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The purpose of this research paper is to develop a software project to perform geodetic 
network adjustment. The project is presented in a user-friendly, yet professional looking, 
graphical interface for both input and output data. Three considerations are highly regarded 
in designing the program: Firstly, ability of the program to perform the adjustment of the 
angular observations in a general way so that it can handle any number of fixed stations, 
any number of new stations and any number of angular observations. Computation 
procedures are based on the "Variation of Coordinates" method. Secondly, it is aimed to 

achieve the highest possible accuracy in the resulted data. Thirdly, to make a good use of 
the advances of the visual programming represented in control tools and efficient GUI 
(Graphical User Interface) to provide an easy and fast way for the user to enter the data and 
obtain the results. A general description of the program is presented, supported by a 
numerical example. The results of the numerical example are verified through a comparison 
between the results given by the program and the results given in scientific literature.  

الغرض من هذا البحث هو تقديم مشروع برمجى يقووم بورجراع لمةيوب  وبش الشوبلجي الجيودي ويب   و تود توم تروميم البر وجم  بحيوث 
يقدم واجهب بيج يب ذاي مظهر احترافى و فى  فس الوتي  هةب الإ وتددام   و رولوى فوى تروميم المشوروع تحقيو  عتعوب التبوجراي   

  بشولل لوجم لةوى شب شوبلب ذاي شب لودد مون الو قش العجبتوب و شب لودد مون الو قش الجديود  و لوذل  شب الأول هو تجبةيب البر جم  لةتشبي
لدد من الأررجد الزاويب و لذل  تم ترميم البر جم  لةى ش جس إجراع لمةيوب ال وبش بشريقوب التغيور فوى الإحوداعيجي   و العوج ى هوو 

مج الالتبجر العجلوث فقود لوجن الا وتفجد  مون مزايوج البرمجوب المرئيوب المتمعةوب الحرول لةى شلةى درجب ممل ب من الدتب فى ال تجئ    و ش
فى مجمولب شدواي التحلم و البيئب البرمجيب البيج يب لإتجحوب شريقوب  وهةب و  وريلب لةم وتددم فوى لمةيوب إددوجل البيج وجي و الحروول 

معجل لددب ل بش شبلب معةعجي مع تحقيو  لة توجئ  مون لةى ال تجئ  . و يلرض البحث ورف لجم لةبر جم  المقدم مدلم بتشبي  لةى 
 دتل مقجر تهج بجل تجئ  الوارد  بمراجع لةميب. 

 
Keywords: Geodetic networks, Triangulation, Programming, Visual basic, GUI 

 
 

1. Introduction 

 

The employment of computers in surveying 

and geodetic applications has obviously 
increased during last few decades due to the 

achieved progress in computer technology and 

developing software and programming 

facilities. Saving time and effort, evasion of 

probable human blunders and achieving high 
accuracy are the main aspects that are 

realized by using the computers in performing 

geodetic applications such as the networks 

adjustment. 

Adjustment of a network is the process 

performed to eliminate the contradiction 
resulted by the redundancy of observations, 

that provide more than one possible solution 

for the model, to find out only one solution 

which is expected to be the most accurate one. 

This is done by determining the most probable 
correction for every observation, which was 

added to the observations, must remove any 

contradictions existing between the 

observations, and the adjusted observations 

must satisfy all condition equations existing in 

the model. 
The best and most accurate techniques of 

adjustment are those based on the least 

squares theorem, which depends on the 

assumption that the best solution is obtained 

when the sum of the corrections' squares is 
minimum. Adjustment by least squares can be 

done by either of condition equations or 

variation of coordinates. Since both methods 

are based on least squares technique, 

applying either of them on the same problem 

yield essentially the same unique solution. 
Variation of coordinates is the method chosen 

in designing the program presented in this 

study, due to its capability for programming 

unlike the method of "Condition Equations", 

which mostly requires the human judgment 
and is difficult to support a general program 

to fit complicated geodetic networks [3]. 
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"Visual Basic" is an event-driven 

programming language. It is one of the 

modern computer programming languages, 
which has come into view in the early nineties 

of the last century. It was developed by 

"Microsoft" as a visual version of the 

programming language "BASIC", which was 

one of the first computer languages invented.  

It was developed by John G. Kemeny and 
Thomas E. Kurtz, two mathematics professors 

at Dartmouth College in 1964, with the aim of 

providing their students with an easily learned 

language that could still handle complicated 

programming projects [Maureen and Mike]. 
The codes look a bit like simple English 

Language. Different software companies 

produced different versions of "BASIC", such 

as Microsoft "QBASIC", "QUICKBASIC", 

"GWBASIC", "IBM BASICA" and so on [6 - 7]. 

