
Abstract— Creating surveying stations is the first thing hat a 
surveyor learn they can use it for control and implementation in 
projects such as buildings, roads, tunnels, monitoring, etc., whatever 
is related to the preparation of maps. In this article, the method of 
calculation through the traverse table and by checking several 
examples of errors of several publishers of surveying books in the 
calculations of this table, we also control the results of several 
software in a simple way. 

Surveyors measure angles and lengths in creating stations, so the 
most important task of a surveyor is to be able to correctly remove 
the error of angles and lengths from the calculations and to determine 
whether the amount of error is within the permissible limit for Delete 
it or not. 
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I. INTRODUCTION 
ET’S take a look at Fig.1 and Fig.2 and Fig.3 When we 
talk about traverse, it is usually divided into two parts in 

books, closed traverse according to fig.1,fig.2 and open 
traverse according to fig.4, but actually traverse is to perform 
calculations so that we can remove the error of lengths and 
angles from calculations, so fig.4 The only transfer of 
coordinates is using length and angle, and we cannot call it a 
traverse, only if we can remove the error of lengths and angles 
from calculations if we use two fixed stations at the beginning 
and end of the traverse. Usually, in projects such as dam 
construction, fig.2 is used to calculate the coordinates of 
surveying stations, and in road construction, they use fig.3, 
which of course uses GPS to create base stations along the 
way, which of course GPS provides us with exact latitude and 
longitude coordinates, and we must convert them into 
coordinates that can be used for traverse. Also, Fig.5 is used in 
tunnels. Fig.6 is a surveying traverse table that was used for 
Figure.1 DARAB city traverse, [1], [2]. 
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But is the method of Fig.4 used in projects? You may be surprised 
that it is still used in large projects such as long tunnels, in such a 
way that two different routes are taken and at the end of the route, 
two common stations are considered. The average coordinates from 
two different routes are used as the base coordinates. In Figure 7, you 
can see this method that was used in the ALIGOODARZ tunnel, 
which caused a deviation of 2.5 meters from the axis of the path at 
500 meters to the end of the path. Figure 8 shows the plan of the path. 
Also, in the water tunnel to URMIA, the coordinates of the stations 
were transferred in the same way, causing the tunnel axis to deviate 
by 20 meters per kilometer at the end of the route, because when two 
identical faults are created in each of the routes, you cannot identify 
them. Also, if you do not make a mistake in measuring the lengths 
and angles, the maximum error will be as shown in Fig.9. 
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In Figure 9, you can see that if the error of each angle is equal to 1 
second and we have a mapping station every 300 meters, without 
taking into account the measurement error, the maximum error at 12 
km will be equal to 1.15 meters, while if the total method Use 5. The 
error of the stations is much less, which we will examine further. In 
guiding the tunnels, they also use another method, in the form of 
triangulation, they transfer the coordinates of the stations, that is, by 
using two base stations, they calculate the coordinates of the third 
station, and according to Figure 10, each triangle must share the same 
distance with the next triangle. But this method is less accurate than 
the method in Figure 5 because more lengths and angles are used 

 

 
Fig.10 

To check that the error of the method in figure 5 is less than 10, 
you can use the example of figure 11, taking into account that the 
distance between each station and the neighboring stations can be a 
maximum of 300 meters, in the triangular method, we have to use 
more stations. 
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Suppose the length measurement error is equal to zero, and 
in each triangle, the first and third angles each have 2 seconds 
of error, so that the first one is positive and the second one is 
negative, so you cannot remove the angle error and it will be 
transferred to the next triangles. Do the same way for Fig.11 
on the right side, create a positive error of 2 seconds each for 
the first two angles, and create a negative error of two seconds 
for angles 4 and 5 and calculate the coordinates. The 
coordinates of point C4 at the end of the path in both methods 
compare, you can see that the error caused by the triangulation 
method on the left side is more than the one on the right side. 
In the method on the left, the error created at point C4 is equal 
to 7.3 mm, and in the method on the right, it is equal to 5.7 
mm, so we conclude that the method in Figure 5 is more 
accurate than the method in Figure 10. 

But the triangular method in many cases increases the 
surveying speed while providing the accuracy we need when 
you justify TOTAL STATION using the FREE STATION 
program. In dam construction, stations are created in the 
highest area and surveyors use them in the FREE STATION 
program. 

The CIVIL 3D program is one of the popular programs for 
surveyors, which has a traverse calculation program, but how 
does it calculate the calculation error? Let's design a 
challenging traverse for it and control the result of its 
calculations. 

In Figure 12, you can see a traverse at the beginning of the 
tunnel. We are going to transfer the coordinates to points 1, 2, 
and 3 using A, B coordinates, and we measured the angles and 
lengths. Suppose there is no error in the angles and the angles 
are measured with an accuracy of 1 second. And the TOTAL 
STATION has an error of 5 mm at a distance of 300 meters. 
We are going to calculate its error and apply it to the 
calculated coordinates. The CIVIL 3D program has performed 
the calculations in Fig.13, whether the errors are applied 
correctly or not? As it is clear from the calculated coordinates, 
the angles 1 and 2 have changed, and this means that it caused 

the deviation of the tunnel axis, when the error caused by the 
length you intend to remove should not change the angles. 
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How can we do the calculations in the surveying table? 

First, let's refer to two surveying books [5].  

 



 
Fig.14 

 
How can we do the calculations in the surveying table? In 

the lower part of the traverse table, you can calculate the 
maximum allowed error with the mentioned formula, and the 
traverse error you made must be less than this value, and in the 
lower right part of the table, it shows the formula and the error 
removal method, which should be proportional Its effect 
should be applied at the station and the angles should not be 
changed after applying them, because before calculating the 
traverse table, the error of the angles is calculated and 
removed. In many mapping books, the error is applied to the 
coordinates using the formula in Fig.15, which causes the 
angles to change and is completely wrong. If you pay attention 
to the formula for calculating the coordinates of points using 
length and angle, the reason It is quite clear. The correct 
formula for applying the error is according to Fig.16. 
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Fig.17 

In Fig.17, you can see three different lists of coordinates. 
On the left side, if the error is not applied to the coordinates, 
and on the right side, it is applied in two different ways in 
Fig.15 and 16. As you can see, if the errors are If the ratio of 
lengths is applied, it will change the angles, although it can 
move the axis of the tunnel by 5 mm at a distance of 300 
meters, but if you consider an 18 km tunnel that includes 60 
stations on the way and 60 stations on the way back. Only 
these calculations with 4 angles and lengths will cause a 
deviation of 30 cm at the end of the tunnel. 
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In Fig.17, you can see three different lists of coordinates. 
Calculating the traverse table after entering the angles on each 
station and the lengths between the stations, which are 

 



rounded to the right, requires precision and time-consuming, 
but today, with the design of the software, these calculations 
can be easily done on a computer and mobile phone. Fig.1 
shows an example of traverse in DARAB city, whose program 
is designed under Windows and Fig.18 shows an example of 
calculation of navigation in a 12-kilometer tunnel, whose 
program is designed in Android [3], [4]. 
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In road construction, you are faced with the traverse 

according to Fig.3, where you must first calculate the 
coordinates of your main stations. You can use UTM 
coordinates or convert UTM coordinates to local coordinates 
by applying scale factor Fig.19, [5]. If the points are in two 
different zones, you will enter a new challenge or you must 
change the base longitude for the zone or use the Cartesian 
coordinates of the points to localize the coordinates Fig.20. 
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