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Abstract

Image processing is one of the methods used to measure position/attitude for robot control and there are hopes that it can be
applied to space robot missions, including REX-J (Robot EXperiment on ISS/JEM). The REX-J mission involves space robot
locomotive function experiments using tethers by JAXA. Measuring the robot’s motion accurately is crucial to establishing
the new locomotive technology using tethers. With conventional methods, a suitable illumination environment is configured
for high-precision image processing and a characteristic marker is attached to the measurement object. However, the two
challenges posed for image processing during the REX-J mission are: (1) the illumination of space changes significantly with
orbital motion and (2) the robot lacks a characteristic marker. Accordingly, our purpose is to develop a marker less image
processing method for the illumination environment of space and measure the robot’s position/attitude of the REX-J mission
by image processing. The proposed new image processing method involves creating virtual points are created at the
intersection of the robot’s edge in the image, which are then used as markers for image processing. This method is robust for
changes in the illumination environment because it allows the creation of a virtual point, even if the edge is incomplete. The
method is applied to the REX-J mission and the measurement accuracy of the robot’s position/attitude in the illumination
environment of space was confirmed as on the sub-pixel level. Subsequently, the position/attitude of the robot during
movement by tethers was measured by image processing. In addition, the error in the robot’s position/attitude, as estimated
from the length of the tethers, was clarified by the image processing result. Based on these results, the robot’s locomotive
function by the REX-J mission was verified.
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WEXEr Ry b)) OFEFEZHE LT, ERFEAT—Ya >y AARERM (2139) ICT201248 H L3k
fEizaRy hOFERTHS. REX-J I v a rTlE, AATHESEOR Y hOFEROZOICARA KR ZE
RIREEL T T A EREFEM L 7-. REX-) I v g THEIFT AEMBEIHIT 1L, SRA (Storable tubular
extendable member Robot Arm) & PR LRI RE/effEBn ARy b7 —A &, TH—LMHINL0bEHWE
2SR EN(Oda, et al., 2012) TH v, BENZE T 2SR E CThH 0 723 O ILEHOBENN FREL 725 A U » b
ZFEFO. X 1IZ REX-) X v ¥ g ATTCERED BT 25BN O A A — (T2 bRssing, 2011) 4R
T oRy MAIKE, T ZOESEHIETIZO0) =1, BIOMMERND Ry b7 —oaM 8 sh T
5. TH—OREHL, TY—ERETE00 7 v 7 BRSO TWS, D7 v 7 E, FHEMTENE
ORI T D RU— L EMEENRD T 0 ICERD 15 Z 8T, uaRy MARKRPSEETHE & 72 2 ik 2 4k
RKTHZEMTED., 7y 7 OEEICE, MEXeRy b7 —2%2H7 5. mEe Ry M7 —2401F, Feimic
FTEBBEL IO REHATEY, N RL— U LTT v 7 OBEEIT O MREZ FFO. ZOREREIC L - T,
nRy NAEHNT v 7 ORREEEERTHI LN TED.

ZDOX DTV —E AWM A EIET 5 Z 1L, IMRETH Y 220 S IREPH OB BN ATREZR 1R
v FOEBRIZAT THETHY, FANFHESIE Ry hOEAEOT-OIIIRAIKTHD. REX-J I vis
O, ERBEEAROETEDO D, MEXn Ry Tk BT v DR, BIOT P—HlEIC X 5 %E)
S OVEFREREE CISE L 7.

New locomotive scope

The hook is operated after the hook was fixed
by the SRA

The tether with the hook CIAXA

Fig. 1 Locomotion technology demonstrated in the REX-J mission. The robot has a tether and an extendable arm, named SRA,
while a hook is attached to the tip of the tether and operated by the SRA. The hook, in turn, is attached to a handrail. The
robot gained new locomotive scope after the hook was fixed.

Upper Robot Body Main Control Unit

SRA

Lower Robot Body
Tether

Base Plate "
Camera Unit OIAXA
Fig. 2a This experimental device was used in the REX-J mission. The robot's body comprises the upper and lower body, the

latter of which has three tethers, while the robot upper body has SRA, a wrist and a robot hand. The robot is hung in
three tethers and gains two-dimensional locomotive scope after the hook is fixed by SRA.

Hook
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Power supply and Tethe_r4
communications cable (Passwe,, Redundant)  Launchlock - Handrail

Hook and Tetherl

Main control unit
" (Fixed by Robot arm)

Tether2 Reel —_|

E'Main robot body }

i, Tetherl Reel : ™ Hook and Tethel
p—— P 4 (Initial setting)
. ——1
[ TN e [ ~—  Camera unit
Tether2 Tether3 Launch lock
(Fixed before launch) ~ Tether3 Reel (Fixed before launch)

Fig. 2b The REX-J mission robot has three active tethers and one passive tether. Two active tethers are fixed before launch and
the other is fixed to the handrail by a robot arm after the launch. The passive tether is fixed for redundancy and was thus
not used in the experiment involving locomotive function.

X 2a 12 REX-) X v 33 TR 2 FHE OSMBL(F A2 7 BRFs I, 2011)%, [X] 2b (27 P —Re @) 3R
(AR DS AR OB E AR, N— AT L— b BIZHB S aR Yy RARIKE, 2 Bl o T0ns. vy b
AIRTENY, BEHEHER 3AOTF—LEEETH D LAOT P —2Fo., EIHERER 3AROTF—0
W2AKIE, T 2BL07 =3 LI, 2Ry NARBRIMIERE S L) — U Clll s g, 7H—2 &
T3 1%, fTHEFRER TR ARy MZEY M ST Y, T (REFAOREZERL TS, EX
BRI REZe T —DF D L AL, 7V —1 LI, 15 BRI TIIRRE TH Y, aR v MARENHO Y —
JUEREIZ Lo TCRERMONIRIEL 7o TV, TH—1 OESHIZITT v 7 Bl AT 5 TRY, rRy bR
K EBRICHEH SN MERD Ry 7 —AICk-o T, BRy BN T v 7 2y RL—L~L R85, 7w
I OIRENETT D E, aRy MARKITIE SHIBIAARER 3AROT F—Ic k> TBREINIRREE 2D, 2T
NOTH—REEZ2 52 ECHRHNEZBEITH 2 LN T 5.

F70, TYV—41E, TH—1BED AT HRRVIREE L R BRI SN D TEDT P —Th 5. T —413,
TH=LIZ T TADFAE LT BRI BBV ER Ak T 2720 DIERTH L Z e hn, T —RZHET 57
DOV —/UiEIIRT- T, BERETHS. RwmUIBIT 57V —B8FERTIL, 7YV —4 13wt mice
RNy MRBENT 5 EREITR>TND I EMND, TP —4 DRBEITERB L.

