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Abstract

Currently, tens of thousands of commercial satellites are operating and planned for launch in geostationary
orbit. High—energy particles are known to be a major cause of failures or malfunctions in these satellites.
Therefore, predicting high—energy electron flux in geostationary orbit has become an important part of
space weather information. While the global-scale observations of the limb and disk (GOLD) mission far
ultra violet (FUV) instrument is not designed for radiation belt observations to measure particle flux, it has

been providing observational images of the ionosphere and thermosphere since it reached geostationary
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orbit in October 2018. In particular, previous studies have shown that high-energy particle flux can be
inferred from noise in the images, as demonstrated through SOHO image analysis. By inputting the
observed image noise into machine learning algorithms or artificial intelligence (Al) techniques, it becomes
possible to estimate electron flux. This can then be applied to derive space science data from images (e.g.,
weather images) acquired by various existing satellites launched for commercial purposes. In particular, if
we can utilize already collected solar images or images from various commercial satellites in operation, we
can obtain energy measurements at various locations that existing scientific satellites (e.g., US's GOES,
Korea's KSEM) cannot cover (e.g., over Africa). This is a new method of utilizing previously underutilized

image data and has the potential to maximize the usability of satellite data.

gAlol: 58, FAAZR, o284
Keywords: space weather, GEO-orbit, noise analysis
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Fig. 1. Global-scale observations of the limb and disk (GOLD) mission 2 channel far ultra

violet (FUV) image and FUV imager detailed image [2].
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Fig. 2. Expected number of cosmic rays affected by the SPE on August 23, 2005 and GOES 11 P4, P5, P6 profile [3].
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Fig. 7. Event correlation 2020: GNC and GOES electron (yellow), proton (red) data. GNC,

GOLD noise count; GOLD, global-scale observations of the limb and disk.
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Preliminary Air-Bearing Design for CubeSat ADCS Simulator

Jin-Woo Lee, Seul-Hyun Park’

Department of Mechanical Engineering, Chosun University, Gwangju 61452, Korea

29
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Abstract

Advancements in electronic components have enhanced small satellite performance, increasing demand
and enabling diverse missions. The attitude determination and control system is essential for satellite
operation and requires verification before entering orbit, but ground-based testing is limited due to the
difficulty of implementing the satellite’s operating environment. This study presents the design of a
preliminary air-bearing for verifying the Attitude Determination and Control System of 3U-class small
satellites. The air-bearing, featuring air levitation to reduce friction, successfully demonstrated its potential

in preliminary tests for verifying satellite attitude control systems.

aalol: T4, olo] Hlold, AREIAE, AHHAINLAT, B71Rek
Keywords: CubeSat, air bearing, ground testing, attitude determination and control
system, aerodynamic levitation

1. M2

& 71e9] Yol o] B& 1wstE QU] ol 7l&
AT HEo] ?’rﬂﬁ’%‘lﬂ 2= T 5o FLHo= Fretal Jom[l], 7|&o= 5

SFA] P chefst Rt E8EA QITH2l. olof Wgto] FHA AEE AR
o] 45k @& /AEA JoH3) $48S Fshe F8 AARE FolAE 53] AAAf
A& EO(earth observation) ARl &9, BAIRMEIUS] A A= §4] 5 91489 9

09‘:‘
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3} QI o] FRT HES FIATHAL Web AL AASAL A AN A
oA A2dle] e % £ Ao WIEA] FZEEolof she Rl FOIAE thobe
Aoz Fusly Adtisl AN 5o 207t Skl tel &8 ATES ol
SfaA AL A Aol Ae) AAAIO] AJ2E AV A Barolet. sg AAoA 9
o 98872 FHsk Zo] ofd] uhzo] 2 WL A Gl FEL A
Aol 27 % AR oS Askaolch

ozt 45 AAE sl AREEE Ve 6?‘%7} vtz 37] 794 7leelth. 571 #9471
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&2 T 5 ;J% A & SPHEE air-bearing®] it 71&9] vhEE HaAl7le WY

EE= TE 42 RY B 101%]% ARESh= A} o] &3] FFo] st Wl
LHo), air-bearing®] B3} &> 1’%@ 1 A7, & A, vt 59 off SAE 7ML A
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&S HolEHH7-9l.
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Sholm, 50-300 mm] HFRt A71E AJYskL 1508 360% AHrEL 34, 2508
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22 3Ho] E7FsshH, 71H40] == Aol SR Woo et al.= +3 L]
¥ air-bearingg 79O R, AFE= FYF} Hlolg &4 9 7 B4 AA", A5 43
24 d1FE 5= GAT FEAEE AAA] AlEHelEE ARFSITHIS. o= EH
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Fig. 1. Schematic of spherical air-bearing.
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5o Pgfor ek, Fig 32 ST BEle] WS el 10, ) setelezt
AT BT Aol 2w}, HHS| ollgo] Uck AT WYL Eol/] e, B ol
& 3D ZRIE PLApolylactic acid) 2418 AMgsio] stk g Asiglct

z’/'
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Fig. 2. Modeling of spherical air-bearing upper part.

