WESTERN REGIONAL
SURVEY CONFERENCE

Jerry Mahun, PLS

Regardless the equipment used, the personnel involved, survey
measurements will include errors.

Almost every survey operation at some point will require
measurements. That means the operation results will, in part, depend
on the measurement errors.

How much error is acceptable? It depends.

Depending on the operation, the error level is either up to the surveyor
or dictated by some rule or law.

Either way requires understanding where errors come from, how they
behave, how they can be controlled, and determining their effect on our
final decisions.
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A .

Me as ur ement Errors

Quality
Accuracy
Absolute nearness to true value; measurement with minimal errors.
Precision
Repeatability; spread of a measurement set.
Similar error behavior in repeated measurements
Resolution

The smallest division to which the measurement can be expressed based on
the instrumentation used.

A .

Me as ur ement Errors

Quality

Accuracy and Precision

(a) (b)
o

@ o -
(c)

(d)
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Me as ur ement Errors

A . Quality
Resolution
Relatedtod e g ofaceuracy

10 20 40 o 20 40 I 20 40
A0 A0 0
direct: 10° direct: 5° direct: 1°
interpolate: 1° interpolate: 1° interpolate: 0.5°

Me as ur ement Errors

B . Error Tenets
No measurement is exact.
Every measurement contains errors.
The true value of a measurement is never known.
The exact error present in a measurement is unknown.




~Measur ement Errors

Error Sources -

1. Natural
Environment within which a measurement is made
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~Measur ement Errors

Error Sources -

2. Instrumental
Measuring equipment condition; calibration.
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~Measur ement Errors

C. Error Sources - Where they ¢
e ° |
3. Personal 7 :
. Y =1 i
People making the measurement £ :
29
=8 ry
£7
-6 _>
=5 .
g Record 8.55. -4
3 Common newbie mistake. -3
. 7 2
6 o
5 24
4 Zo
3
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~Measur ement Errors

D. Error Types - How
1. Mistake
Carelessness or misunderstanding

2. Systematic
Conform to mathematical or physical law

3. Random

( Remaining error after mistakes & systematic errors wrong height

l are eliminated
% Tend to be small; as likely positive as negative.

they behave

Windy day

? Entered

A\

Set up on wrong point
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Me as ur ement Errors

Error Types - How they behave

Systematic errors Good procedures but
compensated; e systematic error(s)
good procedures 3 present
.
(a) (b)
Mistake to let this
Incorrect
shooter near a
procedures .
weapon
(d)
Me as ur ement Errors
E . Mi ni mi zing

1. Mistake
Generally, with a single measurement, can’t tell if a mistake was made.

%)
Remeasure until all measurements are within an acceptable tolerance %

Tolerance can be defined as:
A specific spread, eg, angles must all be within 10”
A precision level, eg, distances must be within 1/5000

Different based on equipment or personnel, eg, angles within 10” for experienced
operator, 25” for new tech.

Reject measurements outside the tolerance to avoid biasing good
measurements.
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. Measur ement Errors

E . Mi nii
2. Systematic
Apply a correction:
Mathematic
Mechanical

Procedure

mi zing

Specific surveying procedures are used to:
ensure measurement is made correctly
allow some systematic errors to cancel

Adjust gun sight
or
Aim up & right.

. Measur ement Errors

E . Mi ni
2. Systematic
Example: Level collimation error
Balance BS and FS distances
Two-peg test
Adjust
Math corr'n

mi zing

Horizontal Horizontal

T Horizontal

Horizontal T
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1 . Me as ur ement Errors

E . Mi ni mi zing
2. Systematic
Example: Atmospheric conditions electronic distance
Math correction, ppm
x5 P

10.
27 H
S 8 +0.002%7

D-=D4% 1+ PPM
1, 000,

. Me as ur ement Errors

E . Mi ni mi zing
3. Random
Appropriate equipment
Knowledgeable personnel
Favorable conditions

Repeat measurements
How many times?

Example: FGCS Triangulation angle measurement specs

Order/Class 1st 2nd/1  2nd/Il 3rd/|

3rd/ Il
Num Positions 16 16 8or12* 4 2
Max Std Dev of Mean 0.4” 0.5” 0.8” 1.2” 2.0”
Reject Limit from Mean 4" 4” 5” 5” 5”

a position is 1 D/R measurement
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E .

Me as ur ement Errors

Mi ni mi zing
3. Random

Comparison of different resolution Total Stations
Pointing and reading error

? Angle Repetition

8 150 17123:3 Uncertainty
(=}
&
L 7
w
5 6
w
= 5
=
g 4 —
14 —_
]
2 > —
=4
[=}
a
w1
=

0

0 3 6 9 12 15 18 21

Number of D/R Sets

E .

Me as ur ement Errors

Mi ni mi zing
3. Random

A measurement must be independent.
Not changing conditions allows mistakes and systematic errors to be repeated.

1] LoS LoS =e
s T - - T 5
Horle/ Horiz Leveling
8 o From a single set up:
-— A (a) BS A and FS B
(a) (b) BS B and FS A

S e Collimation error does not

1 Lo LoS I
€ps T - ;
Hor%/ H compensate.
/ug\ T
B
_— > A
(b)
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E . Mi ni mi zi

Me as ur ement Errors

ng
3. Random
A measurement must be independent.

Change conditions (reset inst, resight tagets, diff day, combo, etc).

LoS LoS L ey
Crs Horiz Horiz T
P
B
- — 4
- A
(a) Initial setup
1 LoS LoS L e
Ces Horiz Horiz T
A
B
> —
(b) Reset A

Leveling
As a minimum, reset level between
runs:
(a) Balance BS & FS dists;
BSAthenFSB
(b) Reset with BS/FS dists
balanced;
BS B then FS A

E .

Me as ur ement Errors

Mi ni mi zi
3. Random

To minimize errors:
Favorable conditions
Use proper equipment
Trained personnel
Correct procedures
Repeat measurements

neg

This will minimize but not eliminate errors.

Only random errors will be left and they should be small.
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II. Random Errors

A. Basic Analysis
B. Error Propagation

C. Summary @

| . Random Errors

A . Basic Analysis
1. Terms

Direct measurement
Measure the unknown with instrumentation

i % O
0 9 10

Indirect measurement
Determine the unknown from measurements and computations

(N,E)

Want coordinates, but can’t measure
them directly.
Perform an angle-angle intersection.

3/16/2026
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Random Errors

A .

Basic Analysis
1. Terms
Redundancy

Also known as a degree of freedom (df)
A measurement beyond what is needed to determine a quantity.

