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One of the main tools in the Microsoft Office 2010 package is a spreadsheet program 

Microsoft Excel, which is part of the software of modern computers. Microsoft Excel is designed for 
the preparation and mathematical processing of spreadsheets under the control of the Windows 
operating system. 

We aim to perform the process of equalization of the triangulation node by the parametric 
method using Microsoft Excel. 
Figure 1 shows a schematic of the measurement of angles in the triangulation type and Table 1 shows 
the results of the measured angles. 
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Measurement Scheme:         
Measured Angle Values      Table 1 

 
O / 
n 

Measured 
angle 

Sign 
Corner 
name 

Equation 

1 1000300   X 1 AOB t 1 

2 1000420   X 2 BOC t 2 

3 1000440   X 3 COD t 3 

4 1000330   X 4 DOE t 4 

5 2200800   X 5 AOC t 1 + t 2 

6 2100860   X 6 BOD t 2 + t 3 

7 2595760   X 7 COE t 3 + t 4 

8 34951230   X 8 AOD t 1 + t 2 + t 3 

9 81001190   X 9 BOE t 2 + t 3 + t 4 

10 94951560   X 10 AOE 
t 1 + t 2 + t 3 + t 
4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 
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As parameters, we take the first four of the ten measured angles. We define them by their 

equalized value 
1 2 3 4,  ,  ,t t t t (Table 1). 

As an approximate value of the desired unknowns, we take the results of their measurements, 
namely: 

1000300

1
=t ,,,  100042 0

2
=t _  100044 0

3
=t _ 1000330

4
=t  

Then we express the equal value of all ten measured quantities by the equal value of the four 
required unknowns to construct the dependence of the parametric equations. 

),,,( 4321 ttttfVxx iiii =−=
 

(1) according to the formula
 

1) 11 tx =    6) 326 ttx +=  

2) 22 tx =    7) 547 ttx +=  

3) 33 tx =    8) 3218 tttx ++=   (2) 

4) 
44 tx =    9) 4329 tttx ++=  

5) 215 ttx +=    10) 432110 ttttx +++=  

To perform the process of parametric equalization of the triangulation network using 
Microsoft Excel  is necessary to perform the following procedure: 

1. In the Microsoft Excel program, we enter the measured values in the order shown in Figure 
2, the selected desired unknowns (parameters), the approximate value of the detected parameters 
and the dependence of the constructed parametric equations . 

 
Figure 2. 

2. We convert the measured values in degrees, minutes, seconds to radians in Microsoft Excel 
using geodetic instruments (theodolite tool). To do this, we enter the information in column 2 of 
Table 1 in the order shown in Figure 2 in Microsoft Excel - left-click on the arrow (format cell: 
number) in the corner of the item "Number" of the "Main" section of the program window (Figure 
3a) and an additional working window as shown in Figure 3b is formed. 
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a)        b) 

 
Figure 3. 

 
Then we click on the "Number" item in the additional working window "Format cells" in 

Figure 3b, select the command "(all formats)" from the menu "Numeric formats:" and from the 
menu "Type" we select the "[ch]: mm: ss icon and activate the mode “Number” by pressing the 

button . 

3. After activating the "Number" mode, multiplying the measured 0180 values (expressed in 

degrees, minutes, seconds) entered in Microsoft Excel, 3,141592....... = our values become radian. 

(Figure 4) 

 
Figure 4. 
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4. Then we construct the parametric equation of corrections 

1 1 2 2i i i ir k tV a r a r a r l= + ++ +   1,2, 10i =  (3) 

This here: ;
1
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=

t
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




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=

t

x
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i
ik

t

x
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l i = f i ( 0

1t , ..... , 0

kt ) - x i = 0

iх - x i    (4) 

In the example of the 4th correction equation we show how to construct. The 4th equation is 
due to: 

1

01
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















=

t

x
a  0

02

4
42 =

















=

t

x
a  0

03

4
43 =

















=

t

x
a  0

04

4
44 =

















=

t

x
a  

Free limit: 
0

4 2

0 0 0 0

41( ) 38 00 01 42   –00 01 8  200 2 ,00 02l xt t = + − = + =     −   

Correction equation the following appearance takes   5 1 2 20V r r = + +  

We write the equation of all corrections in the same way. 

