
Western Regional Survey Conference 2022 Error Management

I. Measurement Errors

A. Quality

1. Precision 

2. Accuracy 

3. Precision and Accuracy

 

4. Resolu#on

B. Measurement 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.

C. Error Sources

Are where errors originate.
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Figure 1: We Love Shoo�n’ Stuff

Figure 2: Measurement Resolu�on
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1. Natural 2. Instrumental 3. Personal

D. Error Types

Are how errors behave.

1. Mistake

2. Systema#c

3. Random

E. Minimizing

1. Mistake
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Figure 6. Errors Affec�ng Groupings
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2. Systema#c

a. Adjustment

b. Computa�on

c. Procedure

3. Random

• Appropriate equipment

• Knowledgeable personnel

• Favorable condi!ons

• Repeat measurements

F. Random Errors

1. Behavior

Most probable value Residual Least Squares

Standard deviation
Std Error Of the

Mean

Precision indica!on Accuracy indicator

2. Simple Error Propaga#on

a. Error of  a Sum
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b. Error of a Series

If all the individual errors in a summa!ons are the same, the Error of a Sum becomes the same as the Error of a 

Series.

II. Equipment

A. Basics

1. Bubbles & Axes

Axis of the bubble tube (ABT)

Ver!cal axis

Horizontal axis

Figure 8: Bubble Tube

2. Op#cs; Parallax
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3. Reversion principle
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B. Automa#c Level

1. Axes

2. Natural Errors

Error Type Compensa�on

Wind M    S     R

Atmospheric distor!on M    S     R
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Error Type Compensa�on

Atmospheric refrac!on M    S     R

Math:

F: 1000s 2;  M: 1000s meters

Procedure: Balance BS & FS distances

Adjust: N/A

Curvature M    S     R

Math:

F: 1000s 2;  M: 1000s meters

Procedure: Balance BS & FS distances

Adjust: N/A

3. Instrumental Errors

Error Type Compensa�on

Compensator M    S     R Math: N/A
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Error Type Compensa�on

Procedure: N/A

Adjust: N/A

Crosshairs M    S     R Math: N/A

Procedure: Read with center of crosshairs.

Adjust: Rotate re!cule.

Procedure:

Collima!on M    S     R Math: Perform collima!on test to determine correc!on.

Apply correc!on to each BS and FS.

Procedure: Balance BS and FS distances.

Adjust: Perform collima!on test to determine correc!on.

Shi2 re!cule up/down to apply correc!on.
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Error Type Compensa�on

4. Personal Errors

Error Type Compensa�on

Set up M    S     R

Parallax M    S     R

Field notes M    S     R

Computa!ons M    S     R

Rod Reading M    S     R

Page 9 Jerry Mahun. PLS



Western Regional Survey Conference 2022 Error Management

Error Type Compensa�on

Rod not ver!cal M    S     R Procedure: Rock the rod or use rod bubble.

Rod not fully extended M    S     R

5. Random Error Propaga�on

Error of a sum

Example: Figure 24 shows a level circuit running from BM Sam to BM Phil. The tripod icons indicate instrument 

set ups. The numbers at each set up are the expected BS and FS errors.

What is the expected circuit misclosure?
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C. Total Sta#on Instrument (TSI)

1. Axes

HA - Horizontal axis

OPA - Op!cal plummet axis

2. Natural Errors

Error Type Compensa�on

Wind M    S     R

Atmospheric distor!on
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Error Type Compensa�on

 ▪ General M    S     R

▪ Distance

 meas

M    S     R Math: Compute and apply ppm correc!on

Procedure: N/A

Adjust: N/A

Refrac!on 

and curvature

M    S     R Math: Compute and apply correc!on

Procedure: N/A

Adjust N/A
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Error Type Compensa�on

3. Instrumental Errors

Error Type Compensa�on

 VA

▪ Circular bubble M    S     R Math: N/A

Procedure: Circular bubble is used for rough leveling; use bubble 

tube for accurate leveling.

Adjust: Level the inst using the bubble tube, then adjust the 

circular bubble to center.

▪ Bubble tube M    S     R Math: N/A

Adjust: Level inst by reversion.

Procedure: Level inst  by reversion; adjust bubble to center.
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Error Type Compensa�on

     

OPA M    S     R Math: N/A

Procedure: Method (1) Center instrument using reversion.

Method (2) Use plumb bob to center instrument.

Adjust: Method (1) Center instrument using reversion; adjust 

plummet mark to ground point.

Method (2)  Use plumb bob to center instrument; adjust

plummet mark to ground point.

Overhead views
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Error Type Compensa�on

 HA M    S     R Math: N/A

Procedure: Extend line by double-centering

Adjust: Use double centering to set correct point; adjust 

re!cule horizontally to point.

HA  VA M    S     R Math: N/A

Procedure: Measure angles direct and reverse; take average.

Adjust: Most modern total sta!ons have dual axis 

compensta!on to accomodate some 

maladjustment.

Page 15 Jerry Mahun. PLS



Western Regional Survey Conference 2022 Error Management

Error Type Compensa�on

Combined constant

(distances)

M    S     R Math: Manually correct distances.

Procedure: Set constant in instrument.

Adjust: N/A

4. Personal Errors

Error Type Compensa�on

Set up

▪ Instrument

▪ Target(s)

M    S     R

M    S     R

Parallax
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Error Type Compensa�on

▪ Telescope

▪ Op!cal plummet

M    S     R

M    S     R

Poin!ng M    S     R

Notes M    S     R

Temp & press

determina!on

M    S     R

5. Random Error Propaga#on

a. Distance measurement

Manufacturer Stated Accuracy (MSA) and setup centering errors.
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Error of a sum.

EDist Expected distance error

ETSI TSI centering error

Econst MSA constant

Eprop MSA propor!onal contribu!on

Erefl Reflector centering error

Example

Measured 600.00 2 distance, instrument MSA ±(2 mm+2 ppm); 0.005 2 instrument centering error, 

reflector on pole has 0.01 2 centering  error. 

Distance error?

b. Angle measurement

TSI Point and Read

TSI Centering

Targent Centering

Angle Error

EDIN Instrument DIN angle specifica!on

n Number of repe!!ons

EBS, EFS BS & FS centering errors
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Example:

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

BS & FS centering errors: ±0.005 2 & ±0.01 2; 

BS & FS dists: 176 2 & 243 2.

Angle was measured 2 D/R to get 123°30’10”

What is the expected error in the angle?
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