Example: a horizontal distance is measured once
1 measurement rﬁ
1 unknown — the distance |
0 redundancy '

Measure again
2 measurements
1 unknown

1 redundancy
etc.

Random Errors

A .

Basic Analysis
1. Terms

Discrepancy
Difference between any two measurements in a set

Most Probable Value, MPV

The most likely value of the unknown based on the measurement set.
If all measurements are equal quality, then the MPV is the arithmetic average.

2m,

n

M=

m: measurement
n: number of measurements

3/16/2026
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. Random Errors

A . Basic Analysis
1. Terms
Residual, v

The difference between the MPV and a measurement.

V,‘:Mim/

Least Squares
The MPV is the value which minimizes the sum of the squared residuals.

Z(v,z) =min

L e sumtoftheS quar e s
Any other number will increase the sum.

This is based on statistical behavior of random errors.

1 . Random Errors

Anal S

Basi
1. Terms
Standard Deviation, o
TheNor mal D i(akafBre] tbtfue is @ gomph of residuals frequency.
Area under the curve is the total measurement probability
O is approx. 68% of the area underthe No r ma |/ Dicwve.r i but.

A . C

ysi

on

Precision indicator of a measurement set.
E(V,'Z) S /inf/ectio
O= 4| ——— 2 - point

(h—1) o

[}

o

&

asymptotictd 0 +0
residuals
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Random Errors

A .

Basic Analysis
1. Terms
Standard Deviation, o

The smaller the 0, the less dispersed the measurements.
Smaller g, better precision.

Measurement set 1 Measurement set 2
Larger o S ma 10] better precision

Random Errors

A.

Basic Analysis
1. Terms
Confidence Interval, Cl
Certainty that a measurement will fall within a range.

+0 isa 68% Cl
Other common Cl are:

cl Val ue

90% =~ 1.65(0)

95% ~1.96(c) aka2 s i"g ma

100%?

*95% Cl is often used to find mistakes. Mistakes Mistakes
s} 6 0 0 0 6 o

°f)° (2," residuals é’ Cgo
N >y
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Random Error

S

A .

Basic

1. Terms

Standard Error of the Mean, E,,
o is for the measurement set

Anal

ysi

E,, is the expected error in the MPV
An expected accuracy indicator.

EM:%

S

-0

0
residuals

+0

Random

Errors

A.

Basi
2. Example

C Anal

Y sS

S

Measurement

num

m

1

45.66

2

45.68

3

45.66

4

45.65

sums;

182.65

df=4—1=3

3/16/2026
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1 . Random Errors
A . Basic Analysis
2. Example
Measurement
num m v =M-m, v?
1 45.66 +0.002 0.000004
2 45.68 -0.018 0.000324
3 45.66 +0.002 0.000004
4 45.65 +0.012 0.000144
sums] 182.65 0.000476
df=4—1=3
M= 1824'65 = 45.6625 = 45.662
> v [0.000476
o= =,/ = +0.0125963 = +0.012
n—1 4—1
g, — -9 — 0.0125963 _ .y 556998 — +0.006
Vn V4
1 . Random Errors
A . Basic Analysis

3. Comparisons

Different measurement sets can be compared for precision and accuracy.
Example: Two crew measured different angles, multiple times.

Which crew has:

Crew A Crew B
Num of meas 2 D/R 4D/R
Average angle 128°18'15” 196°02’40”
Std Dev +0°00'12” +0°00'14”
Better precision?
Better expected accuracy?

1 D/R =2 angle meas.

3/16/2026
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1 . Random Errors

A . Basic Analysis
3. Comparisons

Different measurement sets can be compared for precision and accuracy.
Example: Two crew measured different angles, multiple times.

Crew A Crew B
Num of meas 2 D/R 4D/R 1 D/R =2 angle meas.
Average angle 128°18'15” 196°02’'40”
Std Dev +0°00'12” +0°00'14”

Which crew has:
Better precision?
Crew A because it has a smaller standard deviation
Better expected accuracy?

Crew A: £\, — — +06.0"

+14"
Crew B:|Ey = +04.9"
" Vaxa2

1 . Random Errors

A . Basic Analysis
4. Weights
Different quality measurements can be used together.
Use relative w e i gtdigivesbetter quality measurements greater effect.

Weights can be based on
standard deviations
equipment specs
equipment setup errors
number of setups
number of repetitions
guesstimates (experience)

3/16/2026
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Random Errors

A .

Basic Analysis
4. Weights
Example: A distance is measured by different methods with these results.

Method Dist, m (o)
Steel Tape 254.63 +0.21
Subtense bar 254.69 +0.16
Total Station 254.72 +0.06
sums/764. 04

Unit mean: M= @ =254.680

Unit means singular or one.
Treating all the measurements the same is like using a unit weight =1

Random Errors

A.

Basic Analysis
4. Weights
Example: A distance is measured by different methods with these results.

Method Dist, m ) w=1/02 wXm
Steel Tape 254.63 +0.21 22.7 5780.1
Subtense bar 254.69 +0.16 39.1 9958.4
Total Station 254.72 +0.06 277.8 70,761.2
sums764. 04 339. 686, 499. 7
Unit mean: M= 7643'04 =254.680

DowiXm)  geag9 7

Weighted mean: M, = =339 ¢ =254.711 Mean is pulled
E :Wf : A toward the Total
\ . .
~__ o Station distance

3/16/2026
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Random Errors

B .

Error Propagation
1. Indirect measurements

Uncertainty in desired quantity is a function of the measurement
uncertainties.

(N,E)

Random Errors

B .

Error Propagation
1. Indirect measurements
The measurements are combined in some mathematical operation.
How the error propagates depends on the mathematical operation.

Because measurement errors are
N l % random, they do not propagate in a

simple fashion by adding or multiplying.

3/16/2026
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Random Errors

B .

Error Propagation
1. Indirect measurements

There are as many ways to propagate errors as there are equations to
combine them.

Two common ones used in Surveying are: * e
a. Error of a Sum o %"‘4/

Adding, subtracting measurements .L

I;
(J
b. Error of a Series ”.
When the same error recurs multiple times

Random Errors

B .

Error Propagation
2. Error of a Sum

Esom=VE{+EZ+--+E}
E,, E,, ..., E, are the uncertainties in the numbers being added/subtracted.

Example:
A soil specimen is divided into three sample parts which are separately weighed.
What is the error in the soil’s total weight?