HNFHIEE SR A > hOEABICAT T, FHERICBW T F—CRESNIORED Ry MARIKOR
FFOFE AR5 Z SITEERHETHD. LvL, REX-J DX ) I OIREERE: T2\ T — k%
MINTom Ry MARROZEDFE R S BITHES, REXI I via ko TlRbhT—Z 2 /icT
P —BEWERE A 45 Z L IIIER ICEHEETH 5.

REX-) 2 v g TlE, BlRy MARIKOAE « ZE3NT, T —RDT LA R T —2LHEE S35 (LR,
2013). 72721, HEEIZ L > THRLNZaRy MRIKRONE - BN, TV DO HLEDRE, 7y 7
X > TR LT T P ANBEORRESEORE LT 5 2 LRSS T 5.

XoT, 7LANIICEDT 0 HLEDIFERLSNG, aRy MAREROAE « BB T 5 H1E0 K
DHITEY, REX-) 2 vy a BT A2FERE =X HDON A 7 TR SV litg &2 O 72 G AL X 25 FHE)
WENIMERO—> & STV A,

NAT o e UCHERT 5 BGAEENL, ITHEL< 07 7 r—ra ATHEHEND K9 12> T .
72720, BB O CREREE 2R FHIZAT 2 5h, FHA S ORRGERFREA (-of LB RER E DR EoT=d, k5
DOIRZEMER BN EERME L 72D, < OEBGAPETIE, EEAFTRICEHME LIt RBE AT (R, 2002)%
0D Z R0, BRI RE MBI 72~ — D 23585 2 & (A, P8, 2005, $5Af, 2013a), & L CH
BRI Z Ay 7o R E R FF O A T 2 BET H 2 EEOHIERIC LY, ERE OB Z FZE L T 5.
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ZAUCKE L, BB BB T, BN 10° 235 10° Ix A —F T2 b L, BuBEENCLE S HEE B IEET 5 (N,
fit, 2002)%, MG U/ RIABREBEIIHIE -2 2 T, 72, BRCEE ECEANBB S TH
HREVECHGE FICHEET DT 7 VI, vy MO X DHECEEDRHE & STV RN e®), BRILELOT=H 0
V= PEHIN TN ENRZ. OO ASBRMNEIIR D EEZONDT 7Y OEI v a T, <
—HEFICT TV ONE - BEEFHAT D 2 SidifFcE 0. 51, BE EORIBRY S oy e E oo it
ERLZENTERWEELFAMESND. REXI I vy a Bl bueRy MRS EGAEHO~— 1%
EH I TBLT, @E FOFIRED S ERABRO 7-DI28 LS OB 2155 2 L bEE L. LoT, [KfF
B RE Omfg & W=~ — 1 L A TOBEBNEETFENNIEL 70 5.

=W DBENIEH DO Z =7y MITH L, Btz VTR « BEGHIZAT 5 FET, THEMCRIT 2T
VB EAN O 7= D OALE « BEGHHITHUMRFT SN TV D (AREM, 2012). 72721, Ziud, Mifgdns o ki)
HH LT W EEZ SN MEOMEBEZFIHT 2O THY, REXD I v a BT 5 Ry MAKOmGAL
FIZT LT, @RS LWEEZ SND. 2D, ~—hOEWERTERO 2 —7 > MIXTL, B HAL
B« BEROFHEIT O BIROBRENLEEND. 2T, Z—4F v hOF T v PO S~ —h 8L L
THEE « L8R DGR L2 HHRICIRE L, REX- S v i a BT aRy MAIKOMIE - BEGH
BN 2% 2 & CRHMliz1 72> 7=,

AHETIE, REX-) 2 v 3 AAZBT D u Ry NAIKRONLE - LREAGH D 7 D OFGALEETFIEIZ DUV CREB L,
ZE AW EHIFE R A, TR a Ry MARKONE « BEVEHEET D FEEZ T L7 RIC DN T
hR%.

2. EEZAVEORY FAREEE - KEEHAO-HDOFHRSES

2:-1 HAAS

3R T X DI, REX-I 2 v a VOEBREEIZIL, CAM (CAMeraunit) & FRIIND 4 5DO/NH X T 2=
RS STV D, CAM 1T, HBIEEE L LT LED 22 TEY, HRFTho THEROMEFAE=475
ZEMTEDLL DT> TS, RU/ME AT 2=y s OFEEIC(FHMZAEWIICRHIE R, 2011)47~7. 4
AOCAM D HH 3 HRIEu Ry MAKRICHER S, FIC7 v 7 OfECHER TR Yy N7 — AOBERHETIZED
DI ESND. %D LRI, EROKTE2E=2T 5700 ERIEEDR—A7 L— h RigE# Iz b0
THY, REXJ I v a BT 5FHREROEL & \—F DB 2>, AIFETIE, ~—A7L— | kiC
S 7= CAM (LIF, CAM4 LIRS Ot a4 5.

Camera unit
(in robot upper body)

P

Main robot body Base plate Camera unit
(on base plate)
Fig. 3a The experimental device of the REX-J mission has four camera units (CAM).
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LED Lens Camera Unit
Housing

Fig.3b The CAM has two LED lighting installations.

Table1 Specifications of CAM

Name Specification
Size W30mmxD30mmXL70mm
Mass 0.3kg

Resolution 320x240pixels
Horizontal 78.63deg
Angle of view | Vertical 63.63deg
(Fixed focus)

Video output | NTSC

412 CAMA |2 L » TR SV 2 7R 9. By MARIRBSBEICX 28HAEBNICH Y, 7 -2k
HBEMOFEE=FTHILNFARETHS. 0P, uRy MARNBEIT 2BRORHABREScEbETY T
JLE A BT CAM OIRESE 2 48E T2 Z L 1%, ERA LEOFKING TERW., 207w, vy v X —HESLHRY
A "NT U AEORRESLT, CAMIZBIT A4 A—Y ¥ OPUIHRETHHA— MEEEZFEHALTND. 2o
— FRETHH->TH, EROT=FHRE L THEATLZLITTE DR, KE BT 2BHARBRICHISL, &
WSS DB DO 2155 Z L 1T TE ARV GE i, 2013). 4 HFartho> LED FRBABRES T Ti%, 2RI v
Ry PAKRO NN D D%, HRPICHRE S7- i & el U CHERMIME T L Vs, SR TIC
Nz, B EovRy MARKROEFPNARE AR TRES (LT D0, Ty DR E —BICRELIZL L,
AR5 U 7= R 3R SV D S & 1TV 2 70,

X4

Fig.4a Anexample of an image taken by CAM 4. (in sunshine)  Fig. 4b An example of an image taken by CAM 4. (in umbra)
The edge is relatively clearer than the umbra. The main robot body is dark, and the edge is unclear.
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2-2 HEER

2Ry NARKRONLE « BEGHHNARDIBERZX 5 IR, aiy MARKROALE - BEGHINZIE, FRE5
JERE R LY, v ARy NAKROBE) & LT BbT D v — I LR ER D ERBLETH 5. JFE & 72 5 R,
R Y TR AUCEE SV REXA) R v v a VBT /e — VR E R TH Y, vy ONE - BB X
STEI LRV, TNEHREER LS. —F, vRy MARKROBE)E IHB(LT 28R, ARy PR
TERTmOPSL L, ZhzuRy MNEEREFES, BBABETIE, viy MRIROALE - BB E LT, HE
ERITT D ARy MR ONE « LB E T 5.