Fig. 3. Half-section of bottom part schematic.
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Fig. 4. Pressure percentage and gradient of pressure respect to theta.
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Fig. 5. Pressure percentage distribution for various eccentricities.
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Fig. 6. Air flow supply system.
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Table 1. Characteristics of flow supply system

Parameter Amount
Q 50 L/min
0, 60°
u 18.6 pPa-s
R 20 cm
m 5.5kg
g 9.807 m/s?

Floating Height respect to Flow rate
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0.24 i i i i i i L i i
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Fig. 7. Floating height respect to flow rate.
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J. Space Technol. Appl. 5(1), 13-22 (2025)

el =2

o] =2 20239 HAEIRP AR Yoz HHFA7ZH IS A LNo.
RS-2023-00271403, FEL19] 28 AL gt A SWEHF 71&/d)zt 20239 %
BRI BEAIRY] U0 R S AT Ak Hol $3H AT AU THNRE-
2022M1A3C2014567).

References

1. Lal B, Blanco E, Behrens JR, Corbin BA, Green EK, et al., Global Trends in Small Satellites
(IDA Science and Technology Policy Institute, Alexandria, VA, 2017).
2. Armen P, Alessandro G, CubeSat evolution: analyzing CubeSat capabilities for conducting
science missions, Prog. Aerosp. Sci. 88, 59-83 (2017). https://doi.org/10.1016/j.paerosci.
2016.11.002
3. Chahat N, Decrossas E, Gonzalez-Ovejero D, Yurduseven O, Radway M, et al., Advanced
cubeSat antennas for deep space and earth science missions: a review, IEEE Antennas
Propag. Mag. 61, 37-46 (2019). https://doi.org/10.1109/MAP.2019.2932608
4. Bolandi H, Haghparast M, Saberi FF, Vaghei BG, Smailzadeh SM. Satellite attitude
determination and control, Meas. Control. 45, 151-157 (2012). https://doi.org/10.1177/
002029401204500502
5. Bender F. Air Bearings: Theory, Design and Applications (John Wiley & Sons Hoboken, NJ,
2021), 1-13.
6. Brenkacz 1, Witanowski I, Drosinska-Komor M, Szewczuk-Krypa N, Research and
applications of active bearings: a state-of-the-art review, Mech. Syst. Signal Process. 151,
107423 (2021). https://doi.org/10.1016/j.ymssp.2020.107423
7. Bassett EA, Test and verification of a CubeSat attitude determination and control system in
variable magnetic fields, Master Thesis, Department of the Air Force Air University (2016).
8. Ousaloo HS, Nodeh MT, Mehrabian R, Verification of Spin Magnetic Attitude Control
System using air-bearing-based attitude control simulator, Acta Astronaut. 126, 546-553
(2016). https://doi.org/10.1016/j.actaastro.2016.03.028.
9. Kwan TH, Lee KMB, Yan J, Wu X, An air bearing table for satellite attitude control simulation,
in 2015 IEEE 10th Conference on Industrial Electronics and Applications (ICIEA), Auckland,
New Zealand, 2015, 1420-1425 (2015).
10. Schwartz JL, Peck MA, Hall CD, Historical review of air-bearing spacecraft simulators, J. Guid.
Control. Dyn. 26, 513-522 (2003). https://doi.org/10.2514/2.5085

11. Physik Instrumente (PI), A-65x Plglide HB: hemispherical air bearing module (2017) [Internet],
viewed 2024 May 16, available form: https://www.physikinstrumente.com/en/products/air-
bearings-stages/a-65x-piglide-hb-hemispherical-air-bearing-900712

12. Specialty Components, Spherical air bearings (2013) [Internet], viewed 2024 May 16, available

form: https://www.specialtycomponents.com/Products/spherical-air-bearings/

https:/iwww.jstna.org | 21



FELM ADCS #EE& Air-Bearing 7|x= A4

13. Ribeiro BA, Development of an air-bearing-based satellite attitude simulator and testing of
an ADCS solution, Master Thesis, Instituto Superior Técnico (2021).

14. Jovanovic N, Pearce JM, Prak J, Design and testing of a low-cost, open source, 3-D printed
air-bearing-based attitude simulator for cubeSat satellites, ]. Small Satell. 8, 859-880 (2019).

15. Woo HW, Rico O, Chesi S et al., CubeSat three axis simulator (CubeTAS), in AIAA Modeling
and Simulation Technologies Conference, Portland, OR, 8-11 Aug 2011.