Soil sample Weight
1 56.2 gr £0.15 gr B 5 2 -
) 28.9 gr £0.21 gr Esum=/(#0.15) >+ (20.21) > + (#0.11)
3 41.6 gr +0.11 gr =+0.2815= #0.28
127.6 gr

3/16/2026
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1 . Random Errors

B . Error Propagation
3. Error of a Series

ESeries - E\/;

E is an expected error each time an operation is performed.

Total error is individual expected error times the square root of the chances it has to
occur.

Example: e
Each time they set up a level, a survey crew can / A\
A

determine an elevation difference to +0.015 ft. ‘K'
What is their error on this loop? | /

L

1 . Random Errors

B . Error Propagation
Example: GPS horizontal and vertical baseline components

Heoy Positioning performance

H:3mm + 0.1 ppm

Precision Static V:3.5mm + 0.4 ppm

=y,
H:3mm + 0.5 ppm
V: 5 mm + 0.8 ppm
H: 3 cm RMS?

PPP V: 5 cm RMS?
Convergence time: < 5 mins®

Static/Fast Static'

Baseline

Viasey €3 [RTK’ H:5mm + 0.5 ppm

V:10 mm + 0.8 ppm

RTK +5mm + 0.5 mm / ° tilt

RTK, TILT Compensated Compensation up to 60°

Ewn=VE +E+ -+ E;

Hgase: base centering error
Hgoy: FOVer centering error
Erv = Haose  Hiren + Ha
Vpase: base Hl error 0=V e MsA Rov
. — 2 2 2
Vpoy: rover Hi error Ey =V Viuse +Vissa + Vo,

3/16/2026
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I . Random Errors

B . Error

Propagati.i

on

Example: GPS horizontal and vertical baseline components

MSA: £(5mm + 0.5ppm) horiz
Base centering error: E;=+0.005ft
Rover centering error: Eg= +0.05ft
What is baseline length error?

Baseline=300 ft ©101

A

Base,
NEZ

EH - \/HBzase + H/\24SA + H/’-(Z’OV

39.37in _ 1ft
ocomm X =0.0164ft

X
>mm 12in

. ) 300ft X0.5\° )
EH—\/(O.OOSft) +(O.Ol64ft+71’000’000> —+(0.05ft)

= +0.053ft

recision~7o'053f t_ 1
p "300.00ft _ 5360

3/16/2026

1 . Random Errors

B . Error

Propagati.i

on

Example: GPS horizontal and vertical baseline components

MSA: £(10mm + 0.8ppm) vert
Base HI error: Eg=+0.005ft
Rover Hl error: Eg= £0.005ft
What is baseline elev diff error?

Baseline=300 ft °101

A

Base,
NEZ

E\/ = Vvéase + VI\ZASA + Vﬁ%ov

39.37in

ift _
oo % =0.03281ft

10mm X
mm 12in

E, = \/(0.005ft)2+(o.03281ft+ M>z+(o.oo5ﬁ)2

1,000, 000

= +0.034ft

23



1 . Random

Errors

B . Error

Propagation

Example: What about tilt compensation?

Positioning performance

H: 3 mm + 0.1 ppm
V:3.5mm + 0.4 ppm
H: 3 mm + 0.5 ppm
V: 5 mm + 0.8 ppm

Precision Static

Static/Fast Static'

H: 3 cm RMS?
PPP V: 5 cm RMS?
Convergence time: < 5 mins?
H: 5 mm + 0.5 ppm
4
RTK V:10 mm + 0.8 ppm
RTK + 5 mm + 0.5 mm / ° tilt
RTK, TILT Compensated Compensation up to 60°

Evv =/ Huse + Hisa + H

3/16/2026

Random

Errors

B . Error

Example: What about tilt compensation?

3 -~

S 1610

|‘\

300 ft baseline
Rover at building base

Propagation

MSA: £(5mm + 0.5ppm) horiz
Tilt: RTK + 5mm + 0.5mm/*°

Base centering error: E;=+0.005ft
What is baseline length error?

Smm =0.0164ft

: . 39.37in | 1ft _
16.1° X 0.5mm/° =8.05mm X 1000mm i =0.02641ft

EH =V Hgase + HI\ZﬂSA + H%/‘It

1, 000, 000

2
= \/0.005ft2+<0.0164ft+ M) +(0.0164ft +0.02641) >

proc— 0:046ft _ 1
300.00ft 6520

24



Random Errors

B .

Error Propagation
4. Combined
Angle measurement
Angles are complicated because there are 3 points and a number of random
error sources:
Instrument angle resolution
Instrument centering
Target centering at BS and FS points
Target sightings
Distances to BS and FS points
Number of times the angle is measured.

TSI —
resolution; T Ee
centering Drs @
N Random Errors
B . Error Propagation
4. Combined
Angle measurement
2 x
TSI Point & Read E, .= T';”
D .
TSI Centering  E, .+ xE_ 206, 2 6 4
DsD 2 radian
. D
2 \\
Target Centering g - {EBS Z] + ﬂ‘is 06, 2 6 4.
(DI s radi an 15|
resolution; T — B
centering Drs @
Angle Error E, =B + E &1

3/16/2026
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1 . Random Errors

B . Error Propagation
4. Combined
Example

A TSI with DIN spec of 2 sec;
centering error: £0.005 ft

BS & FS centering errors: £0.005 ft & +0.01 ft;
BS & FS dists: 176 ft & 243 ft.

D
Angle was measured 2 D/R to get 123°30’10”
Many comps later.... TSI |
Expected error in the angle is +11.4” resolution; TN E.
centering Dpe @

1 . Random Errors

C. Summary
Error Management

Errors can’t be eliminated but effects can be minimized

Systematic errors
Procedure
Adjustment
Computation

Random Errors
Appropriate equipment
Knowledgeable personnel
Careful measuring techniques

Remaining random errors
Individual measurements - Analyze
Networks - Adjust and analyze

26
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I . Random Errors

Now what?

Random error will exist and must be dealt with.
Minimize by repetition.
Adjustment: Distribute part of the error back into each measurement or result.

Adjustment should reflect measurement error behavior
Results might not fit perfectly
Appropriate weights
Apply a "best fit" adjustment model

27



Net wor k

Adjusting
Redundanci
Least Squa
P i

a Net wor k

e s
res

n Cushi ons

[ T L ea st

Ad j

S q

us

| 1 . Least Squares

A . Net wor k

A network consists one or more directly

indirectly measured quantities.