The word "VISUAL" refers to the method 
used to create the Graphical User Interface 

(GUI), which distinguishes it from the old 

"BASIC" programming language. Unlike 

"BASIC" language where programming is done 

only in a text-only environment and the 
program is executed sequentially, in "VISUAL 

BASIC" programming is done in a graphical 

environment, that enables the Rapid 

Application Development (RAD) of Graphical 

User Interface (GUI), which includes software 

tools to automatically create the detailed 
programming required by Windows. These 

software tools not only create Windows 

programs, they also take full advantage of the 

graphical way that Windows works by letting 

programmers "draw" their systems with a 
mouse on the computer.  The user can simply 

drag and drop these tools or pre-built objects 

into place on the screen rather than writing 

numerous lines of code that describe the 

appearance and location of interface elements. 

[6]. This complete set of control tools provided 
by "VISUAL BASIC" is able to simplify the 

process of programming for Surveying and 

Geodesy applications. 

 

2. Mathematical model 
 

"Variation of Coordinates" is one of the 

accurate methods of adjustment that are 

based on the least squares theorem. Its idea is 

to assume approximate coordinates to the 

network stations that can be obtained for 

instance from existing maps, approximate 

calculations or scale drawing, and to form 
through differentiation a function between the 

variation of coordinates and the resulted 

variation of angles values due to these 

variations of coordinate. This function is 

called "Observation Equation" and has to be 

done to every observation. Every Observation 
Equation includes a constant term which is 

the difference between the observed value of 

the angle and the calculated one from the 

provisional coordinates. From the Observation 

Equations and according to the least squares 
theorem, the Normal Equations are formed, 

which when solved simultaneously, give the 

values of the corrections needed to be added 

to the provisional coordinates to present the 

adjusted coordinates, from which the adjusted 

values of observations are derived. Since there 
is no direct function between coordinates and 

angles, but angles are calculated from lines' 

bearings, and bearings are calculated from 

coordinates, an Observation Equation for 

bearing had to be found out first, and the 
Observation Equation for angles is developed 

from the observation equation for bearings.  

Hereinafter an explanation to the observation 

equations as introduced in [2 and 3]. 

 
2.1. Observation equation for bearings 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 

Fig. 1. Observation equation for bearings. 

 

Referring to fig. 1, and regarding the line 1– 2: 
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where  ∂Φ  is the difference in the bearing of 

the line 1-2  due to the variation of 
coordinates of the points 1 , 2 as (∂x1, ∂y1) and 

(∂x2, ∂y2) in radial scale, while the value of ∂Φ 

in seconds can by calculated as: 
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but ∂Φ  ً   = Φm – Φc, 

 

where: 
Φm  is the measured bearing, and 

Φc is the calculated bearing from the 

provisional coordinates. 
So, the general form of observation equation 

for bearings can be rewritten as: 
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2.2. Observation equation for angles 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

Fig. 2. Observation equation for angles. 

 
Referring to fig. 2, and regarding the angle Ө 

where: 
O  is the Observation station, 

B  is the Back station, and 

F  is the Fore station. 

 
Ө = ΦF – ΦB,          (7) 

 
and the observation equation for the angle Ө 

can be obtained by subtracting the 
observation equation of ΦB from the 
observation equation of ΦF. if Өm is the 

measured angle, and Өc is the calculated 

angle from the provisional coordinates, then: 
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This equation can be rewritten as: 
 

∂ = (BB – BF) ∂xO – (BB) ∂xB + (BF) ∂xF  

+ (AF – AB) ∂yO + (AB) ∂yB – (AF) ∂yF + (c - m), (9) 
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∂  is the variation of the angle value due to 
the variation in the coordinates of the 

three stations. 

 

1sin

sin
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Forcing ∂ to zero due to least squares 

theorem, the value (c – m) is the constant 

term of the equation 

 
(BB – BF) ∂xO – (BB) ∂xB + (BF) ∂xF + (AF – AB) ∂yO 

+ (AB) ∂yB – (AF) ∂yF + (c - m) = 0.         (12) 
 

3. Description of the program 

 
3.1. Overview  

 
The program was designed to perform the 

adjustment of angular observation for any 

network up to 99 stations and contains up to 

99 observations. It is considered in designing 

the program to make optimal use of the 

outstanding facilities of "VISUAL BASIC" 
represented in its complete set of visual 

control tools and Graphical User Interface 

(GUI) to provide an easy way for the user to 

enter the input data and to read the results. 

