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Task Skill Transfer Method Using a Teleoperation

AIST

o Woo-Keun Yoon, Takashi Suehiro, Kosei Kitagaki, Hiromu Onda, Noriaki Ando,

Fuminori Saito and Akira Nakamura

Abstract:

In this paper, we propose a new task skill transfer method from a bilateral teleoperation system

to a autonomous robot system. A operator makes a motion process of the task skill from a teleoperation
process which is able to execute a target task. We assume the task skill motion is described by a hybrid
control which is composed of a impedance and a force controls. Parameters of the hybrid control are obtained
from the results of bilateral teleoperation experiments. For example, a nut attachment task skill is made by

our skill transfer method.

Key Words: Skill, Task Skill Transfer, Bilateral Teleoperation, Hybrid Control, Force Control, Impedance

Control
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Table 1 Compliance gains of hybrid control.

x axis | y axis | z axis | roll axis | pitch axis | yaw axis
M; (inertia gain) [kg] 0.5 0.5 0.5 0.5 0.5 0.5
D; (dumping gain) [Ns/m|[Nm/(rad/s)] | 200.0 | 200.0 | 200.0 10.0 10.0 10.0
K; (stiffness gain) [N/m|[Nm/rad] 500.0 | 500.0 | 500.0 5.0 5.0 5.0
Table 2 Force gains of hybrid control.
x axis | y axis | z axis | roll axis | pitch axis | yaw axis
K¢ [m/N][rad/Nm]| | 0.0005 | 0.0005 | 0.0005 0.05 0.05 0.05

< Teleoperation system >

OperatorH Master arm'— Teleoperation
control system

—| Slave arm H Environment |

Condition and behavior

. are the same.
< Task skill system >

Task skill
control system|

—| Slave arm H Environment |

Fig.1 Concept of the task skill transfer method.
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Fig.2 Control block diagram of the parallel bilateral
teleoperation system.

A

Fig.3 Master arm.

Fig.4 Slave arm.
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Fig.5 Control block diagram of the autonomous
robot system.
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Fig.6 Nut attachment task.
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Fig.7 Flowchart of nut attachment task skill.
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Fig.8 Experimental result of bilateral teleoperation.
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// z axis target velocity
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// hybrid motion . . o
state = MoveHybrid(Flag, Target, TargetVel, Fig.9 Overview of nut coordination system.
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Fig.10 Experimental results of autonomous robot.

gboooooooobobobobooooogn
gboooooboooobobooooboooon

HEN

obooboooooooboooobobobooobon

gboooboobooooboooooooooog

good

1)

Oo00ooooooooooooo«“oooooon
000000o -0oooooooooor’dn 130
0000000000000 0000Opp. 747-745,
1996.
oo0ooo0oooooo«oDoooooooo
00do0oo0oooooooooooooooo
O”’00000000000vol. 5, no. 6, pp. 24-31,
1987.

k. Kosuge, T. Fukuda and H. Asada, “Acquisi-
tion of human skills for robotic systems,” Proceed-
ings of the 1991 IEEE International Symposium
on Intelligent Control, Arlington, VA, pp. 469-474,
1991.

S. Hirai and H. Asada:
of Manipulation Using the Theory of Polyhedral

“Kinematics and Statics

Convex Cones,” The Int. J. of Robotics Research,

vol. 12, no. 5, pp. 434447, 1993.
goooOoooOooo«“cbOoooODoDOOOOnO

o0o0ooooo”0d0obobboonbDOdOvol. 8, no. 5,

pp. 551-562, 1990.
0D0000“000000000070000000

0 000Ovol. 8 no. 1, pp. 101-562, 1990.
R. Koeppe, A. Breidenbach and G. Hirzinger:

“Skill Representation and Acquisition of Compli-
ant Motions Using a Teach Device,” Proc. of the
2002 IEEE/RSJ Int. Conf. on Intelligent Robots
and Systems, Osaka, Japan, pp. 897-904, 1996.

R. Cortesao, U. Numes
G. Hirzinger: “Data Fusion for Compliant Motion
Tasks Based on Human Skills,” Proc. of the 2002
IEEE/RSJ Int. Conf. on Intelligent Robots and
Systems, EPFL, Lausanne, Switzerland, pp.1529-

1533, 2002.
Rui Cortesao and Ralf Koeppe:

for Skill Transfer Systems,” Proc. of the 1999
IEEE/RSJ Int. Conf. on Intelligent Robots and

Systems, Kyonjyu, Korea, pp.1014-1019, 1999.
10) M. Skubic and R. A. Volz: “Learning Force-Based

R. Koeppe, and

“Sensor Fusion

Assembly Skills from Human Demonstration
for Execution in Unstructured Environments,”
Proc. of the 1998 IEEE Int. Conf. on Robotics
and Automation, Leuven, Belgium, pp. 1281-1288,

1998.
11) Y. Tsumaki, H. Naruse, D. N. Nenchev and

M. Uchiyama: “Design of a Compact 6-DOF
Haptic Interface,” of the 1998 IEEE
Int. Conf. on Robotics and Automation, Leuven,

Belgium, pp. 2580-2585, 1998.
12) W.K. Yoon, T. Suehiro, Y. Tsumaki

M. Uchiyama: “Stiffness Analysis and Design of
a Compact Modified Delta Parallel Mechanism,”

ROBOTICA, vol. 22, issue 04, pp. 463475, 2004.
13) Y. Sato, K. Bernardin, H. Kimura and K. Ikeuchi:

”Task analysis based on observing hands and ob-
jects by vision,” Proc. of the 2002 IEEE/RSJ Int.
Conf. on Intelligent Robots and Systems, EPFL,

Lausanne, Switzerland, pp.1208-1213, 2002.
14) M. T. Mason: “Compliance and Force Control for

Computer Controlled Manipulator,” IEEE Trans.
on Systems, Man and Cybernetics, vol. SMC-11,

no. 6, pp. 418-432, 1981.
15) 00000000000 00000000000

00000000000000000007000
00000000vol 7, no. 5, pp. 46-52, 1990.

Proc.

and

—500—



	無題


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