Simpl e Semavtoirhkes weotldow t he
error:

Z (int. angles)=(n—2) X 180°

D> lat=0 ) Dep=0

Comp !l ex ire ttwhoerrke: are so many
measurements of v
determining a “to
i mpossi bl e.

o

and/or

r

t me n



ol Least Squares
( o
B . Adjusting a Network
Adj ust ment process of di stributing error
Level
Si mple network usuaIInyadjusted C
. B MB
mat hemati cal model . ]
8 ) §ror =0
Exampl e: Each point h qiongl
el evation. &
Use an even distributi :
Closure error at BM D = 8 §224.3024
Corr’n per elev= -0.03/3 = -0.01
Adj £18¥5.43+(1)(-0.01) = 815. 42
Adj £1&%2.32+(2)(-0.01) = 822.30
Adj 68 e®¥24.07+(3)dhdck1l) = 824.04
Each point has a single adjusted elevation
ol Least Squares
( o
B . Adjusting a Network
Adj ust ment process of distributing error
Level cir(:uiB't;/IA
Add runs between non-aBdM'Bacent points 806 . 52"
Points Q and T have mebiscgpsl'e raw tions
82 4. 8. 6 91"’
How to apply simple adjudt 4 38
. ' 822, 34+6. 895 43
Wi | | Q & T end up with a sgmnxglse adjusted
el evation each?
Have to use a "best-fit" adjustment mo d e |
An LSA minimizes the sum of the squares of
the residuals of) =tmhien observations: (v




ol Least Squares
( o
B . Adjusting a Network
Simple Adjustment Least Squares
Advantages
Advantages Model s random errors
Easy Able to deal wi th mull
simul taneously
Easily incorporate r
Di sadvantages measurements
Treats random errors syMitx mbitfifcandmnt qualit|y
Can't determine qualityCaonf gaednjeyrsatteed sytaaltyies t|i
overall adjustment
individual unknowns
Di sadvantages
Computation intensi v|e
Statistics overload
Easy to misuse
ol Least Squares
( o
C. Redundanci es
1 Vertical
Redundancy; aka Degree of freedom (df)
df = m-n
m: number of measurements
n number of unknowns

B
8
9

MA
06. 52"

1"

better

ti

pl e

edundan

me a s U

cs

for



Least

Squares

(&
C. Redundanci es
2. Hori zont al
Each point in a horizontal net work has two upknowns
A Radi al 2D Survey
AControl p ol
eUnknown point B
L]
1014
. “e
101 \ 101
(] :‘4.
102 102
. .
103 103 4 Angl es
4 Distances
m 8 Measurement
n 8 4x2 wunknowns n 8 4x2 Unknowns
dfo
I Least Squares
o
(&
C. Redundanci es
2. Hori zont al
Each point in a horizontal net work has two upknowns
A Radi al 2D Survey
AControl p ol
eUnknown point B
4 -
104 104
L]
101
L]
102
Ld
103 An
8 Di
m 16 Measurement
n 8 4x2 unknowns n 8 4x2 Unknowns
dfsg




| . Least

Squares

ht s

e s i

(&
Least Squares Adjustment e
Fundamentals e I e T G
Conventional
Random errors only Distarce Consrt: [WEH  FeetlS
Mi stakes found and removed e
. Angle: 5.000000 Seconds
Systematic errors compensate|l owmm G0 Seconds
Azimuth / Bearing:  {5.000000 Seconds
Least Square Standard Errors (A Priori) ? X —
CO rrect we l g mmh::imm Vertaial ms&mu Vertcial = oo |
A p r | fo) r-i e Constant [TER | [0.0s0 Painting [5.000 | [5.000 AzmuthfBearing | 5.000 0.000
. o [5 |[5 | Reading [50m 5.000 Centering Erors
Equi pment| e Hodz Insument: [T000000  FeetlS
Experienc ¥ [ooon | % [oow | 2 [oow ] e Horz Taget r_-_[W FeetUS
il [E [
An LSA best-fits measurements to control poi
Di fference between an adjusted and original
LSA minimizes the sum of? tmensquares of the
| | . Least Squares
(&

Least

Vertical
I'n |l eveling
Unknowns

are
Measur ements

Squares

el
ar

Elgev Eb e BSFS

Si mple mat

B S

h

me a

Adj

ust ment

evations
e simple
ns LSA is a

BS

addi ti on

di

N

rect

and

s ol

Ssubtr g

uti on

by

me a S ur e

dua



Least Squares

(&
D. Least Squares Adjustment
2. Vertical
To mini?mi zen dgyuation including a residual my s
MA
06. 52"
1
Line
BMA - QF: /=806 .+52 +8. @ & E,e8/15. 43
Q- T: El,esev B0l .e89,, v, = El.ev &l ev
T-BMD24=Dl4ew +, VWb5=822.-E9 v
BMD- CE/,e=824.-04 +§‘.\§7q6=EIQeSV15.38
o Least Squares
( o
D. Least Squares Adjustment
2 Vertical
To miniYdmi zen dqguation including a residual m U
A
6. 52"
Square each residual equation and add them

F=Y v 4 Efevs )as( , EHgv-"H) &8 830. 29 E/ dv Elev
1

The function must be minimized for each wunkno

Take the partial derivative with respect to e
oF =0. 0 oF =0. 0
OFE | e v OE | e v

n.
c h

unkn



+§Iev

"d EIl ev

A d j
_Es\ev

| Least Squares
(&
Least Squares Adjustment
Vertical
To mini?mi zen dgyuation including a residual my s t
A
6. 52"
Square each residual eqguation and add them
F=Y v 4 ELevs)a3( , E4gv-—"K). 880  8PL. 29 EI v(822.38+ Fev,)’
1
The function mus:t be minimized for each unknoWwn.
Take the partial derivative with respect to edch
BF:' 6F:0.0
OFE | e v OE | e v
| | . Least Squares
o
(&
Least Squares Adjustment
Vertical
Statistiocs: Once el evations are deter mined, e
B MA
'806. 52"
2 WES 8. 91"

S

unkn

dua



ol Least Squares
( o
D. Least Squares Adjustment
3. Hori zont al
Unknowns are coordinates
Measurements are angles and distances.
Position determination requires trig which 6§
Partial derivatives with trig fune¢tions is a
A
\ ’
DAT /“/o A
Vat
al E- B o B E
Va DA{( NT '%I)A +(ET_ZEJ) Vfa?ﬁF/(?Az A_'I'AyAFzé FA1T|:N:_NA:| ! - Mn
ol Least Squares
( o
D. Least Squares Adjustment
3. Hori zont al
Solution is iterative:
Start with initial coordinate approxi mati orf
Use minimization function to compute coordi
I f corrections are significant, Fapply to c{
Er &
- N

non- |

pain.