16. Laub JH, Norton RHJr, Externally pressurized spherical gas bearings, ASLE Trans. 4, 172-180
(1961). https://doi.org/10.1080/05698196108972429

Author Information

0] &I & leeeejinwoo@chosun.ac. kr B M 8] issac@chosun.ac.kr

AR ATt Z)Ag skt sk 25hdo] A 20074 vl Drexel thet 7A@ stziol
8} Folck, Z1ABstet FugAel thet T4 ABt9IE Sk 20109714 vlF FUE

_4

I 2reR § ATE AFSeAH: of=’t = =V  #71%%National Institute of Standards and
Ao AT AHEE H}E}—E O]'Oq T o Technology, NIST)ollA] HMAS ALgoz

SASTEAG AW S 28 ° 9
Heo] ofsterk. ol F 20139 @
FI9ATY AAATLOR AT 5], WA 2Tt 77
FoholA] RIS 7IEE SHIRPIAAT, SEAY ot &

A, 24 ?4*3 AA/ARRE Zeiet 95 38 AL EE

RE 71ABIY BoFES FES] B ot
2 olgolrt

22 | https://doi.org/10.52912/jsta.5.1.13



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

oxga 38

Journal of Space Technology and Applications
PISSN 2765-7469  elSSN 2799-3213

L)

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| AUF ATt RS M, Y2 XM L YXIE FEHQEMN KIME MOSt= A2 AR
of §SEN AZETT| MZ0| iR S0t QA0|Ch BMM L1EISS S35 K9] KM HITA:
XIS FHo & W, E FX7| 722 2S5t I=, MM @F, HO HAIZ Y
7| 510l M} QXL LS Mt 2 =201 o E2idol =xstE
CNN(Convolutional Neural Network)S 0|28t & T{Ed Q14| 7| % MEoI0 H oA Mg Soie
BN, 7|1& H QA g TiH| AE HeTE #HeX| AS0I=S St 0|15 ol SMM L2l +1d

od l
S ?let AIZHI0IHE FHEotl =20M HAS 7S Safl 8 214 =S EAoIUCE O, 71E &
=

UE

0Q

0z

rlo

(@]

=]

]
Ho
o

nyr o o

rr
ol
an
p'y
HJE

&0fl O[OIX| 72t &

o O AA- o= — OO AN
MAISE CNN 7|22 X85t 8 Q1A uPg Ealf 2l XM B 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
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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
nE
P

k]
~
ro
=
T
0x
oIr
re
-4

26

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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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 i ) L
Method Grid algorithm CNN application

matching

Computation speed 16.3 sec 11.5 sec 11.8 sec

CNN, Convolutional Neural Network.

1 ]
4 78 Aol AR Al B] A5E 23T F, ofg o183

of g9l AAHE 7&@3}71 %OHH n7je] “5011 i3l ECI J}ﬂiﬂloﬂ “41@ A fek
_]

ofet % e8], ol zz}fu 3 247] CCD ﬁ}‘fwﬂ ““61~ - am (x, )& Foid
w, Felet 28712 £2 B8stol Al (13)2} 2ol 52 ANk 4 Utk ECI H3A Aol42]
H9I(RA), TZHDEC) BRE olg3tel 4] (101 A ARZEIL,

o701 AL sk e, 24 R B(e), TAE), LS A& 95 4

(15)2} 2o] WAl YRE HIT 4 ek

AR =5 for1<i<n 12)

(13)

= [sin (RA)cos (DEC) 14)

cos(RA) cos (DEC)
7=
sin (DEC)

https:/iwww.jstna.org | 31



g2ig 7lute] ONN 21258 283t 8

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

A =R, (PR, (OIR;(¥)
[1 0 0 [cos@ 0 —sine]

0 cos¢p sing 1 0 —sinyp cosyp O
0 —sing cospllsind 0 cosO 0 0 1

[ cosBcosy cosOsiny —sinf ]

cosy  siny O]

= |singsinOcosy — cospsiny singsinbsiny + cospcosy singcosh
cospsinBcosy + singsiny cospsinbsiny — singcosy cos¢pcosd

( ¢=tan™? (2—2)

I
ie — tan~1 (— T:‘l;z > (15)
k P =tan™? (j—z)

& ol&sto] ¥ F4 1007]] sl 1= LaElEE HEPES W CNN 7S H&
g e QA 7S A8FS wo) 1 AAl A7 eAE EA% A Table 63 2t
ojuf, '8 F27] 2o thgt Wt AA| B 2aF gk 7]&5Htt. CNN 7[HS
WS AABE o HEert 7] 2ol A4l 2A19] Batgtol 5% Fx Ak ERIs
o}, £3] A29] o] sl Wok= & A FS deld=s B a5t A oF 17%

