Vol. 39 No. 2

THHILIE S 2R RS

TINFI-T P MICEBBEREGEHRICHICL
MIEFEE Y X7 LD—1BRE

%

o3t CILE: A R

EWFRIKHE L EERERE D A7 A1, ZESHLERIOE L CREBTRTRTMER 2w, £
DI, EROX I ICEBIRL LI EGOBEEHOP LOBEEL TV AT LARERT 5 &
TR %L, SHLER, DELSRIGLTHETEIHERE LA TEESRY. #3LEVATFA
MREE LT, TNFNEEL > BE—BROMREEBTAIT U I 42TV FI—Tr MlLo
THATAHERRETS. RAOHETIE, BICKERT 7 9 L00EY ZNFhORBT O s
S ADER LFMEICESVTHEATAETTELR L, WERE) LOMBRHSNEKES L ED
BROMBIFIALTHET S, LT, AFHELLI-TERVATF L2 HFIGHEMEICERL, B
HERTOBRAEE CORBTRIKETAI DLWV AT LADSEBETESL T L %R L.

A Multi-agent Architecture of Object Recognition System
for Various Image

KE1JI YANAIT and KOICHIRO DEGUCHIt

An image understanding system for real world images must have ability to recognize var-
ious kinds of objects. We propose a multi-agent architecture to integrate object recognition
programs for respective kind of target objects. In our method, recognized results by several
different agents are integrated based not only on evaluations made by each programs them-
selves but also on relations of object locations, sizes and so on. This integration is carried
out autonomously between the agents concerned, and the most reliable result is selected after
the arbitration between them. We implemented an experimental system on a parallel com-
puter, and achieved recognition for both indoor and outdoor images. The system performs
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recognition for various kind of objects in either of target images.
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Fig.1 Structure of the system. It is constructed as an as-

sembly of recognition programs each of which treats

with one kind of object.
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Structure of an agent. It consists of a recognition
module, which recognize objects in the image , and
a communication module, which makes cooperation
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among agents.
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Fig.3 Processing by message-driven mechanism. FEach

module repeats a loop of receiving a message and
processing it, until finishing condition is fulfilled.
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(2) BEEV2-V»PHRERET 1 2ERT L,
FOBBELBEET 2 —MI%D (K 4(a)).

(3) BEETV2-VIBHOEREREL, 2OHE
i (EBRY AT LATIIERTER) OEHREM
IV bANTO-F Xy A+ T5 (H4(b)).

(4) BHOGEFERBRLTZI Moz -V 2V b
DBEET 22—V, BHOWRERHOBER L
BEHLTCVWEWSAF 2y 7T 5,

(5) »LEHEI NI, WEBEHLZ T I—-FFr 2
PLAZ-Vz UM, ERAVvE-VEES
(F4(c). BAvE—I12i3, BSXVHEFE
DEBIVNEVE FREFOERTHIHROHE
MR (WRBEHOEBOER L BT 5K
DEMEELR E) dEDD. FIThnE &R
HFOFMEREREED 5.

(6) BEHRAYE-VIIFHBERERPEINLTNS
L&, ERTAIVMBROFMIBEHRE RS
(K 4(d)).

(7) BMIEREZIR oI —Y oy Mg, WED,
ELLoRELOHET S, BUHLOBHAIE
BV MIRLT, BEL A -V %
%% (K4 (e). MYOBEE, HFOI -V
VMORIHERE RS,

(8) HU, BEEYV2-—MRAYE—VEBLIZAS.

(9) TRTCHOZ—V Y bPDTRTDEY 2= N3¢
BHLREICRY, BEBRLIC XY £—- VIR
LR, BlsRTT5.

