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An Extended Mobile Manipulation Robot Learning Novel Objects
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Naoto Iwahashi*2, Tomoki Toda*3, Hiroyuki Okada** and Takashi Omori**

It is convenient for users to teach novel objects to a domestic service robot with a simple procedure. In this paper,

we propose a method for learning the images and names of these objects shown by the users. The object images are

segmented out from cluttered scenes by using motion attention. Phoneme recognition and voice conversion are used

for the speech recognition and synthesis of the object names that are out of vocabulary. In the experiments conducted

with 120 everyday objects, we have obtained an accuracy of 91% for object recognition and an accuracy of 82% for

word recognition.

Furthermore, we have implemented the proposed method on a physical robot, DiIGORO, and

evaluated its performance by using RoboCup@Home’s “Supermarket” task. The results have shown that DiIGORO
has outperformed the highest score obtained in the RoboCup@Home 2009 competition.
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#ETSH4 T4 SLAM (Simultaneous Localization and
Mapping) #M0¥E S5, FELA-ORY MdL—%—1 ¥
I A VIO ENTRY, FOFEHRSS ICP (Ttera-
tive Closest Point) [27] & N— A & L7z HuX LR & B O A7 iEE
TV RETH S, F72, AR SN % 2, RRT (Rapidly-
L) Bk F COREEE AR
BEEW) % LT A8, HAgH

exploring Random Tree) [28] 12
THIENTEAE, THITLD,
FTBHT LI LDTETH 5.
5.5 7 — Ll

13 BHED LEHI X D WEZITRFT 2 2 LD TRETH 5. W)
RETT — L OREHE, BBEORIEE RRT 12 & 1) 5l S s [29).
COREETE T, A6 BHEE, Akie BHEE, 1 EHE
DFF 13 HHIEE R, 13 KITOfE A% L, 13 RITDIT > T 4
Fal—va yEMTREBETERT S JUCXD, REOK
—FiZBWT, W7 —2DLBPEHME %R LDT, 77— Al
LD ERET LR ML LD TES.

5.6 HAIEEE

Pl L) BREY 2 -V EMAELEYEIERHEEZITY. T,
BRABLE Y 2 — VIZ X D REFETH 2R T, #
WENTWEROECERE LT 5. 0l M, WikoTiE

NMEDIEHE AT 5 £ 9 12z L, PEISRWIEIZIdRTES
79, W2, "y FERE, WEOFFmE CBEI S, NV F

LA Z L THROERE1T). ZoL &, Bz EE Y
EFH YRR LT AT 5 2 & T, JRFEIIN
YREBEHIELILENPTES.

6. %gﬁ 1: hﬁ%/ﬁ‘u&é#@?—k@%gtuun

Wiko%H - BEMRE T LT 2 £ To 72, 3, Wik
EGOFE & BHORE XL, RICWIRGORR, L HiED
iz iTo7z. ML OREFHREZERE LKy M, 7THE
W CEHM %479

6.1 #MFEOY) HUBE

TRy D AWRE BT BB, BRI R S Wk fE A
Ty BT LERDH L. 2T, RETFETHIBE T TV U3

2L 2WkoY) ) B UK & RIS 5.

EEE, Fig. 7OV Y FV— A% L 2BETITo 7. %
B#i2iE, Fig. 8 (IR L7z 120 HOWEE 7z, 12—k
LRFEFHEL DS, IRy ML TR ERELZ LT, W
BEERT S, ORy ML, ZET7VL—2ahoB& 77 avic
L WRSEE A ML, AFF40 7L — 2 %459 5. Fig. 9
ko) Y I LE &R

Yy W LoEEIEL, EfFE R WAHERE AFI2 L) s
L, BH%E (Recall) Li#4&% (Precision) (24X ) EHiid 5.
Fig. 10 (a) 12, FH#E (Recall) @& (Precision) D
ZRT. EWEROY SN EEIERICS W20, G
FEIY HENZZEED 40 7L — 2D H b, SERFEIC
33, 3T MHDO 7L —24, AFT10 7L —2a% v/ 72750
SR UBEOFMEICH 7L —2HTHY, HEi
IRTEBRTIZ 40 7L — 23T LUK OR#E1T-C
W5, Fig. 10 (b) & WEOHHRLBERTHY, 777N
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Fig.8 120 Objects used for experiments

!'

