The backsight is assumed to be back along the tangent toward the Point of
Curvature (PC). The angle entered in the previous side shot or Traverse menu is assumed to be on the

tangent toward the Point of Tangency (PT). When is pressed, the delta is calculated based on
these assumptions and a new menu is shown to allow the entry of one more attribute of the curve. After
entering that value, the Side Shot Distance menu is restored to allow the entry of the distance of the side
shot. When the distance is entered, the following points are calculated and stored in the order shown: PC,
Radius Point, PT, and Side Shot. This routine is usually used in the Traverse menu to traverse from PI to
Pl and store the curve points as the traverse progresses.

See Insert Curve at Point of Intersection While Traversing on page 283 for additional information.
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Sort Stakeout Points
KEY:

ProbucT: ACE+

KEYSTROKES: [ RPTS | [ NXT | [ NXT

The STAK function searches the Random Points file for points within a given distance from the
occupied point. The resulting Random Points file can be sorted by distance or direction(angle). See
STAK on page 99 for additional information.

South-East Bearing
KEY: S-E
PrRobuUCT: SCE+
KEYSTROKES: [ (| se (the 2 key)

This function converts southeast bearing to azimuth format.

Procedure

Key in the bearing and press [ @ ] and the sg  key. The display will show the value in azimuth
format.

(If an azimuth is entered in the southeast quadrant, [ @ | se converts it to a bearing.)

South-West Bearing
KEY: S-W
ProbucT: SCE+
KEYSTROKES: [ (| sw (the 3 key)

This function key converts southwest bearing to azimuth format.
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Procedure

Key in the bearing and press [ @ ] sw . The display will show the value in azimuth format.

(If an azimuth is entered in the southwest quadrant, pressing [ (@ | and the sw key converts it
to a bearing.)

Spiral Curve

See Construction Five on page 265.
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Stake

KEY:
ProbucT: SCE+

KEYSTROKES: (the Q key)

This menu key allows the user to stake a point, stake a line, stake a curve, get a cut or fill, store a
cutsheet and use the instrument crosshairs to store an elevation at a point, in addition to several other
functions.

Procedure

The soft key menu along the bottom of the display includes several stake functions. Press to
scroll the soft key menu.

If Elevations are off, here is the first soft key page:

% STARING 10

Z2elel@d MM 11

T 125°18'45"
pIs: D@4 . 7491
[ERPT | DCPY | FEPT [ZTOZH[ CUTE | ZHOT |

Figure A-99 Elevations Off

If Elevations are on, here is the first soft key page:

STARING 1038

EL: B. 86808
Zulel@ HH 22

Gr: 181737 '85" y :8.8680
pIs: 963, 12609 rop: @. BEA
| H I [H ROD]FEPT [ZT02H] CUTE [ SHOT |

Figure A-100 Elevations On

Note that in the first case, you have and on the soft keys. If Elevations are on, you
have [JJETI and [ELEDRY on the soft keys.
If you have Elevations on, and you want to occupy a point or backsight a point: Go to or press

[ ][ nxT |

is used to enter a backsight point. Key in the backsight point number and press |GGl
is used to occupy a point. Key in the occupied point number and press [[IS-

is used to enter the height of the instrument. Key in the distance from the point under the
instrument to the axis of the instrument and press |JJEI}- The SMI software adds the elevation of the
occupied point to the HI value to get the total elevation of the instrument.

is used to enter the height of the rod. Measure the distance from the bottom of the rod to the
center of the prism. Key this value into the data collector and press |ELIDY-

& The IEGHE 32 BEIE 219 IELERY keys in the [[SETUP | menu can be used as well.
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Trigonometric Leveling

There are times when it is very acceptable, and a great time saver, to leave the HI and HROD both set
to zero and still do very accurate trig leveling. Other times, the rod should be measured and entered
into SMI as HROD. Still other times, both the HI and HROD should be measured and entered. The
following discussion might help you decide your policies regarding measuring and setting these values
using SMI. If you can avoid measuring and entering the HI and H ROD, it may be a big time saver. The
elevations may be even more accurate than when you measure up.

When it is OK to Use HI and HROD Set to Zero

1. When using a prism on a rod to shoot a benchmark using the same rod to take readings to
other points, whether staking or collecting, the elevation will be transferred from the
benchmark to these other points.

Principles:
A. The rod height should not be changed without changing the HROD in SMI.

. In this case, if you raise the rod 2.5 feet, you should set the HROD to 2.5. If you lower the rod 1.5 feet,
you should enter a negative 1.5 in the HROD.

B. The elevation under the instrument will not be correct. Therefore, when you shoot a
benchmark, do not store the elevation. The occupied point position will display COOR
instead of the point number. The instrument will still be occupying the correct north and
east coordinates and the elevation will be a “reference elevation” similar to the Hi
elevation of a level. Note that when using a level, you are never concerned with the
elevation of the point under the level.

2. When you set the rod height the same as the instrument height, you can leave the Hl and
HROD set to zero and the elevation under the instrument will be correct.

When the Rod Should be Measured and Entered

1. When using a prism on a rod to shoot a benchmark using the same rod to take readings to
other points, and when the rod reading is going to be changing frequently, it is desirable to
enter a rod reading before the benchmark is shot. When the HROD is changed, that change
should be represented by a HROD value.

When you will be using the horizontal crosshair to store remote points without a prism.

When using Separate Distance and Angle (SDA) to determine remote elevations without a
prism.

4. When using STOEL in the Stake menu to store unknown elevations with known coordinates.
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When the HI and HROD Should Both be Measured and Entered

1. When there is a known elevation stored with the point under the instrument and you will not
be bringing an elevation to the instrument using benchmark or SM/I’s Free Station program.

2. When using Mean Reverse Reciprocals where you compute the elevation from both ends of
the line. This requires using the elevation under the instrument.

When using tripods and tribrachs for holding prisms for foresight points.
When checking the elevation of the instrument position.

Appendix A: Quick Reference of Menus and Functions 3565



Remote Elevation

Press to use Stake to turn to a point of known north and east coordinates. Set the horizontal
crosshair on the desired elevation and press &30 The elevation at the crosshair is stored with the
coordinates at that point number. This function is useful when the north and east coordinates of a point
are known or can be calculated, but the elevation is unknown and inaccessible.

See Conditions Necessary to Use the STOEL Function on page 106 for additional information.

Placing Points in the Random Points File (RPTS) for Staking

If you would like to pre-specify the points you would like to stake, you may place them in the Random
Points file and when you occupy a point and backsight a point, go to stake and simply press [ |

Il To back up to a previous point, press [ < | Eall-

Stake all Points Within a Certain Distance of the Occupied Point

1. Press [_RPTS |. Key in the point numbers you wish to search.
Example: 201.300 would let you search all points from 201 to 300 inclusive.

2. Press [EnTer] [ nxT | [nxT | and |BYA-

You will be prompted for the maximum distance you wish to stake points from the occupied point.

3. Key in a distance and press [ENTER].
4. Choose whether you wish to sort by distance or by angle.
5. To check the numbers that were found to be within that range, press [ RPTS |.
6. Delete any points you do not wish to stake and press [ENTER]-
7. To stake these points, press and use [ | [ FSPT |
Staking a Point

If you press with a point number on the stack or command line, the screen will show the
inverse from the occupied point to the point given. When is pressed, the instrument will
measure the distance or you will be prompted for the shot information. The screen will show the Go/
Come Left/Right information.

Staking to a Line

(ACE+): If you type in two point numbers before pressing gl the Stake to a Line (|G l]) menu
is started. See Stake to a Line on page 360 for more details.
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Staking to a Curve

(ACE+): If you type in three point numbers before pressing JFall]. the Stake to a Curve (| SIH)
menu is started. See Stake fo a Curve on page 359 for more details.

Stake Menu Page 1 Soft Keys

Press this key to store the height of the instrument.

Press this key to store the height of the rod.

Foresight point is used to enter a point number for staking a point. Also used to enter two points to stake
FSPT a line, or three points (PC, RP, PT) can be entered for staking a curve.

E 3@ Will stake the next point in the Random Points file.

E I3l will stake the previous point in the Random Points file.

STOSH Ptrekssdthls key to store the last shot to a point number. Press E 23K ) to store the point being
staked.

Press this key to store the difference between the foresight point and the shot in the raw data file.

CUTH This will also store a “PT”, “LINE”, or “CURVE” label in the raw data with the points used to define a point,
line, or curve. The “DERR” value in the raw data shows how far the shot was from the point, line, or curve.

Press this key to bring in a distance from the instrument to get Go/Come, Right/Left, and cut/fill values.

Press E =1 (o3l (Robotic only) to continuously update the measured distance.

Press El 1 [e2 M to switch to the Go/Come Left/Right screen without taking another shot.
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Stake Menu Page 2

EL: 21,9363
Zulsld HH 11

ST: 135°1A'45"
pIs: SA4. 7491

HOET[S00ET] FEEL | 2ERD |ERG a[STOEL

H1: 4,388
RO 6. 9EE

Figure A-101 Stake Menu Page 2

Stake Menu Page 2 Soft Keys

Press this key to enter a horizontal distance and a change in elevation to get Go/Come and cut/fill values.

Press this key to enter a Slope Distance and Zenith Angle to get go/come and cut/fill values.

Press this key to enter the desired (grade) elevation for a foresight point and get a cut or fill based upon
the shot elevation.

(DCE-+): Press this key to zero the instrument from the data collector. In SCE and ACE versions, it is
necessary to manually zero the instrument.

[ < | IEEEY (Robotic Only): Press these keys to turn the instrument to the backsight and rezero
the instrument after displaying and storing in the raw data the circle reading

Next Point: Press this key to change the foresight point and display the Go/Come, Left/Right values to get
from the last shot to the new foresight point. The new foresight point is found in one of three different
ways:

w |f no points are on the stack, it searches the Random Points file for the closest point to the last
shot.

w  |f one point number is on the stack, it becomes the new foresight point.

w  |f two point numbers are on the stack, it searches that range of points, including the two point
numbers, for the closest point to the last shot.

STOEL

Store Remote Elevations: Press this key to use Stake to turn to a point of known north and east

coordinates. Set the horizontal crosshair on the desired elevation and press E3ge]M. The elevation at

the crosshair is stored with the coordinates at that point number. This function is useful when the north
and east coordinates of a point are known or can be calculated, but the elevation is unknown and
inaccessible. See Conditions Necessary to Use the STOEL Function on page 106.

Note that to have the elevation stored correctly:
w  Elevations must be on.
w  The HROD must be measured and entered; use 0 if not using a rod.

w  You must bring an elevation to the instrument using Benchmark or Free Station. If you are
occupying a point of known elevation and not shooting a benchmark or free stationing from a
point or points of known elevation, you must measure up and enter the H | (height of instrument
from the point under the instrument to the axis of the instrument).

Stake Menu Page 3 Soft Keys

Stake Menu Page 3 Soft Keys

This function replaces the Stake Offset function in Version 5. Line Stakeout allows you to stake a line by
station and offset.

See Line Stakeout on page 308.
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Stake Menu Page 3 Soft Keys

This function is used for stakeouts of curves and offsets of curves by deflection angle.

See Curve Stakeout — (Horizontal Curve Stakeout) on page 279.

This is another way to enter the Stake to a Line program. It is the same as pressing | STAKE |, keying in
two stored points separated by a space, and pressing J=:=1g -
See Stake to a Line on page 360.

This is another way to enter the Stake to a Curve program. It is the same as pressing [ STAKE |, keying
in the PC, Radius Point and PT separated by spaces, and pressing [liz]zagll -

See Stake to a Curve (below).

Press this key to create a back azimuth, based on the inverse between the current occupied point and the

backsight point entered. Pressing prompts for a backsight point number, takes a reading on the
back point, and gives data as though you were staking the point. The purpose is to make sure this is the
right backsight point. If the instrument is turned on, it will take a reading on the prism on the backsight
point and display the discrepancy, if any. This will automatically be stored to the raw data file, even if raw
data is turned off.

Press this key to occupy a point in the current job. Enter the desired point number and press the soft key
to occupy that point, or press the soft key first, and you will be prompted for a point number

Stake to a Curve

Kev:

ProbucT: ACE+

KEYSTROKES: or

& Depending on the program you are running, you may have to press the key once or twice to
find the key.

This function allows you to take shots and find out how close you are to a curve. It also interpolates the
elevation along the curve between the PC and PT points to create a grade elevation at any station.

Procedure

prompts
[ENTER].

for the PC, RP, and PT. Enter the point numbers separated by spaces and press

% STAKING CURVE 5-6-7%

Read? For Shot
dua? NH 8

EEPT | OCRY [ FEPT | SHOT [STOEH] CUTE |

H I: 8. 588
kop: B, BEE

Figure A-102 Entering the Point Numbers

You are now ready to take a shot near the curve.
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Once you press and the measurement is taken, you will get a screen display similar to this:

STARING CURVE S5-6-7

COHE: 3.63
FERFD: 1.89
RIGHT: 1.14
CuT:

GRADE: 99, 4656
sHOT EL: 188, 8819
[EEPT | OCPY [ FEPT | SHOT [STOEH] CUTE |

Figure A-103 Stake to a Curve Measurement

This screen indicates the curve you are staking is defined by points 5, 6, and 7. The first shot is 1.09
feet away from the curve (PERPO).

To stake the curve, the rodman can move toward the instrument 3.63 feet or move 1.14 feet to his right.
The grade is the elevation on the curve perpendicular to the shot. The rodman should measure over
1.14 feet to his right as he faces the instrument and the instrument man should take another reading.

The keys in the Stake to a Curve menu work just like the keys in the main Stake menu ([ STAKE |). See
Stake on page 354 for more information about these soft keys.

Stake to a Line
KEY:

PrRoDuUCT: ACE+
KEYSTROKES: [ STAKE 1<l or [ STAKE 338 Depending on the program you are running,

you may have to press the key once or twice to find the key.

This function allows you to take shots and find out how close you are to a line. It also interpolates the
elevation between the points to create a grade elevation at any station.

Procedure

prompts for the beginning point and ending point on a line. Key in the beginning point, press
[ spc |, key in the ending point, and press [ENTER]. Put the rod at a point near the line specified and
press Xl

Following is an example where we have pressed [l keyed in 1 2 and pressed [ENTER],
pointed the prism, and pressed |Fall-

ETAKRING LINE 1-2 3

Y
166, 2718
sHOT EL: 16@, 8862
[EEPT | OCP4 [ FEPT [STOEH] CUTF | ZHOT |

Figure A-104 Staking Line 1 - 2

This screen indicates that the line we are staking is defined by points 1 and 2. The first shot is 2.6 feet
away from the line (PERPO). To stake the line, the rodman can move toward the instrument 15 feet or
move 2.64 to his right.

