
Column 6 is the angle that was observed 
in each set. It is determined by subtracting 
the mean of the readings to station 1 from 
the mean of the readings to station 2 
(column 5).

The data from Table 1 gives you the 
numbers necessary to determine the 
precision of the theodolite. See Table 2.

Column 1 contains the eight angles 
determined in Table 1. At the bottom of 
column 1 is the mean of these eight values. 
The value of the mean is carried to two 
more digits after the decimal point than the 
angles.

Column 2 has the title "v", which is the 
international symbol for "residuals." A 
residual is the quantity "observation minus 
the mean." As an example, the first 
residual is

105 °01'03.00"
-105W56.63"

+ 6.37”
Record the sign (+ or -) with each value. 

Theoretically, the sum of the residuals 
should be "zero," but because of roundoff 
when determining the mean, it may be a 
very small number. If this number is any
thing other than a very small number, one 
of the residuals is wrong.

2Column 3 is "v the square of the
residuals. Here, all numbers are positive.
The values are carried out to 4 digits after
the decimal point, which is what you
would read on your calculator. The sum of 

2 2 all the v in the column is Z v .

You can now compute the "standard 
deviation "-the number that describes the 
precision of the instrument. Standard 
deviation is denoted by the Greek symbol 
a s. The equation for standard deviation is:

G s = ± - /  I V  ̂
(n -1)

X v 2=the summation of column 3 
n=number of values used in the cal
culation (8 in this example).
Using the values from Table 1,

a s = ± 5.9"

"How does this number tell me the 
precision of my theodolite? The value a s= 
5.9" seconds of arc is the standard deviation 
of a single observation. However, eachof the 
eight values of angles given in Table 1 is the 
meanof a direct and reverse reading. There
fore, a s is the standard deviation of the 
mean of a measurement taken in the direct

and reverse positions. This is what instru
ment manufacturers use to describe the 
precision of their instruments. In this ex
ample, the least count of the instrument 
was 6" and a s= 5.9". But don't be shocked 
if your theodolite has a value of o s  
much higher than the last count.

Another statistic available from the 
data in Table 2 that is used by surveyors 
who observe more than 1 set of data at each 
station is standard deviation of the mean.

The equation for o m is

am = ± / Z v 2  = a s 
nXn- 1 ) n

In this example, a m = ± 2.1 "

This shows that the mean of a series of 
observations is always a better value than 
any single observation. We have deter
mined that the standard deviation of the 
mean of a single observation taken in both 
the direct and reverse positions, for this 
particular theodolite, is 5.9". However, by 
repeating this series of observations eight 
times, the standard deviation of the mean 
is lowered to 2.1".

TAKE CONTROL!
Alan W. Roth, MS
Copyright 1989, P.O.B. Publishing CO., Canton, Michigan.
Reprinted with permission for use in the Association of Land Surveyors Quarterly

One key element of data collection is being forgotten, ignored, or 
overlooked - making and recording observations to control points. 
While the modern total station and data collector are truly wonder
ful tools, without control the large amount of data collected by the 
system is like a boat without a rudder. To give direction to your 
efforts, shoot your control!

I has been my experience that a set routine should be established 
for your survey crew to follow. Our standard operating procedure 
requires that control be measured and noted immediately on the 
data collector and in the field book after the instrument has been set 
up and leveled. This assures the observations t( ĉontrolling points 
are established before any outside influences have had an oppor
tunity to degrade the set-up. If we are making observations for an 
extended period of time at a particular instrument location, we will 
observe our control points from time to time. This assures that any 
data observed between the control shots is either good or that a 
problem has developed and appropriate action can be taken to 
remedy the situation. As a minimum, we require our crews to 
observe both vertical and horizontal control points at the beginning 
of each instrument set-up and again before the instrument is picked 
up.

One of the major advantages of using a total station equipped 
with data collection is that errors previously attributed to blunders,
i.e. transposition errors, can be eliminated. Even if the wrong 
reading is set on the horizontal circle in the field or the wrong 
elevation is used for the bench, the data itself may be quite precise.

I.S.T.O. NEWS
To make the data accurate, many software packages will allow the 
data to be rotated and/or adjusted as it is processed. The only way 
to assure that these corrections and/or observations have been 
accurately processed is to check the data to control points. Without 
these observations in the magnetically recorded data, the orienta
tion of that data will always be in question.