Fig.9 Examples of object segmentation

Object region _ 2L ;
False positive Fp
Fn False negative Fn
True positive  Tp

Tp
Fp Recall
Detected region

Tp
(Fn+Tp)
Tp

Precision

Precision

(Fp+Tp)

0.5
Recall

(a) (b)

Fig.10 (a) Definitions of recall and precision (b) Results of ob-
ject detection

@ﬁﬁ%%@@1o7u LADOFHMEL 25, EWEROFYIL
B 76.2%, WMEHEIL 95.8% L ko7, BMEEINENI L0
5, WREEDAEZE ) RS Z L3P LG h s
Fig. 11 128 ) i LICREL L7281 % 7R ¥ Fig. 11 (a) Tld, ¥
K46 AY TOF /1 A 7 OEFAERFLTL E v, =ZRT
TS TE S, W32 epnTanrorz. $72,
Fig. 11 (b) Tit, BWEEASERIMEZIILL CL £\, B4}
OBPEFN TV L —HMOEHIOAH SNz F72, Fig. 11 (c)
bIEARIS, EARIMRO ST & ) WARFER O —F O A A &
iz, ZokH 2, ROz FomEe, SREOWEILH
BIEDMRNMEINIC & o 72,
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b

(c)

Fig.11 Examples of object segmentation failure. (a) Object
which could not be extracted (b) Left: Object Right:
Results of segmentation (c) Left: Object Right: Re-
sults of segmentation

Table 1 Object recognition rates

Place 1 || Place 2 || Place 3
Recognition rate 91% 89% 89%

6.2 MIRDOEIRERHEE

FEDFERTHE L7z 120 HoOWE L IE L < BT X 5 D GE
L7z, ENANVT = alb—Yary A7 Cld, R
B CHALMES R 2RSS H 5. 22T, RENORIAS
RS 5 3T, FHRELFERICEIET T arildh
Wik L, wbméﬂtﬁﬁw—%%ﬁot.iﬁi%
Table 1 2783, FHBLIIELL5M4TH-TL, K 90%D
PRI O N ERREA D IX, MO vy TI— X v
&& T AF AP TNE Z ENEKTH - 7.

6 3 MERROFEEEE

. WA AR ATE Y S, MBS E A ML

%%Li,ﬁgs_mttm0%%®ww%%mwt.%%%
%, EBARWIZRTFa 7 - - aha—5 - KF4 0 —7D
Iy @M E W 1272, A=TX—=FKLV-EX7 v b
DL ITEBOTEEOWAED D 2651%, TNo 2@l 57:
Oo&FERML, [A—=FX—=FVvAL—][Faabaxry
M DX RWikzE Lz, T2, BEOaRD L WkoNE
ik, FotEENT 00 EFRMAML, [HRyeT 71X
71 THFCEAR] ©X) ke L.
EBRFPIHIROLEBYTHL. 7, ﬁﬁ%ﬁf’ﬂ@%%
X ERFETHIET, ORy NASRBHEGEOEE 1T . EE
OHEREICBWTE, #REIL1ATHEEIEEST, 20
FHERRKANG EEBDO N L > THERENL WD H B, #
CC, EBTIIBERANCL ) REFELHOR L. 61, &
D B S COEREIT o 72, B5EMIIBWT, BT 120
ORBFFEF L (X 2FH->THRT)) 28FE5T52 LT,
ZOREHFEORBEAIT, HEENREL RO, HBREL S8

AT, A5 960 FEEE FRRRICH Wz, SEE &~ 1 7 L ORI
50 [cm], B&F LUV 55 [dBA] 12— L7z, FEBROZ LM

UTostBY)TH5.

1. ERERTOR®E  WHEEICAFTI120 Bz Bk L7
BAEREIZIE X 2> CTET] & 120 HEEA ST EE
SRR S, TORBMEL kO, BT 7L — T
1ThNbDT, IOLHFERS A7 L ARRE5.