The grade is the elevation on the line perpendicular to the shot. The rodman should measure over 2.64
feet to his right as he faces the instrument and the instrument man should take another reading.
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The keys in the Stake to a Line menu work just like the keys in the main Stake Menu ([_STAKE ]). See
Stake on page 354 for more information about these soft keys.

Store Coordinates (Enter and Assign)

KEY:
ProbucT: SCE+

KEYSTROKES: (the J key)
This menu key lets you enter points using coordinates and data for existing points.

Procedure

The Store Coordinates screen displays data for the last point stored.
The soft key menu allows you to modify point data, and includes these options:

Store Coordinates Menu Soft Keys

Press this key to enter a new north coordinate. Key in the value and press “ or press the soft key
first; you will be prompted for the north value. Key in the number and press |ENTER|-

Press this key to enter a new east coordinate. Key in the value and press [} or press the soft key
first; you will be prompted for the east value. Key in the number and press [ENTER|-

(SCE+): Press this key to enter a new elevation. Key in the value and press , or press the soft
key first; you will be prompted for the elevation. Key in the value and press |ENTER |-

[

NOTE (ACE+): Press le11ll; you will be prompted to enter a description. Key in the note (up to 128

characters; alpha will be automatically turned on). When you are finished, press [ENTER| -

Store the north and east coordinates, elevation, and note as a new point; the point will automatically be
STORE stored as the next number indicated on the display.

Press this key to recall a point number (see Recalling a Point for Editing below and Recalling a Point for
RCLPT Viewing on page 362).
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Defining the Point Number for Storing the Coordinates
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To store the data at a specific point, key in the point number first, then press LI - If that point
already exists, you will be asked whether you want to overwrite the existing point. Press to

confirm or to cancel.

Recalling a Point for Editing

function: Recall the data for an existing point. Key in the point number and press (or
press the soft key first, and you will be prompted to enter the point number; then press [ENTER]). The
values for that point will be displayed. You are now ready to edit the coordinate and description, then
store at the same point or at any other point number.
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Recalling a Point for Viewing

If you want to view a large number of points, use the soft key in the menu (see View
on page 377). Now press or to view additional points or to view specific points.

Sunshot
KEY: [sun ]
ProbucT: SCE+

KEYSTROKES: [ | (the Y key)
This function key lets you find Astronomic North or Grid North from the sun.

Procedure

The Sunshot menu presents soft keys that help you define the sunshot; press to scroll the
menu screens.

¥ SUNSHOTS 04402799 0Y4: 38: 13. 65F §

EsCIR:: H"E@'@aa"

csun: @ @8 'aa"

LAT: A"@a'aa"

LONEG: | @a''aa"
ASTRONOMIC

[ DATE | TIME [EZCIE[CEUM | RUN [ZHOR ]

Figure A-105 Sunshot Menu 1

Sunshot Menu 1 Soft Keys

Press this key to enter the current (or desired) date. The format is MM.DDYYYY (for example, October 23,
DATE 1997 would be entered as 10.231997).

If a date is not entered on the stack when the key is pressed, the program will use the current date in the
calculator (the data collector has a running clock to maintain date and time — see Date/Time on page 286).

Press this key to enter time of day (military time, or a 24-hour clock, is used). The format is HH.MMSS (for
TIME example, 2:32:15 P.M. would be entered as 14.3215).

If a time is not entered on the stack when the key is pressed, the program will use the exact time (as
maintained by the calculator) when the key is pressed.

BSCIR Press this key to enter the backsight circle reading.

CSUN Press this key to enter the circle (Horizontal Angle) to the sun.

Press this key to perform the calculation using the values already stored.

If one or more sunshots have already been made, m appears as the soft key instead of m )
The resulting average circle to the sun is put on the stack.

Press this key to record the current time ( [iglY]38). the current circle to the sun ( [KeiJ1]YN ), and perform
the calculations ( [JZIIIYJ) al in one step.

TCR
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About Time

The Sun program expects Greenwich Mean Time.

w For Eastern Standard Time, add five hours to the local time. (For Daylight Savings Time, add four
hours).

w For Central Time, add six hours.
w For Mountain Time, add seven hours.
w For Pacific Time, add eight hours.

The easiest method is to listen to WWV (broadcast from Hawaii and Colorado) and get the current
Greenwich Mean Time. It is desirable that the time be accurate to 1/10 of a second. Being off 1 second
could affect azimuth accuracy by 7 seconds.

For more accurate time, it is desirable to factor double ticks. A double tick represents 1/10 of a second
needed.

For example, if you get 2 immediate double ticks after the time, add 2/10 of a second to the time stated.
For 3 double ticks, 9 seconds after the time, subtract 3/10 of a second from the time stated.

Sunshot Menu 2

Sunshot Menu 2 Soft Keys

-

AT Press this key to enter the latitude of the point of observation.

Press this key to enter the longitude of the point of observation.

LONG &  Sufficient accuracy should be achieved if you scale the latitude and longitude from a USGS

quadrangle map. The accuracy should be +/- 300 feet.

TRAIL This is a toggle key used to select the trailing edge, the center of the sun, or leading edge for pointing.

IR:nl is for use in the southern hemisphere. The default is set to Jay=T\[M .
CNTR

LEAD

Press this key to enter the longitude constant.

N

) o
o r

Press this key to enter the zone constant.
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Press this key to see the average circle reading to the sun, calculated from the sunshots made since

m was pressed.
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Both the longitudinal constant and zone constant should be zero for computing Astronomic North. Refer
to State Plane Grid Constants, which begins on page 405, for entering longitude and zone constants for
your area. When these constants are entered, the Sunshots program will automatically give you State
Plane Grid North, rather than Astronomic North.

Built-in Ephemeris

This Sunshots program has a built-in ephemeris accurate to normally within +/- 10 arc seconds.
However, under worst-case conditions, assuming the user does everything perfectly, it is possible to be
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off by 42 arc seconds. With careful observations, you should get a consistency of readings within
approximately 2-4 arc seconds.

Large Traverses

For large traverses, a desirable way to control direction would be to take a sunshot at each fifth traverse
point. While the errors in the sunshot can be up to 42 seconds, if you take sunshots over a 1-5 day
period, the variation in consistency should not exceed 1-3 arc seconds.

Using State Plane Grid North

When traversing east and west for 1 mile, the Astronomic North from the sun will converge
approximately 1 minute. Therefore, when surveying large boundaries with great east/west movement, it
is better to use State Plane Grid North requiring longitudinal constant and zone constant. Thus, North
remains parallel throughout the survey.

Leveling is Important for High Accuracy

In taking sunshots, leveling of the instrument is critically important, especially as the sun gets higher in
the sky. More dependable readings can be taken when the sun is close to the horizon.

Trailing Edge Readings

When taking a reading on the trailing edge, move the vertical cross-hair slightly into the sun and, at the
instant the vertical cross-hair passes the trailing edge, press [T The rest of the data can be
entered before or after Time, but all data must be entered (except the optional longitude constant and
zone constants) before R is pressed.

Repeated Readings

For repeated readings, you only need to re-establish TIME and CSUN readings. Backsight Circle is
optional.

If the instrument is flopped, the backsight circle should be reread, as well as time and circle to the sun.

If an electronic instrument has been chosen, backsight circle and CSUN angles will be brought in
electronically.

For more information, see Sunshots on page 79.

The Importance of Accurate Time

How important is time accuracy to your calculations? If the time entered is 1 second off, the angle error
may be as much as + 7 seconds. (You can test this by entering your data at a certain time, then
entering it again after adjusting your time by 1 second.)

The Best Time to Take Sunshots

The best time to take sunshots is early in the morning or late evening, when the sun is closer to the
horizon. The worst time is when the sun is greater than 45° from horizontal.

Please also note that Earth’s curvature and refraction do not seem to affect the accuracy of the angle.
Therefore, a low angle is most desirable.
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How to Avoid Sunshot Problems

If you take consecutive sunshots spaced a few minutes apart and your resulting angle tends to driftin a
certain direction, this is an indication that the date, time, latitude, or longitude is incorrect. See Sunshots
on page 79 for more information about sunshots.

For information on setting time for sunshots, see Time (below).

Swap

KeY: X<>Y

ProbucT: SCE+

KEYSTROKES: [ | X<Y (the M key)

This function key lets you swap, or exchange, the last two items on the stack (level 1 and level 2).

Procedure

Make sure the items to be swapped appear in the first and second levels of the stack.

Press this function key, and their respective positions on the stack will be reversed.

Three-Corner Shot
KEY: s3cor
ProDUCT: DOT

KEYSTROKES: E scor (the W key)

This function key is used when shooting three corners of a building.

Procedure o
S
Shoot the three corners and press E and the 3cor key. The missing corner is stored. The first %
point also is stored for auto plotting purposes. S
Q
%’:
S
(7]
Time
Kev:

ProbucT: all HP 48s

KEYSTROKES: E 4

This function sets or changes the current time.

Procedure

If you are working with sunshots, it is of particular importance that your HP 48 be set to the correct time.
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Setting or Changing the Current Time
To set or change the current time in your HP 48:

1. Exit SMI’s software by pressing E aQuit and press E 4.

(Underneath the SMI overlay, you will see that the 4 key also has TIME labeled above it.) This
opens the Time menu window.

2. Pressthe [ A | key to scroll the Time menu to “Set time, date...”

3. Press JJIJ@ to accept the menu choice.

4. Press [ p | to highlight the desired time or date field.

5. Once the field is highlighted, key in the appropriate value (hour, minutes, seconds, etc.); the
value will appear on the command line.

6. Press to accept it and place it in the field.

7. In the “time format” field (AM, PM, or 24-hour), press the key to toggle between your
choices.

8. Press JJIY@ when you are finished.

This enters the changes you have made and exits the Time menu.

9. Go back into SMI’s software by pressing [ o | K [ENTER]-

How to Check the Current Time

For greatest accuracy in your measurements, you should set your time based on Greenwich Mean
Time. This generally is broadcast from the Naval Observatory in Washington, DC.

You may call the US Naval Observatory’s Master Clock for a recorded time announcement. Time is
broadcast in Universal time and EST (adjust for your local time zone) and includes a beep every five
seconds for accurate time synchronization.

Topo (Contouring)
KEY:

ProbucT: ACE+

KEYSTROKES:

This soft function key allows you to scale the distance to each contour line from a starting elevation
point in the direction of another elevation point.

Procedure

After pressing the and then the soft key, the display will prompt you: INTERVAL?.

This defines the elevation intervals between the two points at which you want to see the distance to the
interval. Key in the number of feet and press [ENTER]-

(For example, if you want to see how often the elevation changes by 2 feet, type 2 and press [ENTER]-)
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The TOPO menu then lets you define the elevation points.

Topo Menu Soft Keys

Press this key to define the starting elevation point. The elevation should be stored with the point number
PT1 and the elevation of point 1 should be lower than point 2.

Press this key to define the elevation of the second point. The elevation should be stored with the point
PT2 number. The elevation of point 2 should be higher than point 1 and the difference in elevation should be
larger than the interval.

INTVL Press this key to define the interval or difference in elevation of the topo lines.

Press this key to execute the function. As you press , the display will show the distance from
point 1 to each topo interval and the elevation at that point.

INC

Transfer Files from One Data Collector to Another
KEY:

ProbucT: SCE+

KEYSTROKES: XFER

This function key allows you to transfer data via a cable from one data collector to another. The HP 48
can also use the infrared port to transfer data.

v/ You cannot transfer data directly between a V5 or earlier card with a V6 or newer card, as the
data formats are incompatible. You must transfer the data to a PC, then to the other collector.

Procedure

Both data collectors must be running SMI surveying software.
If you have an SMI Hard Case with each data collector and a PC cable for the hard case:

1. Plug the PC cable to each hard case.
2. Press and on the receiving data collector.

3. Press and JE3BY on the sending data collector.

The current job will be sent.
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v/ Make sure that the transfer setting is set to [} on both collectors.

If you do not have a cable that plugs into the HP 48’s, you may use infrared:

1. Line up the two calculators for infrared transfer by pointing the top of each HP 48 at the
other.

2. Locate the raised arrow at the top of each calculator (above the “Hewlett Packard”
identification). These arrows should line up with each other. The calculators may be almost
touching or up to two or three feet apart. Normally, closer is better.

3. Press and on the receiving HP 48.
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4. Press and |E3bY on the sending HP 48.

The current job will be sent.

v/ Make sure that the transfer setting is set to [JJJGJl] on both collectors. Switch this setting back
when finished.

Sending data by cable is preferable because it is faster, uses less battery power, and data integrity is
better.

Transfer Jobs to/from the PC
KEY:

ProbucT: SCE+

KEYSTROKES: and [ SEND [fels

This function allows you to transfer data from your data collector to an IBM-compatible PC (a serial
cable is required).

Procedure

Requirements on the PC

You should have one of SMI’s Transfer programs to communicate with SMI’s data collector software.
However, there are a few PC software manufacturers who can receive SMI files directly into their
programs.

See the Transfer manual for information about transferring data to and from the PC.

Transformation (Translating, Rotating, Scaling, and
Changing the Elevation)

Kev:

ProbucT: SCE+

KevysTRokEes: [CRPTS |, then JJFS@]- To see the key, a Random Points file must be
entered after pressing the key.
This soft function key allows you to perform a transformation.
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Procedure

Press [_RPTS |. Key in the point numbers you wish to transform and press and IS
Define the changes to be made to the points and press the G key-

S TRANSFORKATION OF TENF
ulal)

afi: .8

«f: B, BAEE

«EL: B, B0EE s 1. BEEEA
ROTRT: B

rOT ETEE'BEA"
s 1. B008EEEE
=HEZ] ROT [chiE[ZZcle] [ RUM |

Figure A-106 Transformation of Point Numbers

Transformation Menu Soft Keys

Press this key to start the Translation submenu.

ROT Press this key to start the Rotation submenu.

Press this key to enter a scale factor and apply only to horizontal measurements. Scale factors greater
SCALE than 1 increase the distance between points, while scale factors less than 1 decrease the distance
between points.

Set SMI up to scale the elevations of all the points in the RPTS file. This can be used to scale the
ZSCLE elevations from feet to meters or meters to feet.

Press this key to perform the actual transformation based on the values displayed.

Translating
[ENT[Z3 should be pressed if you wish to translate coordinates.

mrnnnsrnnn@nuun OF TEHF 55
1 H

«f:  H.B8EE

«EL: B, 8800 :c:1.8860060
EOTFT: @

K0T B°E8'aaa"

w1 1. 888EEA6A
[OLOPT{MERP|OLDELIWIEL] [ EHIT

Figure A-107 Translating Coordinates
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You can enter the old incorrect point ( [sJiilgd ) and the new correct point ( [fad)- This sets SMI’s CX
program to translate the coordinates of the Random Points file from the old point to the new point.