Hence, the program is constructed in multi 

forms of various layouts to fit every kind of 
data given and obtained as well as every step 

of working with program by the user. In 

addition to displaying the results in an easy to 

read form on the graphical interfaces, a 

printable form of the results in a text file is 
optionally created and presented by the 

program. One more text file containing the 

observation equations and normal equations 

that are formed by the program within the 

computation procedures, can be optionally 

created and presented. 
 

3.2. Project configuration 

 

The program project consists of total 32 

files, distributed as 26 forms, 4 binary files 
and 1 module file in addition to the project 

file. The total size of the project under Visual 

Basic environment is 2.05 MB, while the 

executable file (The genuine program) is 

compressed into 884 KB. The program 

contains a total of 38 independent variables, 
35 arrays of different sizes and 2 constants 

[1]. 

The 26 forms of the program are 

distributed as the title form, the program info 

(About) form, the Network configuration data 

input form, 3 forms for stations data input, 5 
forms for observations data input, the 

computations and output data types form, 2 

forms for coordinates corrections output, 2 

forms for adjusted coordinates output, 5 forms 

for the adjusted observations output and 
finally 5 forms for the observations residuals 

output [1]. 

Variables and arrays, whose values 

represent mathematical items such as 

equations coefficients and results, are 

declared as "Double" to get highest possible 
accuracy, while variables that don't require 

accuracy, such as the number of network 

stations and number of observations and 

those who work as counters for the loops in 

the program procedures, and arrays 
representing stations names, are declared as 

"Byte". The two mathematical constants 

declared in the grogram are the circular 

constant "Π", its value is declared as "Pi = 

3.14159265358979", and "S1" defining the 
value of Sine (1  ً ) declared as "S1= 

4.84813681107636E-06" [1]. 

 
3.3. Data input 

 

The data required to run the program are 
the number of stations in the network, 

number of angular observations, provisional 

coordinates of the stations in meters, the 

observations in degrees, minutes and seconds, 

and the weights of observations.  

Base lines stations or fixed points have to 
be marked for the program as "Fixed", so it is 

not subject to corrections. The observations 

are named by the numbers of "Back stations", 

"Observation Station" and "Fore Station". 

Weights can be given in either the form of 
standard deviation (σ) or direct weight form 

(W).  

The "Network Configuration" Interface,       

fig. 3 is dedicated to enter the total number of 

stations, the number of observations and to 
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select whether the observations are of equal or 

unequal weights and the form of available 

weight data in case of unequal weights. 
Next to the "Network Configuration" 

Interface, the "Stations Data" interface, fig. 4 

is dedicated to enter the Provisional 

Coordinates of the stations and to mark the 

Base Lines stations as "Fixed". Since the 

"Stations Data" interface absorbs data for up 
to 45 stations, it may be repeated one or more 

times if the given number of stations exceeds 

45. The program stores the Provisional 

coordinates in two arrays PX(1 to NS), PY(1 to 

NS)  where NS is the total number of stations. 
Next to "Stations Data" interface comes the 

"Observations Data" interface, fig. 5. Every 

observation is given by 7 values. the first 3 

values are the names (numbers) of the Back 
station (B), Observation station (O) and the 

Fore station (F), which specify the angle and 

are stored by the program in 3 arrays BS(1 to 
NO), OS (1 to NO), FS(1 to NO) where NO is 

the total number of observations. The next 3 

values are the value of observation in degrees, 

minutes and seconds. The program stores the 

angles values after transforming them to 
decimal form in array OA(1 to NO). The last 

required value for every observation is the 

weight only if the option "Unequal weights" in 

the "Network Configuration" Interface was 

selected. Since the "Stations Data" interface 

takes up to 20 observations only, it may be 
repeated one or more times according to the 

given number of observations.  

The weights array W(1 to NO) is created 

anyway. If the option "Equal weights" is 

selected, all values in this array are set to one. 
If the options "Unequal Weights" with data 
form "Deviation (σ)" are selected, every given 

value will be inversed and squared before 

being stored in the array, but if the data form 
"Weight (W)", is selected, the given values are 

handled without change [1]. 

 
 

Fig. 3. Network configuration interface. 
 

 

 
 

Fig. 4. Stations data interface.                         