X
P’{E- R

= [
\

1 "Main Robot Bodyi

E o’ h'i ‘ - !—1—’i\;‘j-': /‘ ’ ‘

= ‘
- \

Fig.5a The origin of the global coordinate system is Fig. 5b  The origin of the robot coordinate system is the frontal center
the corner of experimental area in the REX-J of the lower robot body. The robot coordinate system moves
mission. with the locomotion of the main robot body.

3. ARy FREGLE - EEEADT-HDERIREFE

3-1 EfRLEFEOHME

ARy NARRALE - BEGHOT- O OEGILELTIE, ~— A DO aR Yy MARKRZEG ORI L, Z O
IRy MARONE - BEEFEIT 5 2 LAROOND . BET HEMGMLBTFIADL, T2 3 S>OTLRNL
W SnD. 15D1F, ~—HOEN IRy MARSORHERORETHS. 2001, HEiff) b ORHERHIH
ThH2D. 3°50I1F, EGENELHRTFMREZIC Licn Ry MAKALE - BBORNTHS. Zibd 3 SO
DFAIZONT, PUFISE~5.

3:2 T—HDENARY FEREADHBRDERE

AR &80, aRy AR, (@ - BEGHIAO~—3EH STy, KoT, ~—Tofkby
DR ARET D20, vl y MARKROESNSIRERAT 2 Uiz, X6 12, fE - B0
T2 DI T 28R 2T, ARIAWESIR E LT, Ry MNEESRIZBT HALENBENTH 5 rR
v MARKRIHOERT Yy Y, BLerFay 7 EEHOROMEE Yy ThHhs. LrL, ZILOREIIRE
T 2BICRIE S 22 5003, BBAREOZ L, BLOaRy FHEOEIX THSH., ZHH0OHEICLY, #iH
BIECH DRHEIIRO—E @ T LE Y GAENGFET D, iz, FEony ROBECZL > Ty VO—i
DAL T LE YA, BUBRELIC LTz v P20 b DO DOHBMENK X AR T4 2585 YR 08
BIRREEL 700 Z ENTRRIND. 29 LEEMBEERRT 5720, BTy VIionTE, BREOLDE~—
T ETHOTIERL, BHRT Y VEIER LIRS e~ — (LT, (8~ —h S LR 2R T D k%
BETDH. Ty VOREEREN I ~—h LT 5 HETHIUE, vRy MAKROB) & CIRIBRBEOREIC L > T
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Ty VO—HPREATSE TS, BTy VEERT DI LICR > TRRERD ZLENTE D, £, E~—
B, B LD PO RITHIGT D v Ry MNEEROMETT RSB THIUTRNZ Linb, HELZEL
TWRWEMRT Yy P ThoTh, TALEER LIFHERE LTRETHHE ThuL, E~—IRaRET S
ZLEMTED. ZORRE, Wig RITFHERIZR Y 222V AR~ — R EAERLTE D LW IO FIRD S 5.

Edge_V

Fig. 6 The characteristic edge is used for image processing. The blue and red lines are the horizontal and vertical edges
respectively, while the green point is the circular edge. However, the edge itself is not used as a substitute for the marker.
The straight-line edge is extended, its intersecting points are set as markers and designated as virtual marker points. Even if
part of the edge is hidden, virtual marker points are detected via image processing.

3-3 EHEH S O A

AR~ —7 UL, AEiCR_Z@Y, BTy POSEIZE, EORKICERET DH. 07, EHROT v
%, B ETHERE LTERENDIZENKROLND. LrL, CAMIZKZIREHIEIZIE, L XOFEIC
L DBHDEEL, BEOFLNSLEENZSHITCE, K 7alornd X o1, EBRIXERTH L= v VN, mig LT
FEHIMO LS ICFRRSNTLE Y. ZORET, =y VIR U TCEE LIEERIE~— 0 SOMES, BAORE
WXV ITNAREMER S D, D78, EBAERZ N - C, BAOMIENNEL RS, BHEMIET D200
RTA=H1L, FTH EFENIC CAM OF v ) 7 L—3 g 2 k- THISEARM, 2013b) L=t D& FHA L. =
DEZ AT LY OB LD EAZMIE LTfERE, KT IlRT. ZOEENG, FE7 L—ADHhT
v UM & 72 = ) T ERET H.

Influence of lens distortion = ; ' Correction of lens distortion
Hp— - -

Fig. 7a The edge bends under influence of lens distortion.  Fig. 7b The impact of lens distortion on the edge is corrected.

FrOR & 72 D8~ — 0 ORI, BB AMIER O 2 VT3 L. (8~ —0 gidhtHozoor
N XA X 8 1R, AR~ — A SO O DI2iE, Wifgh 5 Canny 5(Canny, 1986) & L T v
VERET L. Boiey VI A REF0RN, B Oy PO RRY A ATy Tl ) A XD
TR0z, THOLTRLNET y VN, M~ — U RZRDD7-OIMEM SIS, X6 DEBRT Y P THD
Edge_H 3 X OVEdge_V IZ2OWTCIE, HAbiicm y DEEMHHELT 5. BERTEICIE, \EAMEORNFT A
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T4 T AT ERWD, BN _RTAL T 4T 4 7T, BUREREREEL, i/v%%ﬁﬁé%ﬁ#

[EUFEAR E COVLERE A BT 2. ZOVERBATEORBARA LI bDE T A—2 L L, £AIC
B IENFERRE CTOMBEN /ST A—2 L0 HE RENE DI, BUFEROAREN SR T D, ZhETE ODIEI%L{*% D
WY ETEAALEAZTTS. 29 LGP SNERT y VAR L, BTy PELORZ R A AR~ — A
T 5.

AR~ — T RO RZX 9 IR T, RN T A VAN G-y DEEHEEI LR THY, Fo+
TRy VEIEET D2 L TR LB~ — 8 Th 5. K % 1T, HREREICH DRI SN-EBTHY,
Ty VNS LT WRIETH D, ZHUTx L, X 9biE, HEEREEICH DRI SN-EBRTHY, 1
Ry "AKROT v AR & i L TR TH S, LvL, ZOX )RR LT v P2 Th - T
b, BEONE~— IS5/ LN TETND. B, —EE~—b 8252 5%IE, RO7 L— AL
HI7 L—AZTHIE L DIFHR A2 LS, BEC= v VHIHOT-OOEM= ) 7NRE I 5.