I ag is also used as the rotation point. This is ignored if there is no rotation angle or is replaced if
is used in the (Rotation) menu.

Old elevation ([SJIEH ) and new elevation ( [FER) can be used to change the elevation of each of the
points.

Press [ nxT | to see another option. If you do not have the new coordinates stored by point number,
use New North (JEIJ) and New East (JIRIE) to enter the north and east coordinates you wish to

translate to. If |NEY is used, you do not need to use [[EINY and IFEMA-
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When Elevations are On

If Elevations are on, and the elevations are stored in the old point ( [Jigd) and new point ( W4 ):
the elevation difference will be applied to the elevations of the random points. However, entering
and will override this value.

The difference between the old and new elevations will be applied to all the elevations of the points
involved in the transformation.

N If you have turned off Elevations in the Change menu, this soft key will be blank.

Press to go to the main Transformation page.

Rotating

If you wish to rotate the points of the Random Points file, press

S TRANSFORHATION OF TENP S
a: 433.8127

of: 258, BEEa

sEL: 2. 12808 so: 1, 80808
ROTET: 1

rOTe 1°25'368"

scL: 1. B0BEEEEE

[0LDs [HEWS[ROTPT[ROTS] | EWIT |

Figure A-108 Rotating the Points

Rotating Menu Soft Keys

Press this key to enter the direction from which the rotation angle is turning. If two points are on the stack

(in levels 1 and 2), the inverse between the points will be used. [oJIhJall Will be subtracted from
[N[/AM to get the rotation angle.

Press this key to enter the direction to which the rotation angle is turning. If two points are on the stack (in
levels 1 and 2), the inverse between the points will be used.
S  [JHYEN and INSTEM values can be entered as azimuths, or as two points (separated by a space)

to define direction. If you have a bearing (e.g., S 23° E), you can convert this angle to an azimuth. For

a bearing of S 23° E, key in 23 and press E 2 (to indicate Southeast direction).

& The SMI program will automatically convert the SE bearing to the correct azimuth value; this can then
be used to indicate direction.

Press this key to enter the point around which the other points in the Random Points file will be rotated.
This point number is also set by [zl in the Translation (M) menu.

Press this key to enter the rotation angle. If [sJE/JaM and [Y[3/EMM are used, it is not necessary to use
this key.

Scaling

If you wish to enter a scale factor, key in the scale factor and press I -
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Traverse

KEeY:
PRODUCT: SCE+

KEYSTROKES: (the K key)
This function key allows you to electronically or manually traverse to a new point and occupy that point.

Procedure

The traverse soft keys work exactly as the side shot soft keys, with one exception: after the point has
been stored, the new point is occupied and the backsight point and direction are updated. If you would
like to see an example of traversing, please see Inputting Points Manually on page 43.

For a detailed explanation of the soft key menus and how to enter the data, see Side Shot on page 349.

Triangle Solutions
KEY:

PrRobuCT: SCE+
KEYSTROKES:

The Triangle Solutions menu shows soft key options for triangle solutions when sides or a combination
of sides and angles are known.
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Procedure

RIANGLE =ODLUTIONE

Figure A-109 Triangle Solutions Menu

Triangle Solutions Menu Soft Keys

Enter three sides.

Enter two sides and an opposite angle.

Enter two sides with an included angle.

Enter a side, opposite angle, and another angle.

Enter two angles and an included angle.

SOL1
This key toggles between two different solutions when m is used. The key is blank for other types

SOL2 of solutions. Press to see the second page of the Triangle Solutions menu.

Enter the area and two angles.

Press the soft key that corresponds to the known variables. The display will prompt you to enter those
variables on the command line (remember to separate each with a space).

When your known variables are keyed in, press [ENTER]. The display will show the solution, as well as
the area of the triangle.

m has two solutions. After using m a toggle key labeled appears as the last soft
key. Press it to toggle to and see the other solution.

TRIG (Trigonometric Leveling)
KEY:

ProbucT: SCE+

KEYSTROKES: [ SETUP NXT NXT
SHORTCUT: [ | (the 8 key)

This function takes a side shot on a point collecting north, east, and elevation values. takes a
single Horizontal Angle and Slope Distance on a point, but unlike [ sips_], requires a reverse
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reading on the point where the Zenith Angles are meaned, thus taking out the vertical circle error of the
instrument, which gives a more accurate elevation.

In the comment record (CM), the Trig Leveling command (|JJEGHE) reports angles if the raw data

(] 2) is toggled on.

Procedure

The first shot should be done with the instrument in face 1 position (direct); the second shot assumes
face 2 where the scope is in reversed position (flopped).

If you are using an electronic instrument, the measurement will be made automatically; otherwise, you
will be prompted to enter the appropriate data: Slope Distance, Zenith Angle, and Angle Right (separate
each value with a space).

Manual Entry

Once is pressed, enter the data for the face 1 data and press [ENTER]. will now appear
in the soft key menu, indicating that you should take the second shot. Press [JEIEY]. key in the Zenith
Angle in face 2, and press [ENTER]. The Angle Right, mean Zenith Angle, and Slope Distance will be
displayed along with the vertical circle error. To store the coordinates and meaned elevation as a side

shot, press IR
Electronic Entry

If you are using an electronic instrument, the measurement will be performed automatically. The data
collector will display an arrow symbol beside the angle error if the vertical angle tolerance is exceeded.
The data will be displayed (average Zenith Angle and error). Press from the soft key menu to
store the point if you are satisfied with the results.

Turbo 48 Collectors
KEY:

ProbucT: DCER+
KEYSTROKES: [ SETUP NXT NXT INST

Purpose

Some radios used on robotic total stations require a baud rate of 19200 instead of the traditional rate of
9600 that is standard on the HP 48 calculator. The Turbo 48 calculator is fitted with speed doubling
capability that allows it to exchange data at 19200. However, when you want to use your Turbo 48
collector with an instrument that requires a baud rate of 9600, you may choose the option when
configuring your instrument. This option is either ON or OFF.
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Two-Corner Shot
KEY: [z]
ProbucT: DOT only

KEYSTROKES: [ <8 | [z] (the W key)
This function/menu key is used when shooting two corners of a building and measuring the third side.

Procedure

Shoot two corners of the building and press [ <& | [z]. You are prompted with a menu showing
(clockwise) and (counterclockwise). Select the key that indicates the direction for your
shots.

You will then be prompted for the length of the last (missing) side. Key in the distance and press

[ENTER].

Three points will be stored: the two points not shot, and the first point you shot. By storing the first point
shot, the PC can automatically plot the four sides of the building.

Units

KEY:
ProbucT: SCE+

KEYSTROKES: [ | (the number 6 key)
This function provides access to the HP units application and menu.

Procedure

This HP units application contains a catalog of 147 units that you can combine with real numbers to
create unit objects. This lets you convert, factor, and calculate between different units of measurement.

To convert from one unit to another, type the value to convert and press the soft key with the units of
that value. The value will be tagged on the stack with those units. Press [ <€ ] and the soft key with
the new units. The new value will be shown on the stack with the new units.

Example

1. Press | ® | [UNTS |-
2. Press [N

3. Type 100 and press the ] soft key.
You will see 100_m on the stack.

4. Press [ NxT | [ nxT | [€ | IR
You will see 328.0833_ftUS on the stack.
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Version

KEY:  VER
ProbucT: SCE+

KEYSTROKES: [ % | V (the key)
To determine the version of your SMI program card, press [ < | V.

Vertical Curves
KEY:

ProbucT: SCE+

KEYSTROKES:

This function lets you access the Vertical Curve Equation menus; these use the equation solver
programming built into the data collector.

Procedure

CWCR k2 gl
EXAHFLE: CED

YERTICAL CURVES

Figure A-110 Vertical Curves Screen

As you see from the display, you have two options: and I

. . I>
PVC (Point of Vertical Curve) 0 33
ag 3
To 2
§m><
39>
SEge
2o = 8 53¢
b :

Vertical Curve

Figure A-111 Vertical Curve

Use the information in the illustration to find elevations at 50-foot increments.
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1. Press [ vc [ELLN pvc

2. Press to clear the display.

3. Key in 300 (the station number) and press [ENTER]-
4. Key in 120 (the PVC elevation) and press 3.
5. Keyin 3.45 and press JEATH-

6. Keyin4.6, press [ +/- |, and press ERJ0]-
7. Key in 600 and press JEMl-
You will see the first station interval (3+00) and the elevation at that station.

8. Key in 50 (for a 50-foot interval) and press IS

% VERTICAL CURVES

sTh: 3+50.608
EL: .3

LEn: 308, G@
T T T B e i

Figure A-112 Entering the Interval

9. Press BT and SMI will increment to the next station.

VYERTICAL CURVES

sTR: 4+88. B3
EL: 29.83

@I 3.495

=out: 4. 68

LEn: 3608, 88

[ =Th [ EL [ NC ] [HAL [ EHIT]

Figure A-113 Incrementing to the Next Station

10. Continue pressing as needed until you get to the PVT.

You may enter any station along the vertical curve and get the elevation at that point. Or you may
enter any elevation and get the station or stations for that elevation.

11. To get the high or low point on the vertical curve, press the soft key.

PVI

STA: 5+00
EL: 150

Vertical Curve

Figure A-114 Getting the High or Low Point on the Vertical Curve
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PVI (Point of Vertical Intersection)

Use the data in Figure A-114 on page 376 to compute various elevations at 25-foot increments.

1. Press [ vc [ELCH Pvi P
You will be prompted for the PVI.

Press to clear the current display.

Key in 500 and press [ENTER]-
Key in 150 and press |EN-

N

o &

Key in 3.45 and press [EATH-

6. Keyin 4.6, press and press EXINd-
7. Key in 450 and press i3}

VERTICAL CURVEZS

2475, 68
142,24

r 3.45
: —4. 68
4583, 86

Figure A-115 Entering the Length

8. To increment the stations 25 feet at a time, key in 25 and press s

Now each time is pressed, the station will be incremented 25 feet and the appropriate
elevation will be displayed.

% VERTICAL CURVES

04, 8a
3.11
.45
zut: 4. 668
LEn: 45A. 80
[ sth [ EL JMC ] [HAL [EHIT]

Figure A-116 Displaying the Elevation of a Point Along the Vertical Curve

You may now enter any station along the vertical curve and get the elevation at that point, or you
may enter any elevation and get the station or stations for that elevation.

9. To get the high or low point on the vertical curve, press I8
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View

KEY:
ProbucT: SCE+

KEYSTROKES: (the V key)
This menu key lets you view points, area, the back azimuth, or raw data (DCE+).
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Procedure
1. Press [ VIEW |.

Ve k2 SMI
JOBL: CRD
VIEMW

|PMTE | MEFM | OCPT |EKARZ

Figure A-117 View Menu

View Menu Soft Keys

Press this key to show the View Points menu. If a point number is entered before pressing lxIEN, that

PNTS
is the point that will be shown. See the screen shots to see how the menus are arranged.

Press this key to display available points as shown.

OCPT Press this key to view the current occupied point information.

Press this key to view the current back azimuth.

LSTPT Press this key to view the last point stored.

Press this key to view the current raw data file. The display will show the last raw data record and a soft
key menu to select another record.

lets you view the next raw data record.

lets you view the previous raw data record.

lets you jump to any raw data record number.

creates a description record of any length and inserts it after the last raw data record.

stores a time and date (Time Stamp) after the last raw data record.

2. Key in the point number you wish to view and press JENE}-

FOINT COORDINATE %
5

4246.4716
?§53

2PFSH
[HEXT [ PREV | RCL [EEGE [ENDP] |

Figure A-118 View Points Menu
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View Points Menu Soft Keys

NEXT Press this key to increment to the next point number.
PREV Press this key to decrement to the previous point number.

Press this key to recall any point number. Key in the point number and press , or press
and you will be prompted for a point number.

m Press this key to show the values of the beginning point in the job.

Press this key to show the values of the last point in the job.

3. Press again to get to the first soft key page of View.

Yk k2 Ml
WIEMW

JOEL: CRR

Figure A-119 View Menu Page 1 Soft Keys

VAILAELE POINTS
INTERNAL: 4198

W/ NOTES: 2636

RAH CARD: PP B6T

W/ noTes: 48768

HEH | DCPT JERHE [LETPT] Fiikd |

Figure A-120 Displaying Available Points

This shows the approximate number of points yet available in the internal memory of the data
collector and in the RAM card.

Volume
KEY:

ProbucT: SCE+

KEYSTROKES:

This soft key allows you to use cross-sectional areas (in square feet or meters) and the distance
between them (in feet or meters) to compute the volume in cubic yards or meters.
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Procedure

To calculate in metric units, set Metric mode by pressing [ cAG | [ NXT m to toggle to
[ METR |

m is used to enter the next end area and calculate the new volume.

is used to enter the instance between the end areas. If the distance is the same as the last
distance, it does not need to be entered again.

CLEAR is used to clear all values and start over.

Enter the first area using the GIFY key, then the distance to the next end area using [JEIggl]- When
the second end area is entered using JXIFY again, the volume is calculated and displayed. Continue
entering end areas and the total volume displayed will accumulate each new volume. If the distance
between the end areas changes, enter the distance using before entering the next end area.

See the example in XPlot below for a more detailed explanation.

XPlot
KEY:

ProbucT: SCE+

KEYSTROKES: [ RPTS NXT XPLOT

This soft function key lets you perform a cross-section plot to calculate area and volume.

Procedure

This routine requires a valid Random Points file.

Example 1: Calculate the volume of a gravel pile.

In this example, the
reference points along
the baseline are
spaced at 30' intervals.

Backsight point
[
-2

Elevations are ON. The points 1A
may be shot from the
instrument using the SIDS
function. The areas are 16
computed using RPTS and 15
XPLOT. The volumes (cubic

) may be computed using 14 18

17

L (in the MORE menu). L4 »

Figure A-121 Calculating the Volume of a Gravel Pile
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In this example (a gravel pile), Elevations must be on.
1. Position the instrument and occupy point 1, then shoot a backsight (point 2).

2. After establishing a base line, shoot points to define the perimeter and topography of the
gravel pile you are measuring. To simplify your calculations, place reference stakes equally
spaced along your base line and use them as reference markers to line up your shots. For
this example, assume that the markers are spaced 30 feet apart.

After taking your shots (storing points 3-24 in the example), you need to calculate the area for each
cross-section. In this example, refer to the cross-section defined by points 3-5 as “AA” — the cross-
section defined by 6-9 will be called “BB” and so on.

3. Press [ RPTS |.
4. Key in 3.5 (to define the cross-section of “AA”) and press [ENTER]-

5. Press eLoT]

The program will calculate the area of the “AA” cross-section; write down the value displayed (you
will need these values later to calculate volume).

6. Repeat the process in step 4 for each cross-section (points 6-9: “BB”; points 10-13: “CC”;
points 14-18: “DD”; points 19-23: “EE”; there is no area calculation for point 24.). Be sure to
write down each area value calculated.