nate
or di

C
n a



[

I Least Squares
( o
D. Least Squares Adjustment
3. Hori zont al
Statistiocs
Each adjusted coordinate ofanag pSair has it
Bi-variate Di st
I Least Squares
( o
D. Least Squares Adjustment
3. Hori zont al
Error EI'l i pse
N N
StandaNrd Error_ES Standard
Errors Rectamgthe EIllips
| T*fi f/b
TS E — E : E
o N |
S
+p
The position is weakest in
axis, a. I t s direction is
Position is strongest in t

t
Az
h e

W n st

buti on

he di

s emi



. Least

Squares

(8
D. Least Saqguares Adjust ment
3. Horizo
Error E
Standard error el l 9p%eCreereeentblipse use approx
approx. 33-35% of theowoktbmesemdemaj or and |-minor
the bivariate distri(b@adtoinom:urNatceal | software use
33-35% CI mul tiplier to get 93% Cl)
111 . Least Sqguares
(8
E . Pin Cushion
A pincushion is a corner with multiple monumpnts se
Not ' i mited to
surveyors.

|l and

10



| Least Squares
(&
Pin Cushion
Exampl e: | ndependent s uPrrvoepyesr toife st wsoh alroet sc o mmo/n b ou
Al l corners exi st excelpt co
2021 Jones Ssurveys Ander son
Starts at A, uses relcord
measures to C, and wuflses r
and bearing to D.
2023 Mills surveys Wrilght p
Starts at ), uses relcord
measures to L, uses |recor
bearing to M
Both surve§toamaingt ed $i56 C|

| . Least

Squares

Cus hi on

Pin

Exampl e: I

0. 43 ft
2 M
Ander s o
Wr i g ht

ndependent

surveys of two |

95% CI Adj ust ment resul fs

ParcelNort h,Eafstt, Sft S

Ander s 2m,49D 29%44. 0773®8. 221
Wright26M9. 26874.60720. 209

n
mr

f
b e
e c

I«

b e
d

11



Least

Squares

(&
Pin Cushion
Exampl e: I ndependent surveys of two | ots
Standard error eEIrirpds,ese||ipses
Point a b Az
a D 0.226. 13004°304andaf
(Anderson)
Anderso
) M 0.210.10800°90andafr
Wright (Wright)
Scaled correctly
| Least Squares
(&
Pin Cushion
Exampl e: I ndependent surveys of two | ots
95% Cl error el |l EpsrexEr el l i pses
Point a b Az
D 0.226.13004°38Bandapr
(AnderG.omn5Q. 319 95% CI
M 0.210.10800°90andapr
(Wrightp3a.260 95% C|

Scal

ed correctly

12



u Least Squares
(&
Pin Cushion
Exampl e: I ndependent surveys of two | ots
Should each surveyor ha
““oorrect” monument?

Scal

111 . Least Sqguares
( o
Pin Cushion
Understanding error behavior helps avoid cre

Commencing at a 2" iron pipe at the west quarter comner of Section 31, TSN, R10E;

Thence S$88°16'52"W, 0.30 ffect to the existing east line of Sc.:tion 1, TSN, R9E;

Thence S00°18'01*W,(0.01 ffeet along said east line of said Seciion 1;

Thence S00°18'01"W, 33.20 feet along said east line;

Thence N88°34'15"E, 33.78 feet to the existing east right-of-way line of STH 104, also being the
point of beginning;

Thence N88°47'53"E, 803.03 feet along the existing south right-of-way line of STH 92;

Thence N88°17'20"E, 55.46 feet along said south right-of-way line;

bt

p |

neg

a C

p

13
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NR-&-by-R—{ LIS OA -

Definiti ons
Contr ol
Ma p

Boundary

L+xd {dF YyRIFNRA

Definit.i
Standard:

ons
goal

A
a

Specification: a

Specifications

A standard mus t

Foyeo Rk dS-OA-FAOF A 2

or | evel to be achieved.

set of rul es defining]|procec

are a structured and repleatabl e

be achieved by design not b
CYAN 4




3/16/

, -~ v ~ FGCC. o . P
L+d {GFYREFENRE I yVReodkdS-OAFAOL (A2
€ He
B . Control Surveys Specifications to Sufponaw'r
1. Traditional o el
Specifications of
a . Responsible Age lc Control Surveys
FGCCSRSNIf DS2RS{ A ( Standards and
I 2YYAUUSS Specifications for
Representatives f| Geodetic Control Networks
agenci es, eg,
National Geodetic
US Geol ogical Sur
us Forest Service
US Department of
etc lontrol Committee E:‘H-
1984 Standards and mm’*;’:ﬁ;ons.

L+d {GF YRFENRE FyR-AAISOAFAOL (A 2
B . Control Surveys
Traditional
. Standards
Mul ti -1 evel standards depending on use.
(1) Horizont al
Standard expressed in relative ter ms; mi ni m
directly connected points
First Ofder Second Order Third Order
Class | Class [Il'IClass 1Class |11
Precilsi omn/100, 000 1/50, 000 1/20,0pa/10,00a/5, 00
Us e Primary hAddiotniad na l cFounrttrhoellrPt ovi de greate accessi
net wor k, Mest trroe nagrtehae d eanrsd f i [c al toiwoenr, accur ac | ocal S
net wor ks, deinesr tfiyf ipaSiumpgpdye mental needs.
studiesg. net wor k. controfl .




L+®d { G YRI NR&

~ FGCC. o >
by Rk dS-OA-F A O |t

B . Control Surveys
1. Traditional
b . Standards
Mul ti -1 evel standards depending on use.
(2) Vertical
Standard expressed in relative terms;
First Order Second Orj|der
Class |1 Class| IClass KEClassfThird|Order
Relati"vie OAGcymmvRO®. 7 mmviK 0 mmuK 3 mmZKO0O mmvK
Us e Basic framewor|kS eocfo ntdhae€ ghattrjodbh a ¢ all
Net work and off NMat rddkearsd |i cotnita o |
control; ExtensiMeetewgr prolj ects
control
K: distance in km
FGCC. o

L+xd {dF YyRIFNRA

YR {LJ

B . Control Surveys
1. Traditional
C Specifications
Divided into 5 sections
Section Pur pose
Net wor k g e dGmeenterrya | |l ayout to ensure geomet
coverage.
Il nstrument altyipees and characteristics of eqdi
requi site measurement precision
CalibrationNapruocee dannrdesf requency of equi pme
Field procedwrrespri ate methods of observat
tol erances.
Of fice prodeadwr easnal ysi s, testing, and adju

OAFAOL

3/16/
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~ FGCC. o >
by Rk dS-OA-F A O |t

L+xd {dF YyRIFNRA

B .
2.

