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Improvement of Arm Solutions via

Step Width Self-tuning Algorithm
Shinobu SASAKI

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

{Received September 6, 1993)

This paper is concerned with the significant numerical problems
encountered in solving the manipulator inverse kinematics. That is,
essential difficulties occurred in linearized calculations such as
dependence on initial guess or narrow search region are improved with
great success by means of a step width self-tuning algorithm.

In a practical optimization model based on the reduction of dimen-
sionality and linearized approximation, it is shown that the desired arm
solutions are found out at a faster rate over a wider application range.
Also, the capability of finding solutions via a traditional Newton
method is enmhanced to a large extent by combined application of the

proposed idea and simplex method.

Keywords: Arm Solutions, Step Width Control, Manipulator Inverse Kinematics,

Newton Method, Jacobian, Optimization Techniques, Simplex Method
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Fig.1 Schematic of an articulated robot manipulator
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fioPo=liflly= F
B Py =
Aoh = Flt-a)

!
-

By B 3, 8
9 o " (g+00)

Fig.2 A basic concept for establishing corrected displacements

Step Description

Estimate 8% and A &, Set hi=Z.
Set a:=1/h.

Set @*:=6*+ha A f.

Compute E{@*) and E{87"),

R I .

where E(6%) = M(OM17 = (3 £.(091)

5. If E(@*)<(1-a)E(8*), then go to step T.

5. Set a:=ah within a =c¢.. Go to step 3.
[f @ <c,, then go to step 8.

7. Find a new value g*+1:=8* Go to step 9.

8. Find a new valug 8**:=6*-8A8.

g If M@ )<M(9™), then go to step Ll

10.  Set h:=3. Go to step I

11 e

Fig. 3 Algorithm of sef-tuning for step widths

__8_
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312), WiE%E LW EDR T » 7OBEIHO+A 0 it, —RUCALEHERELPT V.
20T, BIEIEDE AR VIBESIC—E0-8A0(8=0. 1) LEEMATHOFLVaT
WIEd B0 COFRRIET VI X A%Fig 3ICi0T o

4 . BPERESROEIET

FETR, BEFUAEEET 3HEFROUHNT, 27 v TIROBEEHANAHEL
BEALEF N LR ONewtonEORITEEAI B ORI E S L 20 2HERRIC L
DI - BETE B

2oDEF IR E bIYBIRHICRE (&N B &b S, REATHHEEMD 6L
TIROEEARIEL, ©FVOMEELHEY 5 BB ETH D, VE, Fig LTRT?
=¥ a L— 5 OIS (P, Py, P.)=(=0. 10, 0. 35, 1. 63) (n), FE5EES n.=0.,n,=0., 0,=1.
EEAfEE, ChAEEETIMEMOHER I TORVyFv— LT 5, O
i3, BERTFVEM - THERSTIHENTWADT'?, JOEREVIREDFGE
RIS 2 (£4513Table 1O FICET# L 76 DDA, B, - FTH B)o JORIZHERD
—HI(EBITIL6,, 0., 6,0%)2EIEHE LT, £OE» SBAT LS/ L SOFE
HETHY, 27 TROBTEEOERIC L VBE LTS, T1bb, MIEEEZ
FHD+A 6 DRT L DT, 6,=18.0896, 8 ,=T0. 5747, 6 ,=-87. T473(deg) o> 5> DE{ R
ELTHEIHA B, VIIRER, EATOREHEEEREHEEORID(/ VvA)ERT.
LT, ¥ — AR (AFEI & 3) MRS S OFHE(6 =0 0% () %Table 2iT7R
o WER LR~ BRHEREB SRV &0 S, RICRTINGRESE S,

ROEERD S, PIHIRMGEOR N L DIHERIZA B, - FOWTIACEET S T
EHEETE 2, A EEFVcEE 2 27 » TIRIEDICGTESNATDrnic o
WTHE LOVERERE LTS, JOFRBHRIE, —AMICIREDRE VEEON
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HEEiCid-&D ERBL TV,

