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Abstract This paper presents a new behavior planning scheme for autonomous robots, allowing them
to handle various objects used in our daily lives. The key idea underlying the proposed scheme is to
use affordance concepts that provide a robot with action possibilities triggered by a relation between
the robot and objects around it. Specifically, the robot attempts to find the affordances and to
determine the most adequate action among them. Through a series of the perception processes, robot
motions can be planned and performed to complete assigned tasks. What is of particular importance
from the practical point of view is a decision making capability to determine the best choice by
comparing the human’s body characteristics and behavioral patterns as criteria with action
possibilities as alternatives. For this, the analytic hierarchy process (AHP) technique is employed to
systematically evaluate the correlation between the criteria and the alternatives. Moreover, the
alternatives arranged in order of priority through the decision making process enable the robot to have
redundant solutions for the assigned task, resulting in flexible motion generation. The effectiveness
and validity of the proposed scheme are verified by performing extensive simulations using objects of

our daily use.
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“affords”
flat surface — sitting on

Fig. 1. Opportunities for sitting on afforded by different objects in
the environment
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Fig. 6. Robot hand control architecture based on affordance perception
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Fig. 7.Simulation result for detecting the object entities of the door

LeftSide  Right Side

Push Pull Formard  Forward Upward | Downward
potation] .~ v - = 1 1
L12 ] 453 | 129 127 | 131 | LII
121 | 418 | 127 132 | 113 | 391
L3 | 432 | 129 113 | 121 | 131
331 | 320 | 151 331 | 141 | 138
position{ 129 | 418 | 142 131 | 129 | 2.8
293 | 341 | 349 181 | 128 | 2.3
191 | 329 | 178 181 | 163 | 131
133 | 318 | 151 127 | 432 | 16l
142 | 432 | 131 127 | 121 | 151
Q| 331 | 329 | 142 113 | 151 | 142
S| 418 | 432 | 127 141 | 341 | 329
shape 0] 331 | 319 | 308 329 | 127 | 141
O | 341 | 329 | 341 319 | 331 | 341
oc | 453 | 141 | 127 11 | 131 | 121
‘[ 432 | 208 | 131 127 | 138 | 133
diameter 319 | 329 | 319 293 | 213 | 218
L 133 | 329 | 121 131 | i | 138

Fig. 8. Consistency calculation results between criteria
and alternatives for the simulation condition in
Fig. 7
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shape : [ ] . T 1
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Fig. 9. Weight calculation results for the simulation
condition in Fig. 7
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Fig. 10. Simulation result for the simulation condition presented in
Fig. 7 ((@) door shape, (b) priority, (c) snapshots for the
door open process)
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Fig. 11. Simulation result for opening a closet ((a) closet shape,
(b) priority, (c) snapshots for opening the closet)
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Fig. 12. Simulation result for opening a bidirectional door ((a)
door shape, (b) priority, (c) snapshots for opening the
door)

Fig. 13. Simulation result for pushing a cart ((a) detecting the
object entities of the cart, (b) snapshots for pushing

the cart)
He AlEHCIA st &4 9 JrE AAE A,
vz FZAe] mjuEe o] ALl QlojA & &
24 7IHYS I ¢ ARk o] TS AAl 2R
< o] &gt FHolA &8-S yHsH v 22 AR
o Qlojd 7ie] oAx7} Fasieh AA, ojxHx A
7} BE, E3] AHP A3 o]¥dx 241 Sheol] glolA

WA St gkl A 54 Euz A ZeAE
AR 8 b AR e A aas ARE 28
QB FES: Belehs HAllA gkl A
2 g% RO Bk 2 A ezl s
W v AR olje} mAe) S melgche 2

e 2 o B o3 3% eSS AAHs=
Aol e Aotk AN oF L FH A A}

ol EAZ u Aky FEL vk} Aeja = e
A% sel @ Last ek BA, 42 @A Bl 9
o)A 2.5%H9) BAl 914 W] ARgEIRich Aol 7]
%7 ARof 9sfe] 7]L-HE(kmeCt)9]. 7o 912 A|~E)
o] &s| LA i, o)F Ved TR =

g AT 4 Adws S8 AT A% 99

=2 T T

=
=
H3 gtk wd B =RoxE uEAd s F



192 2=3s] =] A7 #1335 (2012. 9)

