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Abstract

In this paper, we describe the results of the docking phase test in the ground environment of the
rendezvous/docking technology verification satellite under development for the first time in Korea.
rendezvous/docking technology is a high-level technology in space technology, which is also very
important for accessing and performing tasks on relative objects in space orbit. In this paper, we describe
the ground test results that the chaser finally docks the fixed target using an air bearing device. Based on
the thrust control algorithm in the docking phase and the relative object recognition and relative distance
estimation algorithm using visual-based sensors validated in this paper, we intend to use them for later

expansion to rendezvous/docking algorithms in three-dimensional space for testing in space.

walo] : Spel/E7, UL, 24U, ABAS, ofoldlol AlEa
Keywords : rendezvous/docking, proximity operation, nanosatellite, artificial
intelligence, air-bearing testbed
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TS ATHOlS A T HxE R/ 71 JES 2018EHE
AlEFste] 20199 AHIEAIE, 20208 AAEAAESIIE St & A7 FHF
e R/ 2 2389 7IE i, Y dda dilre N, 24894 28
7Feet =R MY 2 A=H7E d7IAY AR Aideld ol dAVEEE
7pdste] 95 Al=/dollA HEsH] It 7[e858 A 271ACIA 171, 29 B 17D)E
Aok A xZeEo] ity Aulg @7z o] |eloteE 7|&35-8(technology
demonstration) Y& I5F 6 UGSH 10 kg2 AlFstar AcH1l.

71&58 A8 BE S BAFE, L, HFAIA, AGEA D AFAIA, A
5 Ak FRANA ek e 24P IEC] HEE B Gl A BEEe,
AlolA9] mo] Bl e 9 EHS g =71 ¢ Y AAA1E FPsk] g S
A0 e 3] FES AREStaL Qi

2 =RolAe &7 @AM HE H Aol daes 9 HRA 79 =7 FA] Y
FEAES HASP] AT A Al &4 stellAe] =4 Al 423 Aol disl 7]&sta
A gt &2 A Bl AAdE 2R/ 2 22 Y (proximity operation) 7]
Q2 Z2H7] 55 AA(active debris removal, ADR) A|AE] 7, 3 AFS 9 94 &

5 A8 7 A= AT A=A H(on-orbit servicing, O0S) 7|& 7ige] &-&

[
Sk A
% 59

o

2. MAE R

FHR/ 27 71ed5-E 2 NS SItt Aol E 19| B9 AAY] P4 the Fig.
13} et AlolAet Bl 914 B 6 U F-olH, Alo]A 91489] At st BAfE]ol=
F719] =2 HMAE 7MIeRE HoFd Qlth &, Alo|A f4d2 ATt sitol fixe
Y7k (cold gas) 8715 ol-&sto] o] AAHeE glo] 35 WFe] 38 Aloj7} 7kssith
Aol Ao A-gsh= F87]= GomSpaceAd] AlFoIH 2], o] F87|= FH- = (ESA)IA
2 A9t 5T 6 U 24394 2715 o83t s /=7 7I& 972l RACE
(rendezvous autonomous cubeSats experiment; Fig. 25 3l 7/&sk= 58719 5YUstH
ZoTH2].

AolM FA SLole A =7 A7 ARiEo] 1oH, of AN =] HA= HF:
=7 Ad oF 32 Ao AFHo] Alo|Art KOl Bl wige &t F+ A 82
gEollA B ol HolR|A] AT ol= A% gt 19| B9 FYoll= AlojA9 A1zt
AA7E A EAE JASIL AR E 345k dl -§olste= LED "HE A2kstal itk
TS 2O B & A% EEEW Ak AolM 271 w71E7] SRt 71 A
(drag device)& sl F&siaL QJct.

