16 ¥
1994

0w

¥ HL# A ROBOT Vol. 16,No. 5

Sept. ,1994

i

PEEANB RN PR —H B F=UHEUE R Rz

CEWETK¥EHME JH 510641)

W R ORBET AR AR RN H SR A R, ORI
RT —#f AR E R SBOER A HTHLI A2 7. TR M X P AE AR, ETT R
PR TR EBEAE RS, Y- RM A AN B AT EHBEEBER, X
FAE T a MFEHRARN - A HRENBARY LERY —RRASARRA - LANME X
B TRV R — R E 304 57 = iR A AR 3.

XBU HLEA LRI, RERERE 2T

1 5|8

VLB AED, LS A B EE IRIE R —REE 3. BRI AR AR E R R RN
#H TR YRR, XRARE, EREAVE NS HRMEAE. RINLERRE
RAEAREERPELERB-MBR . ZENSFESTRGE NN AEE L EZRIE¥A
EERHEXRFTHUBHBEROB IR AR MIELUSE. ROTUEES, LIERBR &
PBAFGAEERENRARENEEROERERBHEEREMBRE TRA
HEMARESERNSHER. XLFRSERERIEAZH 2L FERHHEERZ—,
TS REOMUP—HEAMTIX— A B b HETFRASNBZAFGHLIER—2R
T RAS AN ER e RE NARFRCNEET 28 TREERT.
B M AR AT TR, R ST A s R T e R T R M C R 5 208 , B v] KA
HELERT —HREERCERRAMAREEENLSEERNEERBN % UAHRE
UAERZ AR, Eatd 2l A0TSR gn s LAENE M. RITHEL
RELEHRABIE-AXTIREER AUBHER. AEERHE, REHLEHA T
/A BT
2 —HEXHME

ERELEDRE BHLEE(ANHTRANHILER(BOIMREIEERES: R
{A) BRI BRI e o6y 65 F (B BB BRAIER ey e TE{AVFHRRA
ra(t) rp@) r@)
ra () rp(t) 1)
r (1) Tp(t) ri(e)

TR (A FIIEFE R R, RIEZH . LITFRIC R=R@),ry=r,().

(en e, 6.] = [e. 6,6 ] = [e, &, 6]R) ¢

W AR E] 11993 — 01— 24



258 I 2N 1994 4£ 9 B

21 HRIEMSHSRIERNSR
HOB IE 28 RO I TSRS I R 5 S RUEH R="Seym F 42

R =W*R (2)
&
R = RW* (3
K
0 — g did 0 — pibr Pibs
W4 = | gugf 0 —dqqi|s Wi=| pip 0 — pibs
—di97  4aq7 0 — pips  Pib 0

q.-='[ru iz 7‘.'3]' (i=1!293)%Rﬂ"Jﬁrﬁ]'gi
Pi=[7‘u T2 ra:]v <j=1v2v3)ER#J@IF?JQ;RT%&R&‘J%E-

FLE,RMNA
q.-q,T={1. T @
0 tF#j i,j=1,2,3
(ORI KRG, B
gqr =0 i=1,2,3 (5)
gg, +4,9 =0 iFj i,j=1,2,3 (6)
¥ G (OB & RIERE, B
a9l 4197 99 0 — G971  4ugs
G 91 4297 q'zq§]= [ 4291 0 —«h«ﬁ] N
491 4s97 4593 — G193 Gsqz 0
Bl RRT=W* 5 R=W*R. X
pr,={1 e “H
0 17 ] i,j=1,2,3

[RI B A HIE (3) K. EEE.
2.2 RERENAREREERR
fER(2), QYRM—A T 5L, FATAT LA E 1R A 5k B € S BRIk R i 77
AN RIOAFHERAM FEEHZ  FE—RTERAMEL  ZHL LK SE « B2
TFHR{AEE R 0 K.
IE BRI LEB RN EER(BO PRI s=[z yz]" W d SAHMER{A)
W BRI RA
v = Rs = W*Rs = RW?;s (8)
MFLER TR
WA4Rs = 0 9
17 RWSs =0 (10)



16 % 54 BELESE:. EASHSRHN—AFSEAMERNH 259

WIRHE TAHM THRRAVEERN 0 RN K.
AZWIE, R WA WP B8 2, BB (9, QORI —MF 3
RTl4ws 495 429175 (pip. pips pi£] (1)
IR, IOMBR= M A HZ. IE¥.
BEEM T AN AEEN TR EEAITHRRHA
cle. & ellgq a4l 9411
TE{BWIFTHWRERN cle. e ellpip: pips pipi] sc HIEEEH.
B E AR RN B BT LS
v=wX Rs = [w X]Rs a2
KA o=[w, w, w.]", B AEERIE{AFHLIR; X "RRB;