23 AN eFE 99)e EXE St ofF AE
oldo] ofd A H§ WAL F o WAl ¥
A Q14 WEe e Best 9

. AR, kA =]
7

Bao e 23] ) TEse Y48g
dldel Al s HER sk AEReR, F
B g ETE UgRs oa:ztdi xlﬂ
2fskglnt Al]kE 7Rl 1
dow AHeofd Oiﬁtdi%
ool 7he7d ]l #4
A ﬁlﬁgi o] Wi
KN

48 A A HYst ~eler xlffk P5 =4
2 ko b AAs Bae FEshs AHPe] 7}
2E 8] B A7), £4u wleh ge 33
AEEOl RS eI Aok F1Ee] Fih
Azsigich AEeeld ANRNE 7 FE AN
g 2ol A8 KAl OF bsae B 5
9l o s SR AN I

e AA ZRS olgstel F o AUH Aol

0
ds 2 WS Agskar vk

F

N

i)

o
Ao
rot

[11 A. Miller, S. Knoop, H. Christensen, and P. Allen,
“Automatic grasp planning using shape primitives”,
Proc. IEEE Int. Conf. Robotics and Automation,
pp-1824-1829, 2003

[2] M. Moussa, “Combining expert neural networks
using reinforcement feedback for learning primitive
grasping behavior”, IEEE Trans. Neural Networks,
vol.15, no.3, pp.629-638, 2004

[3] J. Aleotti and S. Caselli, “Grasp recognition in
virtual reality for robot pregrasp planning by
demonstration”, Proc. IEEE Int. Conf. Robotics and
Automation, pp.2801-2806, 2006

[4] M. Tenorth, U. Klank, D. Pangercic, and M.

Beetz, “Web-enabled robots: robots that use the

IEEE Robotics and
Automation Magazine, vol.18, no.2, pp.58-68, 2011

[5] E. Pacchierotti, H. Christensen, and P. Jensfelt,
“Design of an office-guide robot for social

IEEE/RSJ Int. Conf.
Intelligent Robots and Systems, pp.4965-4970, 2006

[6] C.C. Kemp, A. Edsinger, and E. Torres-Jara,
“Challenges for robot manipulation in human
environments”, IEEE Robotics and Automation
Magazine, vol.14, no.1, pp.20-29, 2007

[71 A. Wykowska, A. Maldonado, M. Beetz, and A.
Schubo,

with the environment: the impact of action context

web as an information”,

interaction studies”, Proc.

“How humans optimize their interaction

on human perception”, Communications in
Computer and Information Science, vol.44, no.2,
pp.162-172, 2009

[8] J.J. Gibson, The ecological approach to visual
perception, Houghton Mifflin, Boston, 1979

[9] J. Norman, “Ecological psychology and the two
visual systems: not to worry”, Ecological
Psychology, vol.13, no.2, pp.135-145, 2001

[10] S.-H. Hsiao, C.F. Hsu, and Y.-T. Lee, “An online
affordance evaluation model for product design”,
Design Studies, vol.33, no.2, pp.126-159, 2011

[11] R. Detry, E. Baseski, M. Popovic, Y. Touati, N.
Kruger, O. Kroemer, J. Peters, and J. Piater,
“Learning object-specific grasp affordance

IEEE 8th Int. Conf. Development and

Learning, pp.1-7, 2009

densities”,

[12] A. Stoytchev, “Behavior-grounded representation of
tool affordances”, Proc. IEEE Int. Conf. Robotics
and Automation, pp.3060-3065, 2005

[13] K. MacDorman,
learning and projecting a sensorimotor mapping”,
Proc. IEEE Int. Conf. Robotics and Automation,
pp.3253-3259, 2000

[14] I. Cos-Aguilera, L. Canamero,

“Responding to  affordances:

and G. Hayes,
“Motivation-driven learning of object affordances:
first experiments using a simulated Khepera robot”,
Proc. 9th Int. Conf. Cognitive Modeling, pp.57-62,
2003

[15] G. Fritz, L. Paletta, M. Kumar, G. Dorffner, R.