1 1  6 2 3

2 2 7 3 4

3 3 8 1 2 3

4 4  9 2 3 4

1                         6  10

2                        7  10

3                         8  

) )

) )

) )

) )

5

 20

 4                        

)

9  15

 

V r V r r

V r V r r

V r V r r r

V r V r r r

V

= = + +

= = + +

= = + + +

= = + + +

5 1  2 10 1 2 3 4  20      1  0 5) 1r r V r r r r = + − = + + + +

 

We enter the above steps in the Microsoft Excel spreadsheet (Figure 5). 
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Figure 5. 

5. After that, we compile the table of coefficients of the correction equation (1) according to 
the formula (5) in accordance with Table 1 and enter it into the spreadsheet of Microsoft Excel and 
calculate it using the program (Figure 6-7). 

 
Figure 6. 
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Figure 7. 

Since it is the sum of the numbers on the columns, the sum of all the values of Si is equal to 
the sum of the values above the double line. 
6. Solving normal equations: 

The system of equations consisting of four unknowns is as follows: 

         
         

         

         

1 1 1 1 2 2 1 3 3 1 4 1

1 2 1 2 2 2 2 3 3 2 4 2

1 3 1 2 3 2 3 3 3 3 4 3

1 4 1 2 4 2 2 4 3 4 4 4

     0

     0  

     0 

     0             

a a r a a r a a r a a r a l

a a r a a r a a r a a r a l

a a r a a r a a r a a r a l

a a r a a r a a r a a r a l

+ + + + =

+ + + + =

+ + + + =

+ + + + =

 

Solving a system consisting of this normal equation is done in Microsoft Excel using the 
Kramer method as shown in Figure 8. 
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Figure 8. 

 
7. Calculation of corrections to the measured results: 

Vi for the measured angle value is found from the spreadsheet in Figure 6 according to the 
formula and the construction of this table is completed (Figure 9). Equality (1) and (4) are also 
checked. 

 
Figure 9. 
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9. Calculation the equivalent value of the unknowns (parameters). 
Hence, in this example, the measured quantities are selected as parameters, and it is 

appropriate to perform the considered calculations together with the calculations of the next stage. 
10. Calculating the equivalent value of the measured quantities. 
The correction is the equalized value of the angles in Figure 10 using Vi . 
11. Final check of equation. 
It consists of recalculating the equalized value of the angle according to the dependence of 

equations (2) . 
The test calculations are given in Figure 10. 

 
Figure 10. 

 
 

12. Accuracy assessment. 
1. The mean square error of the directly measured results and the mean square of the “error 

of error” 

kn

V
m

−
=

][ 2

    (7) 

)(2 kn

m
mm

−
=     (8) 

To use the above formula in Microsoft Excel, we need to do the work in the order shown 
below. To do this, we need to enter formulas (7) and (8) into Microsoft Excel. In formula (7) we enter 
the numbers under the root in the spreadsheet of the program (Figure 11). 
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Figure 11 

Then we go to the command line "FORMULAS" from the command line of the program and click on 
the command "ROOT" from the menu "Mathematical" in the submenu "Library of functions" and 
type 1060 / (10-4) in the window “Number ” and click on the button, and the result will appear on 
the screen (Figure 12). 

 

 
Figure 12. 

After doing the above, we determine the values according to formula (8), again enter cell I-21 
of the spreadsheet, create the formula = I20 * (J20-K20) and press Enter (Figure 13). 
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Figure 13. 

 
Then we go to cell I-22, click "=", enter the command "FORMULAS" from the command line 

and click on the command "BASIC" from the submenu "Library of functions" from the menu 
"Mathematical" and the additional "Arguments function" In the "Number" window of the window, 

type the I-21 cell icon and press the button, and the result is displayed on the screen 
(Figure 14). 

 
Figure 14. 

 
Then we go to cell I-24, create the formula "= L23 / I22" and get the final result (Figure 15). 
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Figure 15. 

In short, Microsoft Excel spreadsheet is a ready-made program that not only solves economic 
and financial problems, but also helps to solve complex calculations in the field of geodesy. 

Thus, Microsoft Excel has the ability to solve existing problems in the discipline of "Theory of 
mathematical processing of geodetic measurements (parametric equalization of the triangulation 
network and the assessment of accuracy) and is a very useful program for solving complex problems 
in the field of geodesy. 
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