 
 

 
 

Fig. 5. Observations input interface - equal weights. 
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3.4. Computation algorithm 

 
3.4.1. Forming observation equations 

For every observation the program 
calculates the bearings (ΦF), (ΦB) from the 

Provisional Coordinates of the three stations: 
(B), (O) and (F) using eq. (2). The calculated 

angle (Өc) is then calculated using eq. (7). The 

lengths of lines (B – O) and (O – F) are 

calculated using eq. (1). 
The factors AB, AF, BB, BF are calculated 

using the eqs. (10 and 11) one time for station 
(B) and another time for station (F). Thus, all 

coefficients of the Observation Equation as 

shown in eq. (12) are determined. A loop in the 

program lets it repeat this process for every 

observation. The coefficients of the observation 
equations are ordered into a two-dimensional 
matrix M(m+n+1),  

Where, 
n  is the number of observations, and   

m  is the total number of stations × 2. 

Every pair of columns in this matrix refers 
to the coefficients of ∂x, ∂y of one station and 

every row expresses one observation equation, 

table 1. Thus, every row of the array must 
contain 6 values related to ∂x, ∂y for each of 

the 3 stations B, O, F in addition to the 

constant term in the last column, while the 

rest items in the row are zero. Stations 
marked as "Fixed", their ∂x, ∂y coefficients are 

considered zero, their columns are eliminated 

from matrix, and the matrix gets resized by 

reducing its columns by the number of 

eliminated columns. 
 
3.4.2. Forming normal equations 

If "A" represents the matrix of coefficients 

given in table 1, then the observation 

equations can be given in matrix form as: 
 

A X + L = V,            (13) 

 

Where, 
L  is the vector of absolute terms (length: m), 
V  is the vector of residuals of observations  

(length: m), 
n   is the number of observations, and 

m  is the number of unknown parameters. 

The normal equations matrix can be given 

by [3]: 

 
(AT P A) X + AT P L = 0,         (14) 

 
where P  is the diagonal matrix of weights. Eq. 

(14) is based on the theorem of least squares 

as expressed by: 
VT P V = minimum. 

 
3.4.3. Solving the normal equations 

A sub-routine code based on "Gauss-

Jordan" elimination algorithm for solving the 

normal equations was quoted from ref. [4]. The 

original code, which was written in "Fortran" 
programming language, was subjected to some 

alteration by the researcher to match "Visual 

Basic" before being merged into this program. 

"Gauss-Jordan" elimination is based on two 

essential rules concerning a matrix expressing 

a set of linear eq. [5]: 
a. All elements in any row can be multiplied 

or divided by any non-zero value without 

changing the results. 

b. Any row can be added to or subtracted 

from any other row without changing the 
result. 

These two rules can get repeatedly applied 

as needed until the values of the unknowns 

are achieved and presented as the values of 

the last column in the matrix. 

Table 1 
Observation equations matrix 

 

∂x1 ∂y1 ∂x2 ∂y2 ∂x3 ∂y3     constant terms 

a1,1 a1,2 a1,3 a1,4 a1,5 a1,6 . . . . a1,m+1  

a2,1 a2,2 a2,3 a2,4 a2,5 a2,6 . . . . a2,m+1  

a3,1 a3,2 a3,3 a3,4 a3,5 a3,6 . . . . a3,m+1  

. . . . . . . . . . .          

. . . . . . . . . . .   

. . . . . . . . . . .   

. . . . . . . . . . .   

an,1 an,2 an,3 an,4 an,5 an,6 . . . . an,m+1  
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3.5. Results arrangement 

 

Values of unknowns resulted from solving 
the normal equations are ordered in a 

separate one-dimension array, as every 

following pair of its elements represents the 

corrections ∂x and ∂y needed to be added to 

the provisional coordinates. This array is then 

resized to (m) elements (m = Total number of 
stations × 2) to incorporate ∂x and ∂y as zeros 

for the stations marked as "Fixed" in their 

original order. Afterwards, this array is divided 

into 2 arrays DX(1 to NS) and DY(1 to NS), so 

the array DX()contains the ∂x values and the 
array DY() contains the ∂y values. 

A new pair of arrays is launched,                

AX (1 to NS) and AY (1 to NS) to contain and 

represent the required adjusted coordinates as 

the sum of provisional coordinates plus 

corrections 
   
AX(i) = PX(i) + DX(i)   
AY(i) = PY(i) + DY(i) 

 
3.6. Solution Iteration 

 
If the Provisional Coordinates are relatively 

far from the true coordinates, the adjusted 

coordinates resulted from first round of 

solution might not be accurate enough. 