B Felstrh

i‘

0 B
m (o)
2
ofo
_c‘a_ltl
e
e

2
s

L Agjo] Fasht 7|E ¥ #47] FueiEe we] 4jAel 9Xgt 4wg sHos w
2 Qlsle] @ QIUAS Astelck. S A Fhe, 8 Be) sk UAA 7Y By
So] EAIsHE A9 3 e Qo] Fehrt ashs 257t Ak webd ol st
Sfol £ =RolA ONN 7142 483 Uede B8sto] ¥ e Alshe A7 4
Poha FUeES ARSI 7129 Azl Tejs FweEs At 7 M v
SHL, A PO FE3 W] FYAX] thet EE2RA 0.1 429 9K 9, W]
wskh 241 590 dhel 452 vlaska AEHON FAe Susic

o2 53} A Q4 =S BUoTA Yo A B FA=S FYAACH, FF A
TOIAE AAZE A HABE D Ak ARE S 91 F A7k Basteh, w5 AH

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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Optical Observation-Based Streak Image Acquisition Operation
Method for Orbit Determination of Unknown Space Objects

Chul Hyun'", Donggeon Kim', Hyunseung Kim', Seungwook Park?

!Maritime R&D Center, LIG Nex1, Seongnam 13488, Korea
2EO/IR Systems R&D Center, LIG Nex1, Seongnam 13488, Korea

2 of

st 532 0/310] DIX| S BHO| U MES 57| IS OF2f HO) streak HAS SHLIFHO} ot
O, OIS 9I6 BFIZ SSXIK| 40 HIAKOR ZX{at 4 9l TSt 55 J[¢0| WRGICE 7IE Wue of
H HY 5 YUPS OISAPI= YHOIIOLY, & SHT0IME U TR0l THE HEiN BES
%511, HX0| FOV(field of view)S HOILI?| SH0| %S 0155101 LAl 2= WAIS HBaIR
Cf. 012 S5 BAS XI4EO2 RHGIBIA AR Fa7t ol DIX| £ BXO| streak HYS IO
2 SaE 4 QIS S HZ3 70| M52 HBOP| Uoh BT K BEAUN BE 7K
RS ow Earth orbit, LEO) 24| CIf3t KIS 0183t AIB2I0HIS 425i%(00, 1 2= I
O Z712 MR Cheieol 22 BES OHIMOR ZHBIBIA streak HYS 43T 4 2SS 2ol
HCH Al 5 MBS S5, 2 H0IN M3 wiio] MBNS WSO, SAK0l XS S5

To determine the orbit of an unknown space object using optical measurements, multiple streak
images must be obtained, requiring an optical tracking method that ensures continuous target
tracking without loss. The previous approach involves capturing individual images and then
repositioning the telescope. In this study, we apply a method in which the telescope remains fixed
while capturing the target over a certain interval and then moves just before the target exits the field
of view (FOV) to continue imaging. This approach minimizes unnecessary telescope movements
while ensuring continuous target tracking and stable streak imaging. To validate the performance of
the applied method, simulations were conducted using various trajectories of low Earth orbit (LEO)
satellites observable from ground stations in Korea. The results confirm that, except for extreme

cases, the method allows stable target tracking and successful streak imaging. Furthermore, real
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observation experiments were performed to assess the practical applicability of the applied method,

demonstrating that continuous tracking enabled successful streak imaging.

salol: vjx] 95 BA|, B 24, streak G4, T 24, 27] A= 4%
Keywords: unknown space object, optical tracking, streak image, stepwise tracking,
initial orbit determination
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Streak Imaging
I

Centralized Tracking

(a)

Streak Imaging

e — |

Stepwise Tracking

(b)

Fig. 1. Comparison of tracking methods for streak imaging. (a) Previous approach: centralized

tracking, (b) applied method: stepwise tracking.
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Fig. 2. Normalized azimuth and elevation profiles of target motion. (a) Azimuth, (b) elevation.
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Fig. 4. Streak images captured through stepwise tracking. (a) Streak 1, (b) streak 2, (c) streak
3, (d) streak 4.
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This technical report discusses optimization and optimal design methodologies in engineering.
Optimization modeling is that converting physical phenomenon to an objective function within
constraints and expressing optimization equation. The objective function depends on design variables,
which must be determined based on optimal cost and utility. Then, optimal solutions can be derived

using deterministic or stochastic approaches. Deterministic approaches guarantee global optimum
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using convexity and Karush-Kuhn—Tucker conditions, whereas stochastic approaches employ
probabilistic techniques to approach global optimum. These approaches are complementary, selected
based on the problem characteristics. Deterministic approaches ensure solutions applying continuous,
independent variables; which lead to exponential computational complexity with increased variables.
While, stochastic approaches using random functions and statistical techniques, handle nonlinear and
discrete problems but cannot guarantee global optimum. A case study introduces imaging mission
operation of multiple satellites. It applies a deterministic mixed-integer linear programming (MILP)
approach and a stochastic genetic algorithm (GA). GA offers flexibility in nonlinear models and discrete
spaces, making it suitable for complex problems to find near-optimal solutions. MILP limited to linear
models but ensures global optimum. Simulation results show GA's applicability and utility in diverse
operational modes and complex missions, while MILP excels in maximizing resource utilization and
finding optimal solutions within design constraints. This study demonstrates the potential of optimization

techniques for efficient multi-satellite operations and suggests expanding to more complex systems.