7. Now calculate volume of the gravel pile: press [ MORE NXT NXT .
8. Key in the area of “AA” and press [JRITY-

9. Key in the distance between “AA” and “BB” (in this case, 30) and press ISl
10. Key in the area of “BB” and press [JLIIY-

The program will display the volume (cubic yards) of the area between the two cross-sections. The
distance between the end areas does not change, so you do not need to press again.

11. Key in the area of “CC” and press LIy
12. Key in the area of “DD” and press [Ty
13. Key in the area of “EE” and press LY

14. Key in the last area at point 24 of 0 and press LI - @ %
. o g
The total volume now shows the volume of the gravel pile. 3 % §
. S
Example 2: Calculate the area of the barrow pit. I3
S
29>
o
388
2
=
e 57 58 59 ()
e
ORIGNE-Z="56N ' BARROW PIT
166 165

RPTS: 56.59 165 166 (ENTER) (XPLOT)

Figure A-122 Calculating the Area of a Barrow Pit

1. In your design grade, store coordinates and elevation of points 165 and 166 so they are in
the same cross-section station (the same plane) as points 56-59.

2. Press [ RPTS |.
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3. Enter the points (clockwise) by keying in: 56.59 165 166 and press [ENTER]-

4. Press eLoT]

The program will calculate and display the area of the cross-section you have defined.

&, To calculate volume, you will need several cross-section areas (and the distances between them) to
adequately define the perimeter and depth of the pit; you can then compute the volume between each
consecutive cross-section area to arrive at a total volume for the pit.

Zero the Instrument
KEY: Il ZERO |

ProbucT: DCE+

KEYSTROKES: [ | (the 0 key)

This function key lets you zero the instrument from the data collector.

Procedure

Pressing this key sets the Horizontal Angle to the backsight to zero.
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INSTRUMENT
CONFIGURATION R APPENDIX

Use this appendix if you have an electronic total station and one of the
following cards:

w Data Collection
w Construction Five

If you have a Robotic instrument, refer to Robotic Instrument Drivers on
page 200. If you have a digital level, refer to Level Notes on page 305. If
you have a GPS receiver, see Drivers for GPS Receivers on page 227.

In this appendix:

General. .. ... ... 384
Geotronics (Geodimeter). . .. ...... ... ... .. 386
Hewlett Packard . ... ... ... .. . . . . . . . ... 389
Kern. . .. 390
LaserAtlanta. . .. ... . . . ... . 390
LaserCraft. .. ... ... ... . 391
Laser Technologies. . . ............ . ... 391
Leica (Wild) . . . .. ... 392
MDL. . . 394
Nikon. . . . 395
Pentax. . . ... . 396
Sokkia/Lietz. . . ... ... .. 398
TOPCON . . . 399
Trimble . . . . . 400
ZBISS . 401
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General

To select an instrument, use the soft key that corresponds to the particular model (see the Instruments
in Quick Reference of Menus and Functions, which begins on page 241). The soft key installs the driver
for the selected instrument. A driver is the software on the data collector that controls the instrument.

Some of the instrument drivers can measure a distance in Fine or Coarse mode. This is selected using
the I/ IEDEH key in the menu or menu. Because of limitations of some
instruments, some instrument functions may not be available. When an instrument function is not
supported, usually you will see a message to do it manually or that it is not supported in the current
driver.

It is important that the baud rate, parity, data bits and stop bits be set correctly on the instrument. In
most cases, these settings are unchangeable on the data collector, so the instrument must be set to
match the settings shown in this appendix. In the description of each driver, the communication settings
will be shown as baud-parity-data bits-stop bits. For example 9600-None-8-1 indicates 9600 baud, no
parity, 8 data bits and 1 stop bit.

If you suspect that the instrument cable may be bad, use the cable diagrams in this appendix and the
instructions in /O Loop-Back Test on page 418 to test the Send and Receive wires of the cable.

Instrument drivers that are only available on the GPS/Robotic card are indicated with (GPS) or
(Robotic). A detailed description of using the GPS/Robotic drivers is in Robotic Functions, which begins
on page 195.

The instrument menu is found by pressing [sgTup | [ NXT NXT or[ @ INST |-

The keys in the main menu are:

Instrument Main Menu Soft Keys

Select Coarse or Fine distance measurement mode.
Select Prism or Reflectorless measurement mode. When in Reflectorless mode, the rod height is forced to
REFL Zero.
LTOFF
Turn the Guide light on or off. This is sometimes called a track light.
LTON
HALF . . . . .
This key toggles between cutting the baud rate in half and using the normal baud rate. One use is for
instances when using a Turbo 48.
HALF =
m Select the Manual menu mode.
m Select the Manual Shot Prompting mode.
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Instrument Main Menu Soft Keys

(GPS card only) Select the Manual Coordinates mode for simulating a GPS shot.

Select the Zeiss driver menu.

TOPCO Select the Topcon driver menu.

Select the Nikon driver.

LEICA Select the Leica driver menu.

LIETZ Select the Lietz driver menu.

Select the Geodimeter driver menu.

TRIM Select the Trimble driver menu.

PENT Select the Pentax driver menu.

PS Select a GPS receiver.

Select the menu containing the rest of the drivers including Kern, HP3820, Laser Atlanta, Laser
OTHER Technology Criterion, MDL, and LaserCraft.

HP48 to PC Cable, 9-pin

SN,
123 4
PC, 9-pin
HP (female)

1

2 (Receive)
3 (Send)

4

5 (GND)

1 (GND)
2 (Receive)
3 (Send)
4 (shield ground, not used)

Figure B-1 HP 48 to PC Cable, 9-Pin
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HP48 to PC Cable, 25-pin

1030000000000010
123 4 o0 00000000
25 14
PC, 25-pin
HP (female)
1 (GND) 1

2 (TO 48)
3 (TO PC)
4 (shield ground, not used)

Figure B-2 HP 48 to PC Cable, 25-Pin

Geotronics (Geodimeter)

KeysTrRokes: [ | [inst_] [ NxT | [ nxT | IEZH

Models supported:

Driver Models

100 Series (140, 136, 142 total stations)

400 and 500, 610

For certain 600 series RPU models

(Robotic) Robotic capable 600 series

400, 420, 422, old style 440, 440LR, 620

Settings

2400-None-8-1

Variable-None-8-1

Variable-None-8-1

Variable-Even-7-1

Variable-None-8-1

The Geodimeter drivers, except for the GEO driver, prompt for a baud rate. Usually, 4800 baud works
the best on the [y driver and 9600 baud on the other drivers.

The G420 driver has two additional options. It prompts for a delay time. This time is how long for the
data collector to wait between asking the instrument to measure and asking the instrument for the

results of the measurement.

The G420 driver also asks “USING TRACK/AIM KEY?”. When the YES button is pressed, the driver
does not try to cause the instrument to measure. Instead, the user is expected to press the AIM key or
to have the instrument in Track mode so that the distance is automatically sent by the instrument. The

delay time is not used when this option is on.
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Setup of Instrument

Press the following keys:

1. [mNnu] [ 4 | [ 1] (selectdevice) [ 2 ] (Serial) 1.8.0.4800 [_ENT |- If using

a baud rate other than 4800, replace 4800 in this step with the correct baud rate.

2. If asked “U.D.S.?” answer .

3. Set the table number to 0 and press [ EnT

4. If asked “Request?” answer [ YES |-
5. If asked “REG. key?” answer [ NO_|-
6. If asked “slave?” answer [ No |-

Comments

In addition to the standard cable, a Y cable also is available that connects the data collector and an
external battery to the Geodimeter.

If the instrument has a servo motor, and the [ driver has been selected, the data collector will
turn the instrument to the foresight point when FSPT is used. To turn this feature on and off, use the
BN toggle key in the Servo menu ([RoBoT)).

The Geodimeter 422 works faster in Coarse mode (@ 10 seconds) than Fine mode (@ 20 seconds).
You can switch between Coarse and Fine in the [fEu;] menu.

HP 48 to Geodimeter, RS232-C (9-pin)
123 4
Geodimeter
HP (9-pin, male)
1 (GND) 1
2 (Receive) 2 (Receive)
3 (Send) 3 (Send)
4 (shield ground, not used) 4 (GND)
5

Figure B-3 HP 48 to Geodimeter, RS232-C (9-Pin)
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HP 48 to Geodimeter RPU Instrument
~— Red Dot
@ O
Limo
Connector
12 3 4 @ @
PU
HP (Male)
1 1
2 2
3 3
4 4

Figure B-4 HP 48 to Geodimeter RPU Instrument

HP 48 to Geodimeter 600 Instrument

Hirose
Connector
12 3 4

Nikon TopGun
HP (Male)
1 1 (TO 48)
2 2 (FROM 48)
3 3 (+12V)
4 4 (GND)

CAUTION! Instrument can be damaged by
incorrect connections because of +12V pin.

Figure B-5 HP 48 to Geodimeter 600 Instrument
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HP 48 to Geodimeter 600Y Instrument

® o
Hirose
Connector

® @

Geodimeter 600Y
HP Hirose RS8232

(4-pin, male) (9-pin, male)
1 1 (TO 48) 1
2 2 (FROM 48) 2
3 3 (+12V) 3
4 4 (GND);Y 4
5
6

CAUTION! Instrument can be damaged by
incorrect connections because of +12V pin.

Figure B-6 HP 48 to Geodimeter 600Y Instrument

Hewlett Packard

KEYSTROKES: [ | [INST NXT | [ NXT Ex
Models supported:

Driver Models Settings

HP 3820 Total Station 9600-None-8-1

Setup of Instrument
Set baud rate and parity.

Comments

A special cable from Ingenuity is required for this instrument. When the data collector needs a
measurement from the instrument, the user must press certain keys on the instrument. The data
collector tells the user which keys to press. The MULTI key can be pressed when measuring a distance
to lessen the number of keys pressed.
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Kern

KEYSTROKES: [ | [INST NXT | [ NXT | KERN |
Models supported:

Driver Models Settings

m Any model that uses the Kern ASB system  1200-Even-7-1

Setup of Instrument

None required.

Laser Atlanta

KEYSTROKES: [ | [INST NXT | [ NXT
Models supported:

Driver Models Settings
LASER ProSurvey 1000 Laser Rangefinder 4800-None-8-1

Setup of Instrument

None

Comments

After pressing the key to measure on the data collector, press the trigger on the Rangefinder to send
the data to the data collector.
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LaserCraft
KEYSTROKES: [ @ | [ INST |

Models Supported
Supported LaserCraft Models
Driver Models Settings Card Version
XLR, XLRM, XLRi, or XLRic ~ 19200-None-8-1 DCE+ 6.04h/7.000

Setup of Instrument

When you press on the SMI data collector, you are instructed to fire the laser and release the
trigger. The instrument then sends the distance and angles to the data collector and the point is stored.

Comments

Directions sent from the laser are azimuths from an internal compass instead of an Angle Right from a
backsight.

Laser Technologies

KEYSTROKES: [ | [INST NXT | [ NXT
Models supported:

Driver Models Settings
CRIT Criterion 4800-None-8-1

Setup of Instrument

None

Comments

After pressing the key to measure on the data collector, press the trigger on the Criterion to send the
data to the data collector.
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Leica (Wild)

KEYSTROKES: [ | [INST NXT
Models supported:

Driver Models Settings
T1000, TC1000 2400-Even-7-1
WILD1
T1000, TC1000, T2000, TC2000, T1600 2400-Even-7-1
WILD2
T2002, TC1600 2400-Even-7-1
C800, Reflectorless 2400-Even-7-1
OLDTC
T1010, T/TC1600 T/TC1610, TC1700, 2400-Even-7-1
TC1800, 500's, TC605, TC600, TC800,
TC805L
Motorized TCM's, TC1700 9600-None-8-1
(Robotic) TCA, TDM 5000's 9600-None-8-1
TCA

Setup of Instrument

Make sure baud rate and parity are set correctly.

Models listed under IEX2): Press SET REC 99 RUN REC. Set mode 78. Set mode
76 to 0 (GRE). Set mode 73 to 0 (CR). If using the or JEXXY driver, set mode 74 to 1 (T2000
Emulation mode). If using the driver, set mode 74 to 0 (T1000 Emulation mode).

Comments

When a Wild driver is selected, the user is prompted for a delay time. Normally the 1.5 second default is
sufficient. The user is also asked if the instrument should be left on. If the answer to this is no,
whenever an instrument routine is used by the data collector, it will turn on the instrument, perform the
function, and then turn off the instrument. The delay time is necessary to let the instrument initialize
when it is first turned on. The delay time is also used in the angles part of the and BN
drivers.

The only difference between the and the JJEIZY] drivers is the Angles Only routine. If you are
having trouble with the Angles Only routine (e.g., [ in the JEYY menu), try the other driver.

All Wild/Leica instruments will turn on when a signal is received on the cable, even if the baud rate and
parity are wrong. It is a good way to verify that the send wire of the cable works.

If the slope distances in the raw data file are slightly different than what is shown in the display of the
instrument, you need to update the instruments firmware. Older versions of Leica's firmware do not
apply the prism constant to Slope Distance when the data collector is in Coarse ( Jf;E]) mode. Get
the latest version of firmware from your Leica dealer or do not set Coarse mode in the collector.
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Some of the instruments listed under the driver work better at 9600 baud. To try using 9600
baud and no parity, select the driver and then press and then to clear the

motorized flag.

The TC(S) 500 and TC800 only work in Fine mode (

INST

menu IEITEN/ IEEEND)

GSI Errors

The and drivers will sometimes report a “GSI Error” followed by a
warning or error code. This code comes from the Leica instrument to indicate a particular problem. The

following is a list of error codes from Leica's documentation.

