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Abstract: The article presents new formulas for calculating directional angle  𝛼𝐴𝐵. Through the formulas 

presented, the directional angle 𝛼𝐴𝐵  is directly calculated, without using quadrants. It also avoids cases in which, 

if  ∆𝑋𝐴𝐵 = 0, the problem had no solution and additional requirements had to be applied to solve it. 
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Introduction 

The most common tasks in geodesy are related to the calculation of coordinates, distances and directional 

angles. When it comes to no more than two points, the first and second basic geodetic tasks at short distances are 

most often used. With a larger number of points, different methods are used: polygon moves, geodetic notches, 

different types of alignments, etc. [1-6]. 

The topic of the article is related to the second basic geodetic task at short distances, in which the distance 

and the directional angle are calculated from the coordinates of two points. 

 

Theoretical staging 

1. A standard way to solve a second basic geodetic task at short distances 

A second basic geodetic task at short distances is used to calculate the distance (𝑺𝑨𝑩) and directional angle 

(∝𝑨𝑩), using the coordinates of two known points – point A and point B (Figure 1). 

From Figure 1, it can be seen that solving the problem is reduced to solving a triangle. 
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𝑡𝑎𝑛 ∝𝐴𝐵
′ =

∆𝑌𝐴𝐵

∆𝑋𝐴𝐵
                                                                       (1) 

 

∝𝐴𝐵
′ = 𝑎𝑟𝑐 𝑡𝑎𝑛

∆𝑌𝐴𝐵

∆𝑋𝐴𝐵
                                                                       (2) 

knowing that: 

∆𝑌𝐴𝐵 = 𝑌𝐵 − 𝑌𝐴                                                                        (3) 

 

∆𝑋𝐴𝐵 = 𝑋𝐵 − 𝑋𝐴                                                                        (4) 

 

 

 

Figure 1. Second basic geodetic task at short distances 

 

It should be borne in mind that the angle thus calculated ∝𝑨𝑩
′  is not the angle sought ∝𝑨𝑩. Since coordinate 

increments (∆𝒀𝑨𝑩, ∆𝑿𝑨𝑩) can have positive (+) and negative (-) values, then the directional angle can be positive 

or negative. In order to avoid negative values and calculate the desired directional angle, we should always bring 

the angle calculated according to formulas (1) and (2) to the first quadrant, according to the signs of the coordinate 

increments. 
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The alignment is determined using Table 1. 

 

Table 1.  Table for calculating the Directional angle ∝𝐴𝐵 

 

Sign on Quadrant Directional angle ∝𝐴𝐵 

∆𝑋𝐴𝐵 ∆𝑌𝐴𝐵  

+ + I ∝𝐴𝐵=∝𝐴𝐵
′  

− + II ∝𝐴𝐵= (−∝𝐴𝐵
′ ) + 200𝑔  

− − III ∝𝐴𝐵= (+∝𝐴𝐵
′ ) + 200𝑔  

+ − IV ∝𝐴𝐵= (−∝𝐴𝐵
′ ) + 400𝑔  

 

After calculating the directional angle, we proceed to calculate the distance. 

 

𝑆𝐴𝐵 =
∆𝑌𝐴𝐵

𝑠𝑖𝑛 ∝𝐴𝐵
=

∆𝑋𝐴𝐵

𝑐𝑜𝑠 ∝𝐴𝐵
                                                              (5) 

 

𝑆𝐴𝐵 = √∆𝑌𝐴𝐵
2 + ∆𝑋𝐴𝐵

2                                                                (6) 

 

A problem arises when ∆𝑿𝑨𝑩 = 𝟎. Then Formulas (1) and (2) has no solution. In this case, additional 

conditions apply, namely: if ∆𝑿𝑨𝑩 = 𝟎 and ∆𝒀𝑨𝑩 > 𝟎 then the ∝𝑨𝑩= 𝟏𝟎𝟎𝒈, if ∆𝒀𝑨𝑩 < 𝟎 then the ∝𝑨𝑩= 𝟑𝟎𝟎𝒈. 

 

2. A new way to solve a second basic geodetic task at short distances 

To derive the new formulas for solving the problem, instead of the trigonometric tan function, the sin 

function is used. As can be seen in Figures 2 through 5, we first calculate the angle 𝜶 using formula (7) and then 

we find the directional angle 𝜶𝑨𝑩. 