12 & B BHRERITITIE L 2R Y A T b O— ik 173

1 BREHIED BB L £ 0K
Table 1 Rough standard of shape evaluation value.
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Table 2 Example of shape evaluation value for “chair”.
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Table 3 Examples of relational knowledge.

desk near chair

desk larger_than chair
desk higher_than chair
ws on desk

book on desk

R4 EBVRATLATHEATE LG

Table 4 Relation installed on the experimental system.

no. | relation name HE type
1 | near B HD A
2 |on LicfoTwa A
3 | larger.than AT B
4 | higher_than (DA UR-AN B
5 | more_complex.than | MR A E B
6 | more_straight_than | BFBAEHM B
7 | lighter_than PRV B
8 | high_texture HEEOTHRIKREN | B
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Fig.5 Comparison of conflicting candidates.
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Fig.6 If candidate B that canceled candidate A was
canceled, the candidate A revives.
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Fig.7 Top-down recognition using relational knowledge.
Book agent searches candidates of book using in-
formation of a candidate of desk and a knowledge
of "book on desk".
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RV—FDRETHB., ZHEEBTHIE, V-7
PR A &) G HBOKREI 2L IcThITE
v, 2Fh, A, B, CIiZxLT, #hEhnr—Y=x
YEB (A< BX(B<CO&KA<C)DEHZ,
BOKRONEFF—BICRE 5 & ) LMz HEIE &
W, 72, F3%oTwirwvne, HEBOIEFICL T,
BRIEDLoTLEILWIHIMEIRELTLE .
K AF A TOBEBHEOZODOLEIX, DhllFE
CHEICE > TBETH AT MEOLE L LTib
NTVWBEDT, 2L IZHBEDIEREI LT —EFIC
EELELHCRoTBY, FERIE LTV—TI3EEL
LV, 772 LBIAVIC, BIFROEREMEATEIL L 25
BT, CORAPFLNZNWIEN DS, 72k 21T,
(A< B), (B < C) kv BAIEEIAFbN KT
A OERHHENZEILL, AIYER LB TbR S
L, (A>0) L ahdbs. LL, 20X
% BAREEME D B LS EH I A LT, ERILV—T
BB SNEZ Lk, EBIHRZTr—ATHYH, K
AT L TIFo 2 EBRPIIMECHEITRE TV,
6.2 BTOHEE
FTRTOL-J 2V FOTRTOET 22— LHHEDL
REICRY, 2o, BEBRLICAYE—VPFELL
WE ) AT SN EIT, BEIRT T 5.
BTHEIZ, YATFLEHRTHEEAYE—VOKLT
BAYE—VOPIPFA—~THIHLWHIZEZFALT
fToTwa, BRRNICIE, HFx—Y v bid, #BR
BIZA--b &, BEERLELT A Ay - ViRRE
LizEkE, #RUST 5 REDZERMBOEN 012
Bk, FOIL-TV1r D AvE—TORZERE
BREBEE AvE-—JELLTTU—=FFXAMT5,
FLT, IRTCOI—TV 2V " BFD Ay E—T %%
FE4he, BTy NIET -V FOBSE
BLBREABHPEELTEL 2 2PHN, HELiTh
ITERT, 25 TRITNIE, Xvb—UPREREICE
BT, BERETCRVEY2—LEHDEDT, &
LEBRITA, Z9THIEILEST, £V Vb
PRLREBIC R/ L BIZ, AEICKRTTES.

7. EROXTLOREEER

Egho M) HFITT—-2Ax5—-vary (UTF
WS LBg3) ] TR [R] [ER] THEE] [22] [K]
RRMTHIWMEOL -V P REL, ST
) RIS FIEHERE AP1000+ LT, 1 70y H % 12—
Vv MIEH)BTTEELL. BEL BB
Biz17TH 5B,

Feb. 1998

BI—TV 2V POFBEY 22— VOEBREIZ, =—
Ty hNTEWRLRY, AIWhS, Wkofkik s
FEFEOEREEZERLTWVB LS 2ES, & 21T,
W% OEH, Pld oM EEA2 &EE U CRRER AT
3D, RREB L EOHD LRV QRERSENZ L5
Fike EEHVTWS. BRI, 2oWEko—f%
MR ZFrRBETELLHICERELL.