2. REBEOHUREAANC L BB SWERED [ oO%H
X EFERL, TRy bAT120 BOREEGEE T L.

HAORY MESF 30 % 2 5
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Worse
0

100 Slightly worse “?'d‘ Worse

.../_

About the same Much better

Recognition rate [%]

30%

Slightly better Better

(a) (b)

Fig.12 (a) Recognition results. (Condition 1: Recognition with
correct phonemes. Condition 2: Teacher and user are
same person. Condition 3: Teachers taught the OOV
words.) (b) Evaluation of voice conversion

WIZ, BOREARND [X 2FoTE T L3FEL, Wik4
OBHAEATo T2

3. BHATER L -RKBHFEBORH 120 HiEx 8 AoWERE
12TV FLATEN) LT, EHBMENEOHEL TR Y b
BoRL7z, WIS, SWEED [X 2F-TE T L 120
i#aih%ia% L, WRBORBHEITo 2. T
bh, FEINTWLHERL, MESEERLZDOPE S

NTWDL I EITh 5, AFEBRTIE, 960 ZEFED ) H 120 5
ﬁﬁﬁr%$Abi% S CTh D, 840 FEREVHURE L IX
BB L DR TH 5.

EE S 'ﬁ:’co)uup%k*ﬁﬁ;% Fig.12(a) IIR L7z, &1 TOH

FERRERIL 952% CTh o7z, ThbL, ERERICE D A#EY
ﬁofwéwf HESRENSR DR AMEIZ95.2%TH L EEZ S
o S 2 T, HEERRRERIZ 824% TH o b,
E:ﬁfbﬁ#*ﬁﬁp 1$69.3%THo7z. DF ) EFRFEIITEETIER
Molzb OO, HEERHEEE LI TRl e o,
T/, St 3 TOHER#RIIT52%TH Y, F0H) bERE
ANIZ &2 120 FEEEO HGEREIL 83.4%, FURE LIIR LS
W&%Li%&m TR DO HERMRIL 14.1% TH o 7. &3
Gl 2 I NHFERHRIIETLCLE ) boo, A
Lﬂﬁ&wh ThbEEZOLNS.
6.4 OFvy MOREDEFM
RETHETIR, WELE AT TEET LD TRZVOT, ¥
R x ELLRRETE D LIERS 2. 20720, KETIER
FFEORFWE O EZ 1T .
¥4, 8 AOWERE S AIZ 120 HiE 2 &4 L E 585 S 4,
71960 % ﬁ@r HNR— A EHEEE L7z, 747&1 ﬁ@ﬁ%
50 [cm], BEE L VI 55 [dBA] ISE— L7z, RIS B % H
wtﬁ%%&(MTVC&%ﬁ)L;D m+/b® Sl HE
L7 if: WD, — i FF:Tdh % Text-To-Speech
(TTS) | anzbw SREEE L2 IS oD%
i&?&%uTgikba
C (IBEFX) ' Eigenvoice Gaussian Mixture models
(EGMMs) [15] ;b w A O OHFERRS 2 TRy
AN L -G IS 25 (4 BECTHRAIREFLR)
TTS: TRy b, W%ﬁ@ S DYARE DL/ LA A AN
AL, FOEFE TTSICL VAWML EHIC L 555
8 NOWERE 4 AAS, 120 H5E% VC & TTS 12X D AERL
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Table 2 CMOS evaluation and scores

| Quality ‘ Score ‘
JEHIZE W (Much better) 3
B\ (Better) 2
2R B\ (Slightly better) 1
1Z1ZF L (About the same) 0
R (Slightly worse) -1
v (Worse) —2
JEFIZE VY (Much worse) -3

EFEEME, FMixiTo7:. KEFEOHTEL 8 Anb T
VELTERSN TS, F72, 120 HFEOM EFE, VC &
TTS DIEFKIZT v S L TH 5.