 

𝛼𝑔 =  (𝑎𝑟𝑐𝑠𝑖𝑛
∆𝑋𝐴𝐵

𝑆𝐴𝐵
)

𝑔

                                                               (7) 
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Figure 2. Second basic geodetic task (first quadrant) 

 

 

𝑆𝐴𝐵 = √(∆𝑋𝐴𝐵)2 + (∆𝑌𝐴𝐵)2                                                              (8) 

 

𝛼𝐴𝐵 = 100𝑔 − (𝑎𝑟𝑐𝑠𝑖𝑛
∆𝑋𝐴𝐵

𝑆𝐴𝐵
)

𝑔

                                                             (9) 

 

In the first quadrant ∆𝑿𝑨𝑩 > 𝟎, angle 𝜶 has a positive value. As you can see in Figure 2, if we subtract 

the angle 𝜶 from 𝟏𝟎𝟎𝒈, we will get the desired directional angle (Formula 9). 
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Figure 3. Second basic geodetic task (second quadrant) 

 

In the second quadrant ∆𝑿𝑨𝑩 < 𝟎, angle 𝜶 has a negative value. As you can see in Figure 3, if we subtract 

the angle −𝜶 from 𝟏𝟎𝟎𝒈, we will get the desired directional angle (Formula 9). 

 

Figure 4. Second basic geodetic task (third quadrant) 
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In the third quadrant ∆𝑿𝑨𝑩 < 𝟎, angle 𝜶 has a negative value. As you can see in Figure 4, if we add the 

angle −𝜶 to 𝟑𝟎𝟎𝒈, we will get the desired directional angle (Formula 10). 

 

𝛼𝐴𝐵 = 300𝑔 + (𝑎𝑟𝑐𝑠𝑖𝑛
∆𝑋𝐴𝐵

𝑆𝐴𝐵
)

𝑔

                                                       (10) 

 

 

 

Figure 5. Second basic geodetic task (fourth quadrant) 

 

In the fourth quadrant ∆𝑿𝑨𝑩 > 𝟎, angle 𝜶 has a positive value. As you can see in Figure 5, if we add the 

angle 𝜶 to 𝟑𝟎𝟎𝒈, we will get the desired directional angle (Formula 10). 

 

Results and Discussion 

Because it becomes clear that in the first and second quadrants one formula can be used, and in the third 

and fourth another. In short, as a conclusion of the above, it can be said that: 
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If     ∆𝑌𝐴𝐵 ≧ 0 

𝛼𝐴𝐵 = 100𝑔 − (𝑎𝑟𝑐𝑠𝑖𝑛
∆𝑋𝐴𝐵

𝑆𝐴𝐵
)

𝑔

 

 

If     ∆𝑌𝐴𝐵 < 0                                                                      (11) 

𝛼𝐴𝐵 = 300𝑔 + (𝑎𝑟𝑐𝑠𝑖𝑛
∆𝑋𝐴𝐵

𝑆𝐴𝐵
)

𝑔

 

 

𝑆𝐴𝐵 = √(∆𝑋𝐴𝐵)2 + (∆𝑌𝐴𝐵)2 

 

Conclusion 

The proposed formulas (8) for solving the Second basic geodetic task at short distances have the following 

advantages: 

1. The directional angle 𝜶𝑨𝑩 is calculated directly; 

2. You don't have to use the quadrants; 

3. There are no cases in which the task has no solution; 

4. The formulas can also be used for ∆𝒀𝑨𝑩 = 𝟎; 

5. The time for solving the task is significantly reduced. 

  

References 

[1] Stoykov, E., Methods for transformation of spatial Cartesian coordinates (X, Y, Z), obtained by the GPS 

measurements in ellipsoidal coordinates and height (B, L, H). Proceedings of 10th International Conference 

on Bionics and Prosthetics, Biomechanics and Mechanics, Mechatronics and Robotics, Liepaya, Latvia, 2014, 

10, 87-92. 

[2] Yanchev, K., Research and analysis of results of determining the mutual position of points on the earth's 

surface with different geodetic methods and instruments. Proceedings of MATHTECH 2014, 2014, 204-210 

(in Bulgarian). 

[3] Ivanov, S., Derivation of a formula for calculating the initial indicated angle, when solving a backslash, 

through the sines and cosines of the measured horizontal angles. Proceedings of MATHTECH 2016, 2016, 

169-173 (in Bulgarian). 

mailto:s.ivanov@shu.bg


ASN, Vol. 12, No 1, Pages 73–80, 2025  
 
   
 

 
80 

  
Corresponding author: s.ivanov@shu.bg                                          Full Paper 

DOI: 10.2478/asn-2025-0008                                                               ©2025 Sabin Ivanov, published by Sciendo 

This work is licensed under the Creative Commons Attribution 3.0 Public License 

 

[4] Stoykov, E., Measurement methodology for creating a working geodetic base using GNSS in RTK mode. 

Proceedings of MATHTECH 2018, 2018, 2(2), 75-80 (in Bulgarian). 

[5] Ivanov, S., Manual for exercises in geodesy, part I. Konstantin Preslavski University Publishing House, 

Shumen, 2021 (in Bulgarian). 

[6] Yanchev, K.F., Possibilities for creating basic geodetic networks using laser scanning. Proceedings of 

MATHTECH 2022, 2022, 2, 219-222 (in Bulgarian). 

mailto:s.ivanov@shu.bg

