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Note: L as to express a straight line; 4 is unit direction vector of L; p is any

point coordinate vector on a straight line; m is line spacing for L to the origin.
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Fig.1 Pliicker coordinate
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Note: w is phasor axis ; ¢(f) is turning position of rigid body.
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Fig.2 Rotation of rigid body around axis
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Note: 6 is turning angle, unit is degree. p(0) is turning initial position of rigid
body; p(?) is position of time # for rigid turning.
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Fig.3 Rotation of rigid body
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Note: ; is each joint shaft(i=1,2:--,6) , a; is distance as between ¢; and {, unit is
millimeter, other in the same way, L, is distance as between (; and (g, unit is
millimeter, S is base coordinate system, T is tool coordinate system.

Bs5 XXFAREABRLLS ALFARA
Fig.5 Diagram of each joint coordinate system and its pliicker
coordinate system
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Table 1 Eight groups of inverse kinematics
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7

8
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Note: 6, 6», 65, 64, Osandfs are corresponding to each joint angle of robot
respectively.
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Analysis of inverse kinematic solution for 6R robot based on screw theory

and Sylvester resultant

Li Shenggian, Xie Xiaopeng™
(School of Mechanical and Automatic Engineering, South China University of Technology, Guangzhou 510641, China)

Abstract: The traditional denalit-hartenber (D-H) method is very popular to set up kinematic model for robot, but this

method has lots of disadvantages, which include complexity, singularity and difficulties in inverse kinematic model

solving. therefore the kinematic model of six degree freedom robot using traditional denalit-hartenber (D-H) method, can

not get the high precision for inverse solution, and make the robot instantaneity for working. This article applied a

product-of-exponential (POE) kinematic model based on screw theory for multi-degree of freedom series robots. Firstly,

we used the screw theory to set up model for every joint of robot; then put matrix of every joint model multiply, which
could get the POE of kinematic model for multi degree of freedom series robot. As we known from the above, the screw
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theory method was not limited by the form of joint, and could set up the kinematic model of robot very conveniently.
This method was applicable to all types of multi degree of freedom series robot with versatility. Then the sylvester
resultant method was used to solve these equations. The sylvester resultant method could solve high-dimensional
nonlinear equations in advantage, and get the result of the nonlinear equations fast. The process of solving was used
Maple software to calculate, due to the Maple software can use the symbol instead of the number to algorithm. Finally, in
order to prove this method was correct and useful, we got special data, which was put into the forward kinematics
formula to calculate the terminal attitude of robot, then we put this result of terminal attitude into the inverse kinematics
formula, and got turning angle of each joint for the 6R robot, which was correct in the result from the calculation. In
order to prove this method is correct further, we calculated from the perspective of geometry, which was through the
geometric relationship of the robot to calculate each joint turning angle, and this result was as the same. At last, this
inverse kinematic model and solving method was proved as an efficient and accurate method by calculating an example.
In general, this method has efficient, accurate, reliable, and clear significance at physical and mathematician, also can
apply to other robots with differences in configuration in kinematic modeling and inverse kinematic solution, providing a
reference to quickly solution in inverse kinematic of robots. Meanwhile, this method can improve the algorithm
efficiency 30% more than the general method of elimination.

Key words: robots; kinematics; models; screw theory

MiLNGHE  AILITE20164E (TFRMX KRR

CHEH X ANV BITT 1983 4, & [ P ARSI B I d LI 2RSS SCRZ L AT JHTRI AR EE . 7
JERMEBHE R E F TP AL T E AL T 521 5 P00 o) B RNV R SR, A e i b X =5
R SEZBR A E AR X RN sh 2, A s R B 5 25 R 5 S DR MY R F BRI 08 R B
PR, AL, NS R RER B RE . LR EARMOD E A, SRR 85 B ] SRR I A R,
RBRMEREGUS N BRI 2A T O AR TRt AT E LTS EYPU AP A P a Rl 1K HEE
WHEAR, RETKPHESRIEEA, 195 18K PIRSEWETE. RAASRSREMH. 2ERL
BB PSR TER . XA ED R m S 7 TR A G SEHM T8 S0, WFFUMRHIR . SCERZEIA DL I BT
RSP ATHERE “EXRIZ” £2H, LYiEENIMNERIFRE KT L8R

(R RS A Ch SOOI H S50 R ENHEIAZ I BHEGH  ERHS RO ST 52 R
T BSIRGES: Z RN RN T HT 300 A HATER” o R E A 2013 EGeH A, (T RHBXCARBTIT)
S DR R 5 DR B RN B E SR G =, (TR HIDCANBFTY Bl RS 5 SR A B 2 AR 1) 25
GV EEEE . EmR L P i) S E N A2 KBUSERE R R 3.

CHRH X ANV S “Hpr EIHTI B RUSORT], Ak Rk F R 2 dpIbrp B &30, B s “ 42
PEFHRHEIAT” , BHEES “Hr ERSEHEDHET” . BE P E SRR AREGAT , s ER s O SR
IR DLACBRDEA RS RBHT)” 45 20 25502 J5) .

TS DX ARNMVAIETO) A RIS 3t A 4 (R 24, /0 R AR BT S 80l A 1) V2 56 o LB Y PR~ AR £ R 7 11
FUREAFEN T )RR . e R A n AR, RS AR AR, RSB R AR ST &

CHRMXRNEIFTEY B NANA T AT, EHNTS: CN61-1088/S, [EF5aT]*5: ISSN1000-7601, X HTF], #H 15
HH AR EBRK 16 FEA, BN 20 76, A4 120 TG WIMHrE 3 O B s = O T, kRS : 52-97,
Tl ] EHE K R AT WA RAT: P EERRE B R S EAG R AR, WS C4095,

AR TR HNE: BRVU A AR 3 T VEALRMBH R R X 1-14 54 T 5HDCRMERIFTE)

Migm: 7121005 Hii%: 029-87082121; Email: ghbjb@nwsuaf.edu.cn; 7EZHtAq: http://ghdgnyyj.ijournal.cn




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