Therefore, the program is designed to test the 

results and iterate the solution as many times 
as needed to achieve the maximum level of 

accuracy [1]. The iteration is performed by 

replacing the Provisional Coordinates by the 

newly resulted adjusted coordinates and 

repeating the steps of adjustment. When the 
values of ∂x and ∂y for all stations reach less 

than 0.0001, the program stops the iteration, 

recalls the last resulted coordinates and 

considers it the final adjusted coordinated. 

The final values of corrections are calculated 

by subtracting the original provisional 
coordinates from the final adjusted 

coordinates. 

 
DX(i) = AX(i) - PX(i) 
DY(i) = AY(i) - PY(i) 

 
From the adjusted coordinates, the 

adjusted bearings of lines are calculated, from 

which the adjusted angles are derived and 

stored into array AA(1 to NO) where "NO" is 

the number of observations. Finally one more 
array is created DA(1 to NO) containing the 

observations residuals. 
  

DA(i) = AA(i) - OA(i),      

 

where, 
AA(i)  is the adjusted angle, and 

OA(i)  is the observed angle. 

Both of adjusted angles and residuals 
values get transformed from decimal form to 

be displayed into the form of degrees, minutes 

and seconds. It's essential that the resulted 

corrected observations must satisfy all the 

angular conditions in the network. 

 
3.7. Results display 

 

Like the data input interfaces, other four 

models of interfaces were designed to display 

the four types of results: 

 Coordinates corrections data output 
interface fig. 9 

 Adjusted coordinates data output interface 
fig. 10 

 Adjusted observations data output 
interface fig. 11 

 Observations residuals data output 
interface fig. 12 

The output data type selection interface, 

fig. 8, enables the user selecting the type of 
results to be displayed. In addition to the 

interfaces, the program can optionally save 

the results into a printable text file. 
 

 
 

Fig. 6. Observations input Interface - weights (W).           
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Fig. 7. Observations input Interface - deviations (σ). 
  

        

 
 

Fig. 8. Output data type selection interface. 

 
 

 
 

Fig. 9. Coordinates corrections interface. 

 
 

Fig. 10. Adjusted coordinates interface. 
 

 

 
 

Fig. 11. Adjusted observations interface. 
 
                              

 
 

Fig. 12. Observations residuals interface.
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4. Program flow chart  
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5. Conclusions  

 

The software introduced in this paper can 
be summarized into the following 

characteristics and remarks: 

1. A software sample was designed to 

perform the Adjustment of Triangular 

observation for Geodetic Networks using the 

"Variation of Coordinates" method, which is 
one of the least squares techniques. The 

programming language used is "MICROSOFT 

VISUAL BASIC 6.0" for 32-bit Windows 

Development, Professional Edition.  

2. The introduced program is able to adjust 
geodetic networks of any figure with any 

number of stations and any number of 

observations up to 99 for each. 

3. The program was based on the "Variation 

of Coordinates" method because it is more 

suitable for programming as compared to the 
method of condition equations. Actually, the 

former can fit any geodetic network unlike the 

latter method, which would require entering 

the condition equations of network as a part of 

the input data, which is a complicated and 
much time-consuming process. 

4. To achieve highest possible accuracy, it 

was considered to establish the computation 

procedures on the most accurate and 

convenient mathematical algorithm and 

equations referring to the "Variation of 
Coordinates" method. A brief theoretical 

derivation of the used formula has been 

introduced. All variables and matrices 

representing, in a direct or indirect way, 

equation coefficients were declared as 
"Double", which supports values with 

significant figures of 14 digits. 

5. Taking advantage of the outstanding 

facilities of "VISUAL BASIC" represented in its 

complete set of visual control tools and 

Graphical User Interface (GUI) was highly 
regarded in constructing the program to 

provide a simple and time-saving way for the 

user to enter the input data and read the 

results. Moreover, a printable text file 

containing the results is optionally created 
and presented by the program. 

6. The results produced and presented by the 

program are classified into the following four 

types of output data: 

 

 Coordinates corrections (dx, dy) for each 

station. 

 Adjusted coordinates (X, Y) of each station. 

 Adjusted angular value (Deg, Min, Sec) of 
each observation. 

 Residual value (Deg, Min, Sec) of each 
observation 
 

6.  Recommendations for future works 
 

1. Since this program was designed to adjust 
Triangulation Networks, it can be developed to 

perform also the adjustment of Trilateration 

and Hybrid Geodetic Networks. 

2. A similar program can be developed to 

perform the adjustment of elevations for level 

nets based on least squares technique. 
3. Developing a software for the adjustment 

of 3-D Networks and combining it with 

differential Global Positioning System (GPS) 

software to adjust the networks of vectors 

between stations occupied by GPS receivers. 
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