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The celestial navigation is one of the oldest navigation methods for
determining the position, which is done by observing different
celestial bodies such as stars. With the advancement of technology
and the emergence of accurate imaging sensors, this method has
entered a new stage, so that by processing images of stars and
analyzing their data, the exact position of an observer can be
determined in space or on land. This paper presents a novel method
for determining the geographic location of a mobile system using an
image of visible stars in the local sky at a specific time. The proposed
method does not require any prior knowledge about the observer's
position or orientation. Initially, a grayscale image of the sky is either
generated using the Sky Map function in MATLAB, based on the
SAO star catalog, or acquired directly from a star sensor. Spatial and
frequency-domain features are extracted from the image and
compared with features from a set of synthetic sky images
corresponding to various geographic locations. A genetic algorithm
is employed to optimize the matching process through a tailored
fitness function. The key innovation of this research lies in the
development of an algorithm capable of accurate localization using
only a sky image, without reliance on auxiliary sensors or initial
position data. The proposed approach is robust to noise and image
rotation and is applicable across the entire Earth's surface. Simulation
results confirm the effectiveness and high accuracy of the method for
vision-based autonomous navigation.
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Fig. 1. Flowchart of the optimization algorithm used in the present study.
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Table 1. Assumptions used in the simulation.

Parameter Value Description

Approximate location of Milad

Initial Longitude 51.5320 T, e

Approximate location of Milad

Initial Latitude 35.7448 Tower, Tehran

UTC Time Offset +3:30 Iran Time Zone

Imaging Date & 32312126 Imaging moment for position
Time 00-00:00 determination
Field of View 10 Default angle of MATLAB's
Angle degrees | skymap function
Circular Image 350 Visible region for feature
Region Radius pixels extraction
No‘r malized For noise removal and dark
G = region elimination
Threshold =
Apparent m<6 To reduce star identification
Magnitude Limit - error
AT O 1000 For initial position search
Chromosomes
Number of For convergence to optimal

. 100 e
Generations position
Initial Search 10 Longitude and latitude scanned
Range degrees = in 10° steps

in 10° + . .
scanned in 10. > Around the final candidate point
steps Constraint degrees

2. Latitude
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Fig. 4. Using a gamma filter (gamma 3) to enhance the visibility
of bright pixels (the elapsed time is equal to 2.065915 seconds).
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Fig. 2. The preprocessed image of stars (circular with a radius
of 350 pixels) along the nadir line at the Milad Tower location
(the elapsed time is equal to 152303.14 seconds).
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Fig. 3. Histogram analysis of the first obtained image from the
unknown location photograph.
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Fig. 7. Synthesized image of the position of the stars for

00:00:00 on June 3, 2024, at a distance of one-hundredth of a
degree of longitude from Milad Tower.
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Fig. 8. Grayscale and cleaned image of Figure 7.
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Fig. 5. Frequency domain representation of the original image
using the Fourier transform (code execution time is 0.132032
seconds).
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Fig. 6. Using the time domain filter (the elapsed time is
0.539721 seconds).
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Fig. 11. The central circular region of the spatially unknown
shape with an outer radius of 157 pixels.
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Fig. 12. The central circular region of the spatially unknown
shape with an outer radius of 314 pixels.
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Fig. 13. The central circular region of the spatially unknown
shape with an outer radius of 272 pixels.
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Fig. 9. Definition of zenith and azimuth angles [47].
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Fig. 10. The central circular region of the spatially unknown
shape with an outer radius of 222 pixels.
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Fig. 15. Arithmetic mean of pixel brightness in the circular areas

presented in Figures 10 to 14 (elapsed time is 0.158008
seconds).
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Fig. 16. Number of stars (solid bright areas) counted in each of
the five image regions (elapsed time is 0.837178 seconds).
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Fig. 14. The central circular region of the spatially unknown
shape with an outer radius of 350 pixels.
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Fig. 17. Finding the size and location of bright stars (the elapsed
time is 1.685386 seconds).
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Table 2. Locations and sizes of the red points.

Radius x-coordinate y-coordinate
1.9390 118.5671 500.0000
1.9491 300.4447 637.3341
1.8885 132.0000 372.4905
1.8570 164.4444 418.0450
1.9696 185.4460 386.0000
1.7321 192.9168 94.1785
2.0000 232.0000 279.0000
1.9428 241.3427 341.5227
1.9240 265.8554 322.9447
1.6425 325.6780 341.7364
2.0000 336.0000 702.0000
1.9240 392.9438 571.6059
2.0000 432.0000 177.0000
1.8570 438.3676 632.6324
1.9094 490.9718 390.8256
1.0000 626.0000 503.5668
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Table 3. Results of different runs of the genetic algorithm for
sky image above the Milad Tower.

Tteration Longitude Latitude
(degrees) (degrees)
First 51.3671 35.7430
Second 51.3665 35.7426
Third 51.3679 35.7434
Average 51.3672 35.7430
Standard Deviation 0.0007 0.0004
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Fig. 18. The values of the fitting function for population
generation for the initial location-independent image with
length and width of 375320.51 and 744843.31, respectively.

—t—

80

60

Latitude (°)
n »
- B

=
S

Initial
0 f . o 1" search |
I 2" soarch

Final |

150 100 50 0 50 100 150
Longitude (°)

@bl 13ye g Jsb 03,5 1 (slixe & dige sl pgig09,S 3l VA JSud
oSl seeme adsl S sl

Fig. 19. Finding optimal chromosomes means finding the longitude
and latitude for the initial image of an unknown location.
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