Message

@E103
@E105

@E112

@E114

@E117
@E119
@E121

@E122
@E124

@E139
@E144
@E145
@E150

@E151

@E155
@E156
@E158
@E182
@E190
@E191
@E194
@E197

@W100
@W101

@W127

Input buffer overflow

Cause

Invalid value
Wrong sequence

Battery low

Invalid command

Initialization error
Internal temperature
Parity error

Time out
Input buffer overflow

General EDM error
V or Hz collim. error
V or Hz collim. error
Angle error

Compensator error

EDM intensity

EDM system error
Instrument not level
Telescope position
Motorization error
Data error

General error
Calibration data fault

Instrument busy
External error

Unknown command

Appendix B: Instrument Configuration

Action
On data collector, press
On data collector, press
Press F5
On data collector, press

Call Leica service

Warm/cool instrument

Try again/check parity setting on instrument

On data collector, press

On data collector, press
Check prism, battery, etc.
Check calibration data
Check calibration data

Call Leica service

Level instrument/turn off compensator/call

service

Call Leica service

Call Leica service
Press F5 in instrument
Angle too steep

Call Leica service

Pause

Pause

Pause

Pause

Pause

Check record mask, Point ID

Call Leica service

Call Leica service

On data collector, press
On data collector, press
On data collector, press

On data collector, press

Pause

Pause

Pause

Pause
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HP48 to Wild Instrument

~—— Red Dot

A @
ime @
Limo
Connector
12 3 4 ® O
Wild
HP (Male)

7
—_

IS
o~ ON

Figure B-7 HP 48 to Wild Instrument

MDL

KEYSTROKES: [ | [INST NXT | [ NXT
Models supported:

Driver Models Settings

Most 4800-None-8-1
MDL

Setup of Instrument

None

Comments

After pressing the key to measure on the data collector, press the trigger on the MDL to send the data
to the data collector.
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Nikon

KEYSTROKES: [ ¢ INST Tl NIKN |
Models supported:

Driver Models Settings
Topgun 100's, A series, C-100, D-50, DTM  4800-None-8-1
DTM models set to emulate Lietz SET 1200-None-8-1
SET

Setup of Instrument

A series - Turn on the main power while depressing the key. Tilt the scope once through the
horizon. Press the [ 1] key until the selection option toggles to “NkRS” or “RS-232". Press the

o] key.
C-100 - Turn on the main power while depressing the key. Press the key until
prompted for “DATA RECORDER”. Press the key until “NIKON” is selected. Press the
key. Press the key.

DTM 420 - Press 5 (Settings) 6 (System) 3 (Communication) Baud: 4800 Parity: None
COM1. Use the NIKN driver on the collector.

Or, press 5 (Settings) 6 (Others) Baud: 4800 Data recorder: Nikon. Use the NIKN driver on
the collector.

DTM 430 - Press 5 (Settings) 6 (Others) ENTER ENTER Baud: 4800 Parity NONE Data
recorder: Nikon. Use the NIKN driver on the collector.

Or, press 5 (Settings) 6 (Others) ENTER ENTER Baud: 1200 Data recorder: SET. Use the
SET driver on the collector.

DTM 520 - Press menu 3 (Settings) 6 (Communication). Ext. Comm: NIKON. Baud: 4800. Length:
8. Parity NONE. Stop Bit 1.

DTM 720/750/830 - Press 3 (Simple Total Station). Set Baud Rate to 1200. Use the SET
driver on the collector. Does not support Angles Only mode. Must have AP700, AP800 or TS
application card. TDS application card does not support external data collectors.

Comments

The Nikon cable looks just like the Topcon and Lietz cables but is wired differently inside.

Problem

Setting instrument to use Vertical Angle instead of Zenith Angle results in an elevation difference
showing up as the horizontal distance in the data collector.
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Solution

Nikon should be set to use Zenith Angles, not Vertical Angles. Do this by pressing [FUNCTION] [ 5

(Settings) (angles) and the Up arrow to select 0.

HP48 to Nikon TopGun Instrument
Comector
123 4
Nikon TopGun
HP (Male)
1 1
2 2
3 3
4 4
5
6

Figure B-8 HP 48 to Nikon TopGun Instrument

Pentax

KEYSTROKES: [ INST NXT NXT
Models supported:

Driver Models Settings
PTS-lII, 305, 310, PTS 10, PCS-1 1200-None-8-1
PENT some PCS-2's, 500 Series, PTS V5
Single shot PCS-2 1200-None-8-1
PNT2
Two-way PTS V3 1200-None-8-1
2WAY

Does not support 205.
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Setup of Instrument

The Pentax must be put in Measure mode by pressing the [Hip/z ] or [ am ] key.

PTS-lIl - There are three rows of dip switches on the side. The four dip switches farthest to the right on
the bottom row control communications. They all should be set to the OFF position (push them
downward).

ATS Setup - Turn on and plunge the scope. Hold down the [ s | key and press [ F5_| for
“Remote.” The serial port is now active. To cancel Remote mode, press [ F1_] for “Quit.”

PTS V5 - Set the baud rate in the Special Functions menu. To get into the Special Functions menu,
hold down the double circle button while pressing the ON button.

Comments
If the PTS10 does not work, try changing the GENl/ IEIER toggle button.

HP48 to Pentax Instrument

Hirose
Connector
3 4

12

Pentax
HP (Male)
(GND) 1 1
(Receive) 2 2
Send
(Send) '3 3 :| Short wire
4 4

5
6

Figure B-9 HP 48 to Pentax Instrument
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Sokkia/lLietz

KEYSTROKES: [ | [INST NXT
Models supported:

Driver Models Settings

SET's: SET2, SET3, SET4, SET5, SET6, 1200-None-8-1

LIETZ SET10

SETsB: SET2B, SET3B, SET4B, SET5B 1200-None-8-1

Setup of Instrument
1. Turn the instrument on, then pass the scope through the horizontal.
Press the key.

Press 1 to enter the MENU mode.
Press 2 to select the “Config” display.

Press until the “RS-232C format” parameter is displayed.

© g & w Nd

If the baud rate, parity, or Checksum are not set correctly, press to change the
settings.

7. Make sure that Checksum (CSUM) is turned off.

When using the driver, the instrument must be in Distance mode before taking a shot from the
data collector. Press the measure button (CE-CA) on the instrument before pressing the key on the
data collector.

B works with instruments using two-way communication; it does not require that you put the
instrument in Distance-Measuring mode. The | driver automatically selects Fine or Coarse mode

based on the JFGEN/ IERER key in the IIRGY menu.
LIETZ 4A - The yellow keys model has two-way communication.

SET10 - SOKKIA must be selected as the output format in the System menu.
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Topcon

KEYSTROKES: [ | [INST NXT

Models Supported

Driver

GTS3

GTS3

GTS4

GTS5

GTS6

m
—
—

ET-2

CTS-1

GMT1

800

APL1A

APL1

Models

GTS 200's

GTS3B, C; 300's

GTS-4, GTS 400's

GTS 500's

GTS 600's

ET-1

ET-2

CTS-1. GTS3, ET-2

GMT-100

(Robotic) GTS-800's

(Robotic) AP-L1A

(Robotic) AP-L1

Settings

1200-Even-7-1

1200-Even-7-1

1200-Even-7-1

1200-Even-7-1

1200-Even-7-1

1200-Even-7-1

1200-Even-7-1

1200-Even-7-1

1200-Even-7-1

9600-None-8-1

9600-None-8-1

9600-None-8-1

Setup of Instrument

See your instrument's manual to set the baud rate and parity. If it cannot be changed, it is preset to

SMI's settings.

Comments

The old-style GTS3B instrument uses a special cable built by Ingenuity that plugs into the battery port
of the instrument. The only difference between the [ GTss | and [ Grsa | drivers is the Angles Only

routine.

Appendix B: Instrument Configuration
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Some Topcon instruments work better in [[GTs3 |, others in [ [GTsa |. If you get an error message using
one driver, try the other.

The CTS-1 instrument must be manually put in Distance or Angles mode.

HP48 to Topcon/Lietz Instrument

Hirose
® Connector

Topcon/Lietz
HP (Male)

Figure B-10 HP 48 to Topcon/Lietz Instrument

Trimble

KEYSTROKES: [ @ | [INST | [ NXT NXT

Models Supported
Supported Trimble Models
Driver Models Settings Card Version
Trimble 300 and 500 series 1200-None-8-1 DCE+ 7.00s
3300 series instrument 9600-None-8-1 DCE+ 7.00s
3600 series instrument 9600-None-8-1 DCE+ 7.00s
5600 series instrument Variable-None-8-1 CVCR+ 7.00s

Setup of the Trimble TTS 300 or 500 Series Instruments

Turn the instrument on, then pass the scope through the horizontal. Press the key. Press 1 to
enter the Menu mode. Press 2 to select the “Config” display. Press until the “RS-232C format”
parameter is displayed. If the baud rate, parity, or checksum are not set correctly, press to
change the settings. Make sure that Checksum (CSUM) is turned off.
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Comments

When using the total station with SMI, be sure the instrument is in Distance mode before attempting to
record a shot with the SMI data collector. On the instrument, press the Measure button (CE-CA) on the
instrument before pressing the key on the data collector.

Setup of the Trimble 3300
1. Hold down the On button and press Menu.
2. Select “Setting Interface” from the menu and press YES.
3. Use the MOD key to match the following settings:

Option Setting
Leave Recording OFF
Format R4
Parity NONE
Baud Rate 9600
Protocol Xon/Xoff
Position C 1
Position P 16
Position | 1

T-O Rec On NO
PC-DEMO OFF

4. Press ESC twice to get back to the angle display.

Setup of the Trimble 3600

The Trimble 3600 can come with either a 600 CU faceplate (Geodimeter style) or an Elta faceplate
(Zeiss style). When JEZZJ] is pressed, you will be asked if you are using a 600 CU faceplate. Answer
“no” if you have the Elta faceplate.

If your 3600 uses the Elta faceplate, simply plug the SMI data collector in and turn the instrument on.
You are now ready to begin recording information. If you do not have SMI installed on board the
Trimble 3600 instrument, please contact technical support for more information on getting the SMI
software installed. The instrument may need to be shipped to have the program installed.

If using the 600 CU faceplate, it is like using the Geodimeter |FEJ driver.

Setup of the Trimble 5600
Refer to Geodimeter G600/ Trimble 5600 on page 200.
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Models Supported

ELT50

ELTAC

ELTA3

ELTA4

=)
3.
<'<D
<

ELTRL

Models

Rec Elta 50/55

Elta C20/C30

(Robotic) Elta S20 direct connect

(Robotic) Elta S20 radio (Requires Turbo

48)

(Robotic) S20, S10 using QL radios

(Robotic) Elta S20 Georadio QL

Z46R

Rec Elta 3

Rec Elta 4

Rec Elta 15/RL

Settings

9600-None-8-1
9600-None-8-1
9600-None-8-1
19200-None-8-1
9600-None-8-1
9600-None-8-1
1200-0Odd-7-1
1200-Odd-7-1
1200-Odd-7-1

9600-None-8-1

Setup of the Zeiss ELTAC

Simply plug in the SMI data collector and turn on the instrument. You are now ready to begin recording
information. If you do not have SMI installed on board the Elta C instrument, please contact technical
support for more information on getting the SMI software installed. The instrument may need to be
shipped to have the program installed.

Setup of Elta R50/R55

1. Hold down the On button and press Menu.
2. Select “Setting Interface” from the menu and press YES.
3. Use the MOD key to match the following settings.

Option Setting
Leave Recording OFF
Format R4

Parity NONE
Baud Rate 9600
Protocol Xon/Xoff
Position C 1
Position P 16
Position | 1
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Option Setting
T-O Rec On NO

PC-DEMO OFF

4. Press ESC twice to get back to the angle display.

Setup of Elta RL

1. Select “DATA TRANSFER” from the menu.

2. Select “/RECORDING” from the menu.

3. Select “RECORDING:” until the option says “EXTERNAL (RS232-C).”

4. Select “PARAMETERS” from the menu.

5. Set the options as follows:
Option Setting
Baud Rate 9600
Stop 1
Format REC500
Protocol REC500
Parity NONE
LF YES

Shots can be taken from any menu, but angles are only visible in the Measure menu.

HP48 to Zeiss Instrument
®© ? ©®
[pece] ® 9o
Y
48 Zeiss
1 1
2 2
3 3
4 4 g
5 o3
6 S &
7 ez
3 S
= Q
8 S 3
3
S

Figure B-11 HP 48 to Zeiss Instrument
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STATE PLANE GRID
CONSTANTS R APPENDIX

This section provides state plane grid constants, listed by zone, as
applicable, and are used in SMI’s Sunshot program.

Values are for NAD27 and NAD83 data, unless noted separately.
When these constants are used, your result is State Plane Grid North.
When both constants are zero, your result is Astronomic North.
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State Plane Grid Constants

State Zone Central Longitude  Zone Constant
Alabama East 85°00°00” 0
West 87°00°00" 0
Alaska 2 142°00°00” 0
3 146°00°00” 0
4 150°00°00” 0
5 154°00'00" 0
6 158°00°00” 0
7 162°00°00" 0
8 166°00°00” 0
9 170°00°00” 0
10 176°00°00” 0.796922
Arizona East 110°10°00” 0
Central 111°55'00” 0
West 113°45'00” 0
Arkansas North 92°00°00” 0.581899
South 92°00°00” 0.559691
California [ 122°00°00" 0.653884
I 122°00°00" 0.630468
Il 120°30°00 0.612232
v 119°00°00” 0.596587
Y 118°00°00” 0.570012
\ 116°15'00” 0.549518
VIl (1927) 118°20°00” 0.561243
Colorado North 105°30°00" 0.646133
Central 105°30°00” 0.630690
South 105°30°00" 0.613378
Connecticut 72°4500" 0.663059
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State Plane Grid Constants

ks
. 9]
State Zone Central Longitude @ Zone Constant ) 3
3=
Delaware 75°25'00” 0 e ?)
S
3 2
83
. 021" S
Florida North 84°30°00 0.502526 &
)
East 81°00°00” 0 3
West 82°00°00” 0
Georgia East 82°10°00” 0
West 84°10°00” 0
Hawaii 1 155°30°00” 0
2 156°40°00” 0
3 158°10°00” 0
4 159°30°00” 0
5 160°10°00” 0
Idaho East 112°10°00” 0
Central 114°00°00” 0
West 115°45°00” 0
lllinois East 88°20°00” 0
West 90°10°00” 0
Indiana East 85°40°00” 0
West 87°05'00” 0
lowa North 93°30°00” 0.677745
South 93°30°00” 0.658701
Kansas North 98°00°00” 0
South 98°00°00” 0
Kentucky North 84°15'00” 0.622067
South 85°45°00” 0.606462
Louisiana North 92°30°00” 0.528701
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State Plane Grid Constants

408

State

Maine

Maryland

Massachusetts

Michigan (1934)

Michigan (1964)

Michigan (1983)

Minnesota

Mississippi

Missouri

Montana (1927)

SMI Version 7 User Guide

Zone
South

Offshore

East

West

Mainland

Island

East
Central

West

North
Central

South

Central

South

North
Central

South

East

West

East
Central

West

North

Central

Central Longitude
91°20°00”

91°20°00”

68°30'00”

70°10°00”

77°00°00”

71°30°00”

70°30°00”

83°40°00”
85°45'00”

88°45'00”

87°00°00”
84°20°00”

84°20'00”

84°22°00”

84°22°00”

93°06’'00”
94°15'00”

94°00°00”

88°50'00”

90°20'00”

90°30'00”
92°30'00”

94°30'00”

109°30°00”

109°30°00”