Wao]: 12 A7), wEd U g4, 2R U A4 A, BEAA G 29
Keywords: engineering optimal design, modeling and simulation, deterministic and

stochastic approaches, imaging mission operation of multiple satellites

ATHR1 FeoA RdgL Eejot k2 7|Rte R AA| A4S 73t AY(npunt &
Hloutput) 7Hl= T 2 AR FHIR EHoH: IS oulsh ol#et 3 2 5
Ag F= S AEEolHCE Ao 4= dtH1 2l AFEE E&sto] GUl(graphical
user interface)g &l A 2IE AlAFISHL, ofyro]Ho g AiE HolFEs AQs 1
gy 9 AlEFoldolzta AZsh] Hrk. E& oAk By E AlEH ol g FHoth
ok, o]2ek HE2 45t 9 =] HElS 7|Hte® 3k &S GUI & &l 7 H & #d
gAY Holok. giRE] A, EAIE FAZ 2 E(analytic) HIE SiAT 4= §loE=E £
34l (numerical analysis)?] ==& Holof et Al7F WS} A|AEl(time-variant system)
SfAsh= A, FAISA0NA F(increment)E Tl AIREOE oM, o] % offu|o]
Aoz HFT 4 9ot dHEHQ A= 83t AH(finite element method, FEM), AARSA|
98K computational fluid dynamics, CFD), Simulink &°] UtH3,4]. E3H A5 A& A
F= A G4 2EE 2 AlEF0]AY AR E 4 Qlth EYF A4S AR B
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shasHon S7K Adush) goto] 74 2 Aols FololAL vl (cos)ot R
(utility) S TeIFThs Holth. 214 A8 AR Ao shie] Fas mULolckFig. 1)
17 EXﬂ—E— A5} Aoz Horks A AR} 2 olu]g A ol dF XS A4

3} FArEES B9l EolT o U2 vl | wizolth

aﬂ/ﬂ,a}_ﬂx} 5= 25k FARS B2 SH(objective function)Z2 oJsjof 5, o]of] gk
< A H8E § 78 e AAYolof ofs HA HMa(design variable)® ATEiECH
F|agte] AA Wg= 27 518 9 oA ZAE 7‘4-45]10]: Sttt AA Wt A it
A 7t 5'1:}74] A g}e] F4 e HEHY A Haps AR SHAR] Ao] o dH o]

o, ot A7 ZAekd W4 24 Al A5 ole9d 4 gl oS 2
3} AL dutzo = 4] (1)1} Zo] EFHCH5).

® General optimization formulization o))
- Objective function
* Min fX)
- Design variable
¢ X =(xq, Xp, X3,**.)
- Constraint
+g(X);<0,i=1top
*h(X);=0,j=1tom

A2 FAlo] A%l o] o Aok 27 oA o &2 49| Z&gE
ot} 35 EAIE A5k glo]E s Wol At ¢ T/} Hof 9t} 1R
T2 A7) AlAE oA detH o R WaEo] A4S A (orthogonal)sh W&

ot rh‘

\_

2(continuous)®|AY 7t A<(piecewise continuous) 31, 0] 7-2ol= gto|H ]
Bo| =dlr}t. Tedt 2 A 9] A= Fig. 2 D 4 )2} ZH6).

10 rlo & e
r&
A le

JZ&

Optimal design point

Utility

Cost(variables, resoultion, design factors, etc.)

Fig. 1. Optimum design point considering cost and utility.
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10 10

10
Bar 3
Area A3
F1 = 20.00 F2 = 20.00
Fig. 2. Simple structure modeling [6].
® Structure optimization 2

- Description

* Minimize bar volume within allowable stress

- Formulization
* Minimize f(A) = 10(2V2A; + A,)
* Subject to
2A; +2A,
2A1(A; +V24,)
A, +24A, <1
* Bounded to

0.1 < A,<100, 0.1 < A,<100
2. $AH U AP HIH

& AAlo gt A2 2A 2 EH (deterministio @ 5413 (stochastic) 22 2%
th o] F A2 AT RS 7 A8 BAIS] B4 wiet Ads] AeEnt 242
2 AT Ao R vl 52 =94 W (sensitivity)E B-8310] HATE L&At
A=) S71oll e} AF49] A5(curse of dimensionality)”F 28k (7], 219 A 3f(local
optimum)l F#sk= Bl At I Foi Alf 9 58 2AHtolerance) HollA 3
E HASE = 9l Ao Qt) ZAEA HIHLE uf] A|goA] BUsE ZHE r &Ik
ERS /Ay, WEEo] EFo] 7 A4 o AL 71535kt 29 7o E = Newton-

Raphson method, Quasi-Newton's methods, steepest descent method, adjoint method

O
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5ol it olet WL A o2 ARpdo] Aol AjtshH, MY A sf(global optimum)
ol Fsh7] sl F71A%1 Heto] W Qs 4= Qlrh

FAA S Y ot SAF 7Y 52 E8ste] BTt uiAY B BjdSE £AIE
szttt o] W A HAsfof HIsHARE HASHA] itk SHAIE 7HIt: B35t 4
o B0l W alZe] ofele A9t Bk FAH WoR mau e oo
2 dus] SYE/IEchs, T 5] A7H XS £ A5Ehe A9t Aibdold.
2 7O 2%E simulated annealing, genetic algorithm, particle swarm optimization, ant
colony optimization, random search 5°] tt. A% WHE uf A|goA 2 ZTE
LE0tH, 59] A 243Kglobal optimization)oll #2I3t /3 7HITHS, 9.

