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Figure 1. Altitude and Azimuth calculation guidance 
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Abstract. The project contains a calculator which determines the specific values of 

astronomical navigation. Firstly, the algorithm of the program determines the meridian angle 

and the declination of any Star based on daily page table and correction table. Then, with 

specific formulas, the program calculates the altitude of any Star and Azimuth angle. The C# 

language was used for the code along with Graphical User Interface. The project also contains 

a theoretical part explaining the variables of the equations used in this program. 

1.  Introduction 

This article is about developing an astronomical navigation calculator which accurately determines 
values which help for orientation on the sea. The project has two sections: theory and calculator. In  
theory section there are information about the variables that are used for the ca lculator and in  the 
second section there is the calculator itself. For the first part of the calculator there are navigation 
tables which can be found in a specific almanac, precisely correction table and declination of any star 
table. The code behind the project is written in C# and it was used a Graphical User Interface for the 
program design. 

Students usually use the form from figure 1 in order to learn to calculate the specific values of 
Astronomical Navigation and the program is based on this form. 

 
 



Figure 2. First panel was designed as an 
introduction to the program. 

Figure 3. The initial theory panel introduces 
the nomenclature to the user. 

Figure 4. Definition of the declination and 
altitude of a star equation 

2.  Program Interface 

The program contains panels, text boxes, 
picture boxes and buttons. The panels were 
used as pages and their visibility is f alse at 
the start, but when a specific button is hit, 
they will be visible. The radio buttons 
become available when the “Theory” button 
is pressed. 

The first panel, shown in figure 2, 
contains an information which helps the 
user navigate in the program. 

The second panel (figure 3) is shown by 
pressing the “Theory” button and contains 
general information about the variables used 
for the calculator.  

The third panel (figure 4) is shown by 
pressing the “Altitude of a Star” button and 
contains the definition of the declination of a 
star and the formula that was used for the 
calculator in order to generate its value. 
 

The fourth panel (figure 5) is shown by pressing the “Azimuth” radio button and contains the 
definition of azimuth angle and the formula behind the calculator. The fifth panel (figure 6) is shown 
by pressing “Another specific angles” and contains theory about local hour angle, sideral angle , based 
on the rotation of the earth beneath the stars [1], and meridian angle which was used for the 
calculator’s code. 

 
 
 
 
 
 



Figure 5. Azimuth definition and its equation Figure 6. The local hour angle, sideral angle 
and meridian angle definition 

Figure 7. Calculator Interface 

 
     The last panel (figure 7) is shown by pressing “Calculator” button and contains the astronomical 
navigation calculator which uses the tables of calculated altitudes and azimuths, along with the method 
of plotting position lines [2]. The input values have borders along the text box and the output values 
have not. In order to input values, the two specific tables are needed: correction table and declination 
of the star table. The calculator uses the equations mentioned in figure 4 and figure 5 . The Azimuth 
and Altitude values will be visible when the “Calculate” button is pressed.  

 
 

Compared to the handwriting method, shown in figure 8, the program only needs the input values. 
Its main advantage is the reduced time needed by the user to reach the results. By using the computer, 
there is no error in the calculations.  
 



3.  Conclusion 

The program works without internet and it can be used from any computer . It can also be used by 
students in class to learn to make these calculations. An easy and friendly user interface can save time 
and can help studying astronomical navigation. For the future, more equations can be implemented , a 
wider theory can be added, and the image of the program can be improved. A smartphone version can 
be created as well. 
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Figure 8. Sample of calculations [3] 

https://locate.coventry.ac.uk/primo-explore/fulldisplay?docid=COV_ALMA51103976390002011&context=L&vid=COV_VU1&lang=en_US&search_scope=LSCOP_COV&adaptor=Local%20Search%20Engine&tab=local&query=any%2Ccontains%2Castronomical%20navigation&offset=0