Zone Constant
0.500013

0.454007

0.627634

0.671729

0.661095

0.722790
0.706407

0.680529

0.706407

0.680529

0.741220
0.723388

0.700928

0.746452

0.733354



State Plane Grid Constants

is]
. D
State Zone Central Longitude @ Zone Constant ) 3
Q%
South 109°30°00” 0.714901 8 9
2 @
TR
Nebraska (1927) North 100°00°00” 0.673451 c% %
)
South 99°30'00” 0.656076 8
Nebraska (1983) Single Zone 100°00°00” 0.662697
Nevada East 115°35°00” 0
Central 116°40°00” 0
West 118°35'00” 0
New Hampshire 71°40°00” 0
New Jersey (1927) 74°40°00” 0
New Jersey (1983) 74°30°00” 0
New Mexico East 104°20°00” 0
Central 106°15°00” 0
West 107°50°00” 0
New York (1927) East 74°20°00” 0
Central 76°35'00” 0
West 78°35'00” 0
Long Island 74°00°00” 0.654082
New York (1983) East 74°30°00” 0
North Carolina - 79°00°00” 0.577171
North Dakota North 100°30°00” 0.744133
South 100°30°00” 0.729383
Ohio North 82°30'00” 0.656950
South 82°30'00” 0.634520
Oklahoma North 98°00'00” 0.590147
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State Plane Grid Constants

410

State

Oregon

Pennsylvania

Puerto Rico

Rhode Island

St. Croix

South Carolina (1927)

South Carolina (1983)

South Dakota

Tennessee

Texas (1927)

Texas (1983)

Utah

SMI Version 7 User Guide

Zone

South

North

South

North

South

North

South

Single Zone

North

South

North

N Central
Central

S Central

South

N Central

North

Central

South

Central Longitude

98°00°00”

120°30°00”

120°30°00”

77°45°00”

77°45°00”

66°20'00”

71°30°00”

66°20'00”

81°00°00”

81°00°00”

81°00°00”

100°00°00”

100°00°00”

86°00'00”

101°30°00”
97°30'00”
100°20°00”
99°00'00”

98°30'00”

98°30'00”

111°3000"

111°30°00”

111°30°00”

Zone Constant

0.567617

0.709186

0.684147

0.661540

0.648793

0.312888

0.312888

0.564497

0.544652

0.554399

0.707738

0.689852

0.585440

0.579536
0.545394
0.515059
0.489913

0.454007

0.545394

0.659355

0.640579

0.612687



State Plane Grid Constants

ks
. 9]
State Zone Central Longitude  Zone Constant ) 3
SIS
é’ O
Vermont 72°30°00" 0 2 2
Y =
S
Zah
o
Virginia North 78°30°00” 0.624118 8
South 78°30'00” 0.606925
Virgin Islands 66°20°00” 0.312888
Washington North 120°50°00” 0.744520
South 120°30°00” 0.726396
West Virginia North 79°30°00” 0.637773
South 81°00'00” 0.618195
Wisconsin North 90°00’00” 0.721371
Central 90°00°'00” 0.705577
South 90°00°'00” 0.687103
Wyoming East 105°10°00” 0
E Central 107°20°00” 0
W Central 108°45°00” 0
West 110°05'00" 0
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TROUBLESHOOTING

In this appendix: IEEEREEEE A PPENDIX
General Rules to Remember .. .......................... 414 :

Problems. . ... ... . 414

Error Messages. . . . ... 417

Cable Trouble . . ... ... . . . . . . i 418

RAM Card Troubleshooting. ... .......... ... ... ... ....... 419

General Communications Problems . . .. ................... 421

Windows-Specific Settings . . .......... ... .. ... ... ... . ... 423

In this appendix we have included information to help you troubleshoot
some of the more common user difficulties. Before calling for technical
support, look through the following suggestions. Often, the answer to a
problem is simple, once you know where to look.

No matter how hard you try to prevent it, sometimes you will find yourself
in a bind. In this section are a number of solutions to common problems.
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General Rules to Remember

Entering Data

If you are prompted for input (as indicated by a flashing cursor on the command line), key in the desired
information and press [ENTER]-

If you want to exit the program while you are entering data, press to clear the entry. Press
again to cancel the current command. Press a third time to clear the data in the stack.

Alpha Entry
When you are keying in alpha data, the Alpha mode must be on. When Alpha-Entry mode is on, the
greek alpha character will be shown at the top of the display.

Normally, Alpha-Entry mode will automatically be turned on when it is needed in the program. However,
there are a few exceptions. One occurs when you first assign the keyboard.

Version 7 automatically assigns the keyboard when a new card is installed or when the data collector’s
memory has been deleted.

When you exit the SMI program, you will need to reload the SMI surveying functions by executing the K
program: press [ o | K [ENTER]-

D Please note that reassigning keys will erase any custom key assignments or routines you may have
programmed within SMI.

Problems

1. |just ran the K program, but my default job does not show the right defaults.

Existing data may be on your data collector. If you are using a RAM card, hold and press

B 29 [ simultaneously to clear the data collector’s settings and jobs in the memory
(see below for more information). The program will ask you if you want to recover data. Press

|_no f
The internal memory of your data collector will now be clear. The Version 7 program will reboot
automatically.

If you are not using a RAM card, you can hold and press the C key to reboot the software.
2. The calculator does not seem to work with the SMI software.

Make sure you have assigned the keyboard using the K program. If, after pressing [ & K
you only see a “K” on the display instead of the SMI program menus, check the following:

A. Have you installed the SMI program card?

Solution: Install the card before pressing [ar ] K [ENTER]-
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B. Is the card installed properly?

Solution: The card might not be making good contact. Turn off the data collector and remove
the card and reinstall it, making sure it is pressed firmly into place. Turn on the data collector
and it should boot automatically.

The contacts on the card may need to be cleaned to ensure a good contact. Take the Version
7 card out and use a pencil eraser and lightly rub the gold contacts on the back. Then reinsert
the card and it should boot automatically.

If, after you press [—& |, K [ENTER]. the data collector’s display simply shows the letter K, you
may need to reset the card. If the display shows any other character, K has been reassigned.

Remove the card and hold [ on |, and press |JJli] and @] simultaneously to clear the

data collector’s settings (see below for more information). Then reinsert the card and it should
boot automatically.
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C. If nothing works, the card may have been damaged or lost its programming; contact SMI
or your dealer for a replacement. For additional help, call SMI technical support.
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3. You are experiencing trouble with the calculator or the program.

During the learning process, you will sometimes press a wrong key. Do not worry — you cannot
erase the program from the program and in the data collector. However, you can do some strange
things to the calculator!

If the calculator starts acting unpredictably, follow this checklist of the suggested remedies. These
are listed in order of least to most drastic.

A. Press two or three times.

This does one or more of the following: clears the current entry, cancels the program, clears
the stack, and/or brings up another stack display.

B. Check the display and make sure SMI is on top of the screen. If it is not, press [_oC |, K,
[ENTER]. SMI should appear at the top.

C. Hold down and press the “C” key.
This is a type of “soft boot” (similar to CTRL-ALT-DELETE on a PC) that often will get the
calculator out of a slow mode. This will simply reboot the SMI software.

D. Hold down and press the “D” key.

This will cause a line to appear down the center and each side of the display. Now hold down

and press the “C” key (see C above).
E. Hold down and press the “E” key.

This is a self test and takes a little time. When the self test starts repeating, hold down
and press the “C” key (see C above).

4. The calculator is “frozen” or the display seems locked up.

Occasionally, the HP 48 will lock up. The possibility of this happening averages about once
every six months for various reasons. However, many have reported using the HP 48 for two
years without a problem. Generally, the reason for a lockup is static electricity due to carpet or
transmission power lines. A blue screen is often due to too much heat in the summer sun.
Other possible causes of lockups include extreme heat or cold, static charge, pressing several
keys at one time, or very low batteries.

Symptoms and solutions:
w  Blue screen, cannot turn off.
w Try to Recover Memory message appears.
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IF ALL ELSE FAILS:

w  The hourglass is stuck for a long period of time.
w  Calculator is locked up and beeps when any key is pressed.

If the first solution does not work, continue down the list for more possible fixes. It is OK to
leave the program card and the RAM card in the data collector during the following procedures.

A. Press [JEIll and C at the same time (this is a soft boot and should reboot the
calculator).

B. Take the top right rubber boot off the back of the HP 48. Using a paper clip or something
small, push the Reset button down.

This should turn the calculator off.

C. Take out one battery and immediately put it back in. This should turn the calculator off.

When the calculator turns on, press Alpha [ & |, K, [ENTER] to get back into the SM/
program.

. Take the battery cover off. Reverse the polarity of two of the three
batteries. (Yes, put two of the three batteries in backwards.)

Il. Clickthe] oN_| key two or three times.

lll. Place the batteries in correctly.

IV.Press{ oN |
ywhen the HP 48 displays "TRY TO RECOVER MEMORY", press (the F

keyl On Shl's Version 7 cards, the SMI program automatically initializes. On
older version cards, press{ x|, K, {ENTER]

Asyou can see, the solutions are the same in several different examples of
lockups. Hopefully, these examples will help in the event that your calculator locks

up.

5. Trouble naming a job.

The HP 48 uses 2100 named functions; SMI adds another 600. So, it is possible that, at some
point, you will find that a name you want to use may already be taken. If this happens, the display

will give you a prompt: NAME OF PROGRAM. If you get this message, press [T} and give the
job a slightly different name.

You may also try using some lower case characters; to type a lower case letter, press [ <& ] and
the letter. It will appear as lower case.

The calculator seems suddenly (or unusually) slow.

The problem may be that your memory is close to full. Check your memory using the
function (see View on page 377); this will tell you how much space you have available for storage of
points. If the memory is full, backup older jobs to your PC or delete unwanted jobs.

The HP 48 batteries need replacement.

The HP 48 requires three AAA batteries. Make sure you replace the batteries within one minute to
preserve data/jobs that are stored in the HP 48’s internal memory. After one minute with the
batteries out of the calculator, data will be erased.

v/ Do not press while you are changing batteries. This will erase the HP 48’s internal
memory (and your data not on a RAM card).
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v/ Do not reverse the polarity (+ and -) of the batteries. This will erase the HP 48’s internal memory
(and your data not on a RAM card).

8. Lost memory.
What’s happened to my memory?

It is not unusual to get a memory loss on the HP 48. In fact, a static discharge in the field or
adverse operating conditions (such as heat, humidity, dust, etc.) may occasionally cause the
HP 48 to lose memory. As a result, it is desirable to back up your field data daily to an office
PC.

However, to better protect your data in the field, it is recommended that you use a RAM card. If
you use a RAM card with the HP 48, SMI software will automatically back up each shot as soon
as it is taken.

When you use a RAM card, your data is more secure than when it is stored in the HP 48 alone.
In fact, you can deliberately clear the data on the HP 48; your jobs will remain safe on the RAM
card.

The RAM card uses an internal battery to maintain its data independent of the HP 48. Itis
recommended that you replace its battery every 10-12 months. You may want to write on the
RAM card the date the battery was replaced so that you do not find yourself with a dead RAM
card.
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9. Distance error occurs when staking points.

This generally will occur if you were working in one job (with a specific range of coordinates) and
then switched to a different job (with different coordinates).

Unless you tell it otherwise, the program assumes that you are still working from the coordinates of
the first job, and the last point that you occupied in that job. Therefore, it will reflect distances and
angles accordingly.

To prevent such distance errors, simply reoccupy the point your instrument is on and enter the
backsight number in the new job before you begin staking points.

Note that there may be times when you will want to incorporate multiple jobs and data during a
project. SMI software gives you that flexibility and control; you can occupy a point in one job,
backsight a point in another job, and actually begin staking in a third job.

10. Cannot store notes with my job (ACE or above).

Make sure that the NOTES key is turned on (the N flag should appear at the top of the display). If it
does not, turn it on using the Change menu.

11. | have an * before my distances.
Solution:
An * indicates that a scale factor is being applied to the distance. If this was unintentional, press

and or [ 4| ] (on the multiplication key). Set the scale

factor to 1 and the distances should then be correctly displayed.

Error Messages

w “|nvalid card data”

The HP 48 periodically checks the RAM card to verify that data has not been corrupted (due to low
battery, for example). When this error is displayed, reinitialize your RAM card.

Turn alpha on and type PINIT [ENTER]. When port initialization is finished, the display will clear.
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“Invalid 1/0O PAR”
“XMIT Failure”

Either of these may happen when you are trying to transfer data to the PC. It may mean your HP 48
batteries are too weak to initialize the communications port. Replace your batteries.

If the error repeats, you may have a bad port. Check your port and cables using the diagnostics in
SMi to PC Test.

“Low Battery”

If your HP 48 displays this message when you are trying to transfer data to the PC, this means your
HP 48 batteries are too weak to initialize the communications port (even though they have sufficient
power to adequately operate your surveying software). Replace your batteries immediately.

Make sure you follow the proper procedures to change the battery (see step number 7 on page
416).
“Invalid checksum”

Some brands of PC serial ports will not work with the SMI Transfer program. If this is the case, use
the Kermit programs as an alternative.

“Insufficient Memory”

There is not enough internal memory to perform the last function. This is not related to how much
memory is on the RAM card. If your jobs are on a RAM card instead of internal memory, clearing
the internal memory can help. Chain and cut sheet files are temporarily saved in internal memory
while being used. Insufficient memory can be a problem when they get very large.

Cable Trouble

If you are experiencing problems or receiving error messages, it would not be surprising if the problem
lies within your cable. Check the following:

If the pins on your data collector are slightly misaligned, they will not properly connect with your TFR
cable. The four pins on your HP 48’s serial port should be clean, parallel, and equidistant. If one looks
out of line, gently move it back into place and reconnect your cable.

An internal problem in your cable is a little more difficult to see. However, following is a test routine you
can run to verify that the HP 48 is sending (and/or receiving) data correctly through the cable.

Bent pins: A pin pushed out of place in your HP 48 serial port or cable will disrupt the signal.

10 Loop-Back Test

ProbucT: SCE+

KEYSTROKES: [ &_|, type 10,

The HP 48 calculator has a built-in serial loop-back test that can be run to determine if the calculator
serial interface is working properly. SMI has also added a serial loop-back test that can be run using the
same premise for testing. This check was added primarily to verify that the serial interface on both the
HP 48 and the Titan were in good repair.
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Procedure

Connect the SMI data collector to the transfer serial cable.

2. On the other end of the transfer serial cable, locate the Send and Receive pins. On a PC
cable, these are pins 2 and 3. See Instrument Configuration, which begins on page 383, for
instrument cable diagrams.

On a PC cabile, these pins should be marked with tiny numerals. When looking at the face of the
cable reading the numerals, there is a row of five holes on top and a row of four holes on the
bottom. Pin 1 is usually the first pin on the top right, with pins 2 and 3 adjacent to it moving across
the top to the left.