Virtual marker points extraction
Start

| The edge is extracted by the Canny method. |

v

| The edge and noise are judged with length and direction. |

Line
Kind of edge

|Approximate straight-line edges are calculated.l

v

| Straight-line edges are extended. | Virtual marker points are prepared into the center
* of edge.

Virtual marker points are prepared into the
intersecting point of the straight-line edge.

Virtual marker points extraction
End

Fig. 8 Algorithm to extract virtual marker points. The virtual marker points extracted from an image are used to calculate the
robot position/attitude.

-

Fig. 9a Red lines are edges extracted by image Fig. 9b The image was taken in umbra and is partly
processing, while blue crosses are virtual unclear, although virtual marker points are
marker points. Virtual marker points are obtained.

prepared into the intersecting point of the edge.
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3-4 EEASH-EHEMRAZEICLE-ORY FEREAE - R2OHEH

EART > ORI 0 EH LT~ — A 0 4 5L EHIUE, 3 RITZERIN Ok 2 iR I B33 5 o
WARLTS] (Homography) ZHH3 2 2 L 23A[EETH 5. Homography 1d, F+ U 7 L—a ik THEED
AT OWNERT A—=Z ZFINZ LTc 1 A T475 &, vRy MNEERIZET DA~ — 1 RriE % Efgefrm Blcisir
AR~ —H SN AT DTN AN BT b DO THD. Ko T, BATONER ST A—2 MEEFIT
BHAUZE, Homography ZHHT 5 Z &Ik~ T, B A FITT BEHARIERONLE - LEAOFIHNTFIRETH D (I
fth, 1999). F 7=, A~ —D 53 5 il Ed DAL, B/ 3EEE T Homography #HH7% (B, B4,
2012).

72120, REORWEHNO-DIZIE, B 555 DI~ — 1 SO Eifg EOMERRET/ NS WEREE L
V. Ll AT AEBRICE - TE, B TE HEMT y PRIV ERH D, T DX D RO ERT
o AIHMEAZ OFZENRKE WD, ZHEER L TR L7~ —h SO ENRE RSO LVEES
N5, Fe, WuE ENLELNDEBRETIE, BEOREIZL > T—HO7 L—2AI1, K10IIRT I b Lo
PIETLHHEEDRDHD. ZOLHbEOXE, =y VO &0, S~ — D SR EE R
DYIR L7025,

= } Area where flicker occurred.

Fig. 10 With a few frames, flicker may occur. Flicker disturbs the edge extraction by image processing and the position of
the virtual marker points is moved by the wrong edge.

2Ry MAIRONLE - BEAVAKREE K SEHIT 2720, (ERENPRKEWEIR~—h /L, (rfE - BEREH O
DOT—ZINLERNT DT L& Uic, B B L7~ — 1 OB 23 5 720120%, V77 LA
LI DR~ — R ONENLETHD. VT 7 LU A LR DR~ — I RN, I~ T g FIZkbne
Ry MAKOALE - BEOHEMZCE T8 & Lk,

AN~ 2T A NVEE, BRI T 2 BEMMAOIBII RN BEM STV D, I~ T NV F &
MT 2856, ETAVBRLELRLD, BEWKOFHIICIK W CIEMRET VARET 5 2 LT LY. 2ok,
BEAT, BUNREICEREW T, SHEE 21T > TV D EE L TET /WEEZAT 5 FIEDSHV L LD (1)1,
1994).

REX-) ([ZH T DRy MARKOBEOLE, 7Y — 1 —VORKEESIY EEL, /I T ARICENT
10mm/sec(F-HiffiZ2h /eSS, 2011) Th 2. Fiz, SEIOFHUAICEG Lz gD 7 L— 2 L— M, #J 15fps
Thd., ZOZLns, 7L—AMIZBIT 2Ry MREOBEIEITRATHR 0.7mm TH Y, ZildEikB5
EDOSFREL R L TH T/ hNSWMETH D, Lo T, vl y MARKROBENEE 6T 2 g S R
THHEERD. ZOZEND, BBEENSROT L—AOEGEZTET 5 £ TOMICBWT, Ry hAK
TEHER 21T > TVD LRUEL, REBZEMET VEME LT, UNCET vard. I, ME(S L
FAEE) x3 FOWEE(DH L <ITARE) 2 & iy & T 2REB~7 b Th 5. XQR)IE, Kt + 1ORFOIRETH 5.
ZIZTAIE, RQNURTEBITIITHD. £z, vyld, VAT LRETHD. X)L, Rt + 10D 27
A BLOBIECHS. =2 TCH, REWFRTBEITICTHD. £, weld, BHBECTHS. ZORIESE
[BlE7 vz Ry MAROFENLE T JOFIESMEDO R TR RS L TEA L, DL~ r 7422k > TrR
v MAKDALE - BEHEEE R LT
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%= 3] @
X+ = Ax@y + V) (2)
A= 2 ®
Y = Cxy +wy (4)
c=1[1 o0 (5)

Position/attitude calculation
Start

The position/attitude are estimated by the Kalman filter using past results.

v

Virtual marker estimate points are calculated from the estimated position/attitude result

v

| Virtual marker points are compared with Virtual marker estimate points. |

v

| Following the comparison, virtual marker points are sorted in ascending order of error. |

v

| The virtual marker points are counted. |

Yes
The number of virtual marker points = 4.

\ 4

Four virtual marker points with minimal errors are
chosen for calculation.

Calculation of the position/attitude by homography.

No
The number of virtual marker points = 5.

Loop Start

Number of virtual marker points
>

Number of virtual marker points chosen for calculation

v

| Virtual marker point is added to the small order of error |
| Calculation of the position/attitude by homography |

!

| The result is compared with position/attitude estimated by the Kalman filter |

v

Loop END

!

Following the comparison, the position/attitude of the
smallest error is adopted.

Position/attitude calculation and
the next frame is acquired.
Fig. 11 Algorithm to calculate robot position/attitude. The virtual marker points used for calculation are chosen based on
the estimated Kalman filter result.

[DOI: 10.1299/transjsme.2014smmO000x] © 2014 The Japan Society of Mechanical Engineers

This document is provided by JAXA.