—E, NewtonEICHEAAITE IE LIRS THE S 510, 6.4, 04, 0 3FHE(L
EFVOMEMESFE L e 25 » 7HEEEE LUEVIEA, Table LUNTHIAETIHER
4 5 &/ ERK (EE T 100E% ERRICERTE) TOIILE, SORERWTIR LA CHHF
TEIIV, FOUMT, rund, 7, 1B ECETEEO 7 S URNEIFETH L8> 7 &
BACFE EElkRic, RIGRTRIETETT 2 S RAERICH 5 7 — s blficE SN
WEE S — v icE R, ICREIR2ENICECINA Shatfilich b, T8
THDEMRD, 1o, 6o ORMERYERICHE T 5 1 BRI E F T~ TR
PEb—FR AR, STEORIAORE (B, T, BENEHMICKRECKLHAL
B¢ 1, ET AP aDFLVEES, REOBIEDICHRERE L L LIEHS,
Table 1®run 5, 19%°Table 2@run 1, SART & S, EHHA»-BiEEL OREGE
BO AN AE (A LB EENT I EbD 5,

BELEF VI, & 5HERELET £ ORN TREROERTIBINCET LS,
NewtoniElZiER & LI TORIRWTS 05, BIRESROBAERIIITRIR
te LCERSEHEC - TV 3hOELWEELE# L . IO EELEL) NewtoniED
BANIIKETE Y, BT IOBERE &107,

IO EDD, SEHEHEL EOSERRERNBIIFERTE 20dR, BTALLOF
THEM DS ATIR & 72 2, I EISME & OBRETFFITHENT 2 EHEEZALT,
O N AEEONFIER & » TV FRIHRMESKLELER ST B, TOMR, BIREIC
ROMUE ORISR AT H BUAE (v v 7L 0 R B0 10 CoBER, RMERA
CIFRI Bk (yE) 24K L7218, 4> OEARIEERE L QM SMKOB/MEZBIELT
EHAITT S bDOTH b BERIECBOTHMABESTET, BROEFERICE
T & ZRIEE b, (RIC, IRFTHEICEFBEEYIINEC L Thevtonik & 27 » 71RO
FE7ATy XAOKRIC LY FBEOBIHRES . —Hic, v 77 AEREE DS
ST EYESE T+ 20T, s 212EE < EhiiNevtonBiCUIRA 5 C EWE
3 LU BOYBHRHERE L S ATEEROUIGE I TE S0 COL DTN
T F{LICE Dlewton TRD SN H - BTN CHE TEL, U, WEEHAN
fe o OREITE FVicBT 3 IR, B UKERED b & TRER LML L TIRIER
RFES~THHREE O—ED 4 5 1,

PLE, EFAt2diasd 31007 7o —FELERITL, 27 T@EMHETET Y
oY X AHESERRE RS EEIRMETH S LRI, £, EROHERS L
Rt FEIGTRESROR LK PR VWEF L TH Lo
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Table 1 Comparisons of optimization model and Newtor method
N = Number of iterations, G = Solution group, x = Failure
ID = 1; with step width control, ID = 0; without step width control

Testl Initial guess values(deg) [QRrimization methodl Wewton meihod Initial

No. : ID=1 ID =190 ID=1 1D = 0 | Deviation

o | 18 08%e] Tl el -1 -1 -1 - -1 - -[- .

