B|I4EH I EHBL SN Vol. 14,No. 1
1997 4 2 A CONTROL THEORY AND APPLICATIONS Feb. ,1997

H T2 RMEREHMEERIHLEE AR 2]

BFH AAL EFRE
(EEITR¥ANME « ITH.510641)

BE., AERT —AIHETHERENIN AN 25 m6H e, AFERANRE
IR, ) R i 5 ) % S BRAM BB 3 20 60 Ah B2 A B PR B R 3% 07 R B AR A9 IR O JE AR T I e
FEIE: PLAEAN; W% WAL ; HiIR

1 51 &

LB A RTE L O S E A PLL S, — RV A R ER N EE
FRE. kB — B, B EHES R T SREH %, QEETFRERMER S
P01, B A AR R T IR 25 4 KO RS AR DR R i VR 1 A A 1 R B AL
28N IERI P R R IR VLS A S A s b, TR AR — A
BT M IR R BB B T M 3 N AR R AT REAY. B FHEM K AR R
B AR VBT A9 , T T AR M 2 M 45 B T HL A8 A B B 2 5 LR AR R A SR B,

ACRHT —FHFHETHEMEHINB[AL S A ZRH TR ZHTRERMVLEAK
ARSI - A 2 4 R I RGN B J1 2. 3 DL A 2 0 45 O $5 1) 2R AN HEAT P Bh B
LB A HUR MR ST R BB T 0 AT AMER P IR A IR A RS R B, R RXH
KA ISR TF A AN RGER 14076 By » BE SEBUBLIE Y 2 ¥ BEBR B T — B B 38 R 4% )
AR FAEETRANEAREOEUABBILERE HNAXTREAERRORTH
W XERBALT RSN RS
2 HBASEHFRENMIR

AFTRE MBEANNS E T BRESEERMIELEN, — 7 H. BRRENRENE
TR B—FE. B FEEFESRAEE, LA EREH IR R BRIER ZRM
PR A QSR (TR M8 A 3 AR A — A AN AN — A B AR R (R AR G &, W AT
DA 0 R 45 2 3] — BB BN B R AR B R EE LS A B R R XEREB R T L

TR 5T R ) B ot
T LA BP 4% 0, i BA i fa] S B B A M B FRATR A S BUM 48 R4
PR g e
I'(s)—l_}A Y 4D
EW) = 33 [T% = FCOWiF (X Waat) T 2

Hoeh T4 # =t HIGRAR AT BN W M85 S E A AUE.
RIEHEE TR, HERER Y EAPERABERN
» ERBEETRIAREE GIERGHEED T RRETE R R ARMEELKFIHWE.
A3CF 1995 42 10 H 30 B e, 1996 4E 6 H 10 H UK B} 1% ik /5.



14 %

8 % W Mk 5 WA

ok
AW, =—7 W, (3

R T2 B BRI E 2 [ A AUE VAR, 528 (D ~ @) B A R B TR 2, RUe A

B 75 s B AAUE A B R F A | "
HATEBAREEE DB R ¢ = (91502550, 1 HE o FINEE ¢ B 264 A48

T = [T“Tza"' ’Tn:l B‘]M%’Ep

T = F(g,¢,9). 4
X BRI L 5552 A BP M4RIEE F. 5 RIS e MR, R0k H 7
SRR TTIZ M #) PUMAS60 BUALE8 AAE 9 BRI 42 ) 89 34 4. PUMAS60 FIHLES A B4 6
MEFERY . HPEHE 3 /l\éé*ﬁifg)%%?&??ﬁ%ﬂ,X‘J‘*}L%E}\E’\Jﬂﬁ%ﬁ‘ﬁ%ﬂl‘ﬂ?ﬁk,ﬁ’ﬁi%im
BT 3 A ZEA T 08 8 H 3 245 . B, $8 73% B 87 3 A FAR AT AT PR ).
TESEFR PR, FATE L X PUMAS60 %] 88 iR
ANB =B H BRI T E R e S e A, % 109
BEVLSAME REMEEMIELE, RAE R4 L Sl DI o b R T LT
kR & BP M4 . MR T —NF 9NN 204N solll
ROE—RBE 10 M EME BRI ML
AW K. 3% =0. 1. 7E PC486 L% 1000 7 ik
JEHTFERER 0.88% IR ML A 1 Frm. & 0 100 200 300 400
BB, Gt 58 L1 G55, 25 45 B 44 S 1 AL
T ABIB EEAT .
3 WHMEERMILEE AN B H SRS
HLES AN BT B SR BT 2R N
D(g)q + h(g,q)q =t + f. (5)
Ht, q.q Fl g RN EA R GEERINEE R, € R RITNRFHEME.D(Q) €
R HHILAE AR RS R (g.9) NREE LA EFRAFE AW IERERES T L € R W4