Kikai and Gijyutsu, Transactions of the JSME (in Japanese), Vol. 00, No.00 (2014)

B 1112, B AT RHEA AR Lo Ry MARRGE - BEE MO T VT Y XA EERT. £9, L
VT VB EITHEE S e Ry MARIRONLE - BEMEQCLT, (LE - BEHEEME LIRS ) D, v —
T pEEOHE EICR T DIHEOHEEN R (LT, R~ — 0 B EN B L IRS.) 2HHT 5. he, =oY
DR OTARAR~ — T EEOBEGIZ 31T DIEREDOAE (LU, A~ — 0 iGN & & RS ) Az L,
T S8~ — RO ERREZ R L, RIS, B S S8~ — I R LERZED/ NS0
DONBNEIZIEARD . B~ —R 88 4 SOFAITE, 4 BT _RCTEAHALTrR Yy FAKROAE & Z8ME % KD
% A SRR~ — A 508 5 LA EOBA, R~ — B SR ENEN TV MEE FF O b O AT 4 SISk LT,
RRZEN NS WVIEIZ 1 ST D~ — D 2 NA RN b a Ry AIKRONE & BEERHT5. 25 LTELNTE
Al « BEORMFERE N~ T 4 VEIZ K DALE - BEHEE & i U, (7 - SEMHEEEIC A b AR
DEHNDHLAE DRI~ — B SlEEZRD D, 20X 52, REgpEE~— D SERVERS 22T, 15
BTy UNHTHRANR MRy MAERONE - BEMELZ T 5 Z &R AlgEE o7z,

Display the image info
(Frame No, Date, CAM Name)

Display the result
(position/attitude)

Fig. 12 Image-processing result of the robot position/attitude. Green crosses are estimated virtual marker points, while yellow
crosses are virtual marker points obtained from the edges of the image and blue crosses are virtual marker points used to
calculate the robot position/attitude. Blue crosses are chosen from yellow crosses. The red line show the computer
graphics of the lower robot body, which are projected based on the image-processing result and using virtual marker
points. When the computer graphics are aligned with the image, the image-processing result is almost right.

v j
N
W 8 .

S } Area where flicker occurred.

Fig. 13 Image-processing result of the image subject to flicker. Virtual marker points affected by flicker are not used to calculate
the robot position/attitude.

B 12 \ZANE ) &HIE SRR~ — I A B BN TALE - B3 B Lo i R 2 n 3. B ik 15
TERSNTWDON, IR~ —I SEHEEME Ch D, HAO+FIE, BfgFOT Y P& FKIZH N SR8
~v—HRERL, HFOEOTHEL, RS — D ROMEREN/NES S, nly MAKRAE - BEORHIZE L TV
D LHESNTMIE~Y— IR AR T, BALHFAOTTRERTEDLZ b, B LIERB~—I R T ~T
RSO TIERLS, —HOE~—I I RET L HES I TND ZEBDND. £, RORTRRESN
TWLDIE, uRy "MRKRTEDA L Ca—2 7T 74y 7ETNVTHL. ZHUS, B~ —0 5Bz G H
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L7z Ry MARKRONE « AL, 2V Ea—XTT77 4 v 7T NAEZEBRICRE LIZLOTHY, Hig
LATE « BEGHARE RO TN Z BRI 5 Z N TE S, £/2, ava—F757 4 v 77 AOE
2, BT L— AR BRI K A& - BEAOFHAE SREAD IR L > TRREND. ZOFHED
FHIIZ W TIE, 3.5 fik KOV A Hil CRERNSER RS

72, K13 1E, HiE FERICH B 2VRA LIRRBICR T D BB R Ch 5. ZomigickBir 2Ry K
AETEOT v 1%, HHLOXOFBIZ L IHFERIGEEA G, Z072), vBRy MRKRTEO= » UK
WCHEH L2~ —h R EEAEO+T)E, =y U R 2RI~ — 88 LTOIEHEIN T E o0
TN~ T VA e TR LT AR~ — B BN & O TR K E N0, Bl Yy MARIRONE - K5
BT I & HE STV 5.

IHIZ, ZOEBETEHeRy MAK ERO= y U RIIBRBEO A CHR T RWIRETHSH. 25 Lzl
FREZR Ty UNE O, EERETOIT Y UEEDL I ENTERVWEL I REBE TH-TH, #BE LIZHELET
ETHIUL, vRy MAKONE « B EHT 72010 o Bofifi~— I SAEbNTWS. &5, =
O~ —H HERKRICEH Lza Ry hOME « B8%, aLvVa—4 777 47 ZAET/VE LTCHig Lick
FioL, HgLovuRy MAKERS B LTWDHZ LR TE 5.

ZOX D BB TIEE WA Z LT, v — IR R GHIRROT y UPERE LIS WEBRTHH-TH, o
SR NMINLE - BEMEOE A ATRE & 72 o 7z,

3-5 ERNEICKDEE - KSEHRIFEE DT

AR~ — T 5% O TALE - BEAGHANSE DR & LC, HiEFERRE X OWE B2 DR 2 VL CRE
iz1T 72~ 7.

1 EFEBRTIE, BEEICERE L7V IRE GRS E L, ~— & AW EGEC X AALE - BEAGHARS
RE, BELAE~—D 5% AW ERBE TR X D00E - BEFHRSE RO 21778 7.

ZIT, w—HELTHERALEZDR, BATOXx VT L— g AZfN5 Ky b= IRl S5 v
V7 L—2arT7—7NThsb. Ky hF—VONEIFBEHCTHH 720, B LR L7z Ky MizEa iz
YV T b—ya T —TNONE  BROFHNEITH Z LN TES.

ZOX Y VT L—ar T =N ETIROPIIAEY 41T, Ky b2 =020 TT L IROME - &
B L-. —0, (~—h S AOWEEBAEETFETE, TAIROTy VXV T L—va T —7
NDOIMED T % W~ — I SEEH L, ZNERICT AV IRONE - KR L

X142, i EFEBROFEREZ/RT. X 1dald, BEAEIC X HA0E - BEEHICER L-EEg TH 5. (X 14b
%, ZOEBEAWT, v—TIZ X DEGEE L R~ — D U K DGR ORE R A Z N ENF R LT L OT
Hb. FOTERRINTWDONRY—HIZLDEBUEERTHY, FTERINTWDONMAE~—RIZ &
LR R TH D, £, K lAci, TAIFL— hO—ERBHETHE, T v VRRaeRiE A L
HDOTHD., T, =y UVBRKETEDN TOWAEHDIC IR~ — D SRR TE TS Z Ebnd.

Virtual marker points

Result with virtual marker points

il
iU plate (Calibration table)

Fig. 14a Ground experiment of Fig. 14b Image-processing result with Fig. 14c Image-processing result with
image-processing method. virtual marker points of the virtual marker points of the
complete edge. incomplete edge.
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# 212, K14 TR UTCEgE AW T L IRONE « BEGHARE R 2. FHARERIE, B A T B RAE & R
RE LT A THERICE > THRENT, TAIWRPLONME « LEMETHDH. I A TIEERIT, BEREARE %
X IEA W), Hif A& Z2 Y EAW, EmRiTE HmE Z EAmET 5. ~— xR \tﬂ%ﬂf_ﬂiiﬁ X BEHH]
FER AR~ — T 2 W2 B TEIC BT 25 R A i L7 & 2 A, B fRRELL T ORRAETH H 2

ERERTE . ZhuL, Ml O XYy VO—ERRBENTHATHLREE T, kb, ffi~—
I RIC E BB FEEZ WD Z & T, =y URRELRIREICBIT HEBETH-TH, HE LI LE - K5
EOFHHINFRETH 5 Z L 2R TE -,