vl +an00 ! +as0.0 | +as00] 5| By 8. Bl 5| B3z |a | 0.6767

2 | +A20.0 | ~A300 | +A40.0 | 4| B| 4| B| 4| B 4B | 0.2677

5| -a2000 | +A30.0 | +420.0 | 6| 8|1zl B| 6| B! x| - | 053818

4| +A40.0 | +A30.0 | +A160.0] 7| B| s Pl 1| ¢ x| - | L83

5 | +A40.0 | +A30.0 | +A100.0| 6| B38| F| x| - x|- [ 178

5 | +A40.0 | +A30.0  +AS0.0 | 6| Blw | Fy| 7 Bl x|- | 0.8740

71 +A400 | +A30.0 | +Aac0 | 5| Bl 5| Bi 5| B| 5|8 | 04858

8 | —Ad0 0| -A20.0 | +A140.0] 61 A 14| B| 48, a| x |- | 10386

9| -Ad00 ! -A30.0 | +a00| 5| B 8] B| 6| B| x| - | 03441

10 | -ad0.0 | +a30.0 | +ad00 | 7 Bl B 7] 8| x| - | 0703

1 | 48400 | -A80.0 |+4140.0 | § | Al14| B| 8| A 6 A | 04029

12 | +A40.0 { -A80.0 | +A40.0 ] 7| Bl 20| B| 8] B| x| - | 05582

13 ] +a60.0 | -at0.0 |+A12000 | 7 A3t B 7| A x| - | 04435

14 | +A100.0| -A150.0]+A30.0 | 7| Fle | F| 8| E| x| - | 08186

15 | +A100.0! +540.0 | +A30.0 1 8| Bl12| F| 8| Bl x| - | 11007

16 | +A140.0 +A120.0] +A100.0] 9| F | 14| 8|31 | B| x| - | 2 1886

17 | -A100.0] -A110.0| +A166.0] 6 | E| §| E| 6 E| x| - | 0.403

18 | -A100.0] -A150.0| +A130.0] 61 E 13| B| 71 E | 5208 | 08352

19 | -A100.0] +As0.0l +asnol 4] Bl ] 2| x| - x| - | 21864

20 | ~A100.0] +6100.0) +A120.0[ 6 | 3| 71 B| 8| B |88 |3 | 2199

{8 ,= 2.7532988. 0 ,=0. 1501932, & +=85. 7259216, 6 (=—33. 1722473, 6 5=-85. 0427856, & £=33. 6731110}
{8 .= 18. 0895140, 8 ,=70. 5746613 6 ,=—87. 7413450, 6 (=—18. 8751221, O ¢=16. 2995300, & 4=—5. 4810343)
16 ,=-177. 248685, 6 o==0. 1501932, 6 ,=-85. 1259216, 6 (=146, 2277370, & 5=-85. 0427856, & ¢=33. 6731110}
(6 ,= 182, 153296, @ ;=-0. 1501032, 6 2=-85. 7259216, 6 (=146, 2277370, 6 4=-85. 0427856, 8 4=33. 6731110}
(6 ,=~161. 9103851, 0 ,=—70. 5745613, 6 ,=87. T473450, 6 (=161, 1248779, 6 5=16. 2895300, & ¢=-5. 4810343]
(6 ,=138. 0895143, 6 2=—70. 5746513, 6 +=87. TAT3450, 6 (=161, 1248779, 6 ¢=16. 2035300, 6 e=-5. 4810343}

Ty O o oD
LT L T | N T B 13



Table 2 Comparisons of optimization model and Newton method with step control

JAERI-M 93-192

N= Number of iteratioms, G=Solution group, x=Failure

Initial guess values
Test run Optimization| Newton Initial
Ne. g, g ; g, Model Model Deviation
(deg) (deg) (deg) ¥ G N, G (m)
1 £0.0 80.0 0.0 6 B X - 0.9321
2 40.0 90.0 90,0 9 E 23 A 1. 7245
3 40. 0 0.0  -80.0 6 B g B 0.7938
4 40.0 0.0 90. 0 A 5 A 0.3238
5 40. 0 -90.0 0.0 T B X - 1. 4161
& 40.0 -90.0 -40.0 9 A 45 E 1. 9076
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5. s> iz