0 —w, w,
[wxj—{w, 0 —w.|,&3X3RMKE.
—w, w, 0
A @OXMADRK,UFTTHE
o=[0:91 a8 4] (13)

B ATAEF XA AR SR, XM T W H R E SRR, mERERE W THR
I 1K ) I RMA s L B8 3% B R A 2ok ol A BE SR B R ST i b HEAR B IRAF SR K IR B
(a:: @145 411" = R[pip. pips pipn] (14)
2.3 AUBRERNAREXSHERERT. FIMEHXER
ARAIE iR AR R, o R XA REFC R RAERE. B (DA

¢ Bt Z| leee &y e&n]=[e. €& &R
¢+ A BH R Leuran  Eyuranr Eewranl=[& & &JRG+AD
X Cesuranr  Eyusan Esveant=L€x & €.]R(AL)
TEH
R(WOR(LA) = R(t + &) B R(A) = R()TR(t + Ap) (15)

55— M RALE ¢ 2 e+ A W61 6952 B R 0 e 5 — T 1
Cew & el 4, LT

BT MK A AT S H L. [, L..A0 ¥ R(ADF R KW
1Lt 4+ cAf  1Lud0 — 1sA 11.ul0 + 1,sA0
10,uf + 1,506 11uld + cA  1,ludd — 1,06
LLul0 — 1,sA0 11ung + 1,80 LLuAf + cAf
R H sAf=sinAG;cAd=cosAF;uAd=1—cosAd.

HA (16X, 1Y A 7oy /N

Rea) = (16)

73, (AL) — rp3(At) 1) l,
ri(At) — ry (A8) | = 2sA0 |1, |~ 2401, an
7 (At) — 7, (AL) I, l,




260 B A 1994 £ 9 A

IHRRANQDHR, B
L PI@p(t + M) — pI () ps(t + A1)
26|1,| = % PIOpt + At) — pT() py(t + A1) (18)
e PIIP (2 + A) — pT()p, (¢ + A)

) AR AN BB RER(BO ) PHER.
BRAEAEERE(BOIFTHRR REELLRADRE A& EA KRB
Pi (O p(t + A) — pi () ps(t + A
W = limit 25| T psGe + A) — TP + A0
21 ps(t + At) — pT () p,(t + At)

2 [p(t + A) — p ()] — p1 (D[pst + A) — p3(D)]
= limit z‘l& PIOLp G+ A) — p.()] — IOt + A — p, ()]
P [pt + A1) — pi ()] — pIO[p(t + &) — p,(D)]
= [pit: Pips Pip ] (19)
ER#ESFPRABT WHIRXKRTR
PIb+ pIhi=0,i5%j,ij=1,2,3 (20)
BEHER, AEERE(ATFHERRN

w'=R(t)aw"

Tty & Tty gty — Tty — Tasfay — Tt
" . . : . B .
20% = |ryfy +ratfy o rats — vty T rafy — Tty

Tty & rafy + rafa — rafp — Tafn - Tty

0 713 — T
= | T T 0 iy |G
712 — Tn 0
0 T3 — 1y
¥ — 0 | qs
T'22 i Tg 0
0 T3 T3z
+ | =7 0 T3 (II
T3 — 73 0
R al Xql=0, i=1,2.3.
G X s =qi; 91 Xql =q1: ¢ X g1 =q; @n
H
o' = (4597 digs 441 1" (22)

M FRATTHERE T (14X,



16 % 5 3 BREE%: MBASHY—AREAMIERTA 261

AU, AR T UE ERA A R (AR RE M R(AD=RA+DRWT, KR
B ot FESTHRE RO KRB S WRHEEBESNSERER—BWN. AMABHE, WEY X
B RERERIIEH . GEW RN RIEREETTIZH.
2.4 BEEMXTHERIOXASHFN
THIWA %X RS N IE S R EIM
a+*b=RaX Rb 23
R(a X b) = Ra X Rb 1Y)
Xda,b H3fME.
CHRER, HIECOHK. BPEIIE
R[a X6 = [Ra X Rb

il R[a X]R" = [Ra X]
Bp Rla X q] aXqi aXqi]=[RaX]
B —R[gT Xa ¢qi Xa q; Xa]=[Ra X]

EEFCOA, LB ER. EE.
3 FIBREHREEKAERERNDS

Xt B 5 48 [ th 2 il BRI £ B sh B K B A RO I R, B2 A FATHEB A L (19> (22)
RBAEERERNTEH. BB THKRIANEE. 2 . 8.7 574 E K12 ShRE &9 Ui
ML A AT NI RER R
cacfl cacfsY — sac? casfc¥ + sas?

