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ARFSCIE, THHER D 2 7 & WG LR IC K DR RE O RBREE L fuE FFi SBEL, UTFo 8
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1% [Faml T, B R BEZRAS. @/ REOF AR OIEKICHE, B8k
T HERA~OERNEE > T D, /N R CIRARESE SR L ORISR SN D2y, BUEE
MOEEE Y ThHHERE I RELRNFRELEL L, NMULRE#ETH D, & 2 TR
FECI NI A T 2 AW HER D A ZIZE BT 5. HIERD 2 713/ - Rk A Th
L, MFEOFEHORMEEDOEBELZITHI L, WEROREBICKERFHE A NEET L
LR EOMEN DD, F TR TIE, HFE I L D EEEA L, KEHE o X MR REGHR
TNAIY XADORE, RORBEOERELZZIT SO WERERHEAREL, K Il —va
VROM FEER, HIERERIEGE FEBRAZE L CEMEEZ RTZEEENET S,

F 2% HUEERL) Tk, AFSCCTHEAT 2 EBNRESER~T 0 7 X, BEBREMFI
DOWTHEHT 5.

05 3 F i BBRGE) T, AFSCTRET HHIERD 2 7 % H e 3 fliiZEREIEIZ DN T
WD, @i~y T TS B RO IECB T AHEO 2o THh 5D, FEHSCREL(LE KT
THEEMN B DO, Wi Z2 R L ChE L O RET — 2 (S8 L E Tl — %
EDOV Yy TFUTHATI FEERETD. £, vy T U7 OHE R MO S, MEORE
THARET D, SHIT, Bl I a2l —ya 2@ L TRETNLITY ZLAOZYMEL, FIH™T
REMDH, REVERE, FTHEEDOREG Y 2179, #ET7 L ITY XLFRELHED/ N Z —
AL TOKRELETEIAHATE 2V D00, BRSO X% 50% D8 T 3 HEE R E S Al
REChDZ earRT. Fio, BETIEGHINER-HKT —% O~ v F o ZIEITET & i LT
1 MR SRATHREH 2 B AT RE Ch D Z & BT,

4% FHXPEZE ) Ik, MxPEBRENFIAARRE, BRIFCRIE FECTRAERE
M9~ % BT, HIERD A 7 Tt L CHGE L2 BIXIEEAT b b BB 2 HEET D 2
EERRET D, WEBH OB EHEET D AR Z R 72%, fE Tl A E 2 PuE EwR
BAFARE E WO FFEAFIA L7 BT 0 Y AAERET 5. BERMICIE, =R —7 %Mk
S FEE, WHEFHRAFIR L CRBEUELZ X 5 515, fmENME - BEMERD b HRFFERALE
EREDICHEE L CEBITHIAZHEET 28 LWk Z2 8T, £/, 2N 0FikEs T kil
VIalb—va TR L, ERHRE LR ORRITIC K D AEHEERE DA AP Z R 3IED,
BRT LT ZAPGEROFIEL VKT 1IHRERER ARG TE 52 L 27T,

85 T A LFEIEO - O DOIEEFF LEM) Tk, BET AT XAOfGE FFEGEFEBRIAE




42 % E [DLAS (Deep Learning Attitude Sensor) | (22 Cilkx7%. DLAS [Z#/N %
A TR 2 i 2 - EBREE TH Y, JAXA O TEHMEENTIEE 1 518 OFEET —~
& LTERA &, 2019 412 2 a5 L7-fr 2 TRAPIS-1) 2 HERE [ERHLEICERA STV 5.
Z D% 1 ER OB ZITV, BIE EFEIEFEREAIT ) 2 & T, AmSCCTIRET HHEkD A Z12 X
5 BB E R O M &R

B 6 B [ LB E ORUE 3B TlE, DLAS (ZTHEM L 7=/ S8 E OfuE - 325rE
BRAE IR 2 RT . RN ST 28R E R KB RS BB T — & L35 Z & T, DLAS
(2 K D BB TE OVEREFIM 21T 5. FRIOEMFEL I 2 b —2a VTR HAMB Y L L T
R ATRERIPH S0 W R & e o T2 b DD, #FRMEFTliE 1deg A — & — D5 )% CllE | -
FrR— RTO SHEHEBR BRI L, -ETALIY RLAOZYHEEZ R LTWNA.

57 XL EO#IE 7 — 22K DMl Tik, DLAS CTHEERICHR Lok %
A LT, B TIT o 7o FRHEER E O TR R A~ 7. BRETHRICHRE Lok A 7 &5
A L78A, BBFEORIYA XHOY v A ko EFRERETHD 103deg A— & —DFEE TH
REBRHPITZ D2 7 Y, HERD X T2 X DHIRHEEBE ORHSE I S icT 5.
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This paper describes methods to determine the attitude of micro-/nano-satellites using an
Earth camera. Although Earth cameras have the advantage of smaller size, they require more
complex processing to detect and analyze objects than other sensors, such as star sensors.
Therefore, the applications so far have been mostly used in batch processing. The purpose of
this paper is to propose and evaluate methods to solve these problems in order to realize
autonomous and real-time attitude determination by earth cameras.

First, an algorithm to determine three-axis attitude using image recognition technology
and geometrical consideration is proposed. Matching of preloaded map data with terrain data
using image recognition provides robustness compared to traditional image-to-image
matching. In addition, a new matching method that contributes to speed up is proposed.

Second, a method to detect attitude changes from analyzing continuous images is proposed
to complement the cases when terrain information cannot be detected. In addition to the basic
method for detecting attitude between images, a method using satellite orbit information is
proposed.

Finally, these methods were evaluated in an on-orbit experiment. An experimental device
was developed and put into low Earth orbit. An on-orbit real-time attitude determination
experiment was conducted, and the validity of the proposed method is demonstrated,
although there is some limitation on the areas that can be used due to the principle of using
terrain information. The attitude change detection was evaluated in a batch process using the
collected actual images. It is found that it is possible to detect an attitude change with an
accuracy comparable with that of other rate sensors in the same size range, although

real-time performance is an issue.
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