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SUMMARY 

 
 

The mathematical and statistical modelling of determining the accuracy of calculating the area of real 

estate objects is carried out. It is proved that the accuracy of determining the area of a polygonal 

object under the condition of uncorrelated coordinates depends on the accuracy of determining the 

coordinates of the vertices of the real estate object, its area, the number of vertices and the 

configuration of the object. With other characteristics remaining the same, the error in determining the 

area of a rectangular object is approximately proportional to the error in the coordinates. Practical 

examples are used to implement the theoretical proofs for determining the root mean square errors of 

the areas of real estate objects of various configurations. It is substantiated that for calculating the 

areas of real estate objects by vertex coordinates, the most advantageous land plots for ensuring 

maximum accuracy are those having the shape of equilateral triangles and squares. 

 

Keywords: geodesy, cadastre, land plot, real estate objects, area error, coordinates. 



 

 

International Conference of Young Professionals “GeoTerrace-2024” 

7-9 October 2024, Lviv, Ukraine 

Introduction 

 

Considering the findings of field geodetic measurements, the areas of land plots and other associated real 

estate objects are determined. Most frequently, the coordinates of the vertices of real estate items with 

polygonal shapes are used for calculating their areas. Having determined the coordinates, they calculate the 

areas of objects and evaluate their accuracy (Baranovsky, 2009). Land plots and other real estate items 

frequently take the form of asymmetric quadrilaterals. The coordinates of the quadrangle vertices and 

corners, as well as the findings of measurements of distances, angles, and coordinate discrepancies are 

used to calculate areas. The necessity to calculate areas concerning the results of such calculations arises 

when dividing plots, designing horticultural farms, settlements, taking into account real estate objects of a 

given area, determining the areas of real estate objects by dividing them into elementary figures, etc. 

(Bennet, 2011). 

 

The rectangle is most often used as a starting figure in studies on determining the accuracy of calculating 

the areas of land plots of various configurations. The application of satellite geodetic devices and electronic 

total station theodolite allows you to determine areas by calculating coordinate differences (Kharryson, 

1994). To calculate the area of a real estate object of a complex shape, it is frequently divided into simpler 

parts, or triangles, and then the area of the original real estate object is determined as the sum of the areas 

of elementary triangles. However, it is crucial to comprehend which type of triangles will give you the 

highest level of the area measurement accuracy (Drapikovskii et al., 2015; Enemark, 2010). 

 

Method 

 

Considering theoretical studies, we will present the formulas for determining the mean squared deviations 

of the areas of objects. From the formulas (2), (4) given in the publication (Hubar Y., Sai V., et. al., 2022), 

the formulas of the mean squared deviations for typical shapes follow, namely: 
 

1. Regular polygon: 
 

( )
n

PM
n

Pmm yxp

 2
sin

2
sin2 == .                                          (1) 

 

2. An arbitrary triangle: 
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where  2l  - the sum of the squares of the lengths of the sides of a triangle. 

 

If in an isosceles triangle the ratio of the height to the base is equal to 1, then it is possible to write: 

 

( ) PMPmm yxp 94,075,1 ==                                                       (3) 

 

Having analyzed formulas (1) – (3), we can conclude that mean squared deviation of a real estate object 

depends on mean squared deviations of the coordinates of the vertices of the polygon, the area of the object 

and its shape, that is, on the number and arrangement of the vertices. At the same time, concerning the 

formula (4) of the publication (Jach W., et. al., 2023), starting from a square the value of the expression 

beneath the radical’s sign falls as the number of vertices rises, and therefore, the mean squared deviation of 

the area decreases. If we assume that the areas of the triangles iP  that make up the area P  of the real 

estate object are calculated based on independent variables, then the mean squared deviation of the area 

measurement will be (Hubar Y., Sai V., et. al., 2022): 
 

222 ...
21 ipppP mmmm +++=                                                           (4) 

 

where 
ipm  - mean squared deviation of i -triangle. 
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In the formula (4), it is assumed that the deviation of the area of the real estate object is independent, 

however, when calculating the areas of adjacent triangles, the calculated distances and horizontal directions 

common to both triangles are used, therefore the calculated areas of the triangles are interdependent values. 

The object is divided into three triangles by measured lines (Stoter J., 2003). Their total area: 
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The mean squared deviation of the area of an equilateral real estate object based on formula (5) of the 

publication (Jach W., et. al., 2023) will appear as follows: 

 

( )22 sin dP mnm = .                                                                   (6) 

 

Taking into account (5), it is possible to note for the entire area of the real estate object: 
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It follows from (6) and (7): 
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where P  - object area; n  - number of vertices; 
d

md  - relative measurement error of line lengths. 

 

In the partial case, for square-shaped objects, one can write: 

 

d
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Formulas (8) and (9) should be used to approximate accuracy for calculating areas bounded by polygons of 

an irregular shape. Considering the above-mentioned formulas, the accuracy of area calculation does not 

virtually depend on (for regular figures, it does not depend at all) on measurement errors in horizontal 

directions (Hubar Y., Vinarchyk L., et. al., 2022). 