Table2 Evaluation of ground experiment of image-processing method

. Result with virtual marker points Resolution
Name Result with marker .
Complete edge | Incomplete edge [mm/pixel]
X position [mm] -25.1 -25.5 -254 11
Y position [mm] 15.7 15.9 16.0 0.9
Z position [mm] 411.2 411.3 409.9 19
X attitude [deg] -17.4 -17.2 -18.0 -
Y attitude [deg] -28.2 -28.5 -28.6 -
Z attitude [deg] -04 -0.3 -0.9 -
—J7, WUl L2 DR & T~ — T /IS @ﬂiﬁ'é?/f@ FHICIE, By PARIRALE - &

BB OIRAE kwfﬁ ST AR L. mf/rxmuﬁ LENBEATH 5 IREEI, H%L%ﬁ
DIEENCZ D7z Du Ty 7 LI AT, 7Ry MARERRETE SNRETHS. X 15a (2

Fu vy 7IZLoTrA Yy MAKRREE SNIOREOEBREZ R, aiy AR FEDOLEAIC ﬁzé@#,m/%
2y 7 Thd., B TIERARWVA, BRy MARKROTEHERIZHEZH Y, viy MARKE, ReévrFry s
THEND LHICEE SN TWA. BEINaR y MARKRONE - BEMEIE, SHEHENDMD Z LN TX ST
¥, AR K 5 FHRE R & S RE T H D, T OEHRE, =y DL AurFuy ZIZkoTREENT
WHIRRETH H7-0, HEGEUELNIE LTS LIS 2RV, =y U LIS WEigRO—fF & LT, Mgl
P77 LY R LD L.

Display the result
(position/attitude)

Fig. 15a Image of robot held by Launch Lock. Fig. 15b Image-processing result of robot held by Launch Lock.

X 15b 23 e v F a7 EEREICS T DEBABE R TH D, 2L, FEERERLI=y POZIBES
TN TH, HBLENZ K> TrARy MAEOAE « BEGHHINARECTH D Z L 2R T, £z, R3IITH
AR X 2 R HANS FER ARG 2 . BRAHIE & B ALERAE B 2 ol U7 S, 23k Th 3.3mm Th o7z
ZhE, EBICBIADMEL D L/NSWETHY, T ALV ORBETER Y NARIRONE - KA
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FHAICE 2 Z L 2R Lo, Lo ¢, B8R LImEELTiEE Vil & LTI, B A T OMEREIRG D)X
LCHORBENE LN TND EF 2 5.

F7-, REXJ 2 v g icBnTid, 7 EZ B LU Th HE mm R OGS & « BWEAOFHIN T
TWUE, vRy ER7 v 7 QBT « B A LEDOERE AT ITITH R BETHD LS 25,

72k, BgERWEa ARy NRKROAE « BEFHINZIST 50 fF6EIE, R > NARKROALE - BENZ L0 21k
T 57D, —RITRETDHZEIITERY. LoT, DMREOBRLEMDIZH, viy MRERr - Fry 7T
X DEERIEICH DO R v NEERFUSALEN D, aR Y ARG I —EHEE(mm)Eh < = & 2 18E
L7z, ZOROrRy MEERIFS O Rk 2 BEhEER(pixe) 2 H T 5. 2o OB EREZ LR
L7253 fRRE(mm/pixel) 2, Z3IFREOREHEE & L7, AGRSCTIE, OfRAE L 1L, 2K 31K LI o fRRE OIS S A 54
ZElT5%.

Table3 Evaluation of image processing precision

. Image processing result
Designed value .
Name Standard | Resolution
(CAD Model) Average L .
deviation | [mm/pixell
X position [mm] 630.0 626.7 2.9 8.1
Y position [mm] 420.0 418.0 15 34
Z position [mm] -99.0 -100.5 0.5 3.6
X attitude [deg] 0.0 -0.6 0.3 -
Y attitude [deg] 0.0 11 0.6 -
Z attitude [deg] 0.0 19 0.6 -

4. TH-BBROME - ESHETEFEOFME

gy NARKRONE - KM%, BB L > TRl L 72/ ROUT, BEESABIEHARE R SRS &7 L A b
VICTHET PR 2 IICHEE LT AERELT, 710 A B UHEEREREMES) & Tl L, 714 RIS THRET
P—R A UIALE - BEHEETFIEOTMEZIT /R >72. T LA M UHEERERIL, UV — L OBEENDEH L
3ARDT—EEATEL, vRy MUOTF—EfHT S E REX-) EBREMICI T 57 P — DR LE 2 K
BEMITICE > TTF P —TCh SN2 a8 R vy MRIKONE - BEEZHEH LR THS. AF, FHICHWS
TP —BEFEBROF & LT, £AITTT 2 O0OBEEEZET 5.

M 11E, vl PARIRY, BES EMHEN D T P —BEIFEBROIENEIZ, WO TBE LTERORETH
5. FT, &1L, S LOBENG 2L EHOBE L 255 THSD. REXIIZEWT, T LA MIZTHE
72T P —ED BHEE LT AR & B8 FAENE 4 bl L7 AS R, ARBEh 204 2 & CREENSER-L, 4k
RKLUTHL (LBEft, 2013)Z L2380 ->Tnb. Ko, & 2 1%, +oRBEEOBEZEVIELI-%ZOaRy
AR DN B 2T 5 T2 DIZERE LTz

Table4 Tether-locomotion experiment was used for evaluation

No. Date Time(JST) Note
Robot moved to the starting point of the
1 December 12, 2012 10:44 . . .
tether-locomotion experiment for the first time.
2 January 17, 2013 14:28 The 21st tether-locomotion experiment after No. 1

FELIZBT 2aR Yy NAKOAE - BB b2 16 IR T, sTRIN TV D D0, BGALEEE IR R Th
0, ERTRINTNDONRT LA MIHEER-ERTHD. ahy MABMEOT LA N HEERR & B Leist
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HFERZ T2 &, EHAEA > T D OO Y FENLEISK smm(L5pixel)DA 7+ v B3R LN, 72, B
Ry NAREBOBESAEEFHIFE R T, BB L2RDAFANSHEM L TO AT BRLNTN, T A N UH
ERERTIE, BEPIZZB ORI E AL LR BT,

720
Image X
710 —Telemetry X _
----Telemetry X Carib
Image Y
700 —Telemetry Y

--—-Telemetry Y Carib

670

Robot Position X [mm]
A
=]

660

650
0 10 20 30
Time [sec]

40 50

60

LS
)
S
Robot Position Y [mm]

360

Fig. 16a Robot position on the tether-locomotion experiment No. 1. The dot shows the image-processing

measurement result. The solid line is the estimated result based on the tether length of
telemetry, while the dashed line is the estimated result based on the tether length of telemetry

Image Rot Z
-2 —Telemetry Rot Z

----Telemetry Rot Z Carib
-4 —Telemetry Acceleration

Robot Attitude Z [deg]
o

Time [sec]

40

60

320
260
200

140

oo
<
Acceleration [mG]

-100
-160

Fig. 16b Robot Attitude on tether-locomotion experiment No. 1. The green dot is the image-processing

measurement result, while the green lines are estimated results based on the tether length of
telemetry. The blue line is the acceleration-measurement result of the main robot body.