FHIRJE & L C Comparison Mean Opinion Score (CMOS)
L7z, CMOS &1, ITU-T recommendation P.800 [30]
IZX o THEEBLIN TV L EFEOFHIRETH 5. FFMIL, bk
FILZOo0FEZH»E, LT L) REMIZK > TiTbi/:.
HIEOER L) REDEFOTH, HrkoimAszIEL S RBIL
T2 L) HT, JEBunEgpy?

Table 2 [ZEFiEE & A 3 7 ORIE 2R3, SRR 2%
Fig. 12 (b) 127" $. TTS 126§ 5 VC @ CMOS 13, 1.45 TH
D, TTS IZHRREEFETH L VC W ENLHERE Lo 72

7. EE 2 IEENMIIYIE2L -3 2R TICL
i

REFELXURY IAFEHEL, HEREICBIT 0Ky b
BEZEEM L 72, SRy A2 & LT, A—/8—<—7 v b EIFSL
NZO0RAy 7@K —20) = FHNOFEFHO—2% &R L7-. ©
RHhy T@F— a1z, WHRPT20F—2UERSMLTEBY,
EHIWEEFDIATDAIT O —MRIZAHEN TG, ZD72D,
MOF—2DATT LT LI LEDTRETH 5.

7.1 ERIRE

Fig.13 12, O Ry FASSLAM I X ) AR L 7= HuX & Ao fr
EERT. Y AZHBEY 2—)ViE, Fig.2 @70 —I26E5 &
IRETLz. 9, —¥DFAME (Fig. 13 WO start posi-
tion) TORY kM EMFEZITV, TRy MIZ—Fh oMz o
THREREDPEMELT. 208, oy M, MFEFTBEL
TRESNIWEEEFEL, TR L T OWLHGMEE T
R 2—F~EEEST. DEo7at A2 =20WEKICH L
179

FENIIBWTIE, WEOBREIEI—ALIIRS 2w, 22
T, EBRIIEERREE R LR OO T oz — ik
EBOORS v 7@K — L TITbN7zd A7 ITEWEGT, b
I—HIT LV EE LW TITo 72, BBREIE 5 AT, SWErE
B5RMEZEZ 205 A7 24TV, AEF 30 MO E - L7
SMIRDEBY TH 5.

S 1 ¥ AT PERBEARNDEOR L7z 120 8O RE GGG % .
S 2 ¥EH 724 2BV, 120 HOHEE 8 AOWERFE 2
TV LATEN LT, EHBELEOHEL TRy bH
RL7z FAT T 2 A ATIEFEEREDS, o Ry bANFEED
WhaFro Tl AL IHRETAH. Thbh, HEOH
TRIEBATITONTEBY, F477 24 XIZBWTHRY
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M2 KRR
- L g
L

Start position &)

Ny

2 R

Side table Bookshelf

Fig.13 The map and the location of the tables/shelf

100

80 4

60

B Condition |
4” 1 - ala
B Condition 2

Success rate [%]

Speech Object
recognition  recognition

Mavigation  Grasping
Fig.14 Success rates (Condition 1: words are taught by the
same user with the person who asks robot to bring
something. Condition 2: words are taught by several
volunteers)
W Speech recognition  ENavigation to object B Object recognition

OGrasping ONavigation to user

Condition |

Condition 2

0 50 100 150 200
Time [s]
Fig.15 Elapsed time of each process (Condition 1: words are
taught by the same user with the person who asks robot

to bring something. Condition 2: words are taught by
several volunteers)

NIRRT BRI, MOWEERE DBOR L - HEEN S

INBHI LIRS,
BERITIZBWT, Z200WEIE, 6 BIZTHFEEITo72 120 18
DYEDS 5 > 7 A TREIRL 72,

7.2 EBRER

5 27 QIR (Fig. 14), ¥ A7 -7z (Fig. 15),
X527 A7 EhkoF i L LCAE (Fig. 16) O =2 Tk
5.