ZHEA et A2 W 2ke] B2 Table 101 82F=|o] Qict. Hds] E&H 74
YO g H7|= ofgARt detd o s = HJIHE Table 13 22 S4& 7Ht

SE 37 FHE] Bls] 2AH A HAslet AHlEE Ao diek 2AaHd 1Y
A3} QekFig. 3). A3k IS4 Hite A 31telA AY HHs|E 2= Ao
ey 27] 87k A1 2 A8 ZA ] YAk A, £7] S¥(premature convergence) -
2 Qs M9 HHs] gof Aujd 7hs/do] &t Fig. 33 Zo] Tedt 7419 Afole 4
Ao 2= A S04 A 9 A Ao AAE AlZHH R AT 4= QAR 13}
A A B2 2 BT ¥ IATE Sl EAlOIA = olF Bge] #dst] ogrt wet
A, A HA|E FA6l7] St Be2Ql daElEl] /Y 9 =& 2] AS(validation)

o] WAl

ofl

T

FEHoF o FHQl A HA= B9 BdS E5(convexity)’t BAE= &35t 4=
Aoz WMk, 7FEA|--E#(Karush-Kuhn-Tucker, KKT) A& T=Esto g A
FARE =&cke Aotk =& A A= Fold 214 518 23 Ktolerance) ol
A AS(validate)d 5 Ut

Table 1. Trends according to deterministic stochastic approach

Deterministic Stochastic
Solution Local optimum approach Global optimum approach
Algorithm cost as High cost at initial condition
Course of dimension
variable increase increase linearly

Orthogonal, continuous or
Variable condition ‘ _ . Undefined
plecewise continuous

Application Low complexity problem High complexity problem
Derived solution Guaranteed within given tolerance not guaranteed
[teration Defined Undefined
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Local optimum

Global optimum

Domain

Fig. 3. Global and local optimum.

T W40] AY FHs= 4] (3) E Fig. 49 #o] A 4= it 9] o]} kil
A9 FE(curvature)E YERHH, 2 A(domain) WA o] gho] Fetd o e
EE4ES BASI ofnfl, A} =3kt 0o He= AFS A9 FAd(global optimum)7t

® One variable case, y = f(x) : Domain is closed and bounded (3)
* f(x) > 0 within given domain

* Satisfying f(x*) = 0, x*is global minimum

T W4 A4S B 2R e 741 HAeh ndo) oist Ao HHs) Fo] o
S Maraow ofafe 4 olek. B W] thelie} BN FolAl AoelolAe] &
24 WA o) njEgto] Aol Hasjolch. 4] (4) @ Fig. 59} 2o] BH (X9 Ak

29 B5/4e HAToF et FAd=roll dishA Aol Hol &5 HHconvex set)olHL

f()

Domain

Fig. 4. Global optimality in case of one variable.
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(xZJ f(x2))

(1, f (%1))

Fig. 5. Convexity in convex set.

78 Al g ol dQl9] 2719 gholl gt 54gre] Segis AgE R A4S
o] 71 ¥ oA E&ee gk AgHoz AASH gt AF 2t Z&gkeo] gis]
A= ol2fRt E54S BAS ok sh, 5t o g EA9R0] SAIQKHessian)oll Thsf <]
JRS(positive definite)?l 73l F230] EF4Jo] BAET A|ekx7dof A= H
A& Al%Kinequality constraints> B34, A% A|2Hequality constraints)= °}H(affine)

& 77} wk=stodol SHH10].

st

m Convexity of the objective function 4)
- B4 f(X)oll tall Convex
f(ox+(1-a)x,) < of (X)) +A-a)f (x,) , VX, X, domainof . %€ [0,

- Ak 24 g;(x) <0 2 convex, h;(x) = 0°] affine

(Lagrangian multiplier)}g ©1-8-51 2t15|Qt 9k(Lagrangian function) 22 ¥& 7}s5}
oh @ $H4=0f oA} o] 12 F
At

beozs 4 02 #o] KKT 23g wEstojof . 24 (Dol Ha3AL 55
2

2 alEgel ol Ut Gl FRES 2 Y 4

®m Satisfying KKT conditions )
L&, vus) = fFR) + X1 vihi(0)+ X7 u9;(x)
- Ist order necessary condition