LEAD GBI BT DIRENC OV TCIE, vR Yy MARIKROELRT P —Ic k> THEL R FRMC S D
TENEEL TV EHEHITE S, T, vy PARKRTERICEY T 6Tk, Zo EIZIESRA, T
B, BXUmARy b R sn-aRy MREREERSHS. 207w, vlRy MRIKOEMIEIL, 7
P2 L THELND P LV & EBCEF 72 E 70 5. ZOELOTNN, Ry MAEKOBERHZIRE)
BRAESEDHFRNE 2D EBZ N5, K160 DFVERETRLTWDON, BRy MAKIZEDY (1T i i
FEFHC K AFHARER CTH D, &b, MEENKRE KB LIZ A X 2 7 CEREMEO IS EEEAIFER T bR
BARELTNDONbND. KoT, MEHEFO/BENS bRy MAERIBEIFICEE LT 5 2 & D3 s
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TE5. ZHUZxL, 7L A MUHEERRICHIT 288, EOOTHEIZLDIRENCOWTUXET /MEL T
VW2V, ZOTZ DI EGEEEHIFE R O A TIREINBIH ST\ D EE X bLD.

T2, XFELEIT LS —EHLTWD L0, Y FENGETIE, 7104 b HEERBR & BELERER T 1pix 2
FEDA 7y MR LN, BEMEICHOWTIIA—Z & LIRS TH D0, BRI ORI OfEm SRR -
TWz., ZIHLIEFRERDO—2E LTEZLNDIDN, T LA NIMNLaR Yy MRIRLE « BEREHEETHEOT
P—REOETIMEERETHSD. 71V A NV HEEHEORBICHW S T —EIL, BEENCRT 27 P —EoyE
BRNTGA—HELELTHREL, ZNCT VA NINSEET RO EM2T-bDTHSD. BEEIZRBIT5T
PF—ROPHIEIL, FEHEROE-T V-0l EBOE S, BIOTY¥— — L oL B3R E L TW
5. 2L, PHMREBICB W TR SN TV AT =2 BLOT =3 DT F—RIZHOWTIE, MFo&x
B 35 1 DR T P — BT S OOFE N OALE 72 EIBMUN 2B T A EA O Z L MEE SN, U —LE)
TERTOIRBEIZISIT B IEMR T P —D R I 2D Z L IXTER. S5, REXJ I v varyTEHALTWATY
— U — U, BRREHIM - oA b - SEE R EORKING, U — UERENTRO T R AL IR A VA IS X
NTWa. £oT, 7H—bbESIMENEGES, U —/UEENE T ' — DA REAET D HEENRH 0,
INHRAEER /2D, —F, TVA NIRRT TY—FEIX, UV OEEBEENPLEHLTWAZEnD, U
— SERENTL CREANRE LG AIIET LA MBI 27 P—R L, ERIEY a7 —E»r—EL
RWAREMENR S S, ko T, 7y 7 0o0nETH—11%, 7 v 7B ORI HL L BREEY 20k LT
BN L BHENEE L TWAZ EAEEINS. 20X )T F—EOBREIC L0 rE - BEHEER RIT
DD Z &I EEBRICEBDTHHEE S TWD (LR, /hH, 2011). Lo T, 77U A MUHEERREEN TS
72O L= 7 P —RAEED, fEEENO—>THEEEZLND.

—05, ERABEEHRE R AAEE, 35T BY, v PO BRAIRETHH->THLH 7Y
7N AL OREETHIITE D Z L AR L TV 5.

X o T, BB A FRHEL L, ZAUCT LA NUHEEEN G O £ 5, TP —RWHIEOMIEE T2 -7

X 16 OREHRNT P —BAMMEOIE 21T 72 > 72% DT L A M VHEERRECTH 5. MIEIC L - T, EGBEEEHI
FERLET LA MUHEERRE T X Y FAMEMNIIE L. —F, TV A MHEEERICBIT LN T
i, bt 7y FLbO0, BITIIELED LT, 7P —RYHIE O IE CIXmifg LBt 1 & 7% oft
BEEDHZLITTE ol

0 | X 420
----Telemetry X_Carib FX:1pix
710 |- -Telemetry X Recarib 400
Image Y A
g ---Telemetry Y Carib P E
£ 690 - -Telemetry Y _Recarib g #2277 380 8
> D et >
g 670 i 360 3
z o o L i~ - Y:1pix 2
650 wmp 340
S - . 5
- S B 3
S - E
% 630 - 320
610 | 300
0 20 40 60 80
Time [sec]

Fig. 17a Robot position on tether-locomotion experiment No. 2. The dot is the image-processing
measurement result, while the dashed line is the estimated result based on the tether length of
telemetry which calibrated the initial tether length. The chain line is the estimated result based
on the tether length of telemetry which recalibrated the initial tether length.
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0 320
Image Rot Z
-2 ----Telemetry Rot Z Carib 260
---Telemetry Rot Z Recarib

@ 4 —Telemetry Acceleration 200
S, o ' 9
N -6 140 E
Q =)
g 2
B s
< 3
s 31
3 <
(a7
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Fig. 17b Robot attitude on tether-locomotion experiment No. 2. The green dot is the image-processing
measurement result, and the green lines are estimated results based on the tether length of
telemetry. The blue line is the acceleration-measurement result of the main robot body.

X 17 12 2 12T D alR vy NAIRNLE « BEAOZALZ/RT . RUCR LTV D OB EGALBEEHAFE R TH D,
R TR L T DO EROT V—EOEEZ V=T L A FUHEERR THD. 2B, K207V A Y
HEERER TIE, S 1 OFHMIOBRICHIE L7 7 P —ROPIHHEZ A L Tr ARy MRIKROALE - BB A 1772
o7z LirL, X GFANLEE, £ pixel, Y FAALEISE 0.5pixel DA 7+t v MO Z LR T 72, U,
TP —BEAED KT Z LICL T P—ROBAENEHE LI Z EWRKREE X, BB RIC—ET 2 X9
G2 OBERIOT P —EEBEME L. T —ROBMELIT/Ro727 L A MU HEEEZSHRCORT. i
X0, EGEEHRER & T LA N UHEERSROME - BN T H 2 LR TE