Control Surveys

B . Control Surveys
1. Traditional
. . . Order First  Second ~ Second Third Tlird
c . Specifications Class I nor
Directions
C an b € extreme I y d € Number of positions .......... 16 16 8orl12f 4 2
on: Standard deviation of
. mean not to exceed ........ 0.4" 0.5" 0.8" 1.2" 20"
Hori zont al or V € I | Rejection limit from
the MeAN ..vvervmssrssmsrisns 4" 4" 5" 5 5"
Order and cl ass
Reciprocal Vertical Angles
.(along distance sight path)
Number of independent
Exampl e: Trlangulatfd",’scrl"/ations , ) .
irect/reverse ..
A n g | e fo) b servation Max?mums‘prcaii. 10" 10 10" 2"
Maximum time interval
second-order C | @ S | betweenreciprocal
les (hr) vvinsssmsnasiinns 1 1 1 1 1
only be made at nl %
Angle measurements: see table
FGCC. o

YR {LJ

I nterim

1984 Standards devel oped before GPS a
a . GPS Because GPS measurements we r
di stances, three new horizontal orders

hNRSNBAalGEF YOS t NBOAaAAZ2Y
AA 1:100, 000, 000
A 1:10, 000, 000
B 1:1, 000, 000

b. Digital levels: Velryté lcNtdy SonoadNe GsnE2dyiR d
t NEPOSRA&ZNB ons were updated to incorpora

OAFAOL

3/16/
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Control Surveys

. —FGE66€. o F @D
by R dS-OA-F A O |t

I nterim
c . Responsible Agency
(1) FGDC: Feder al Geographic Data Com
Established in 1990 to create policies,
National Spatial Data I nfrastructure (N
Addr esses al l aspects of spatial data,

(2) FGCS: Feder al Geodetic Control Su
FGCC becomes the FGCS wunder the wumbrel!]l
FGDC-STD-007.2-19938

Geospatial Positioning Accuracy Stand

L+xd {dF YyRIFNRA

B . Control

3. Current

Surveys
Standards

. TFGE6O6€E. o F @D
oy Rk dS-OA-FA O

FGDC-STD-007.2-1998

FGDC-STD-0 Federal Geographic Data Commuttee
Draft Geospatial Positioning Accuracy Standards
Part 2: Standards for Geodetic Networks
CONTENTS
21 Introduction . . .. ..
211  Objective
212 Scope ..
213 Apphcabihty ... ..
214  Related Standards ..
2.1.5 Standards Development Procedures . . .
216 Maintenance b SR, R e T R
22 Testing Methodology and Reporting Requirements . ...........................
221  Accuracy Standards .
222 Accuracy Determination . .
223  Accuracy Reporting . .
23 RERREREES o conmsimiminn, Semmsae s BEruTsm

Page

- LV I R VORI N S U IR

19 B9 12 12 19 12 12 19 12 192 12 19
el el e e e e T e

3/16/
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L+®d {{FYREFENRE IV ReoodkdS-OAFAOL G A 2
B . Control Surveys
3. Current Standards!OOdNI O
: _ / £ aan Tppdd (/ALY Y
a . Posi tion Uncertai nmtwym 0.001
Standards are defined2by Po%42ti on
uncertainty at the 951‘% corgfgfl)dgence
. cm .
interval. 5 0. DG
5 0.050
These are applicable 1f dgm: 0.100
: 2 0.200
horizontal 0. 500
el |l i psoid height 1 m 1.000
orthometric height 2 2.000
5 5.000
10 10.000
z ~ v L . T+—6O6€. o F &@D|C: F G
L+d {GF YRFENRE FyR-AAISOAFAOL (A 2
B . Control Surveys
3. Current Standards
b . Met hodol ogy
FGDC-STD-007.2-1998 changes how specificatior
Instead of identifying equilp@deNI @& d s peci fioc
5SUSNYXYpPpYbakcdyre is used:
- Minimally constrained | east squares |adjust
weighting and freedom from blunders.
- Local and network accuracy measures [comput
determine the provisional accuracy.
- Accuracy checked by comparing minimdlly co
established control; mu s t me et a 95% [(C1 .

3/16/
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B . Control Surveys
3. Current Standar
b . Met hodol ogy
Accuraci es:
Local - point pos
relative to othe
adjacent points
confidence inter
Net work - point p
uncertainty rela
datum at the 95%
interval

. —FGE66€. o F @D
by R dS-OA-F A O |t

ds

X
A\i:;
z
N “Local
i tion uns qinty
r dijrect|l nected
at tlhe 95y
val Net war
osi tion AN
tive_to the gedHalic
confidence

L+xd {dF YyRIFNRA

. TFGE6O6€E. o F @D
oy Rk dS-OA-FA O

B . Control Surveys
3. Current Standards
b . Met hodol ogy Oge (N, E) "
. ] > R_05|t|bENJ’\I2dy_ul'f bSu
Minimally constrained ngtwork adjustme
All the measurements o\
Just enough control to net-wor
° /
Ver thiSdiagl2 NJ /

One
El eva

oUnknown
AVertical,
AVertical,

oUnknown

OHorizontal, f
free Horizontal fi
fixed u /

3/16/
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B . Control Surveys

MTO7 L7 **%*% % %% %% %% % k% x%kxxt ks thtatthsthsattktsssxhsxsssxn
MTO0717 DESI GNATI ON - HARDI STER

MTO0717 PI D - MTO717

MTO0717 STATE/ COUNTY - UT/ BOX ELDER

MTO0717 COUNTRY -~—Us

MTO0717 USGS QUAD - NI LE SPRING (2018)

MTO0717

MTO0717 *CURRENT SURVEY CONTROL
MTO0717

MTO0717* NAD 83(1994) POSITION- 41 55 38.48001(N) 114 02 1/
MTO0717* NAVD 88 ORTHO HEI GHT - 1691. 3 (meters) 554 4
MTO717 ]
MTO0717 GEOI D HEI GHT - -15.225 (meters)

MTO0717 LAPLACE CORR - 2.22 (seconds)

MTO0717 HORZ ORDER - FIRST

MTO0717

MT0717. The horizontal coordinates were established by cl
MT0717. and adjusted by the National Geodetic Survey in J
MTO0717