* Gradient condition

- oL _ 9f 14 dh; 9g;

axr  oxg i=1Vig,, + XLy Bxk:O
* Feasibility condition
® h(x) =0; g;(x) <0;
* Switching condition
mygi(x) =0;

* Non-negative of lagrange multipliers for inequalities. u; = 0
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- 2st order Necessary condition
« V2L =V + 31 1V VPh+ X w72 g5 ()
* Let there be nonzero feasible directions, d # 0,

® Q >0, where, Q = d"V2L(x)d

=23 7 BEE2A47 KKT

ZA L
HXNanalyuc)i E 4 91 "a3t F%o
A

o
L,
2

)
rH
g
flo
iy

N

JEA I -1 AHdolnh et E540] d5E] o
& 7%, oAt F7Hdiscrete space) A Bl 7o) A € A& 5o EAEA] k2 4
A9 HHol9] F& {loh FAH d%‘ﬁ—% ARg3I) 12]3, NP-hand BAIAE &
3 gaEgoez —Erxlﬂ iAot Eotr, e 9o didsior A E & e Aol
ARStTE AR H Q] B oiaE 27 # Sl(premature solution) 2= HEX|A] 17|
Q3 duElE HAS T2 gt hEAQ 84 Y8 E(genetic algorithm, GA)2 9=
&1, GAE A9 X3} BgS 2Hste] HA3tE St daleEo = AH
SAtolA HA 9 & 2= H] AREEE A7 ¥i5(design variable)E A4 (chromosome)
2 Ye™ A= (fitmess), EAWOl(mutation)2t 22 7S EYsto] #AIE sid3ict
A= A 3719 2 E@oM, A= B0 BA0) drht HPRAE R
£ Aot} GAY 2 X3S Bl A7t WHEE4E AP gho] FrH s F4HET
£ Holth. GAoA= A7t R1gg] whet Aetert 445 F71sok s, TRAE
27] FEE 5T = vk AdAAIE AR o AEstt AAE ek 5= Qlojof gt
FE3 9] 7l Hpopulationys Fof B FAE 15 BT 4= Qlojof gtk 11
# ofz}, WAHcrossovenAl HAstA @4 JAAFEE AlolA gAgof oh EiWol &
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4. Case Study

Ll

AR o S L AN I AR 2 A BAE HAsRP] St 3
29 AYEH FY Mol Avheha F HIH] At B FsHS vludtc 7)E
o AIWEIAE Aol chal H28A A Bl ¥m % 9ok 71olcH11-13],

W BYL 91 FFS S-band A o) AolA SO Aso] Ak L
Sa717e) 49 23] ueh 89 4B A2 vo] A} 52 B 8T AL A

=

PN G YEIT A5H IS the A4 Aebetel Al A Aoz Sk A
FHIch olefet Yo A AL A9o] Bk 2AEY 2 2AEY Halske E
7Rs
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S-HIES 59 B1 S, X-HEE 9 I ol ASe A% AR A3 A )
u ko] B4l 7HAEC] g Y, 94 9 Al AAE 25k I0IA dEE AR

of 9 A2 A8 U] 2EE vxeof] AR A olefe] ARk ZHAaL
Ak AR T 1T o] A QEEURE A SE0] BT 4= Qlnt 1Ea
S-HIEES 53t B¥ AR A%, B9 7o R 3 94 B 19 AE 949 AL
29] 31 52 LT el sl Fsid Lo Afoll weha g ojof . ofdt
=Y ol 2Hste] FA2 Aljtd A a8 ow Aol ] ANE Stielst
+ Hl Ut Fig. 63 oFfjo]l A 8ol =Ask Hof it fide] Fold Al met =
Zloln F& &9 ATl tiet Spec o] 7IeH o ot AEo] E9 HH 52 F3f =
7HAE AR 8320l tisl 2825 TSl folME Foldl e 7L I Ade
A wol] 50 W o] =S W5t 92 btk 2|3l =2 A4 WY 2HEE Hzd
50 MB RHg 3ol "ot v X-HE WAl wof] 5 3 Lieof w2t X-HiEc] 5025

Shp: AR HeTe], i A8 ol 59 et &
LY AT oﬂrﬂrﬁﬂ °“H
=

Slo] H2/3} o] thef FA % 2HEA Fo] it A7E 27 B vlwsA ek,

4.1 FAX HIY - QN

ru2

nk]

ol

T 91T 0] AT 719 ofulA BS 4RE BRHOR 2AEY] Slo) GAS
8 Hok 7o) AATIATHI1,12]. o] HEL 94 AU, vmel) 2L B4 7b

Electric power recharging

Mission specification < Electric power > onBicHd e >
_ Image P Daownlink i =
oMb N?E\ consuming(Wh [M;,‘:c] 100 Wh | |
‘ . Memory restoring
28 50 50 1 Pawer conumption 50 W

