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Abstraction of Assembly Tasks to Automatically Generate
Robot Motion from Observation

JUN TAKAMATSU,t KOICHI OGAWARA," HIROSHI KIMURA ft
and KATSUSHI IKEUCHIt

The ability of robots to learn human tasks from observation is one of the long-awaited
demands in the field of robotics. Here, we limit the scope of the target tasks to assembly
tasks because the domain is one of the central research areas in robotics and has a wide
application area. We propose a method to recognize assembly tasks based on transitions of
contact relations between two polyhedral objects. Concretely speaking, we propose a method
for: (1) representing task models based on such transitions, (2) determining correct contact
relations and transitions of them from noise-contaminated visual information, and (3) gener-
ating a corresponding sequence of movement-primitives (referred to as sub-skills) from those
task models. We have implemented the system on our robot, with real time stereo system
and a pair of arms with dextrous hands. In actuality, we have demonstrated the system’s
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effectiveness.
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Fig.1 Two contact relations with the same degrees of
freedom (DOF).
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Fig.2 Maintaining, detaching, and constraining DOF.
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Fig.4 Two kinds of singular contact elements.
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Fig.7 Maintaining DOF to detaching DOF.
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Fig. 18 Two types of singular maintaining DOF.
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Fig.20 Robot vision system.
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Fig.21 Peg-insertion operation.

03Yooog

00000000000000000000000
00D0000000000000000000000
0000000000000 D0000000000
c-surface® 00 DO0O0D0O000ODOOO0OOOOO
00000 NP-0O0O0OODOODODOOOOOOOO0D
00000000 6000200000000000
0000000 20000000000000000
000000000000030000000000
00D0000000000000000000000
000000000000 000000000000
0000000000000 00000000000n
00000000000 Ocesurface 00000000
0000000000000 0000D0000000
0000D00000000000000000Critical
Transition 0000000000000

5. D Oogano

00ooooooooDOOo0oOooOoooooooon
JO0000000 Critical Transition0O0OOOO0O
000000000ooooooooooooo 21
Joo0o0o0200000000000000000
oooooooooooooooooooooool)
oooooooOooooooooooooooo?2) o
goooooooOoUooooooOooooOooooo
goboooOo0oo3soooooOoooboooooDooo
goooooUoooopoooooooooooooo
JooooooOooooooooooooooooo
00ooooooooooon

5.1 0000000000 0ODODOO0ODOOO0O0O

00o0o0o0o0ooOoooOoO0oooooooooooo
00000000oo00o0o00ooooooooogg
goooooodoooooooooooooooo
gooo

o0ooo0ooooouooouoooooooooo
J000ooooooooooo 2200000000
JooooooooDpoooooooooooooo

Y Xiao 0OOODOOOOO0O0000O0ODOOOO0OOOOOOOO0
000D0000000000000D00000000nn29g
gooboOooOoboOoO0o0oboOoO0OO0bOOOOO0OOOO00O

U0 JpgoOoO0D000000000DOoooooooos®o

YUY goOooDOo0oO0000000-000-000-00000000
0000000000000000000000000000
000000 3000000000000000000000
ooooo



52 ooooooooooooooooooooboboooooooo

(b)

022 J0000000O0000O0O0OOO0O0OO
Fig. 22 Vision error correction using a contact relation:
success cases.
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Fig.24 Possible transitions of contact relations.
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Fig. 25 Result of assembly-task recognition.
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Fig.26 Execution by our robot.
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