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Object Recognition with Multi Visual Cue Integration for

Shared Knowledge-based Action Recognition System

Kei Okada*

, Mitsuharu Kojima* and Masayuki Inaba*

We have been tackled action recognition system design for a real world robot in a constructive approach. We have

proposed the integrated system that shares knowledge-base between action and recognition. In this paper, we focus

on a knowledge based object recognition system. Our system enables navigate attention to a visual search area, view

prediction based recognition, robust recognition with multi-cue integration and time-series stochastic filter. Devel-

oped object recognition system is able to recognize both self location and object location by means of knowledge-base

information, so that it is able to apply to humanoid tasks that contain both manipulation and locomotion. Finally,

we showed a daily environment tasks consists of tea pouring, cup carrying and wash dishing in order to evaluate an

availability of proposed shared knowledge-based action recognition system and object recognition method.

Key Words: Humanoid, Object Recognition, Multi-cue Integration, Knowledge-base

1. ¥ C & Iz

2Ry ML 2 AMOAEEEOIRIE, DT Elivthastis
ROWAHRIERFEIE 2 Efx 2ol O O L H 0, R T O
FREBC R THIE N ED STV D. 2 Tlkka—~ /A F
7Ty N7 4 — LD [1] BEREEENE S mEE R LT
EEREn Ry RBRIASFHTES L2122 2295, uRy
k3 D MRCATEN T A BR R & HfR 9 5 sREAL PRI TS0, 1TED
&R A RS OO 2 FROHIEIAF 8 728 & RRERITHEY O X T A DBFSE
MEEIZ/R Y SO 5. il 21F ASIMO 12 X 5 HIFELHFZ [2],
RN COE R > b O - FIWT - 356 - FEMFE T e =2 b 3],
A — VA= KR TOP—E At a—~ /1 R4 [4] S
BT, ba—~v /A NICLDHEEEXEY X7 0OFEBEH
B L7-385% « 1TH) « FHES AT AN SN TE TV D

INETHRAIIAFEFRRE COAMSEEX 27 0FEB % H
e licta—~ /A NORFBATE S AT LOMAMIEL LT,
& A7 BT D BREE - W IR A MDA A SRR TE LA
N ATV AT AERELFELTER [B]. 2OV AT LDk
B, B AT A LITHY AT AOBERFEZFIH LT
P - RBGEAE A1TI AR~ D IA L, R 7R FCIR CHEME

JRRRR AT

CHORUR R L T R SE R

“Graduate School of Information Science and Technology, Univer-
sity of Tokyo

AARB ARy MEREE xx & xx 5

dﬁ@%%ﬁf%éﬂf%é DD, WIRD =R
ﬂh%Tw BREMIMTE2Y 7 by TREZFIL,
ﬁﬁn&k%w%ﬁ@ﬁﬁuAﬁéhéﬁﬁA_x%%ﬁbt
ZIK G TIIAR Y AT AT HWRERERY 7 2 AT A DORERL
_%Lfﬁmt%wfhé Emm RN — 2 B
6:&? TEY NG A O T U R RSP O R, X 07
DT RN IS < EAGEERFLEE, FEH R RS ORRARE=R 7 ¢
B U TRE X DR AR N EB R CThH D T L&
Y. IBIT, BETIMERGEH Y AT LMTAHCALERE & #
YEMIRRFR O ICEAATRE TH Y, BB LREL G 22—
v /A RERATDRBITES. £, METDHVATARLW
ICRREIE DA RMEA R0, Era—< /A FEHW-
HEAE COBREZE, oy 7l KEWE Gy 2
7 BB LT
TOXHIATER LBHRTRILEREZ SR TE 5 L5 2k
BVATAEBEL, BRIZEVITADORGEELT ) MEdkifst &
LAY RTA VAT Dasth & L0l [6-8) b 5. AR
THBEE LTV HFAEREr Ry b T, SEFSEhZR
7 RHENRD BN, ?@@@i@aﬂ@%f@%& DAk AEES
SESERTENFRER Y AT LMERIENHEE LD, AFET
rtt%%uﬁ/XTATiﬁi%@ﬁ%i/7h7:7@¢
ATRE/2 SRR E T K LT 545 2 & T, IR
T & 2 IR TR 2 R S RN FTRE T 5. F 7, Ba—
<) A RYAT ATIRME L2 DB TE) & EEFTE O BT 5

200x F xx H



2 fie] 2N B ®E K W O O

Knowledge based humanoid system

_TaLl imanipulatioxnd visual feature knowlediel
Shape |

Motion planner

IR

Self localization

Color
[
‘;' jJ Edge )

Multi-cue integrated visual object recognition

| ! %, ;w’ Ble

3D feature points | Color histogram 2D straight edge
t k3 t

I
Vision sensor |

v s
Motion generation &
verification

k2
Actuator |

Fig.1 Knowledge-based recognition system
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Fig.2 Search area knowledge in the knowledge based system
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(B) Cup recognition with view prediction

Fig.3 Comparison of accuracy in object recognition with re-
spect to view prediction
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Fig.4 Visual cues for object recognition (Left :
point, Middle : Color Histogram, Right :
edge segment)
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A) Recognition using only 3D point visual cue

B) Recognition using 3D point and color histogram

Fig.5 Comparison of single visual cue object recognition and
that of multi-cue integration
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Fig.7 Vision based self localization using sink knowledge.
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Fig.9 Water flow recognition using tap knowledge and 3D fea-
tures points
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Table 1 Parameters used for the object recognition
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Behaviors H Visual controls H Object H Knowledge
Behaviors with self localization Cup Shape
Move to counter || Recog. counter || Bottle Histogram, Shape
Move to kitchen || Recog. sink Counter Edge
Behaviors with object localization Sink Edge

Grasp a cup
Grasp a bottle
Place a cup
Place a bottle

Recog. cup

Search area

Ttarget

Recog. bottle

Recog. cup
Recog. bottle

Behaviors with visual verification

On counter
Counter foot

Cup, Bottle, Dish
Counter

Pour tea

Open tap
Close tap
‘Wash cup

Recog. tea

Recog. water ‘

Recog. water

Sink foot Sink
Event H Knowledge
Recog. tea Color histogram

Recog. water

Water flow model

Table 2 Knowledge description in the kitchen experiment.
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Fig.10 daily life support experiments using knowledge based on recognition system:.
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