
Modern Surveying Technology
James P. Reilly, PhD
Copyright 1989, P.O.B. Publishing CO., Canton, Michigan. j  ^  'IV TT“,T A 7 C ,
Reprinted with permission for use in the Association of Land Surveyors Quarterly 1  • ̂ . 1 .  L J  • I N  l i  W  ^

Modern technology, especially in 
electronics, has come to the surveying in
dustry. At two recent ACSM/ASPRS con
ventions, the number of exhibits promoting 
computers and computer software may 
have easily outnumbered the surveying in
strument and supply dealers, but the sur
veying manufacturers have also joined the 
electronics revolution. Electronic Distance 
Meters have been a standard accessory for 
surveying firms for many years, and the 
electronic theodolite is now a standard item 
for every major manufacturer.

One of the problems with theodolites, 
whether electronic or optical, is that you 
can't be sure of the instrument's precision. 
When the engineer's transit was the stand
ard of the industry, precision was deter
mined by the least count of the vernier. 
With theodolites, whether scale-reading, 
micrometer or electronic, the least count of 
the reading or display system means very 
little. An instrument with a least count of 
one second of arc (1") may have a precision 
of 3"-4", and an instrument with a 10" least 
count may have a precision of 2"-3". The 
following will describe how you can deter
mine a theodolite's precision.

By precision we mean the ability to 
repeat itself. All theodolites and transits are 
basically accurate because the horizontal 
and vertical circles close on themselves, but 
precision is a measure of how well the 
circles were graduated, and how well the 
entire theodolite is constructed.

For this test, select an observation station 
at a location where two well-defined points 
are visible at least 500' away (a pair of 
traverse targets or natural objects). The an
gular separation of these targets is not too 
critical, but angles near 90 ° seem to be ideal.

1. With the instrument carefully levelled 
and positioned directly over the oc
cupied point, in the direct position 
(vertical circle on the left side as you 
look through the telescope), set the 
horizontal circle to zero and find point 
the left target, using the lower clamp 
and drive if the instrument is a repeat
ing theodolite. With a direction 
theodolite, fine point the target, then 
drive the circle to zero.

2. Slacken the upper plate clamp. Turn to 
right target. Tighten plate clamp. Fine

point with plate drive. Read and 
record horizontal circle reading.

3. Invert (plunge) the telescope. This is 
the reverse position. Slacken the upper 
plate clamp. Turn back to right target. 
Tighten plate clamp.

FIGURE 1
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4 R 180-00-30

1 105-01-03
2 D 105-01-12

2 105-01-18
3 R 285-01-24

" I T D 21-52-24
1 21-52-27

5 R 201-52-30
2 105-00-51

7 D 126-53-12
2 126-53-18

6 R 306-53-24

~ 9~ D 45-38-06
1 45-38-15

12 R 225-38-24
3 105-00-45

10 D 150-38-54
2 150-39-00

11 R 330-39-06

16 D 67-32-12
1 67-32-12

13 R 247-32-12
4 105-00-57

15 D 172-33-06
2 172-33-06

14 R 352-33-12

17 D 90-25-24
1 90-25-30

20 R 270-25-36
5 105-00-57

18 D 195-26-18
2 195-26-27

19 R 15-26-36

~~24~ D 112-25-12
1 112-25-21

21 R 292-25-30
6 105-01-00

23 D 217-26-12
2 217-26-21

22 R 37-26-30

~25 D 145-46-54
1 145-47-03

28 R 325-47-12
7 150-01-00

26 D 250-47-54
2 250-48-03

27 R 70-48-12

~32~ D 167-56-12
1 167-56-21

29 R 347-56-30
8 105-01-00

31 D 272-57-18
2 272-57-21

30 R 92-57-24

Fine point with plate drive. Read and 
record horizontal circle reading.

4. Slacken the upper plate clamp. Turn to 
left target. Tighten clamp. Fine point 
with plate drive. Read and record 
horizontal circle reading.

This is a set of observations. There 
should be at least 8 sets observed in order 
to get a decent measure of precision.

Table 1 contains 8 sets of data observed 
with a 6" micrometer theodolite, using the 
method described above. Each column is 
numbered at the top of the table.

The numbers before column 3 indicate 
the order in which the observations 
(column 4) were taken. The initial reading, 
in set 1 to station 1 in the direct position, 
was "0°00'0M or "zero". For the additional 
sets, the horizontal circle was rotated so that 
the initial circle reading on the left target is 
no longer zero, and the observations are 
being measured on a different part of the 
circle. A rule of thumb to use is, if "n" sets 
are to be observed, the circle is rotated by 
180°/n for each set. Also, change the 
minutes and seconds if using a micrometer 
theodolite.

In this example, 18078=221 /2°. You do 
not have to be a purist and advance the 
circle exactly 22 1/2° since ballpark values 
are "OK" for a test.

Column 5 is the mean of the two obser
vations in column 4. The "degrees" and 
"minutes" in column 5 are the same as the 
first value of the two readings in column 4. 
The mean is really the mean of the 
"seconds".

1
Angle
105*01' 03" 
105° 00' 51" 
105°00' 45" 
105° 00' 57' 
105° 00' 57' 
105° 01'00" 
105°01'00" 
105°01'00"

Mean= 105° 00' 56.63"
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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".
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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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