The use of a total station with a data collector can be looked upon 
as two separate and distinct operations. The following check lists 
for setting up the total station and data collector are a good place to 
start.

Total Station

1. If EDM is modular, mount it on instrument.

2. Connect data collector.

3. Set up and level instrument.

4. Turn on total station.

5. Set atmospheric correction (ppm). This should be done in the 
morning or at noon.

6. Set horizontal circle.
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7. Set coordinates. 7. Record standard rod height.

8a. Observe backsight (check coordinates of backsight and check 
azimuth to backsight).

8b. Invert & repeat (check whether azimuth to backsight is 180 
degrees from previous reading).

9. Observe backsight bench mark (obtain difference in elevation)*.

10. Compute relative instrument height (bench mark elevation +/-  
difference in height). Note height of rod and note computations 
in field book.

11. Input Z (elevation) value in instrument or data collector.

12a. Observe backsight bench mark (check elevation).

12b. Invert and repeat (check elevation).

* This may require factoring in the height of reflector above bench
mark.

Data Collector_______________________________

1. Record date and your job number.

2. Record client number and client's job number.

3. Record crew number and instrument serial number.

4. Record field book number and page number.

5. Record instrument location (coordinates).

6. Record backsight azimuth.

8. Record height of instrument. Note: All the above information 
should also be recorded in field book.

9. Observe and record measurement to backsight bench mark.

10. Enter alpha or numeric descriptor of above point into data 
collector.

11. Invert instrument and repeat steps 9 and 10.

12. Observe and record measurement backsight bench mark or 
check bench mark (if setting bench mark, note in field book and 
repeat with instrument inverted).

13. Enter alpha or numeric descriptor of above point into data 
collector.

14. Observe and record measurement to backsight.

15. Enter alpha or numeric descriptor of above point into data 
collector.

16. Invert and repeat steps 14 and 15.

17. Observe and record measurement to foresight.

18. Enter alpha or numeric descriptor of above point into data 
collector.

19. Invert and repeat steps 17 and 18.

20. Observe and record measurement to side shot.

21. Enter alpha or numeric descriptor of above point into data 
collector (repeat steps 20 and 21 as needed).

How Does Your EDM Measure Up
James R Reilly, PhD
Copyright 1989, P.O.B. Publishing CO., Canton, Michigan.
Reprinted with permission for use in the Association of Land Surveyors Quarterly I.S.T.O. NEWS

Electronic Distance Meters (EDMs) have 
an accuracy and precision specification. It 
is given in every sales brochure by every 
manufacturer, but what does it mean? 
Keep in mind that precision describes the 
repeatability of an instrument; accuracy, the 
ability to measure the correct distance. The 
accuracy and precision specification for an 
EDM is given as two numbers. A typical 
specification is:

± (5mm + 5ppm)

The first number, ± 5mm, describes the 
precision - indicating that the distances 
measured should not vary more than ± 
5mm from the mean of a group of measure
ments. The second number, ± 5ppm, 
describes the accuracy - indicating that the 
distances measured can vary from the true 
distance by ± 5 parts per million of the 
distance measured.

Each EDM is calibrated by the manufac

turer before being delivered to dealers and 
distributors for sale to the surveying and 
engineering community, and all meet or 
exceed the specifications.

How can you, as the user of an EDM, 
check the accuracy and precision of your 
EDM to see if it meets factory specifications 
or is in need of adjustment?

Accuracy
You can take your instrument to one of 

the National Geodetic Survey (NGS) 
calibrated baselines and check the 
measured distance against the calibrated 
distance. The location of the NGS 
calibrated baseline in your area can be ob
tained by calling Dr. Dale Pursell, NGS, at 
301/443-8640.

Prior to going to a test range, check all 
optical plummets to make sure they are in 
adjustment. If the EDM requires a 
screwdriver or special tool to make offset

changes, be sure you have it available. And 
read the paragraph in the instrument in
struction manual that describes the process 
for changing offsets. The prism(s) that will 
be used to calibrate the instrument on a 
daily basis.

1. Position the EDM directly over the "O" 
monument of the calibrated baseline 
and level the instrument.

2. Position a prism directly over the first 
monument on the range (150 meters is 
most cases). Make certain the prism has 
the proper target configuration for the 
EDM.

3. Switch the EDM to metric measuring 
mode (if possible).

4. Check to see if the prism offset set in the 
EDM matches that of the prism at the 150 
meter monument.
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