3. Take a paper clip and bend it into a U-shape. Use the paper clip to connect the Send and
Receive pins or holes.

4. Turn the SMI data collector on.
5. Press [ |, type 10 (for input-output), and press [ENTER]-

6. You should hear a rapid beeping sound coming from the SMI data collector. If you remove
the paper clip and the beeps continue, but at a slower rate (about one beep per second),
then the data collector/cable passes the test. If the rate of the beeps is the same whether or
not the clip is in the pins, you may have a problem with either the cable or the port

connection on the data collector. Press or ESC (Titan) to cancel the test.
7. If the cable test fails, the problem could be in the hard case or the data collector. You can

eliminate the cable as a possibility by removing the cable and repeating the test on the pins
of the hard case or the pins of the data collector.
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RAM Card Troubleshooting

What to Do if the Calculator says “low battery p(2)”

Most RAM Cards

If you have RAM card with a removable battery, simply change the RAM card battery. It is a 3v-button
battery that you can find in any camera shop. The model of the battery is CR2016. These RAM cards
are distinguished by having a switch at the top of the card.

Rechargeable RAM Cards

The rechargeable RAM card will draw power occasionally from the calculator's batteries. A low battery
indication for the RAM card will happen when the calculator is not used for long periods, only used
occasionally, or because the batteries in the HP 48 are weak.

If the batteries in your HP 48 are over two weeks old, or you are not sure, replace the AAA batteries in
the HP 48. The batteries in the HP 48 need to be new or almost new. Weak batteries can run the
calculator, but will not charge the RAM card battery.

Changing the batteries in the HP 48 every month is a good idea for several reasons. First, this ensures
that the batteries will be strong in the HP 48. Instability is many times more likely if the calculator does
not get enough power. Second, the battery in the RAM card requires the batteries to be strong to
charge properly. Third, it is an opportunity to clear the memory in the HP 48. An HP 48 that has its
memory cleared after battery changes will operate much more reliably than one that does not.
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Perform These Steps to Charge Your RAM Card Battery

1. Back up all data to your PC.
2. Exit SMI:

A. Press [ ] o],
B. TDS users need to exit the program.

3. (Optional) Turn off the beep by pressing the following keystrokes: [ | I; D; press K
seven times, C; K; C; F; F.

This will turn off flags 57 and 56.
4. Go into Set Alarm ([_® |, 4; Q; [ENTER]).
5. Set the time for five minutes after the time it shows (e.g., if it shows 11:25, set it for 11:30).
6
7

Arrow down to repeat (Q; Q).

Set it to repeat every four minutes (4; [ENTER]; [ & |; M; [ o |; F).

8. After you let this run overnight or the weekend, stop the alarm (| ® |, 4; [ENTER]; C; F).

After the alarm is set, the calculator will keep itself on to constantly charge the RAM card battery. Let
the calculator run overnight. If it still says “low battery p(2)”, then call SMI for a replacement. Before
you leave for the weekend, set the four-minute alarm to more fully recharge the battery.

RAM Card Battery Needs Replacement

The RAM card battery should be replaced every 10-12 months, since this internal battery is needed
to maintain data independent of the HP 48. It uses a 3-volt camera battery, type CR2016.

The RAM card runs on the HP 48 battery only while the HP 48 is on. A RAM card cannot retain data
if you remove a RAM card battery while the HP 48 is off, or while the RAM card is not installed in
the calculator.

To replace the battery, turn on the HP 48.

It should remain on during this procedure to protect the data stored on the RAM card.

Turn over the HP 48 and remove the plastic cover over the plug-in card ports (on the display end of
the HP 48). You can leave your program card in place.

Place your index finger in the recess just above the RAM card. This prevents the card from slipping
out of the HP 48 when you remove the RAM card’s battery holder. Insert the thumbnail of your free
hand into the nail grip in the back plastic at the left side of the end of the RAM card and pull the
battery holder out of the card.

D RAM cards use a battery (photocell, style CR2016) to preserve stored data. This battery has an
effective life of up to 12 months, so should be replaced annually. If you plan to remove the RAM card

from the HP 48 to change the battery, first download job data from the card to your HP 48 or a PC,
since all data on the RAM card will be erased.

Remove the old battery from the plastic battery holder. Install a fresh battery (CR2016), making
sure you observe the proper polarity; the + side should face the front of the RAM card. Position the
battery and plastic housing into the RAM card until it snaps back into place.

v/ Mark the RAM card with the date you installed the battery. Be sure to install a fresh battery
within a year’s time.

When you replace the RAM card battery, you may occasionally get an “invalid card data” message
when you first use the RAM card. See Error Messages on page 417 for the remedy.
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The RAM Card Will Not “Write” — Will Not Accept Data

First, make sure a fresh battery is properly installed in your RAM card.

Second, make sure the “read/write” switch is set to “read and write.” The switch is a thin black
toggle located on the top of the RAM card. Position the switch toward the center of the RAM card
so that it lines up with the double-arrow symbol on the back of the card. This is the “read and write”
position.

If the switch is set toward the outside of the RAM card, aligned with the single arrow, it is in a “read
only” position. In this setting, it will allow you to read data from the RAM card, but no data may be
stored on the card.
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This section should be tried first if you have just started using new or different hardware (computer,
cable(s), and/or data collector), but are somewhat familiar with SMI or have used it before with a
different computer.

SMI Transfer uses a serial port on your computer to transfer job files. Serial ports are male ports
usually on the back of the computer. Older computers use one 9-pin and one 25-pin port. Newer
computers use two 9-pin ports. Laptops usually have just one 9-pin serial port. Parallel ports (female
25-pin connectors on the computer) are not used with the SMI Transfer program. As a rule of thumb, “if
it fits it should work.”

Here is a checklist of things to verify when having communications problems:

w Make sure everything is wired properly. If the data collector is used with a total station and it
collects data properly, this indicates that there should not be a problem with the pins in the
calculator or hard case (if applicable).

w |f you have a Version 6 card on the HP 48, make sure the data collector is set on WIRE instead of

IR. Select then [ xFEr |- Make sure the menu is set to WIRE instead of IR. The wire option
transfers data using the transfer cable. IR, or infrared, attempts to transfer data using the IR port on
the top of the data collector.

w |f you try using a different data collector with the same computer and the transfer works, you have
determined that the computer serial port is good and the transfer works properly. Pressing the

[ o] keys on the HP 48 restores the default settings.

w On the HP 48 (unless you have a Turbo HP 48), the baud rate is hard coded to 9600. For PC
transfers or Hard Case-to-Hard Case transfers, use WIRE. Use IR for infrared (wireless) HP 48-to-
HP 48 transfers.

w Check to see if the serial cable is connected to the wrong serial port. If it is, verify the port setting on
the Setup tab in the SMI Transfer program.

w Your data collector requires a certain amount of charge to generate a signal that can be recognized
through the serial cable by your PC. If your batteries are weak, they may still be strong enough to
run your data collector, while not having the power needed to signal your PC.

w Verify all communication settings. If your data collector has options to set the communication
parameters, they must match with the SMI Transfer program on the Setup tab.
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Recommended Baud Rates

Data Collector Baud Rate

SMI HP 48GX 9600 (hard coded)

SMI Turbo 48GX marked with orange label on 19200 (hard coded)
front

SMI Titan 9600-115200
Trimble/TDS HP 48GX 9600
Trimble/TDS Ranger 9600-115200
Other data collector Varies*

D *Check the settings on the collector and verify they are set the same (baud 9600, data bits 8, no patrity).
Refer to your data collector’s documentation for further assistance.

-
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Check to see if you have a serial or PS/2 mouse. A serial mouse needs a dedicated serial (COM)
port to operate. If you have a serial mouse, you cannot boot your computer with a serial mouse (or
digitizer) plugged in, and then swap cables or use a switch box to transfer data with your data
collector. This generally worked in a DOS environment. Windows, however, “captures” the device
on start up and reserves that port setting for that device until the machine is rebooted. Keyboard
and touchpad controls normally should not cause a conflict. However, there have been instances
where the computer needs to be reconfigured to get the serial port to work.

The serial port can be tested by turning off the computer, plugging in a serial mouse (disconnect
other mice), and booting up the computer. If the mouse works, you know that the port is functioning
properly. If it does not work, consult the computer manufacturer or a hardware technician.

If you have an internal or external modem, verify your modem settings. To check, click on Start >
Settings > Control Panels > Modems. Check the COM port and interrupt request setting (IRQ). It
is common for an internal modem to be preconfigured to use COM 3. By default, COM 3 uses the
same interrupt as COM 1, so you may need to either reconfigure the modem to a different IRQ or
change the modem to a different COM port setting (2 or 4 is good if you are attempting to transfer to
COM 1 or vice versa). When making COM port and IRQ changes, be sure to avoid a conflict with
yet a different device, card, or board. If you have several devices, do some checking of the settings
that already exist for these devices.

Verify the BIOS settings on your computer to see if the port is enabled or to see if there may be an
interrupt request conflict (IRQ). You can view your BIOS settings by pressing a keystroke while
your machine is beginning to start up. One most machines, this may be the F1, F2, F8, or Delete
key. Check your computer’'s documentation for more information.

Remove any recently installed devices (e.g., camera, modem, PDA, digitizer, or even sound/video
cards, etc.). This may require you to physically remove the device/card from the inside of the PC.
Restart your machine and retry the transfer.

Low batteries on the collector are a problem if only a portion of the file transfers.
Swap cables if you have recently replaced cables.

Ideally, internal modems use virtual ports (using the resources, but not using a physical port on the
back of the computer) 3 or 4 on the computer. Some manufacturers assign the modem to use the
resources of ports 1 or 2, thus rendering a physical port unusable. This may or may not be
changeable. Contact the computer manufacturer to determine if it is changeable. (e.g., if the
modem is assigned to COM 2, the HP 48 cannot transfer on COM 2).
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w Switchboxes are not recommended, but they typically are used for shaping a plotter and the HP 48.
They add more cabling to the system, thus leaving it open to more connector/cabling problems. If
you are having difficulty transferring, bypass the switchbox until the problem is resolved. Be aware
that the device drivers of the non-HP 48 device may adversely affect the SMI Transfer program.

w |f you have a USB port, buy a USB to serial adapter through SMI. Typically, a USB port is included
in computers made in 1998 or later. If you are not sure whether you have a USB port, refer to the
computer manual or manufacturer.

w A local computer vendor may be able to install an additional COM port in your computer.

If you become frustrated, please contact technical support. As with any problem, you must identify
exactly where the problem is realized before you can solve it.

Support technicians provide fast, friendly answers to your product questions. You can call, fax, or e-
mail your questions to our technicians regarding product questions. The fax service is available 24
hours a day, five days a week at (563) 556-5321. E-mail questions to our technicians using
support@smi.com. When calling for technical support, please use our toll free number at (800) 234-
0123.
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Windows-Specific Settings

Windows 95, Windows 98, or Windows ME Operating Systems
. For any changes to take effect, you should restart your computer after making the change.

w Remove and reinstall your COM port with the default settings. To do so, click on Start > Settings
- Control Panel > System - Device Manager. Toggle on the View Devices by Connection option.
Expand the Plug and Play BIOS option to reveal the desired COM port. Highlight the desired COM
port and click on the Remove button. Reboot the computer and retry the transfer. Without Plug and
Play you can still manually remove the device, reinstall the device through Control Panel - Add
New Hardware, and restart your computer.

w Add a line to your computer's autoexec.bat file. You can edit this file by clicking Start > Find >
Files or Folders. Type autoexec.bat in the Name edit field and set Look in to your C:\ drive.
When it displays, highlight the file and select File > Edit from the Find menu. Add this line to the
bottom of the file:

mode coml: baud=96 parity=n data=8 stop=1 retry=p
or

mode com1:96,n,8,1,p-

Restart your machine and retry the transfer.

Windows NT, Windows 2000 or Windows XP Operating Systems
N For any changes to take effect, you should restart your computer after making the change.

w Verify the serial device has been started. To check, click on Start > Settings - Control Panel >
Devices. Scroll down to the device named Serial and start the device if the status shows it has not
already been started.

w Verify that there is a COM port added to your list of ports. Make sure the port that you are adding is
for the serial port that you want to transfer data through.
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To add a port, click on Start > Settings > Control Panel - Ports. The default settings for a COM port
are found in the table below.

Default Settings for COM Port

Settings Value
Baud Rate 9600
Data Bits 8
Parity None
Stop Bits 1

Flow Control None

Advanced Settings for COM Ports
Advanced Settings COM Port1  COM Port2 COM Port3 COM Port 4

Base I/0O Port Address 3f8 2f8 3e8 2e8
Interrupt Request Line 4 3 4 3
(IRQ)

FIFO Enabled ON ON ON ON
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SMI VERSION 7
USER GUIDE
GLOSSARY

This section defines the terms used in this manual as they relate to
surveying and the use of your program card.

Acreage

The area of an enclosed polygon. One acre equals 43560 square feet
or 4840 square yards.

Alphanumeric
Letters and numbers combined, such as ABC123, JOB2, or R24.

Angle Right

The clockwise angle from a backsight point to a foresight point.

Angle Adjustment

The adjustment of the lines of a traverse so that the direction of the
closing line is the same as the beginning line.

ASIN

Arc sine. A trigonometry function which determines one of the acute
angles of a right triangle when the ratio of the opposite side divided by
the hypotenuse is known.

Assigning keys

The act of changing the use or function of keys. A new program or
function can be assigned to almost any key on the data collector

(EZEN in the menu).
Astronomic Azimuth

The clockwise angle to a line from the geographic azimuth north pole
(or, if using south azimuth, to the geographic south pole).

Axis of the scope

The line through which the vertical and horizontal crosshairs pass.

Azimuth surveyors

Surveyors who base their field angle directions on angle from north, as
opposed to Angle Right surveyors, who base their field angles on
angle right from the backsight point.

Back point

The point used as a reference to measure the angles to new points.
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Backslope

Positive slope from the bottom of the ditch. Expressed as a ratio to one. Also called the cut slope.

Backup

Allows the user to save a copy of a job so that, in the event that the current job becomes damaged
or corrupted, the backup job may be used.

Bearing-Bearing

A term used to describe the intersection of two lines from two points, based on the bearings or
directions from those points.

Bearing-Distance

A term used in intersections for computing the intersection based on one point and a distance plus
another point and a bearing or direction.

Normally, there are two solutions to bearing-distance intersections. This is what is used when
intersecting a line with a curve (where one point is the radius point or curve center and the distance
is the radius of the curve); the other point has a bearing or direction from it, which passes through
the curve. If the bearing does not pass through the curve, there is no possible solution.

Baseline

An established line used as a reference for a construction job.

Benchmark

An established point with a known or assumed elevation.

Card

A program module approximately the size of a credit card, containing software programs or
memory, and used in the data collector.