AolMet mo] Bl HE =7 Al B2 Fig. 33 Zth IFolA Hi uieh Zol
AlolA= =o] Bl dis A AH+) RFCE AAE Wt § =& AXRth o=
Alo] X2} ebzlo] AF2ket QrEluUEIe] 1S 2]ushr] figtelt
Al2]9] =8 QFFAS TR Table 13 ). obz] TARIZE = A] 952 AHlo| ==
AFA=F S A= ggkot, 1% 600 kme] HYFs7] =oAL AHS FIRE ofaL
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Target

Fig. 1. System configuration of the chaser (left) and target (right).

Fig. 2. ESA's RACE mission[2].

Fig. 3. Final docking phase.
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Table 1. System major requirement

[tem Requirement
Mission orbit 600 km SSO (TBC)
Lifetime At least 6 months
Test items 1. Rendezvous test (Long range — Close range — Final approach)

2. Proximity operation test

3. Target identification test

4. Target pose estimation test

5. Docking & un-docking test

6. Drag device deployment test (for target only)

7. De-orbit test (for chaser)

Weight & size 12 kg (max) and 6 U for chaser and target
Power Chaser: > 18.61 W
Target: >15.4 W

ADCS 3 axis attitude control for chaer and target
Pointing knowledge :
Chaser 0.007 deg. (10)
Target 1 deg. (10)
Pointing accuracy :
Chaser 0.007 deg. (10)
Target 1.5 deg. (10)
Link margine UHF: Down 6.9 dB, Up 24.7 dB
S-band: Down 5.1 dB

ArgolM @t she A2 & 77101, olg AldES AR s
ot 9 T2 BF 12 kg °JskE 7I€L® SHH, 6 U 7= ARSH " + 79
e 12 U TARKPOD)T A A2 B4 TARE AR et AlolA 9149 e
S7F2 Fa 1861 W oldeH, digoz Ao A5 a7=30] ¥l F5717t gle
HOJ B 24 15.44 W o2 8%t AAIAl0] e ARt A # F=7] Aozt
7Fsot=E AlolA9] A9 AFF ALUwrt oF 0.007% Fkolw, =o] Bl ofF 15k
otk g AJH 2 ¥F ASS AsiA= UHFE ol 85l =u, A°lA7E Bl
HAZste] Al A5 A4S S8t &9t 4 TlolEle S =S ol8sto] A A
ot

YT ALl Fig. 4014 He viet go] TAF & oA e & 3 Aof P} &
A= Zdsk= B9 7 719 ol AdH oz AR BojRle ACARE AlRREL
o] 717HeF 109) Bt A== o oF 500 km7HA] Hold &= 1S Aoz dEE9loH,

N




J. Space Technol. Appl. 1(1), 7-22 (2021)

Far range RVD

& Drift Recovery
Phase Close range RVD

Commissioning Phase
Phase Docking Phase
(Drift) (hard docking)
LAY v 4
* X
. X
. X

Un-docking &
SAl 2 A from 12U De-orbit Phase

Independent POD '
i,

Drag device Deploy

: De-orbit
| Maneuvering

(88, JH g A=F2 I1&
HE
|
1

=

Atmospheric Reentry
(255 0IGt Rule &%)

1 waom

e

E=429H 4= BHI (@KARI)

Fig. 4. Mission scenario.
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Fig. 5. Pass plan for final docking phase.
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H% w7 WAt ZHEE Fig 5014 B viel Zo] £ EAMGA £ A
o3l = g7 A= FE wA mjlA FA ALEA HY, FEF &7 AXE

UEel] Y LA ol AdiAR Sl @ e meb ¥ 3E =7 ¥ 2
(Go/No-GO) o175 275 dt. et Adste] S 7o) Y= Alolrl= o]
EHlo] A9 2F2o= HIsH =Y, 25 =4 A A =AEAIE ASAA AolA%t

EH9) BEo] BEAL #7F AR WAL, B4 F ARlA © ol A ol
A48 /uAgor vt Woldn] EE Biol FEE Wk 5 A4 £ AAE