X8 DENERITT HERTHE, WL THT] »
FhEh 2o (K10, 11),TWS] #2807 1+ A7
VAL —R—F [R]TBEI 2] [K] 2°1 272,
FNFNOL—-T 2 Mo TERME LTERSR
o, INHO 10 EOBEHAERIZE o C, BEAITH,
IH LAY 6 |, BiEN 2 EfThbh, BEERHICK ©
I, sEE 6 MOWRERHITRY, RBEREFS
Lz, MERHIZT6HTHS.

K, BEICDODVWTRTASL L, HLEM no.0 & F
FEH no.1l DETHAEEL TS, ¥Fnol il
VEEHOETIIINZ T, B, B Rodh-T
V5O THRIROFEME 5, —J5Hl no.0 iZHLEED A
% O TR 3 & % - T, HRFEMED LI
IoTHno 0 WS B, 7z, BELZRYEAHN
BIoTEY, B ZoBKFMMEEILLLL 4TH
575, BAPRERMfifEIZ "wall higher than floor" il
FoTEED L, RIZ0ADT, ZOBEFEHIRHEIH
5. iz, BFER no0 (K11F0E L o8

WA, T, M, WS,
R, BEZITEHRTE T
(indoor image). 5.

H8 EREf%1 (FAEE H9
Fig.8 Sample image 1

Fig.9 Recognition result. A
desk, a chair, a work-
station, floor and wall
are recognized.

®10 HLOWE
Fig.10 Candidates of
desk in Fig.8.

B11 WMFoRE
Fig.11 Candidates of
chair in Fig.8.
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L i
E12 EERE{E2 (BSERB) 13 R, EE, K, %
Fig.12 Sample image 2 HEVEA IR TET
(outdoor image). w5,

Fig.13 Recognition result.
Road, tree, sky and
a car are recog-

nized.

BEZFDOTTOMHMBR) 2 Fnol LELZ->TWVA
A, ST —Y Ly PATOHET, TIRFHMEE L
ERICIoTHEENS, I I CRBIREFMEIZL -
T, BFno 0 MR EE NS, MIZdH WS DF—F—
FEHAELZ > TWAETHH L)Y, ZHiL "us on
desk" X\ I)THM T BHH05HHDT, BUHLITHES
LFEMUYTH. TOXIZLT, FI7Vv—TarDd
DHRT L RRRTTREL o TV b,

F7:, BREERICIEN 7YY S RREERBITD
nTBY, 722, TWS) 21— =¥ IS
BN EEHOTHD, "ws on desk" &\ )RR
BT AT, oL FELTWSOFERLIT-T
Wh. FORHI, FATUARORE & v ) B
LFoTWRWwDILL P hboT, TAATL AL
F—R—-FPRHETETNVE,

RiZ, ®12 OBRVVEZIT AERTIE, (2] TH
B (] (A [B] oBE; 1 oF2EK SR
oo IRLDEMERICE T, a1 E, BGEL
1 AT, RRICR 18 OFERERVE LN

8. ¥ & &

KWL T, TR THEEBEOEEIKREL S
WYRTF LR, YWV FI—Tz b ERAVWLIE
o TEBTAHEICOWTHRARL. AV AT L4
BETIE, =—Yx v 2 BERy LREHTIITT
THEL, 35k —Yxr M EoOBFEICERmEL
AwasZbT, B—BEoWhoR#EET IV
Y FOEEKE LT, ENERLBENERE 2 FERIC
DHCX D, SHLERIIG L WEREEY X7 A
PHEETRTH LI LERL.

SHOBEL U, WMESIOTT @A RS
KO WEBERGT A= X LoWS, F7-, 40IiFE
BB R PECTER L T E—EHEOW AL 3%
THEBEY 2 VOEREOMRL EDHIT HN 5.
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HE Ao —ERiE, HARFMRESERMRS
WA Zei S, [ SRR E - L 2889 3 RITIRIL
W ICLo2bDTHhHB.
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