MTO0717. The NAVD 88 height was computed by applyin the V&
MT0717.the NGVD 29 height (displayed under SUPERSEDED SURSES

N

v < . . F6EC. o F GD
Lzd {dF yRIENRE by RoAkdS-OAFAOI

Control Surveys

T EETOETTTETEOETTTETETETOTETETPETETETETEEEEEESYST
DESI GNATI ON - HPGN D CA 01 YD
PI D . DH6377 DHB BT 7 ** % x% %% xxk x ks xk x otk dnndnntrnntxnntrssnlorhrnssnnsssnsssnns
STATE/ COUNTY - CA/ DEL NORTE DH6377 ACCURACI ES - Complete network and | oclall accuracy infor
COUNTRY - us DH6377 DESI GNATI ON - HPGN D CA 01 YD
USGS QUAD - BROKEN RI B MOUNTAIN (2018) DH6377 PI D - DH6377
DH6377
* CURRENT SURVEY (QONTRABE377 Horiz and Ellip are the horizontal and |el|lipsoid height
________________________________________ _ | _DH6377__at_the_95% confidence level per Feder af [Geographic Data
NAD 83(2011) POSITION- 41 58 41.85159(N) | 1R3DHB 7B203H@18@W) PosAPIiWRTMY AccurSaxyN StSandearadsd SD_h are
NAD 83(2011) ELLIP HT- 521.235 (meters) DH637(706/t 2%/ 52)andaABIWUSTVERti ons (one sigma) of| the coordinates
NAD 83(2011) EPOCH - 2010.00 DH6377 of the difference in the coordinates (|LOCAL) in latitud
NAVD 88 ORTHO HEI GHT - 546.7 (meters) DHBBY4. and(fe¢dtips@GPS @GRS ght . CorrNE is the (udniftless) correl af
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, _|_DH6377__coefficient _between the | atitude and ljongitude componen
NAVD 88 orthometric height was determineld (WDHB3g&oi dhmodebrdi nGE®I DPMETWORK) or coordinate| dffference (LOCA
GEOI D HEI GHT - -25.534 (meters) DH6377 the thre@EQ@Ilib@hsional straight-line sljopp distance, in
GEOI D HEI GHT - -25.523 (meters) DH6377 station G®HBGIBDOY8 and the corresponding ljocp! station. Lo
NAD 83(2011) X - -2,636,552.944 (meters DH6377 are stati onBOMR ocessed simultaneously finla session rega
NAD 83(2011) Y - -3,949,884.149 (meters DH6377 di stance. COMP
NAD 83(2011) 2Z - 4,244,160.315 (meters) DH6377 COMP
LAPLACE CORR - 9.95 (seconds) DH6377 AccuracPEBbhBC$8andard deviation values| afe given in cm.
DH6377
Net wor k accuracy estimates per FGDC Geoslpat DM63P@si Typei PyDAceloracecy EI|lip
Standards: DH6 377 = = = - e = cc o seccc e ceececceceeeee o
FGDC (95% conf, cm) Standard |deflvDH6B@@ ( NBYFWORK Codr WE
Horiz ElIlip SD_N SD_E SDHE 377 (u-n-i-t-l-e-s
---------------------------- --|- DH6377- - L OCAL-
1.61 0.53 0.[3PH630@782MX1295
---------------------------------------- --|-bH6377-- DH6374
accuracies and other accurgc DHE DT MatNDN3 30
DH6377
ordinates were established DH6GP3 oME®OIAANti ong. 11 a1, 5% 9.66
he National Geodetic Sur|velyDHB3JUNe-2022: - - - - - - - - - - - oo oo oo oo mmmmn o S IR IR

/
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C. Map Accuracy <l 20 N
1. US National Map Ac ds
(USNMAS) 4.
Date back to 1937; | a 1
1947
Purposes:
To assure the graphi
publicly funded maps
Ensure efficient acc ‘
exchange between fed
agencies
i
THIS MAP COMPLIES WITH NATIONAL MAP ACCURACY STANDARDS ¥
FOR SALE BY U.S. GEOLOGICAL SURVEY, WASHINGTON, D. C. 20242 = T
AND BY THE WISCONSIN GEOLOGICAL AND NATURAL HISTORY SURVEY, MADISCON, WISCONSIN 53706 7z
A FOLDER DESCRIBING TOPOGRAPHIC MAPS AND SYMBOLS IS AVAILABLE ON REQUEST

L+zd { Gl yRFNRE YR

C. Map Accuracy

. US National Map Accuracy Standards

(USNMAS_) b. Vertical

a Horizontal <10% of el evs tested
Error of <10% of phyftenkedodR oWIPint
mu s t be within:
1/30 inch at scal es > 1:20, 000,
1/50 i ch at Sca|é/5er<t|1c:a2|0’86d’or can b

all owabl e horizerrof

Points meas’dat publication scale
Only for well -defined points

fbkdS-OAFA O
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C.
1.
c .

Map Ac
US Nat
Exampl

zont
e
1

Hor i
Scal
Us e
1/50"”
400"

90% of
wi t hin

L+®d { G YRI NR&

curacy SCALE 1:24 000
i 0 n a I N 1[:’5< = 4:;12 = 4‘2 K"’:AZ:‘;SERS 10100 Z(;ZOO S
e : U S G S 1000 0 1000 2000 3000 4000 e 5000 6000 7000 8000 9000 10000
a I S t a n C - . _ [ NORTH AMERICAN VERTICAL DATUM OF 1988 ]
1:24,000 < 1:20, 000
/50" positiogal ¢accHdragcyandard
x 20,000/1 = 400 54
1’ /12” = 33. 3"’
1/2 x 20’ = 10’
tested points mu s t be
+33.3’ of th®0% orhapeploesd tpiocd nmts
+10’ of their wvertic

C. Ma p
2. FGDC
bI-[])\Ey'I-f
Us e s R
R MS :
e,
E,
dE,

L+xd {dF YyRIFNRA

Accuracy

FGDC-STD-007.

oy R

3-1998
I O0¢

{GFYRIFNR FRNBE DR} GALDBOBIL G
oot Mean Squares Errors ( RMS E)
square root of the average of t he
n, Pzositions from map or di gi tal da
N, PZositions from survey measur emen
d ND,i sdcZr epancy between map and suryv
dE = e - E

dN= n -

dz = z -1

fbkdS-OAFA O

mu s t
al ma p

NI O@
to det
squarec

t a
t s

ey pos.i
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C. Map Accuracy
2. FGDC
Lotsaequations
(X . . t(Qo . Qe
Me a n diff'L')elee—n(—.che 0L w (é) 00w (‘s@
t(QO 00 Q0 000 1(Qe 00 @
Std Dev dnff'e—r—g—n—(p—e— ” 3 o " z b
R Ms g YU YO ”io YO YO HQSQ YO YO j'(g;d)
[ . ] Vertical R MS E
Hor iz RM§HO JYYOO 'YVYOO