Fig. 14 125 A7 O L ZOWNRE R L7z, HHEBikid s
A7 OFIBEFENTHIUIMETLIEVET I LDTE, 20
HSESUAR RIS 1 TR 93% & o7z, &b 2 T, fhEH»VE
FRL-HGEE EFN TV L O MR T L 80% & 72 -
7o ThUL, FEBICEEDPELLEE IR TV AW DR
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S S
Fig.16 Score comparison (Condition 1: words are taught by

the same user with the person who asks robot to bring
something. Condition 2: words are taught by several
volunteers)

HThsb. 512, EFORIHEIL100%TH Y, EL < UE
EFFTE TS, COHEKELT, TOF 7 X 712X hEHIIE
D ZRICTEROFET 1[em] T TH Y, WAEEIC 5%
FE S L DTN E. 612, SEFEHLZTEY b
X, BEEE ANDL LRS- T HBED Y, KEFEICN VR
EBEEELIENURRTHALIE, F/20KRy hONY K
HBHRESYEZHIF LR T VI L LHEHE LTEZOND.
Fig. 15 \2—2 0Ok & > T 2 DIZE L2kl 2R L7z,
ELELDEMTH-TH, —2OWKIZD X IR 1E 3
SLTFTHY), uRy bEFOFRAAEOHE (B15) 2 A
T, Zo0WMEZF->TRZELTH 107U T TY A7 %3E
T&TW5., T2, TOVI 70608 Ky vAJERT L7 o —
DM S A o TV B 2 EDGh 5. Zhud [OO% -
TERFT. WWTT2? ] EWVo - MERFEERL, TRy by
HRLIBOBVE LR EDVH L0 TH DL, 82, &2 T
BMEDHOR L BENE TN TV L7720, & 1 I2EREn
B LA LR S o T B, F 72, WMREERICEE L T
M1 EDD, 2030 M Ao TnDE. Thid,
W&t bPWEOEEZ T > FLIZHREL TV, YWiko
FLEIC L > THRT DI A P 2o TLEH 2D TH Y, 1§
B RDDTH S, Fh1 TIRERTICB W TYWEOERIT 4
BREETHDS TWADIIH LT, §&M2 TIEWEOBEZEIZ 90
BLULEDPD > TWEETHEH Y, ZIU LY St 2 OFHEH
HRBEIZ I L 72, BERI S0 728TTIE, | Ry ka8
FHTF-SIIEETN TR YRR R0, Wik%E
T A ENTE R 0T, OB, uXRy MHPBHL, &
AP SWEE RE L TR ERE#MT LI ENTE .
Fig. 16 "% A7 D EHTH 5. £ L LT, 2009 (EO TR
By T@KR—LT, EBIITDONIA—=—I—< =T v V¥ A7
D—R~TFfDEHEERL Lz, FroaKy hOKRERTO
P EEIE M1 TR 1,660 HTHY, —OF—2 LD bHE
WiBE otz 72, KDEELWSEMAETH L5 2 Tl 1,320
HTHY, FtF 1 IR G TIED 5758, EBICfTbNIL
A== =y VAT DM DF—A B L) EWEHKE
otz

EBEOUKRY v T@R—LADA—R—<—4 v M ¥ A7 T,
RSN LWERIZ 20 FERETH Y, ZNODOKEDFEILG 2
LNL. Thbb, FRICHMAEEFFIELIENTE, HF

HATR Y bHEEE30 % 2 5

—105—

TR IR RS TAZENTE L., —), A, FEB
OFEM LV L OWEE I, 2O TYEROFEE 217> Tw
b, SLICHEEDEHD 1 EOREMTIToTwWh, ZokIHi
KELDIIIDBEID L WERHTY A7 2T TR B2 00
b, LT RY MIFWRT+ =<V APELN TV,

8. # =

8.1 #MAEDYIV)H L L3

T3 FHREOWEROY Y B LICOWTERT L. IRETHE
2L, =W IWREEHSTIET, TRy IANEETRE
Yk EI A B IS BURT A 2 L R TRRE Lz, W) L os
(L 958N%LENETH Y, WEEHHNETEL YY) HETw
LT ENEhD. —F, HBEHEITT6.2%LHEEE L EXTHEN,
ik o7, ZORRIIWEOMEIZ L > T TOF » A5 Tid,
SRTTERONERTEL W EDRERTH S, BETHOKY
kA5 4 (Fig.5) &, BEEIZZ20 CCD 71 A F 25HLY fif
FoENTEY, AT LAHICL L =ZRITIEROFTESWEETDH
5. b BE TOF I A 7 TERTTBEHRAE S N TV 20 W HEE
, ATLEIAATTHH ZETIOMEEZLHTE LREM:
WD,