M1 MEMERIRTYRERED

T DE A0 Lt S AR 4
AT Y I I ) A
9= qu+ Kv(dy — @) + K,(q. — q). (6)
Hor, g, AT HIBSE RN 40 durqu A TE TR AR B, Ky ) K, Sy 1 2548 4 , T 1% S 7
.
AR IS 2T 2540 A S B LB A R G058 1 0 1 30 ) 22 A A o

y =TIy (7
Hf, y=("¢" ¢ RENMBARLEHH Ly, = (¢T.qT g7 REER B RN LT R R
B A F LR — B 0 MR SR A SR LB A B B B o) 2 B (R T HEAL
N EITAI BRI T4, Y = ya (8)
H I, A q=q.=qs+ K, (s — ¢) + K,(q; — ¢). (9
J‘i’r’%ésm%%}\?:éfié@ﬁﬁi%%%ﬂﬁﬁi—?:%ﬂ%)iﬁﬁ%iu%’f%ﬂ%%H@%Au)\ﬁ‘n“ai%‘fﬁﬁﬁii%ﬁié%H@ﬁuiﬁﬁ;‘f
b B X g BV LR AR ERA E BRI
B AT LUE BB A2 T L, P 4% L0 A PE TE AR F T2 Bh i B g =t F 20
WBHABCHIFIRT 3 B R T AT 0 R B4y BT FE 24 75 11 4% 09 N Sk 01 o 42 ) 2%



14 BT i 20 190 245 o 7 #0424 R R A A8 30 g 4 1 ) 9

2 p 5 T F ¥ B i A PR IR R AT BHR S . ) A . TRBAFE S
. =1 +71,=F(,q,q.) + . (10)
7, B T HEAIMER LS
Tt = K@ . an
Hep 5 = F(¢*,q",¢") — 1. (12)
F() B EEINGEMER SR XN o R T 5— 28 R4 05N TR
HEUREHESES SO RE f 0B EZRBGEF MR L) . EREFMEEB KRBT -
BT PAIRIF Ho#ME S 8.
LE LR, O] 18 HLER A IS AR E 1 2 BT R

qdqd ‘}.; = I éu {
944K (24— D+ K (94—9) NN

= 5 ;e e — i —

i H=chrh (rh-ti ) |6

19 99

Bl 2 HLES AP 5 G5 0 b A
4 {HEZERERSH
FEMFE LT A, AR E PUMAS60 BINLEE A RIEHIX &, A B Z Mo NG 4
W 4% 1 Ay $L38 3h ) 2= B R AU R IR,

U1K PN:OR-C1ZEE BT
qu = 10 — 20t, i =1,2,3. 13
RIASEERN
Bn=50, ky=20, i=1,2,3. (14)
15 1 2% A SR B BT AT 2 10ms.
(EE L AN: €y =il

Si={—30, — 60, — 30}7, ¢<{0.5s,
as)

f1 = {30,60,30}7, 1s =t == 0. 5s.

PLER ARYARER (VB R E IR AR BIREN E NE.

HEZERWE 3 iR, 2 1 RN ARITEPE, 4k 2 RAMAE T HEF LK K #h
LIRSS JE P A% A Y R R L L 128 3 R AR MAMEF T A R 8. B 3 TESH, RITA
RFMHZMEHIERFRT AR KIRE. XEEEH T RASE FES MR ¢
B W¥ah f M5 EAIEE. BH TS AMEBEER XFHTESRFRER, & 3 fl
(d) RO X Py B REES IR LA A RFURZR RUIE K. REEMAZET #E K 4% #2235
ViE. A B E. ARt = 0s ¢t = 0. 5s WAETZ) PR IS . 17X 7 5 FIF2 4
g f ST AR FEESE T HNE A GEE . X 5RTHE M 57 i 2 — 0.