95 % {Evl'o"v'o p8xomyY

YOYWOYO p8wemm ]Y 0 YO

=LIS-OAFAOI

L+xd {dF YRIFNR

oy R

a

C. Map Accuracy
2. FGDC
Exampl e
Ma p Survey
Pt e n z E N z dE dN dz
GCPL13,584.8B394494PB348B25H84.7513565604DD41988. 140. 070. 07
GCP23,872.129®3%.128B0@B7212993H.128B96®. 160. 1m0 010
GCPB3,893.D89794824839893.10R2Z948PA41900170. 07DDQ 102
GCP43,927.194H848B839B2B89V271R,6%8 B3.98B7(%90A. 0700. 15-00. 10
GCP516, 7371 ®,7687 54.5919|B®O,573 6.69 HHF 4587V D8 130®. 120. 087
MPV - 0. 0303 00®. 00 ¢
Std.Dev108®. 119. 091
Coordinates and el evations BMBEDnl1Mhe@ters.
RMSE 0. 147 0. 0381
95% Cil. 255 0.160

fbkdS-OAFA O

3/16/

11



3/16/

-

L+® {dF YRINR& YV RoAfkdS-OAFAOL A2
D. Boundary
1. ALTA/NSPS

American Land Title Association® (ALTA) Minimum Standard Detail Requirements
National Society of Professional Surveyors (NSPS) For ALTA/NSPS Land Title Surveys

MINIMUM STANDARD DETAIL REQUIREMENTS FOR
ALTA/NSPS LAND TITLE SURVEYS
(Effective February 23, 2026)

SALTA

Lzd {GF YRENRAE I Y ReodkdS-OAFAOL G A2
D . Boundary
1. ALTA/NSPS
Section 3: Survey Standards and Standardf|s of C

Sub-Section E Measur ement Standards

i WSt FOdADBS t 2aA (iAs2ytlHe t NSOhmthie2d) i ndi catdr of
ALTA/NSPS Land Title Survey. | t i s defilned as
meters or feet, of the error el |l i pse of t he |
mar king adjacent boundary corners of the s ur\
|l evel. Rel ative Positional Precision i mo s t
weighted | east squares adjustment of th Sur v
standard deviation of the distance between tt
boundary corner of the surveyed propert{y and
i mmedi ately adjacent boundary corner o t he s
can be computed using the ful/l covariamce mat
given pair of points, understanding that Rel a
percent confidence | evel

12
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D. Boundary

1. ALTA/NSPS
Section 3: Survey Standards and Standanfqds of
Sub-Section E: Measurement Standards

Except for fixed polionidzdrdziecS c e | wiilpls eh afpvhd ciht sa

estimate of a point s position uncert|ainty.
ANBfletXx@3 el | ipse SilsoSShyat encdhtsi nsyllocal a

b
Y ASYAnYlI22NVTE
Absol ute
9 Rel ative

N~

L+zd {dF YRIFENRE YV ReodkdS-OAFAOF A 2
D . Boundary
1. ALTA/NSPS

Section 3: Survey Standards and Standarfds of

Sub-Section E: Measurement Standards

Relative Position Precision (RPP) i s |[the se

interval (Cc1) of a relative ellipse bletween
b

dpiz /L 9ttt ALl

{GFyRFNR 9f € ALY

13



3/16/
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D.
1.

-

FY R

Boundary

ALTA/ NSPS
Section 3: Survey
Sub-Section E: Measur ement

al EAREY is 2 c¢cm

Thi s is treated as a |

RPP=0.07ft +[D% 5% 600 000]

he

Standards

ne

D i s t di stance bet ween

YR ER YideY etrhteai nt vy ;
because it i s a

Remember:

And resul

(0.07 _ft)

LIS-OA-FAOI

and Standands of
Standards

pl us 50 ppm bet we
ar error:

points tested.
anything | ¢ss i s
t of randomil|errors

L+xd {dF YyRIFNRA

D.
1.

N~

YR A

Boundary
ALTA/ NSPS

Section 3: Survey Standards
Sub-Section E: Measur ement
Rel ative Position Precisi
Error el |l i pses are deter mi
the measurements.
|l tydab refl ection of records
The result of random error
Measur ement qguality is aff

Equi pment
Conditions
Procedures
Personnel

LIS-OA-FAOI

and Standanr
Standards

on

ned from a pr
research, e V
S in measur em
ected by:

operly
i dence
ents.

14
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L+d {GFYRFENRE Iy RockdS-OAFAOL G A2

D. Boundary

1. ALTA/NSPS

Section 3: Survey Standards and Standanfqds of
Sub-Section E: Measurement Standards
“For any measurement technology or prlocedur
Survey, the surveyor must (1) use apeplropri a
for systematic errors, including thos|le asso
( 3) use appropriate error propagation and m
the proper instruments, geometric | aylouts,
procedures) to control random errors [such t
Positional Precision outlined in Sect|lion 3.
Site conditions may affect ability to dgchieve
pl at.
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2. State
Each state generally has some standardd or gt
Ex: Wisconsin Adi®i mi attydtyid¥e {Gd Rl NRJ F2NI L
A-E 7.01 Scope.
A-E 7.02 Definitions.
A-E 7.025 Survey report, requirement sj|.
A-E 7.03 Boundary | ocation.
A-E 7.014 Descriptions.
A-E 7.05 Ma p s
A-E 7.06 Relative positional accuracy| measur
A-E 7.07 Monument s .
A-E 7.08 u. s. public | and survey monument r e
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A-E 7.06 Rel ative positional accuralcy mea
(1) Measurements shall be made with instrumgnts and
relative positional accuracy in accordance |with thi
(1m) Rel ative positional accuracy shall be the value
uncertainty between points of the boundary Jof the |
in measurements at a 95 percent confidence |l evel
(3) The maxi mum all owable deviation in relative pos
property corners may not exceed pl us or mi njus 0.13
(4 Any closed traverse depicted on a properqty suryv
closure ratio of l ess than 1 in 3, 000.
(5) Bearings or angles on any property survgy map s
seconds. Di stances s hall be shown to the neflarest 1/
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A . Definitions
B . Control
C. Ma p
D . Boundary
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