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Vision Based Acquisition of Manipulation Tasks

KoicHl OGAWARA,t JUN TAKAMATSU,tt HIROSHI KIMURA*tt
and KATSUSHI IKEUCHIt

The purpose of our research is to establish a method for acquiring and reproducing everyday
manipulation tasks automatically by a robot system. A demonstration of a task is observed
mainly by vision and a reusable abstract task model is constructed. In this paper, a process
for acquiring and reproducing a manipulation task which can be represented as a sequence
of interactions between objects is discussed. The process is made up of three parts; namely,
(1) Observation of demonstration: identification and recognition of objects and grasps, (2)
Task analysis: extraction of essential interactions and correction of trajectory obtained from
vision, (3) Reproduction: generation of robot behavior which compensates collapse of grasps

by visual feedback mechanism.
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Fig.1 Overview of task acquisition.

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
oDo¥®ooDo00o000000O00Nooonono
000000000 000000000000000
000000000000000000000000
000000000000000000000000
000000000000 000000Yoooo
000000000000000000000000
0000000000000000000

2.3 000O0O0O0OO0DOOO

00000000000 000000000000
000000000000000000000000
000000000 D00000O0D00000000n
0000000000000 0000O00O00000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
02000000000000000000

01000000000000

2.3.1 0O O

otoooooooobobooobooooboboooobooo
obooboooobooooobobooooobooobooDo
gbooooOooooooooobooobooooon
obobooooooobobooooobooooooooao
gooooobooooobooooboobbooo
gooooboobooooooooooooboooboobo
odooooooooobooooooooDoOo0om
2.3.2 00000
gooooooooooboooooooooooo
ooboooooobooocoobooocooooooo
oobooooooboooooooboobOoOoboboboobooo
oooooboooooooboooooboconoooon
oooooooooooboooooobooobooobooo
oooooboooboooboooooooooooooon
ooooobooboooboooooboooooooooo
goboooooooooboooooboooDbono
goooogood
obooobooooooooooooooooon
goboobooooobooooboooobobooooo
goooboboooboooooooooboooooon
gbobooooooooboooooooboooobobooo
gboooooooooooooooboooooboooo
ooooooooooooooo
23.3 0O O

goooooooboooboooobooobooonoo gooooboobooooooobobooobooo

00000000000 000D0000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000 30000000000
00000000000000000000000
000000000000000000000000
000000000000 000000000000
000000000000 2000000000
00000000 30000000®Ooooooon

goooooooooooobobooobobobobooobooo
gooooboobooooooooooobooooon
gbooooooooooo
obooooboboooooooboooooboooo
oobodoboO0oodobooooooboooooooo
uboooooooooooobooooobooo
ooooooooooooboooooooobooonon
gboooobooooooooooooooooooo
gbooooooooooobooooo
ooooooboo10b00000000000o00



16 oooooooooooOOoOooOoOoooboooOoooooooboo

ooooooo
3. O g

00000000000000000000000
000000000000000000000000
000000000000 0000D00000000
0000000000000 D00000000000
200000000000000

00000000000000000000 300
0000000000000 00000000000
000000000000000000000000
0000000000000000 30000000
oogoooo

3.1 3D Template Matching 0 OO OOO0O

000 300000000300000000000
000000000000 0D000D00000 300
00000000000 000000000 < gq,t>
00000000 <qo,to>0000000000
00000000 3D Template Matchingl 3DTMO
0¥0000000000000¢000000 300
00000000 Dh 00000 4000 quaternion
oooooooo

000000 :00000000000000 30
0000 mp; 00000000 300000000
00030000 rp; 00000000 O00000D0
p=<gq,t>00000000000 (1)00000
000000 o00d g-mp; O0Omp; 0 400000
0000 quaternion g 0000000 O0OODOOO
oooo

rpi=q-mp; +t+ 3 (1)
0000000000 3000000008000
000000000 0pOdO00O00ODOO0 (2)0
00000000000000000000

E(p)=% | q mpi +t—rp; | (2)
000000000000 0000000000
0000000000000 0DO000O000o0n
000000D0000000000WheelerOO M
0000O0000000000000000000
0Oooo'YoMOO0000000000000000
E=%p(z)000000000000000000
000000000000000000000000
U00000D0 pUOO0OO000000Op(2) 000
00000000000 (3)00000 Lorentzian
000 p(>) 0000000000000 0O000
0000000000000 000000000000
0000000000000000000000000

Dec. 2003

je of Cony |
?‘zgrm WEIBEMCE  yartical Angla of View

53 4 dogrees

] e Pt

Baseline 125mm

——- - Observation Area

k S10mm - 5S00mm.

2:process 3DTM 3:Result of the Best Match

1:Dapth Image

02 00o0o0oDOoOooooooOOooOoo
Fig.2 Object identification.
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Fig.3 3D tracking of the grasped object.
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Fig.4 Estimation of hand shape.
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Fig.5 Estimation of hand shape in real environment.
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Fig.6 Multiple demonstrations.
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Fig.7 Evaluation of essential interaction.
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Fig.8 Nine types of contact elements.
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Fig.9 Reproduction from the task model.
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Fig.10 Generation of mask of robot figure.
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Fig. 11 Estimation of displacement of grasped object.
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