sac sasPsY + cac? sasfic? — cas¥ (25)
—sf cfs” cfcy
BRI AR KRB AREREAVN{BO Y FHRRT A
0 —sa cacf a —sf3 0 1 a
w'= |0 ca sacf ﬂ i wl=lcfsY ¥ 0O p (26)
i 0 —sp |y cfcy —sY 0] |y

DAFE B9 R {32 340 7 SOk R BRI A TR S I T AR R R K X K
{1 — A b o e T ) PR R SR T R Y R AR

4 HBAEZEBSHEIEI
FIEH o MTFABAA » 4 5 B EHILESA, B E YL A RE BT B8 B4 B
HLES ALK TR KB TR BT 238« M LR RN R G K Z ini 558

EWMES L X LMBEE HRES ] HENARERES FH O R -DHME
BN

cb; — 50, 0 a,—y
__ _ i-1
B = sfca,., clca, 5Q;_y sa;.d; _ [Rx P:} 27
sfsa, ., cOsa,_, ca;_, ce; d, 0 1

0 0 0 1



262 M o# A 1994 4£ 9 A

HEHPER O, diy ai_y» aFH Denavit-Hartenberg & X" ;M FHeHE XY .,0 hEFHEE,H
RAFHSECH THHXY & HETEE, HKRAIFHSEBGRT p IR RGN R
— 1} A9 B % 40 4 A R s A8 1.
ICHFHF ¢ AR & (G RE M s BE RS R R4 3 9 ELL R, T
BBt >y RIRZRY >
E =<1, i=j; Ri=<I,, i =7
BB i< R RIZLwRM i<
FEATHE B A LA 25 FF 40 o o R A B A [ L4 45 L ME AT ELJE I, B AL 28 A 28 90
PATHBHREEMENAEESERXRVERTHMERNXRZERF. L, R AHT G » £
W ARRN b= x y = 1]7 BEFE SAR R (0) R8T 47 on.
by = E (28)
MR H
) = 62

= R?Hlb:l-QJ + Roszb:‘jz + -+ RSH.[):Q'.
= D RJH b, (29
1

A ¢,=0,+4d,
6 —s, O 0
s; 0 0 0
0 0 0 1-—s3s
N A » M3 R OBIRERERR RLEHCORE
w,= [e] (Rlw,Rag, + Rjw,RiG, + *+ + Riw,4.) IRie,
= ¢; (Rlw,Rierg, + Ryw,Rierq, + = + Riw,Rieq.)
=— e1¢; X (Rlw,§, + Rjw,qg, + - + Ryw,5¢.)

"
T (R o 0 .
=yl ZRJ'W;(I)
1

KA w,=es,; w,=[w, ¥ J; e, YRLFERSE ;5. 5 H

H - . ={1 j R

0 JABEXRY

w, = €] > Rw,
1
w, = e}ZR?w,q’,
1
g
w= > Rwd, (30)
1
2529, 30K5

v
[ }: Ji 3D

w



16 % 5 #4 RELS, NBASHSITW—ARSABIERNYH 263

RUH,B! ROH,bBL. .. RH. b

A X0 R J = Rw,  R%w,...Rw, KRS
5 &

R 1 AR — AR TRIKIER B RS Ml R M HX A S IR R R 2,
ETRHE. R AFAMR T AR HM IS A ZB 2 H R B, Frig FEEXH8ER
RY,ERESTUBRAUAS TER M EREMB R, YR AFTROVEANE
k. 14’%\2\'3 W92 P % M4 B A B R SE R A R AR » B AR
EHERLA, B —E N E. X ER G0 7% TS —RBHKZ S 4 iR s #h 3.

2 F X M

1 John J Craig. Introduction to robtics; mechanics control. Addison-Wesley, 1986.
2 TEW. NBAEH¥SH NS WEETFHEAEE ML, 199.
3 ERMKEFRNE BHEAY ARMFT B, 1979,

THE PROVING AND APPLICATION OF A NEW SET OF
EQUATIONS FOR KINEMATIC ANALYSIS OF ROBOTS

HUANG Shisheng FAN Jie
(Huanan University of Science & Technology, Guangzhou 510641)

Abstract A new set of equations of rotation matrices and angular velocity vectors of rigid bodies have been
proved in this paper. We have presented and discussed a method of kinematic analysis for robots by using the
derivative matrices of their rotation matrices, which is based on the set of proved equations. The use of the
method in the paper shows that it can replace the conventional, too complex method of diagram of recurrence
as a concise one of kinematic analysis for robots. As a result of using the method, we have given a concise
close form of expressing of Jacobian matrix for a general robot that consists of n links and has n degrees of
positional freedom, which is of certain value. The presented method here can be generally regarded as a sup-
plement of the theory of kinematic analysis for rigid bodies.

Key words Robot,rigid bodies, rotation matrices,kinematic analysis
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