Catch Point

In a cut area, this is the point where the backslope from the ditch is projected up and intersects with
the existing ground surface. In a fill area, this is the point where the slope from the shoulder of the
road (ditch slope) will meet the ground surface.

Chain

Chain defines a set of data containing horizontal, vertical, and template control that is used in
conjunction with a construction job. In some cases, it is also defined as a unit of measure, one chain
equaling 66 feet.

Closure

The direction and distance of error, or the ratio of the distance of error to the distance of the
traverse.

Codes

Information used to define points while collecting data, so that when this information is used by a
computer program or plotter, lines and features are drawn automatically.
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COGO

See Coordinate Geometry (below).

Command line

The bottom line of the data collector display, on which data is entered into the data collector.

Pressing any number or letter will automatically display the command line; the “stack” is scrolled

upward. When is pressed, the command line disappears and the data just entered is
displayed on level 1 of the stack. Any data that was on level 1 is moved to level 2, and so on.

The cursor flashes when the command line is active.

Compass rule

The most widely used method for adjusting a traverse. The adjustment of each point is proportional
to the ratio of the distance traversed to the total perimeter. The total adjustment is the total closure
error.

Coordinate Geometry

(COGO) The use of coordinates, often stored by point number, to perform various computations,

such as inverse, traverse, curve data, and staking. Charlie L. Miller, owner of EIm Software, coined

the term COGO - short for coordinate geometry. Mr. Miller is known as the father of COGO.
Coordinates

Points defined by a north and east distance from a zero reference point. An elevation or a point
description may also be included with the coordinates, and are stored by point number.

Copy

To duplicate a set of points or a job.

Cross-section

A plotted view of distances and elevations across a baseline or road centerline.

Curve, horizontal

Also called a simple curve with a center point or curve center and non-changing radius. This is
normally in the horizontal plane.

Curve, spiral

A curve which begins with an infinite radius, and where the radius is constantly changing as you
move along the curve until you get to a simple curve.

Typically, spiral curves consist of a spiral to simple curve section, a simple curve, and a simple to
spiral section. The place where the spiral starts is called the tangent to spiral (TS) point. The place
where the spiral curve meets the simple curve is called the spiral to curve (SC). The place where the
simple curve meets the spiral is called the curve to spiral (CS).

The spiral to tangent (ST) is where the spiral curve meets the forward tangent. The spiral length
back (SLB) is the length of the spiral from the TS to the SC. The spiral length ahead (SLA) is the
length of the spiral from the CS to the ST. Normally, the SLB and the SLA have the same length.

Curve, vertical

A parabola used to define the vertical position of a road at various stations of the road in a transition
from two slopes.
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Data collection

The process of manually or electronically collecting data from an instrument and storing that data in
the memory of the data collector or other electronic devices.

Default

The "factory" program settings which are established automatically when the software is initialized.

Delta

The central angle, also the deflection angle. It is based on the two tangents at the point of
intersection (PI).

Directory

A location in the PC or data collector where a group of files and/or other directories may be stored.

Display

The monitor or screen of the data collector, on which data or requests for data are shown.

Distance-Distance

This is used to refer to intersections when using specific distances from points of reference.

Ditch

The point on the template where the ditch slope from the shoulder intersects the backslope.

Ditch bottom width

A Construction Five program which allows the user to specify the flat ditch bottom width. If this
value is zero, the ditch is a V ditch.

Ditchslope

The negative slope from the shoulder through the ditch bottom. Expressed as a ratio to one. Also
called the fill slope.

Downloading

Transferring data to a reference computer. Many use this term to describe transferring data to a PC;
others use it to refer to data being transferred to the data collector.

Electronic entry

Automatic transfer of data from an electronic total station via cable to the data collector.

Electronic Instrument

There are two basic types of electronic instrument: manual electronic, where data is read and
written in a field book; and electronic total station, where data may be entered into a field book or fed
electronically to a storage device such as the data collector.

Elevation

The vertical distance from sea level, or from an assumed reference elevation.
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Enter

The key on the data collector (and on a PC) used to execute a function or accept data. Also used in
this manual to describe the process of putting data on the command line of the data collector so that
it may be used in a function or calculation.

Ephemeris

A set of tables containing data that allows the computation of Astronomic North from the sun or
stars. A built-in ephemeris is contained in the SMI software for the data collector, so the computation
of Astronomic North is automatic; therefore, ephemeral data need not be looked up in tables.

Extension

A descriptor or “flag” used to put files into categories in a directory in the PC. If a file name is called
JONES.ASC, the three characters after the period (.ASC) make up the extension.

The extension .ASC is sometimes used to identify ASCII files, indicating that the file is a standard
DOS file.

Extensions are automatic when naming jobs on the data collector. The .48M extension is used when
there is no memory card. The .CRD extension is used when a RAM card is in the data collector.

Fine (and coarse)

These are mode settings on some instruments, indicating whether it will use fine or coarse EDM
distance. This setting may be selected from the data collector (DCE and above) using the menu.

Flat ditch bottom width
See Ditch bottom width on page 428.

Foresight point

This is a forward point, side shot, or traverse, where the angles and distance are entered, the
forward point data is computed, and the coordinates (and elevation and description, if available on
your card) are stored.

Free Stationing

Accurately locating the instrument from two or more points.

Function

An operation on the data collector, typically executed by pressing a key. The data collector includes
hundreds of HP and SMI functions, including: add, subtract, divide, SIN, traverse, side shot, and
store coordinates.

Graphics display

The data collector can display graphics, in addition to stack and alphanumeric displays. Refer to the
screen plot function (SPLOT) to learn how to plot a graphics display of a job.

Greek characters

These characters often are used to represent scientific or mathematical functions. The alpha
character (under the key) is an example of a Greek character.

To access Greek characters, turn on alpha, then press [_¢® | and an alpha character, such as the
letter A.
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Greenwich

Also called the Greenwich Meridian. This is the line running north-south through Greenwich,
England where the international zero longitude divides east from west. Time zones and longitude
start at this point.

When taking sunshots, the time used must be Greenwich time and not local time.

Hectare

A unit of area in the metric system equal to 10000 square meters.

Hinge method

A method of determining the intersection point for a predetermined area where a point on one side
of a boundary line is held constant while a point is moved along the other side of the boundary along
aline.

Horizontal circle

The horizontal angle on an instrument is sometimes called a horizontal circle reading, since this is
the reading from the horizontal circle of the instrument.

Horizontal control

North and east coordinates are stored by point numbers, sometimes called horizontal control. In
Construction Five, horizontal control points and a beginning station number are used in HCCL to
define a baseline or the centerline of a road.

Hypotenuse

The longest side of a right triangle.

Infrared

Communication method for sending data via infrared light signals to a printer or another data
collector; this does not require a cable.

A more common communications method is to use a serial cable or RS232C communication. The
HP 48 can communicate and transfer data using either method.

Interface

A term used to describe a medium, or pathway, used to facilitate communication between one
device (such as the data collector) and another (such as a PC, printer, or plotter).

Serial or RS232C is the most common interface.

Internal memory

The memory built into the data collector, used for storage of data and/or custom programs.

All SMI programs can use the data collector’s internal memory for point storage (see Memory on
page 431).

Intersection

The computation of a point where two lines (or a line and a curve, or two curves) cross.

Inversing

The computation of a direction and distance between two points or two sets of coordinates.
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Job

A file containing coordinates and other data stored as point numbers. These files are stored and
accessed in the data collector by job name.

Latitude

The angular distance in degrees, minutes, and seconds north or south from the equator, with the
radius point at the geographic center of the earth.

Letters

The characters in the alphabet.

Longitude

The angular distance in degrees, minutes, and seconds east or west from the Greenwich Meridian,
with the radius point at the geographic center of the earth.

Manual entry

The keying of information by hand into the data collector or another data storage device.

Mean backsight

The Computation Resulting When The zenith angle and Slope Distance are measured to the
backsight in the direct and reverse positions, and the Zenith Angles are meaned.

A new elevation is computed for the occupied point and averaged with the old elevation currently
stored at the occupied point.

Mean reverse reciprocals

The computation resulting from when Zenith Angles are meaned in the direct and reverse positions
from both ends of a line and the mean elevation is computed for the new position.

Memory

A location, either internally in the data collector or on an optional RAM card, where data may be
stored.

Modes

A place in the data collector where the type of format for numbers can be changed. For example, the
mode may be set to standard, scientific, or fixed-point format, and the fixed point length may be set
for any number between 0 and 10.

Multiple angles

The turning of more than one angle to increase the accuracy of a survey, or to help detect angle
errors. SMI cards allow the use of one or more types of multiple angles, including: SHOTS, and
TRIG.

Note

A data option available on ACE cards and above, in which descriptions of points may be included
with the coordinates and stored at a point number.
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Occupied point

The assumption that the data collector is positioned over a specific point, similar to the way an
instrument occupies a point. Computations are then performed from the occupied point as the
reference point.

Offset

A program that stores points at a specific distance from a series of points, such as break points in
the center of a road. Points also can be stored at an offset from a line or curve.

Overlay functions

Executable program steps designed to carry out specific tasks, and accessible by pressing the
corresponding key (as identified on the overlay).

Overwrite

To store a point (and its data) over another existing point. The former data will be replaced by the
new data.

Perpendicular Offset

The shortest distance from a point to a line. This is measured at a 90° angle from the line.

Perimeter

The distance around a boundary.

Point

Typically a number that has a stored north and east coordinate (to define its location) and,
sometimes, an elevation and/or note or description.

Point traverse

Traversing with point numbers that already are stored in a job.

Polar

A type of coordinate based on an angle and a distance.

Poles

A unit of measure sometimes used in old deeds. One pole is equal to 16.5 feet.

Precision

The ratio of the distance traveled to the distance of error. For example, if a traverse is 10000’ long
and the error is .5, the precision is “1 in 20000” (or simply “20000”).

Program cards

A card, approximately the size of a credit card, on which programs are stored. Program cards are
placed only in the first slot (Port 1) of the HP 48.
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Random points

A designated series of points (not necessarily consecutive) used for performing functions that
require only certain point numbers. For example, a Random Point Traverse may use only a certain
set of points as defined in the Random Points file. These random points may be used to perform
functions such as graphic display area adjustment.

Raw data

The data exactly as it comes from an instrument, along with other essential information required for
the regeneration of coordinates.

Rectangular Coordinates

North and east coordinates which surveyors normally use to define points.

Register

A location where data is stored in a calculator.

Resection

Often referred to as “free stationing”; this is a method to determine position. Free stationing involves
setting up at a random position and shooting two points to determine your position.

Some use a distance-distance intersection as a form of resection. SMI programs use true “free
stationing,” as it is much more accurate for determining position. SMI’s new positioning program is
called 2PFS (Two Point Free Station) and is in the menu.

Roadwork

A term used to describe field survey work dealing with slope staking, boundary staking, stations,
offsets, bluetop staking, collecting cross sections, collecting topographic points, field inspection
work, and almost any other field survey work associated with road or highway construction.

Rotate

To turn a set of points a specific number of degrees, minutes, and seconds around a specific point;
this actually changes the coordinates of the points.

RPL
The programming language used in the HP 48 (Reverse Polish Lisp).

RPN

An earlier programming language used in the HP41CX (Reverse Polish Notation).

RS232 Interface

The most common medium used for the transfer of data; also called serial interface.

Scale factor

A number used to determine the ratio at which a set of points is rescaled, such that the distances
between the points are changed but remain proportionate to each other.

Screen plotting

To show a drawing on the data collector’s display which represents a set of lines defined by points
stored in a Random Points file.
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Separate distance angle options

With an electronic total station, it is sometimes desirable to add or subtract a distance, move a point
right or left of the prism a specific distance (that may not be able to be seen with the scope), or
measure a distance to one point and an angle to another point.

In SMI's DCE and above cards, an SDA function (found in the setup menu) allows any of the above
options.
Serial port

A port located at the back of a PC which allows communication with the data collector and other
devices. It is important to select the correct port in any PC software designed to communicate with
the data collector.

Shift

Two Shift keys are found on the data collector; these allow access to additional functions from the
keyboard.

One key may have a distinct function assigned to it, with a second function executed using SHIFT
LT (left) before pressing the key, and a third function executed using SHIFT RT (right). These
functions are indicated on the data collector and the SMI overlay using the color that corresponds
with the Shift key.

Shot

A function key used in staking and in Construction Five with an instrument selected; Shot takes a
reading with the electronic total station.

In Manual Entry mode, Shot prompts the user to enter the appropriate data that would be gathered
electronically.

Shots

A function allowing multiple angles (horizontal and vertical) and/or distances to be meaned. These
angles may be checked, with the worst angles displayed (and eliminated, if desired).

SIN

This key is used to get the sine, which In a right triangle, is the ratio of the opposite side divided by
the hypotenuse. To get the sine of an angle in degrees, minutes, and seconds use SIN.

Slide method

A method for computing a predetermined area, in which one side (or line of specific direction) is slid
until the resulting boundary contains the desired area.

Slope

The vertical rise (+) or fall (-), expressed as a ratio to (or percentage of) horizontal distance. For
example, a 3% slope is a 3’ rise per 100 feet of horizontal distance.

(A -3% slope would be a 3’ fall per 100 feet.) 3:1 indicates a horizontal distance of 3 feet for each
foot of rise or fall.

Slope distance

The distance along the slope from the instrument to the prism.
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Soft keys

The keys (A-F) on the data collector which access the functions in the soft key menu at the bottom
of the display.

Stack

The temporary register displayed on the data collector and directly accessible by pressing ENTER
or a function.

Stake

A program that facilitates the staking of points in the field by point number.

Subgrade

The drop in elevation from the road surface.

Sunshots

Determining the direction of a line from the sun.

Template data

The designed or planned cross-section of a road.

Temporary random points file

This is a nonpermanent file created by the SMI program used to store random points where the
Random Points file is needed only until another temporary file is entered. SMI's SCE and above
survey cards allow you to store multiple Random Points files.

Tolerances

Error limits set for angles, distances, and coordinates.
Topographic
A map of the surface, showing elevations.

Transformations

The act of sliding, rotating, and/or scaling coordinates and changing elevations.

Translate

To move a set of coordinates a specific direction and distance horizontally.

Traverse

To move from point to point around a boundary, computing new coordinates as you go.

TRIG

(As defined by SMI - used in Trig Leveling.) Allows the meaning of Zenith Angles (direct and
reverse) using a distance, and storing coordinates at a point with an elevation based on meaned
Zenith Angles.

Trig leveling

Computing elevations by Zenith Angle and Slope Distance.
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Two-point resection

This is used to find a new set of coordinates for the instrument by taking readings on two known
points. See Free Stationing on page 429.

Vertical control

Used in Construction Five to define the vertical alignment of the road centerline or the baseline.
Normally used in construction with a construction project.

Zenith angle

The vertical circle reading where 90° or 270° is level.
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