B I\ IE 5% R BORY PR T4 -

£, = {30sin(10¢),60sin(10¢),30sin(10£) } ", (16)
WAFF L 25 5.



0 ERERSEA 14 %

25, 9p/rad q,/rad
5

24
f 2
S
™

1.0

05
t/s

0.2 0.4 0.6 0.8 1.0 : 0,2 04 06 0.8

0.0

(a) PIBBHIR

s g1
dg,/rad 57! 1 gfh;md .

(b) BAHL

2 V=2
Zﬂc'lqz/rad s

(e INFEME qu M2k
" i%% /rad" 0.01 82 /rad” 0.01

f = i 3

i R
L] \ Zh o -
“ 3 bt
1 .
— 1, . tfs, ° ' t/s,
0z 04 06 }_\l.u -4 0z 04 D6 0B S0 4! 02 04 06 \U

(d) frfgiRZEML
B 3 4hmndizh fH YA A RER BB IERE

5 & #
AT T W R FIHLEE AR IE BT » R # 2 P28 SEBUBHR, JF st — P TR HHRSS

RAYEERY L I BURS SRR A R0 SNER I B A, FETT SEBUNLAF A B0 3 D A (4
AR AXFERTRAERFHRERE, WEEME 2B H B A EFORTRED.
AR ICTT FE A HE SR (RO T A ML A% A B AR BRI T SO BRI 53 P W R T, R
J" R A

3E— 25 B BF 55 6015 40T 32 155 AR 0 A0 SRAR AT R AN SR BUA 2 M 48 A FE 4828 ) X E B R it
4022 1 4% 1 SR 0 SR P 47 b 28 7 e S A



1 ' T 25 W) 455 B 45 KBS 1R FE G L ES A5 B 1 B ) 1n

£ £ X M

1 Shin,K.G. and Mcday,N.. Minimum time control of a robotic manipulators. Proc. of IEEE Conf. on System,Man and Cy-
bernetics,1988

2 An,C.H.et. al. . Experimental evaluation of feedforward and computed torque control. Proc. of IEEE Conf. on Robotics
and Automation,1987,1:165—168

3 Spong.M.W.and Ortega R..On adaptive inverse dynamics control of rigid robots. IEEE Automat. Contr, ,1990,AC-35

(1):92—85

Seriji.H.. An approach to multivariable control of manipulators. J. Dyn. Syst. Meas. Contr. +1987,109(2):146—154

Spong, M. W. ,et, al.. Robust microprocessor control of robot manipulators. Automatica’;1987,23;

Craig,J.J. E. and Li,W..On the adaptive control of robot manipulators. Int . J. Robotics Research,1987,6(3):49—59

-~y

Leahy, M. and Rogers. S.. Neural network payload estimation for adaptive robotic control. IEEE Trans. Neural Net-

works,1990,4:501—520

8§ Kawato,M. et. al. . Hierarchical network model for voluntary movement with applicatign to robotics. IEEE Control Sys-
tem Magazine,1988,8:315—319

9  Armstrong, Khatib, Q. and Burdick,J.. The Explicit dynamical model and inertial parameters of the PUMAS60 arm.
Proc. of the IEEE Int. Conf. on Robotics and Automation,San Francisco,1986,510—518

10  Xu Jianmin,Zhou Qijie and Leung,T. P. . Neural-network-based model reference adaptive control. Proc. of IEEE Conf.

on Computer,Communication and Automation,Beijing,1993

Neural-Network-Based Inverse Dynamics
Control with Compensation for Robot

TAN Yuming, SU Kaicai and MAO Zongyuan
(Department of Automation,South University of Technology ¢ Guangzhou,510641,PRC)

Abstract: The paper proposes a new neural-network-based inverse dynamics control for robot scheme. It
can apply neural network to realize close-loop control and compensating control without the model of robot.
The method is proved to have good accuracy and anti-interference characteristic.
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