6.2 BiOMER? S, WKOBEIFRHEIIN 0% L holz. &
A L2 E L, e SIFT TH 5. @E IS oM E
T, AR L TT 7 AF X %0200 Ao T
HbH. FIT, WARZKICOTBIRGHR D HE L WIRR#F
FEBETLTW5 25 COFEEZEATHILET, 645
R T M IRFERR T RE T H 5 .

8.2 KREFEBEOFY - B - R

— [ DFEFHED O RBEFFEOFE 2TV, REEFEORH L%
ERRTREL L7, ZOHEEREIL 824% Th o7z, 61
HERDSFETlE, X=X F 1 VICRT 28 FEFHD CMOS 28
1.45 THholzZ enb, R=2AF5A VX VERLTWDS EHBS
NEHNG Y AT ADPHETEX I E 2 5. HEERRFO LM,
REGFE PR o 1B R/ BER SN D 2 LS ERERT
Holz. HE—HOFHE»SFEEITH) 282 HE Lz,
MR OFEFED T ENDLELMTHIULZ OREE HRT 5 2 &
HHRETH L. ORI L LT, FHRIII—IHL ) —F
REGREAGENILELRFHL, ELEFTE 20 %R
TLIETHRTEAEEZONSL, PlIZIX, =N [Ih
DOEANE X] E5EHTHET, Ry FASREEEOFE Y
TV, BT TP [X2HEXTAH?] hELfilds. 2
DEE, ELLUWREEFERTLENTERITE, 12—
WY —EMEREORT B LT, TORBEIIRIRTRETSH 5.

8.3 IEELINARZRVICLBEFZEOR Y FOFHE

HEERECOFMIE, TRy 7@k — 2HNOBEHD—D A —
==y NF AT TTo7z. 5 A7 OFERE, 2009 £ TR
B9 T@F— LB D A—IS—< =2y ¥ AT D—RDF—
ADORBEIVEHASHTHY, BERECTEELCEETSL
EAVRENS. WA, EEOREBETLIENTET ME
Fo T AREDPEL-FHPLHENTIENTELVOIK
ELRBERO—DTHo7. TORIZEHLTIE, faidd X ) IR
RTHENRERE L, RESGEERFE T 5 I L TRIRTITREIZ L E 2
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5N,
RETEORBEFEOLEZ L, oy 227 12 BHTRETH
5. Blz1E, aRy v TF@k—ATTbR, ANOAHLE%
HZ 5% A2 “Who is who?” Tif, Z—H7° [RDOLHTIX X
ERFEL, NOZATEREBHGEL L THEE T2 LT, EHIC
AT 5 NOARNI AL L 72

SETIRA=L I, ABIFETHE L 720Ky MIWEoFE -
RN DA BRE N R F - TBY, BARI A7 %I RT 2
ENTESL. 2010 FO RS v THRRKEO@F—L1) =7 T
X, A%BERY 55 A2 “Follow Me” 2 KM DR THIMADE
WTH LG ZHE S 5% A2 “Shopping Mall” 7 & 10 D
FAHEIHRL, BBTAIENTEL 20X, LA
TRy b DIGORO (& HHRECLE L CEIfEWiETH S, 1R
By TTDY AT ORF %L, 77—V IZTHETETSH
% (http://apple.ce.uec.ac.jp/isyslab/digoro/press/video/).