SHAZ7E 4= m El= ARCIA $89719] & glo] BHlE A|EREe R oY= HHo|
ofet, HF =7 dAoIAS] 7] A5or HAPHoR st IPoA mRAEt 5 4
cm ool A3 EAI7E A9 vheohs 7 B0t = 9% oA e Aotk ol
24PNS o83t 7EHTE Y Alol=et A A, =1 AFEA, AFAIA,
ALY 59 AoFAE 1&s}r] wzolth

T7 ofF= FEA] A0l o) ERIsH| =, =7 gl A AmFo] Az o]
T AlolAe 7o ARE BF Aot 716t 1SS W {7715 9ok, 7]

7F A2 2 B Aol di7IAT A/WRE Aot 1S WEES Stk =
HollMe 20208 7€ 52871 A3 7tol=giklo] T EHo] QsiAl Fxvt | v
7ol E55 93 kg0 g T H7] 7157 aao‘obJ} gt e228)7] A3 7t
olglelo] o5t AL A9 AL JF 29 £8 T 2o A= $Y(orbital lifetime)
o] 25 olsl7} H&EE sfojof gt 4G AL Al o] ZholEelRlE £4517] flshAl
EHAx 9718 8718 AU, 95 8 F A= Yol 259 olst E S Qe W
< 21%(%F 600 km olsh)ell AkstES: sfjof & Zlo|ct

£ AFoA JPEstaLR} s Alo]A9] B, FHIFE/E Al ARE AR ]9 zho
A= F, Del-V7F 2F 10 m/s 221 A-9oll= 2% 680 kmollA] & =450 < 714
o] & Ao& A=, o] Del-VE ARsto] 1% 580 km7H| W& ol 7&—@ A=
$7go] oF 144 ofsirt & A o& A=t gt 7] Del-V7F 9F 5.4 m/s?l F%, 1=
690 kmollA= 9F 831d0] A£8=W, H7] 718502 1% 590 km7H] @& 4<% oF 16d0]
g 708 BAF QI

A FHF AN A BEAES 5] 9130 Fig. 63 o] R[St o &
22 A7t JHE o] IPAIA FoH, Aoz HIsh| At AlojAE oot ol
A flol Azt olojofE ARl AolHE At AollA Fubd AJEjolM S2d

=T s, Ho|x9] F7]E thalsto] WrtA =& ofofuojy AeHFig. 7)o F2+
°P°1 Alo]A9] 7] AlolE HARE = YL sI3iTh

AolA= EHAY F *Oﬂ AR LED "HAE QIAsHHAl 8 Ao darejEo] Ath
Axet AAE A, FE7E Zﬂ°1°‘—E“1 F =AsteE Atk EAT Ao]A9
A= °F 2 mollA /\Wo} , AlolA9] fVdAl= AiAY S8 AAE EA4I5H]
et AlZE AN, HAEFEE AR 48 REEY} AdE= FEHE S AdTiAE
S fIt A7 AlA= FEjeile] Dalsa Genie nano NIR 7H[2HE ARESHITH3]
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Fig. 7. Air-bearing testbed.

AA| Aol A HIRAAE o8t 2889 4% 10 m AZERH 0.5 m A7 A
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Fig. 8. Visibility comparison between KARDSAT with scale downed environment.
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Fig. 9. Quantum efficiency and exterior form of Teledyne Dalsa Genie nano M1930.
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Fig. 10. Xenon—-topaz 2.0/30 mm lens.
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Fig. 11. NIR LED marker schematics.
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Fig. 12. NIR interference bandpass filter and sunlight spectrum in space.
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Fig. 14. Monte—Carlo simulation for pose estimation.
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Fig. 15. Error analysis on pose estimation for the original and scale—downed model.
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Fig. 18. Flowchart of marker recognition.
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Fig. 19. Marker point identification.
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Fig. 20. Performance evaluation by contaminated sensor simulation for real image.
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