J. Space Technol. Appl. 5(1), 23-34 (2025)
https://doi.org/10.52912/jsta.2025.5.1.23

exlan 88
Journal of Space Technology and Applications
pISSN 2765-7469  elSSN 2799-3213

n

Check for
updates

Received: January 18, 2025
Revised: January 31, 2025
Accepted: February 2, 2025

T Corresponding author :
Hyunseung Kim
Tel : +82-31-5179-7272
E-mail : hyunseung.kim2@lignex1.com

Copyright © 2025 The Korean Space Science
Society. This is an Open Access article
distributed under the terms of the Creative
Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0)

which permits unrestricted non-commercial use,

distribution, and reproduction in any medium,
provided the original work is properly cited.

ORCID

Hyunseung Kim
https://orcid.org/0000-0003-4021-5914
Chul Hyun
https://orcid.org/0009-0006-7300-0740
Hojin Lee
https://orcid.org/0009-0002-4312-6001
Donggeon Kim
https://orcid.org/0009-0005-2374-1252

2 7|89 CNN(Convolutional Neural Network)
2|52 8851 B =X7| QS NS ¢

HOLO| K[ HYAH oHAAH A

Research of Star Tracker Recognition Rate Performance Using
Convolutional Neural Network (CNN) Algorithm Based on
Deep Learning

Hyunseung Kim?, Chul Hyun, Hojin Lee, Donggeon Kim

Maritime R&D Center, LIG Nex1, Seongnam 13488, Korea

29

+

9| U =7t FOIFES M, 22 KMl H YXIE FHEICEM XIMIE HOfSte A2 R
3l MIET REEY| 20| 01 S2%F 240|CH B AT2IES 8ot 149 XMLt Az
XIE FHo 2 M, & FN7| 22 &SEt MM 28, 8| HAlZt ¢
7| WSO M2} @XHEASH M2k 2 =20i|A ot 2o zXskE
CNN(Convolutional Neural Network)2 0|25t & THE QI1A] 7| % MZ5I0] E QA IEs R

ZM, 7IE B A LY | SdE YIS X=Xl ZE0I=E Bt 01F flof BHM Y125 7

nE
08
0
ro
o
=]
A
H—
°
>-I
_|_|_ 10

rr
for
an
p'y
ru5£

&0fl O[OIX| 72t &

od l
S ?let AIZI0IHE FHEotl =20M HAlS 7|-S Safl 8 214 =S EAoIUCE O, 7= &

o O o AA- o= — OO M
MAISE CNN 7|22 X5t 8 Q1A uPHg Edlf 2l M 2 QIR 5 Fatc S 7|01§ 7102 7|
CHEICH
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.

o] F F27], d mjE Q14], CNN(Convolutional Neural Network) &1 8|5
Keywords: star sensor, position estimation, attitude determination

https://www.jstna.org | 23


https://crossmark.crossref.org/dialog/?doi=10.52912/jsta.2025.5.1.23&domain=pdf&date_stamp=2025-2-28

AF9do] ol dFE FHT o, XV]Q] AAE FA5t] YAE AT A5k A
< A=/goll A 2] ZA AloE sl v Fa51H. oF sl @ F2715 &-8sto] AARte
2 e g55o=H 24l '—H]E*}Oﬂ/ﬂ-J A, HAE 85k AREdRE A
ok 1 2715 ol&sto] 914 AAE F4T o, E53 EH QAL ERE S Ql4st
£ 2ol d4 71&dH], AlA FZolu o Br] ¥} 7H 59 HRt ZAIE Qlsl e
o] @AF A 4= ik 2 IRt "eld 71eE 285te] E ol QAo &gt
AF=ZH [11oA= E FAdoll 571 oS ol 24T o, 4 Ho TR ¥ H o8
4719] & FEcto] 9" AARE A7} Qlrh. o] B A4kATto] SSER|RE B4 H W7F

of| we} Hol g7} BVt A9 AT 4 Qieh

w2hA] B =RojA: o]u|z] FAje]of] F& 0] CNN(Convolutional Neural Network)
7182 &8sto], e Q14 7ol gt Fete ATE FHSITh 7]-‘— W43 vl wst
o o= #Ao] 9ol 71& WA CEE Az e daeES A8t 5Y
H @Al gk Q14 B E vl EAsIeiTh

2730A= A S RIS 2O g0l disf Zlestar, 3ol 71 E WiE Q14
wrol oS ARzt st lﬂE PAPES S 71&51lt 480l4= CNN 7150
sl A7fskar 1 sfE Q14of 2lo] A-G =it tisy 7|ttt SPelM= 2 B4 &
off 913 AA 27 B s vlwsto] AR darelE e ASIrh

2 =wollA 8% A5 F9l 9 A E8EE E 4719 712 9A E
B0l gt e Q1A HYEE =UoEHA, A A E A 4 S EY & U

ZAo7 7},
2. H G MY=S fst 2o &ty

S s fiet Bof &2 Fig. 19 AR vkt o] 2dje] CCD 7=t #
2 2719 darElE 49 PC, E I G U H 2tiE /sty

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

* end

* Pivot index= x
Nearest index=x + 1
n+1 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

=]
=

Al
Jfol
an
0
0z

Data

oY Jor 4w
oM oy A
02

00 O
o 3

o
o O

02

0|0|X] 37| =X(128 x 128)

Preprocessin
’ ° 0|= H|7(Gaussian blur 2

Performance indicator et

L0|= FINEZMRL 0.1)

Test condition _
7| HEH30% LHRIOIA 2HE M)

on

Ak CNNE Z8% 8 el Q4] 7142 sl3p7] 9lel 8 94 500%90] chstel 218
S5ick, 2 5 71 8 1l 14 /19l AR, Tel= gekaste) s 91 A
& ¥ 3 10030l <1 S92 B34 Table 33} 20| Yool Bop ek @ Y 1w
o 749 27] A= BN CCD FHlete] E5o] WA Al 714 714 B Q14lo] &
FFake SIslolct. QA 3W9] A9 734 o] 724 o] s tXH3]'E§ RIS
LT, CNN 28 714 25 3712 Apgsisich. $4e) A47} ol a9l 3749
Jol chat Zuke EAISHck 100709] Qo] thet B HSHE AzeEy 63.6% 19
L)% 89.3% CNN 28 71 96.7%= At 7]Ho] 953t g Hele Shelsielrt
5 Table 49 2o] M) 541 A 4%t WA 9Xo] o) EEWA 0.19]) 94 23
2 Z7bPAU 30% Bl Wl AEs wWeke 2 8 Aol tRINE Al
CNNE 28 ¥ MY 211 /0S| YRS} 1S 8 Y L7198 A okt o
A5l Qo] AT Lo SISt BEER 0.1 $20] X 0P Qe AL
o Q0] 87k AT 4 ] WR] 914 HBEr} 5% AT PATS RIS W
WMokt 912 o) 14 o] glo] 2 3L W A LA, CNNE 21
719 2§ A 100749 A58 8 el sl W 91.2% o] S HHoRA 3
A< KoL slolskint,
A28 2 B4 100900 T 3714 2 W 914 7149) B A SEE Table 59 7%
Sloick. 2 247] AgelEo 10082 0w Bsta, AAe F5e 5o 0L

ll‘l o>” 1

ﬂl

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
75.6 108.72 28.8 65.16 100.44 23.4

deviation

CNN, Convolutional Neural Network.
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