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Inverse Dynamics Calculation of Underactuated Link Systems Using Parallel Solution Scheme
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Yuto Kitamura, Kouji Yamanaka (Graduate School, Univ. of Tsukuba) and Daigoro Isobe (Univ. of Tsukuba)

In this paper, the parallel solution scheme is applied to the calculation of inverse dynamics for underactuated
link systems. This paper describes the process of a solution scheme of kinematics that is developed on the basis
of the finite element method in order to calculate target trajectories that compensate for the inertial forces
acting in the systems. The obtained trajectories are fed into the inverse dynamics calculation using the parallel
solution scheme. Some numerical experiments are carried out on underactuated link systems and the validity of

the parallel solution scheme is verified.
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Fig. 1 Concept of successive trajectory revision algorithm for
underactuated link systems
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Fig. 2(a) Calculated trajectory
for a two-joint underactuated
link system considering the
stiffness of Link 1

Fig. 2(b) Torque curves for a
two-joint underactuated link system
considering the stiffness of Link 1
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Fig. 3(a) Calculated trajectory Fig. 3(b) Torque curves for a two-joint
for a two-joint underactuated underactuated link system without
link system without considering considering the stiffness of Link 1

the stiffness of Link 1

v BOME 2 FEE LZE £, KEmNERITOME I
DFHH 2T T 7 [rad][EHZ3 2 HE & 35, =T BEET.
RFFEIHE 27 10[ms]® 200step CTEHHE L7z, BLETH 7 LI Y X
DLV BN HUE Z Fig. 2@IR L, S5l &
FIRIREIEIC AT LB EH S vz by dhifk % Fig. 2(b)I2 7,
Ko, 2V 7 BO ML NEE0DEEHERFLTND D
EWGDD, TRbH, BIEEY ICEIK 72D VT BT
LRV, HEREIESi 2 EHICEBR TETWAZ EEZRLT
W5, EBIZ, 1V 7 HD MY EBROERENIZ DY v
FOBEEREBTHY ., TORPITY V7 ROEBIZLY
0.025[s]~0.04[s] P THER T 5, Zhid, FRHRO A MR
OGSO 0.031[s]E I1FE—FKT 5, oF0. 1 Vv
7 B® bV ghB BN D IEENE, S E B E L2729
WZFRAE LT PR ENCER 35, Z 404 BRI HIEIZ @@ A 5
AT, ZOBBITHIEOREEEABROIRR E 8D, &
T, WM R A, IR bV E A&
0LFTHZ LTIV BERKRICEEELTAZ L L LT,
T ORER, Fig. 3()DHEF LY Fig. 3(b)D hv7 fhifg 2345
b5, Fig. 2(a) L Fig 3(a) &by 5 &, B Sn-fuEix
IFIF—,9 5, F£7=. Fig. 2(b)& Fig. 3(b) & Hi#d 5 &, Fig.
2b)y TR BNIZ 1 Y 7 HOEENT Fig. 3(b)D ik | CHEE)
LTW=Z &0 h 5, Fig. 3(0)DWH L7 ICREZEN R S
AN, ZORKEELTIE, 1V 7 BOEMEIELEZEL
IRt AHRIZIT D WIMIEE - I 2 A7
BEOWMURY 7200 L LSBT b, LonLaen
b, ZOBREOBRETHIVUE, fEZ1T 5 BICIXERR PR
ERIFS Vo Ebhs,

5. #5

AWFZE I, WHIRIfEZ W CHEREY U o 7 B g /)
FERET oI, TORE, BHBond M7 NS, W
BIfREREEREN Y > 7 Rk L CHEHFIRETCH D Z L &
MR LTz, 5%I1Z, 2V 7 HERE Y > 7 Z~OEMAB LW
FHRIC L DHIHERREETEL TS,

i

AL ZATT HICS 720 . () B AR RSB Z0 5
TR AFARITE C GREE S 19560250) LY (i) 2
1 ~ha =7 ZAEANEE M OBk A = T, T ZICHEBEE
#z7 2.

BEXH

[1] $6R&EZE, =afFds, TAMZ ke 2 2 v 7 B h B
~Y=Ea Lb—Z O, AR Ry FFEEREE, 194),
pp-499-509, 2001.

[2] ez - FEEEBESi A A 53 AR~ =2l —%
DA T Iy 7R TICRT D A, ARy

5, 14(5), pp.751-758, 1996.

[3] D. Isobe: A Unified Solution Scheme for Inverse Dynamics,
Advanced Robotics, 18(9), pp.859-880, 2004.

[4] D. Isobe, A. Yagi and S. Sato: General-Purpose Expression of
Structural Connectivity in the Parallel Solution Scheme and Its
Application, JSME International Journal Series C, 49(3),
pp.789-798, 2006.

[S] BEEAREES, AR B : 7 LX o T UL I RDET
NR—=Z R« 74— R7 40— RFlil, AARrRy M
6, 25(4), pp.625-631, 2007.

[6] D. Isobe and K. Yamanaka: Development of a Unified
Feed-Forward Control System for Robotic Mechanisms using
Finite Element Approach, CD-ROM Proceedings of
APCOM'07-EPMESC XI, 2007, Kyoto, Japan.

[No. 08-4] Proceedings of the 2008 JSME Conference on Robotics and Mechatronics, Nagano, Japan, June 5-7, 2008
2A1-H23(2)




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /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 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


