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Abstract

When a satellite’s mission is given, estimating its own attitude and position for controlling its attitude is an
important factor because it is directly related to mission success. When estimating the satellite’s attitude
and orbital position based on a star sensor algorithm, errors may occur due to image noise, sensor errors
and real time variations in star brightness in the star images acquired by the star tracker cameras. Therefore,
this paper applies a star pattern recognition technique optimized for image based deep learing using
Convolutional Neural Network (CNN) to the acquired star images and implements the star recognition
process to verify whether it achieves higher accuracy compared to conventional star recognition methods.
Then, a simulator was developed to implement the star sensor algorithm, and the accuracy of star
recognition was analyzed using the proposed method. The proposed CNN-based approach was compared
with conventional star pattern matching methods, such as triangular pattern matching and grid algorithms,
showing an accuracy improvement of approximately 7%. The proposed CNN-based star recognition

process is expected to contribute to improving the accuracy of satellite attitude and position estimation.
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Fig. 1. Star image converted to grayscale acquired with CCD camera.
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Table 1. Catalog occupancy percentage by apparent magnitude

Apparent
] 1.5 3.5 5.0 5.5 6.0 7.0 8.0
magnitude

Catalog
occupancy
0.029 0.350 1.969 3.447 6.097 15.832  23.676
percentage

(%)

Fig. 2. Star distribution with apparent magnitude greater than 6.0.

https://www.jstna.org | 25



Haid 7189 CNN ¢12|52 &8

o
P

0x
oIr
re
4

https://doi.org/10.52912/jsta.5.1.23

Fig. 3. Star image converted to grayscale acquired with CCD camera.

Fig. 4. Binarization result for star image.
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Fig. 5. Triangular pattern matching method on star image.
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Fig. 6. Flowchart of grid algorithm.

https://www.jstna.org | 27



Held 7182 CNN 212|153 8%t 8 FHJ| UAE o

olr
re
-+

W 37| 2HE FE3F GAdolA SHE FAloll 7P 28 B Pivot star® F9Jstal, o]
9} 71 717kS M-S Nearest star2 325193t} Fig. 7914 € 719] MBS 7]&0 & o|u]X]
AAE 2Adstal, Axpg I 0= vhso] 25 slaiE WSS viit) Fig. 81 2]
A7} =1lo] FAoll &3 1 " Wor} Ha, o]F 7R IERE AFAT HlolEHo]A9t
<A Blask= Aoloh oldf, 1Yt Ya1E|Ee] HEEE =ol7] oA Xagt Hol 470
olo] EAfoh= % HHZ wetslr] -golsitt

IHEl 2I1Al2 2|8t CNN(Convolutional Neural
Network) 2t o}

CNN 792 4=l oJm|AoflA 543
;Lzo]% 71 /1M 0= 4ebAQl B
ot WA E FolAE oAl &
ojulA] XoF #d We| K7} FoiFE ), &3 B4 f Y= 4] 5)9F o] HT & Utk
71914 b | golth

Pivot i Rotation of
Nearest

Nearest

Fig. 7. Rotation of nearest star to pivot local line.

* end

* Pivot index= x
Nearest index=x + 1
N+ Green index= x + 2
Blue index=x — 3

Fig. 8. Grid number matching for grid algorithm.
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Table 2. Catalog data set configuration for analysis of star pattern recognition
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Table 3. Result of star pattern recognition accuracy for 3 example image

Image 3
Image 2
Method Image 1 (Index: 33, 62, 66,
(Index: 35, 47, 50)
67,72)
Triangular pattern )
] Unrecognizable 35, 47, 51 33,62, 72
matching
Grid algorithm Unrecognizable 35, 47,52 33, 62, 66, 72, 73
CNN application Unrecognizable 35, 47, 50 33,62, 606, 67,72,73

CNN, Convolutional Neural Network.
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Table 4. Result of star pattern recognition accuracy with noise and variation of star brightness

Average accuracy  Average accuracy

Average accuracy ) ) o
for noise with 0.1 for 30% variation

Method for standard

- standard of star
condition (%) L .
deviation (%) brightness (%)
Triangular pattern matching 63.6 57.3 61.5
Grid algorithm 89.3 79.4 82.8
CNN application 96.7 91.2 95.1

CNN, Convolutional Neural Network.

Table 5. Result of star pattern recognition computation speed for 100 star images

Triangular pattern . ) L
Method Grid algorithm CNN application

matching

Computation speed 16.3 sec 11.5 sec 11.8 sec

CNN, Convolutional Neural Network.
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Table 6. Error analysis for satellite attitude estimation with grid algorithm and CNN application

method

Method Grid algorithm CNN application method

Unit: arcsec Roll Pitch Yaw Roll Pitch Yaw
Error mean value 164.88 55.08 80.64 136.44 52.2 77.04

Error standard
o 75.6 108.72 28.8 65.16 100.44 23.4
deviation

CNN, Convolutional Neural Network.
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