< Onboard memory - Visibility time >

o
< Visibility time —>
f. 100 MB 172 sec
‘ 83 sec ——

o Hhemory “""l'"j?:::-" e Bownlink data au‘:m-..:-
Sband 28 sec e = X:‘ e 3 s,
| S
| Taking Image | X-band communication
downlink of image data
S-band communication
for CMD
—

| Ground station-1

Fig. 6. Imaging mission operation sequence [11].
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30 Electric power

MB
E ¥ B

Satellite 1

Mertary
E Electric power

ME

Satellite 4

) AR TR e
150 1
100
1 2 3 1 &5 B 7 8
Penod 1ot

3 FET 22 AR Ak 20& TRH R nEoln] AAET BAIE ok U &
A 7L Stk 2AEE RE2 tid=olA 29 < =7 A4l A=E Fatste] 24

L T 8T AVF=e] e, AHHe] gt Bt 3t

&
i

© W P, G4 B9, Q4 HlolE A, dole heR ek A9 $A1E wlof sim,
7} AL ARYA QAT A NS BEHOF Tefslof St o]t B soE
GA & % BEES MR & Qs w72 AAF o RUS A18x S4&e, 1zt
PN, o)), 8 24, 113 4B 2L 242 FUstel HAot BAS Shast, 2uelE

A8 A2 9ol HolEg Fitoz Hn) Hojeg A4slo] ABHolaS
Zeegsloict. T Hhe] bt Al o] AAkom sl FhaE AlARolA Theket 9 At
202 Agsiglon, Aok LeiEe] RS AZAT ABdold Ak GAL o
A1), A%0) A 71 29 REOY B FAHQ Aok 27 FEapEA A A5
< ARl AAE LIRS HH w24} HHo) 2SS E30in, Y AHgo]
T84T AT 5 HBES A PIAE ARE B

507e] Qo] Tjsh S7he] 1ol AFAERE Hme] P o] AAEUE AT Fig,
73 2t} GmelE A3 waols of sAtlo] AaEgion AW T A4 Ak
7] =2o] 28] e QIHI1, 12,

Agdon oF 94 20 By A5 BEAS dsl] 918 GA 7N ol

OEH

=

L) &0 ¥

Memory Memory
0 Elactric power 0 Electric power
0 0

B
g B B B
|
—il
2o
]
|
|
|
|
|
W
3 5 B B
‘

Satellite 2 Satellite 3

Mermory
30 Elsctric power

Satellite 5

Fig. 7. The scheduling results of electric power and on-board memory consumption [11].
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oS 9T vl A 1t dF 2 BA AAEE ZAIE 2FSe] fs 23 A
FA 2 H(mixed-integer linear programming, MILP)2 2835t |25} 2dlg AIsl¥ict
(13]. 79 8 F22 Aot 24y} AZE oA ors 9183 A= 1t e ae< 3
Zg}sto] Aot T4l aa/dS SHistshe Aol
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8k 07 AOlstitt. TSN 2 A7 A=t 7H9] 7HAES VIW(visibility time windows)
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Fig. 8. The scheduling results of on—board memory consumption [13].
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Table 2. Comparing approaches in case study

MILP [13] GA 1]
Imaging missions 5 50
Satellites 3 5

Memory capacity, visibility, data
Memory capacity, visibility,
Resources and transmission rate, imaging
data transmission rate,
constraints mission sequence, power
imaging mission sequence
consumption and restoring

Maximize user benefits in various
Maximize satellite resource
Results resource constrains, operation
utilization
modes, and missions

High computational Low computational complexity,
Algorithm
complexity, suitable for small-  suitable for large—scale
complexity
scale problems simulations
Can be applied and extended to
Model flexibility limited to
Model applicability nonlinear models, discrete
linear models
spaces, etc.
Guaranteed global optimal Able to approach near—optimal or
Global optimality
solution global optimal solution
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Platform specification

Dimensions: 440 x 440 x 330 mm?3
Mass: ~50 kg (Charged)
Payload mass: <7kg

Thruster: lon hall

BUS voltage: 18.0~324V

Life time: ~3years

TT&C: UHF / S-band
Downlink: X-band

Orientation: Sun, intertial

20BdS OB MMM

With the increasing interest in exploring the Solar System and beyond, there is a growing need for innovative and adaptable
platforms that can support a wide range of exploration missions. In response to this demand, we present an ultra-compact
universal platform designed for Solar System and deep space exploration missions. Based on such investigation and future
planning KAIROSPACE Co., Ltd., decided to start a Deep Space invention Project (DSP) and the first stage is a development
of Space Trajectory Demonstrator satellite (STD). This platform offers a versatile and modular architecture that can accom-
modate various payloads and mission requirements, making it suitable for a diverse array of exploration objectives.

K A ’ R go s P A C E We are a space solution provider based in the Republic of Korea, specializing in small
_.,_-:;U‘ and ultra-small satellite systems.
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