Breithaupt, and E. Rome, “Visual learning of



2ol o] x iz A4 Y AT EAE S 089 94 =9 T2 2A
affordance based cues”, Proc. 9th. Int. Conf. the ol = &
Simulation of Adaptive Behavior, LNAI, vo0l.4095, ==
pp.52-64, 2006 1999 A&Hsrledidtn A

[16] P. Fitzpatrick, G. Metta, L. Natale, A. Rao, and G. = - X}%Qy’]’f%@f}\]’)
Sandini,  “Learning  about  objects  through 2002 _%Aﬂ KH_E}E‘ A71dAE
action-initial steps towards artificial cognition”, St A i
Proc. IEEE Int. Conf. Robotics and Automation, | 2008 JAI-ST AR s 7
pp.3140-3145, 2003 (R

[17] VN.  Papudesi and M. Huber, “Learning 2010~A)  JAIST B R A T3} Sz a5
behaviorally grounded state representations for Bawok: T 2R A A, BAAY =X
reinforcement learning robots”, Proc. Int. Conf. E-mail : geun-lee@jaist.ac jp
Epigenetic Robotics: Modeling Cognitive
Development in Robotic Systems, 2006 H & O

[18] L. Stark and K. W. Bowyer, “Function-based 2008 FoHEta 7)A 3
recognition for multiple object categories”, Image (&3t
Understanding, vol.59, no.10, pp.1-21, 1994 e 2011~ A JAIST A X8t

[19] E. Rivlin, S. J. Dickinson, and A. Rosenfeld, p— | A 73} AL A

4
“Recognition by functional parts”, Computer Vision ‘ P-4 . HARol: v AL A5H
and Image Understanding, vol.62, no.2, pp.164-176, 2B learning Al 2~ Hl
1995 E-mail : cmkwon@jaist.ac.jp

[20] L. Bogoni and R. Bajcsy, “Interactive recognition
and representation of functionality”, Computer olAIC} oF7 |52
Vision and Image Understanding, vol.62, no.2, 2009 Chubu University 717
pp.194-214, 1995 T T T A

[21] M. Wunstel and R. Moratz, A}ltomatlc Object 2012 JAIST A8t 73t
Recognition within an Office Environment”, Proc. (B
Ist IEEE Canadian Conf. Computer and Robot - Q . 201284 Aisin Seiki Co.,
Vision, pp.104-109, 2004 Ld.

[22] MA.  Lewis,  “Perception  Driven  Robot FA Rk XA AFEAH oy Eg oA
Locomotion”, Journal Robot Society of Japan, il o et @ oo
vol.20, no.3, pp.51-56, 2002

[23] T.L. -Saaty, _The ana_lytlc hierarchy proce_ss: = o
planning, priority setting, resource allocation e e _
(decision making series), McGraw-Hill, 1980 1987 gkdristal 714 & st

. 35}
[24] A. Neudorfer and K. Tanaka, Design of Safety (F3HAh)
o J A5
Machinery in  Accordance with International 1994 FHjshed 71A A ok
. A RE)N
Standards, Nippon HyoronSha Co. Publisher, 2002 & 3HA )
(in Japanese) 2003~ A JAIST AR 3I}s}
A7 ap

[25] Reference Manual of Anthropometry in Ergonomic
edited by National Institute of
and Human-Technology, 1996 (in

Designing,
Bioscience

Japanese)

2011 WH JAIST A s 22 AH A
Hop HES I 7N 2REY 2 QX 2HEA
E-rna11 : nakyoung@jaist.ac.jp