7=t a2 L— 4 OT— LRRIRIEER AR HIE R L L, FRENGEIRT A&
BRI TH B, FDIBE, EELULITHIERE SIOCHENSEES DR 2EQOL
3 THbo

(1) RERLETE I BT 28—IGERIE, 7= Y al— 7 OESICEET 2 2N T
120 CHRARHEFERA~OFRROERICL D & 5w 2 TH AlEER5 [HE %0
Fo?i, TableRL7A& S, RUEAVHHEOREC L B0E R C L3Rk
ThHbo

(2) FIRAEIRE LB OEEICBE L7 e —Fici LT, AETEIBLIZTATU X
LRFEREBEOINA L, TETEEROSVEEHYT 5, &<, ERNEE®S
BHEZHS L, FiSMERE L BERES S oW A TR &85, £,
NewtonE L HifkE L DA 770 » F{LOBEDIERICENTH %0

(3) BRAOMTE, BMSEbo~ v T YOEERAN:Y, TEHDECEAT
BROTEUDSERTE 5,

Ok i, BRALETHRC LABIEGTETRET SRERDEHTQ) OREIR, £
HARE R+ LERRIc b - TIFHRT 5 C AR L, ELETREOIRIR R Z 7R
THI>OFMRFREEAL 5N Do

2 &

AEEEOERICH LTI A ¥ PRV WREREHERECESH L 3.
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5. Fxd>xbhico

2o Ealb—3 07— LARIRIEGEEE AR AEALL, FRREMCGIETS &
DA TEH B, FOHBE, FELUMITHEE SO IR EXHSER>EFO L
3TH Do '

(1) RISGECETREIC 1T 2 IR, v =Fa L— 9 ORBICRE4 2 itk disT
2700 CHRAMFER~ORRXOERIC L0 & 5w 2 EHOHEEN S [HE 5.
#2725, TableT/RL7c& i, BEZYHHEOFGE R L D IOBRE R4 C LidnjkE
TH 5,

(2) FEHEHE LRV EECEE L7 e - LT, AETIREBLATAYITUL
LMIFEREFEOTA L, EETCEEEROSVREHEYT 3, &, ERAE» S
EBEEES L, R RE LBt Es s oI TR &5, 1L,
NewtonikE EBMAIE & D 7)) » FEOBRDIFERICEYTH 5,

(3) HELHOMER, B E >~ T yOstEEIANL D, IEREHEDOHAT
BOATEENERTE 5,

ok, BILEEHRC Lo BETE cRE T AR08, T) ORI, £
HARei iR % - hRaEic bt » TSR T 5 C & %ufEic L, ELETEOAFL R % AR
Tao@ﬁ%ﬁiﬁ&%iénéo
=8 &F

FHEREDERICH LTI A ¥ PEWIRWAERESZERICERLET.
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1~ &%

Pig. HoHA726Y v 7 « v=Fa L5 ORBHER, BERICHT 5IELCEE
&ﬁﬁﬂﬁbw%%n€ﬂ,mmhmmdﬂo#mmhmﬁ,thmjdﬂpﬂhfh
POTET B E, DEDQLIRESNS,

Nx = "Licet®™iss, Ox = "Mics—"LiSs,
Ny = BLscs+®Mzse, Oy = "M2ce~"L2Ss,
Ny = ®Lace+®MzSe, Ox = "Mace—"LaSs,

Ax © 5152385 51C23C4Cs~354C1Cs,

8y = C1Cz3C«Cs—Sza8sC175184Cs,

2, = ($23C4Cs+S6Cz3),

Py = as(°Licet®M;5s)+as Li~Gis: = asietas"Li-G1 51,
P, = as(®Lacs+®Mass)+as "Lathic1 = asnytas LatGicy,
P. = as(Lace+®MsSs)+as"LatGzta: = asnatas LatGatas,

A T
5, =—(81Szacs+S4SsC1+SISSC39C‘)'
B,

Bls = Cz2C5—Sz3SsCs,

823C1C5—5154Sst85C1C23Cy,

My = €i1C4—5184Cz3, 5M; = 8:C4tS54CiC23, BMa =-S:384,

G: = {(as+aq)S23t+8282, Gz = {asta.)Czatazca.