 

Results 

 

We are about to carry out the practical implementation of theoretical studies. Tables 1-3 present research 

results for elementary shapes (triangles and rectangles). The following designations are adopted in the 

tables: P  - area of real estate object; ( )yxm  - mean squared deviations of the coordinates of the vertices; 

pm  - mean squared deviation of the area of the real estate object, which is calculated from the coordinates 

of its vertices; n  - number of vertices; K  - aspect ratio of real estate object, which is ratio of length to 

width for rectangular-shaped objects and the height-to-base ratio for triangular-shaped objects. 

 

In Table 1, the mean squared deviations values were calculated according to formula (2), in Table 2 - 

according to formula (9). Table 3 presents the research results of the accuracy of the area pm  of a 

rectangular-shaped real estate object depending on the size of the area P  when ( ) 5=yxm сm і 3=K . 

Studies demonstrate that mean squared deviation of the area pm  varies approximately in proportion to P . 
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Тable 1. Dependence of the accuracy of the area of an isosceles triangle on its shape (m; ( ) 5=yxm сm) 

K  pm , m2 

1pp mm
i

 
Pre-calculated value 

 pm , m2 

Coefficient  

K

K

73,1

75,1 2+  

23  1.326 1 1.299 1 

21  1.389 1.047 1.397 1.08 

1 1.330 1.003 1.307 1.01 

2 1.532 1.155 1.521 1.17 

3 1.792 1.351 1.780 1.37 

 

Тable 2. Dependence of the accuracy of the area of a rectangular object on its elongation and the 

accuracy of the coordinates of the vertices (
2390mP  ; 4=n ) 

( )yxm , сm 
1=K  2=K  3=K  

pm , m2 Pmp  pm , m2 Pmp  pm , m2 Pmp  

1 0.278 1:1403 0.338 1:1154 0.346 1:1127 

2 0.566 1:689 0.635 1:614 0.673 1:579 

3 0.871 1:448 0.878 1:444 1.137 1:343 

5 1.269 1:307 1.790 1:218 1.889 1:206 

10 2.728 1:143 3.267 1:119 3.518 1:110 

 

Тable 3. Dependence of the accuracy of the area of a rectangle on the area P  ( ( ) 5=yxm сm; 3=K ) 

Number of the version  i  1 2 3 

iP , m2 390.505 1562.021 3514.548 

1PPi  1 4 9 

ipm , m2 1.889 3.803 5.616 

1pp mm
i

 1 2.013 2.973 

 

Tables 4 - 6 present the results of research for real estate objects limited by a large number of vertices. 

 

Тable 4. Dependence of the accuracy of the area of a rectangular object on the accuracy of the 

coordinates and the number of n  vertices ( 3P  hа; 3=K ) 

( )yxm , сm 
Mean squared deviation of the area pm , m2 

8=n  16=n  32=n  48=n  64=n  

1 2.85 2.05 1.61 1.28 1.10 

2 5.33 4.42 3.31 2.42 2.32 

3 8.71 6.96 4.88 3.75 3.30 

5 14.0 10.7 8.30 6.33 5.44 

10 26.2 21.7 16.6 12.3 10.7 

 

Тable 5. Dependence of the accuracy of the area of a rectangular object on its dimensions and the 

accuracy of the coordinates of the vertices ( 32=n ; 6=K ) 

iP , m2 1PPi  ( ) 1=yxm сm ( ) 2=yxm сm ( ) 3=yxm сm ( ) 5=yxm сm ( ) 10=yxm сm 

1662.13 1.0 0.39 0.72 1.15 1.81 3.68 

6648.51 4.0 0.70 1.46 2.22 3.52 7.29 

26594.05 16.0 1.54 1.92 4.12 7.53 14.56 

106376.2 64.0 2.63 5.30 8.16 15.36 30.01 
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Тable 6. The dependence of the accuracy of the area on the shape of the object and the accuracy of the 

coordinates of the vertices ( 12=n ; 400P m2) 

( )yxm , сm 
Triangular-shaped plots Rectangular-shaped plots 

23=K  1=K  2=K  1=K  2=K  3=K  

2 0.436 0.484 0.504 0.420 0.459 0.563 

5 1.208 1.196 1.405 1.060 1.127 1.289 

10 2.323 2.367 2.850 2.135 2.361 2.618 

 

Conclusions 

 

The research results obtained in the above-presented tables confirm the correctness of formulas (1) – (12). 

Therefore, the accuracy of determining the area of a polygonal object due to uncorrelated coordinates 

depends on the accuracy of determining the coordinates of the real estate object vertices, its area, the 

number of vertices, and the object configuration. The inaccuracy in calculating a rectangular object area is 

roughly proportionate to the error in the coordinates, when considering other identical characteristics: P  

and KK 21 2+ . As the number of vertices increases by n  times, the area deviation decreases 

approximately proportionally n . In isosceles triangles, the mean squared deviation of the area will be 

proportional KK 73,175,0 2+  and decreases as the number of points on each side of the triangle rises, 

except for the case when one point is defined on the sides of the land plot. Therefore, the work proved that 

when calculating the area of real estate objects by the coordinates of the vertices, the most profitable forms 

of land plots to ensure maximum accuracy are plots in the form of equilateral triangles and squares. 
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