St 1 LA 2 12B T AT P —RAIMIEOMIEAE R 2 i 42 &, S 2 TIET VP —REOEOMEIC L 5%
PR CE T, M1 TlrR Yy MABREIT-H LoD, BBMEOTNNKE K TP —EHHEOH
EIZ X DENHER TE R o7z, TH—EOT LA M ZIICLTEaR Yy MAKRONE « BEHEEIZIE, §e
TERHTIZ L DT N_R—A RREZAWTEY, [FEOTR Yy MRISLEICX LT, 7Ry MARIERT P —Th
RSN D BRI X > THEH LT D (LB, 2013). ko T, 7 —REAHMEORZEC L5 W TH
[ BEMENEGEEE L TN VWD A THIE, TH—EOMIEIC L > THE - BEVEIc %25 41
ESND. LinL, F&fF1TIHEOHR—EL, BEMECTNRLNE. —F, F&fF2 TETF—ROMIE
k0, frE - B L —HK LT

ZOZ EnD, LT, RBERD Ry NARBRAE - BENIEEL 5 X TOEAREEREmWE 2 5.
TP —RUHMEORRZZLISMNC 7Ry MARRONLE - BEMEICH L B2 28R E LTE, vl y MRIRICH:
NTCWDERMAES TONEEH 7 —7 VORENRE 2 bD. TV —0ENMEWGEES, 2o —7 VO
PER TR MAIRONLE « BN BE T T AREMEN B 5. Stk 1 &4 2 OB Iz T DIEE D2 b
e 5 L, &1 OSPBEITOIEEZEARE N LR TE S, kv, 10L&t 2 0%
Bh& 0 BIEEINRAE LT o722 EZBND. REXD 2 vy a r TET VP —iE N 2K X < GRS DRI 33E
HIN TRV, TRHDZ EE2BETDHE, S 1ICBT 2BEFERTIE, &0 210810 2B ES & ik
LCTP—DENDNEL, =T LD L 5B L2 Z 0o To b D EHEIITE 5.

INDDOBLERERNG, FUE2 DX ICT P —EHHMEOHIEIL L - THBLIEER &7 L A N U HEERHRN
—HT HHEAICE, TV —RAMEOMENBRS R L TT L A NVHEERENTh B2 oD, —J7, 4
HFLOL STV —RAMEZMHEL THT L A N UHEERRICRT AA0E - BEEDS, BRI 2 FHA
FERE B LAWGEATIE, TV —EUIEOMZERT o<, BIRIHE AR L ONEEH O 7 — 7 LRIES 8
LCWbZEtnEZLND.
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EoT, FH—ENnbuRy MAKOMR - BHAHEET 5 FIRL, 7P — ROV RS < BT <
VBT L, BRI X AN OFBRRORENEETHY, SR TRORIHTBNT
1, BONBAE - FEMEIC L EBER AL, L, FH—EOT LA ML, ERF— 5 &L TS
BOJEHICH7RN D, CREAOTHR - SBMERIEETE 52 L1, WEFRICHEOL 250K Y Mo
Lo TRERRIATHS.

LoT, uRy NOEENARERICBOTE, 7Y —EA AR - SMEOHE LR L, 7Y —RichbE
PR LTS LIESNEEE, &bICFP—IBARIC L 0 ANOFEREDN DAL, FRAEOR
A BRI - SEMEOWRCT F—ROWMELTS 2 ERZE L. 2031, FHF—BBRRyY FOEM
(EIZBE LT, 7 — R R T L HE & UL % IV 3R AR A DD = 8T, & 0 9y AE i 5w
IR D EEZLND.

5. #8

ABFZEIE, ANTHES R Y FOFEEERTH S REX-) 2 v a BT, Bk y MAKOME - &
BOFTEDO—o L LT, WA W5 HIEEZIRE Lz, FHREICRT 2B FEOBgAE AT, &
TSR IR 72~ — 0 Z B0 A1), 2 & BRI X - TR - B OFH A2 FER L T\ 5. 2072,
FREHER BE DI Lo DMK DENZ 22 BEE DB L ~— ) ORFEUEEN T 85A120E, FHIRTE R D &
WO RS- —J7, BE LB TE T, FHISO y DR L, =y POREE AN~
— AR ELUTHAT S, 2Ly, BERT Y VEEERD, 2B ORI TH 5 i SR ChiudiE A
THZENTESD. &5, Wl EORAREZ(LCnR Yy NAFOEEC LT, —#ozy PREG T4
WEA Tho THEMATRETH S & WO FIEERS. ZOEBAIEFES, REXJ I v a vicsiiseRy b
AEONLE - BEGHAINCEA L, Y778V L~V OIS EZFFOZ L2l Lz, 2k, L
BAFLFET, BIAREEDNKE < (LT 20E FREICBIT 5~ —h 2R 20 EHIRIC b AR TH 5 L Vi
L. INHDZEND, TTVEAOPETCHEEZTT) I v a LS LT, SROBIRNPEEMTH LA T
HIUL, BELUEGRABLTFEZISAT 2 2 L TE 5.

F72, REX-) 2 vy a IR AT P —BEWEREORHMEiE LT, 7L A N OTHF—EhbaRy MARRAE -
LEAEHEE LR R L, 1RR UGB TEL W0 Ry FARRNE « CRAOFHIRS R L2 L=, = 0
B, TY—R&2IEICUIALE - BROHEREY, 7V —RAOMEOREORES LS OBz LY, Hi
WEFER L TN AHEMEDR B D Z EbinoTz. 12721, ZiLD DEEDEEN/ NI WAL, WRALEERE R
ETYP—RICEDHEEHERIT L —E L, TV—REE2CUIANLE - BEHETENARTH D Z LR TX
7=.

INHDOZ s, TY—BEEITOTFH e R v NOFERLIZHAT T, BB X D& - BEFHITFE L,
TLA NI OTHP—REFEICUIANE - BEHETILEEZHAS DY CGERT I ENEETHL EE2D.

6. SHOBE

ARG SRR, Fekou Ry M 280E EHAN T v a7 7 Ui v v a VISR
BEThDEEZLND. 12721, BEOEBNHETIEL, FHRO= vy PE2FIATHZ LD, IRBHITH
DTy VIZHR D OB ERRHETHD. ZD7D, WHEEENARAET L AREMEO & 5 aHARSRICIXEH T 5
TEMTERNEWIHIENRD D, £z, FHUERNENLE L TV D555, KR~ —P mA2RE LN eail
RAR LR DRIUCEBNTIT LT 2 Z ENTERY. o T, M~ — W EE2RTHEAVEZ 2%, —n
BOWRPUZKHLT BT T Y X LAOBEHNDPLETH D,

F£72, SRIOEGBREIEME, DA TOUMRETHIEA— MEEICLD LD Tho72. Z TG AN
BT WL VITRESMDBRESNDI O TH Y, FHIRNROMERMEIC G bE T RES ST L —# L
720N X KEEDE WG A R HEGAE S T OI2IE, Bl EOFHA GRS TV D RO 5 & A2 HE
L, sHAKIRICHE ORI RESRMERET 2%, A THOHIEELEIZRD B2 D.
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