9. B E M %

RETE, FEWEOFZFIES T, L) IEWHEE S
WFFEIZ DWW Tk 5,

AFFELIMC D, TAIR LTy 77 Ta—FTHuRy
FNOSFEEMSEHIEL TS [31). £/, Roy bR bAT VT
BT 7U—FEFHLTS 32 LAL, IS0k TIE
By v TV Th Y, HHEMORITE L. —7, i#
EFETEEV S OWRIGEATRECTH S, Tz, LH[33)
TRESNLFETE, KREFFOESLZHIRL T2, &
BRGEOR T AT =2 a vidEZTBLT, - RESH
BORERET DI ENEIRERoTVD. T2, IRy MIX
BREFFEORTF TR TRV, RIFEDANZ L, Fxid
BHERSVWE LY T2 2 LT, RESELFETLHELT-
TWw5 3] LA L, AFEDIE) 5L ) ISR ESFREDSE
BEATH)ZENTE, GHO L) %S A7 TRAMGFEDIT) A
BEHTHDEVZD.

SR [34] T1E, AEEIC X o THHMEL WL 2D 2 0% HoR
FT5IET, MEOYY I LEIToCTna. LaL, A2k
RBRBIEREZILE, WEEEPTOATYEEY KT
CENTELRFEDIIT) PREEIEHCEF 2 5.

ELIIAMIIIYFIEIFICE T 208 L bEENH L.
Mk[35][36) Tld, ¥YIalb—a ik VEFEOHEER &
7o THEH, Ry FAOFEZIBER TIThIL T,
—7J7, SCHK[37][38] TIE, TRy PAFEEINERICTRY b
& BHEATDON TS, 20 LD Z30E B oW E IR
LOMETIE RV, SH%I DL kit T 2 LERD
HLEZTHAS.

TMETIIR A b a—< /4 FORy s ESN TV (1]~
6] SNHEOERY M, AAT - T—L NV F-HEEL
IO ENTBY, ENA VY=Vl —3 a3y A7 P50
FECTHH. “Twendy-One” [1] 13, LT E#HEEICB 5 EME
TEAHME LTRSS N0 Ey L Thb. “HRP-2W [2]
X, AT HE L CHESNzuRy v THY, ]

LY 2 AFr — O, FROEER LA TS, T/,
“PR2” 1, “PR1” [3] Dfkikik: L CHIRASED AT
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afEEA FHEE MG KRR

Ky bTHY, ENA VY2l —Tarid2ed, a7 E
YANL=TariMfibnTwh. “Care-O-Bot3” [4] 1&, MEH
128y FORRUBBY T HENTEY, FHETERLIDS v
FRAWVIZEODANEA VS50 a v EMDLIENTEL, 2
nHouRy M, ENXA V=¥ al—3 g vy A7 2ET
TAHZLIIMEETH SHA, FE#ELIN/ZF A 712X 5 5HEAT
bhiTwiwv, &512, 4o KRy F DIGORO 1, filiHiz
BAECRE REGGEXFEH T LI LD TEL AN, ThHD
WML DRELFENTHD.

—77, EH#EfLIN/F A7 TRl SN TWwAua Ry b L%
CBBEENTWA [B][6]. hHbDURy MafkcoaKy b x
FRHCRENTOEHZHEL-DbDOTHSL. LirL, Thb
DOWFETIL, AROEFETHLREFFEOU YL L LEXT
T rvaryr HeHBYERoOFE 3 fTb Ty,

10. ¥ & b9

KL TIE, —EOFRFE» O EHWITHEWA L EE T2 F
FERELZ. WEREZAPELT LT, BT REE»S
WO ) L 21T o7z, MEOZOFERIIBWTL, 7
T V= Mo AES R ) T2 LT, AREEEEICIEE
FENTOWARVIERLOFERRE T ETRRE L. N5 EHK
BETHI LT, MALMELERLBECHETLIENTE
LUATLEREL, EBICORy MAERE L. ZoMWiED
IR, OGRS Y T@K—LDY AT D—DTHDHA—I8—
=7 v N A7 eV FOE 2009 FEI12fTbhzaR
Ny T@R—=LDDA=IN—=<—T v NI AT D—[DF— L%
B2 ABEFELN. Thabb, REFFEZEELORY
MIHWRECL®E L CEMET 5 2 LAVREI N/,

KWFZECRESE L2V AT A0, 727 XR—=VCHE
B TdH % (http://apple.ee.uec.ac.jp/isyslab/digoro/demo/
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