= i 2P D F A A13@ A10E (19963 108)
Journal of the Korean Society of Precision Engineering Vol. 13. No 10. QCTOBER. 1996.

TMS320C314g A-83t A4 gHE)
A7 A ZAle]7] A A

g :ﬂ;* 7 Q_ EH** 0] ﬂ_ “g#**’ 21 M _—H****’ a x._[ S)—****

' A < =

el

Design of a Real Time Adaptive Controller for Industrial Robot
Using TMS320C31 Chip

S. H. Han", Y. T. Kim**, M. H. Lee™*, S. K. Kim****, J. 0. Kim****

ABSTRACT

This paper presents a new approach to the design of adaptive control system using DSPs(TMS320C31) for robotic
manipulatars to achieve accurate trajectory tracking by the joint angles. Digital signal processors are used in implementing
real time adaptive control algorithms to provide an enhanced motion control for robotic manipulators. In the proposed con-
trol scheme, adaptation laws are derived from the improved Lyapunov second stability analysis method based on the
adaptive model reference control theory. The adaptive controller consists of an adaptive feedforward controller, feedback
contyoller, and PID type time-varying auxdllary control elements. The proposed adaptive control scheme is simple in struc-
ture, fast in computation, and suitable for implerentation of real-time control. Moreover, this scheme does not require an
accurate dynamic modeling, nor values of manipulator parameters and payload. Performance of the adaptive controller is
illustrated by simulation and experimental results for a SCARA robot.

Key Words: Digital Signal Processor(TA'g 2% A=71), Real-time Implementation(& A7t 4@),
Joint Controller(&&#]9171), Robustness(FA44), SCARA Robot(~71E ERE)
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Fig. 1 The block diagram of adaptive controller for
robot manipulator,

By E(t)+(F; +By) E(t)+(E: + Bp)E(Y)
=K, (@) + (P - By) () +(F5 - Fy)

da +(Fe - Fp) q,(0) (14)



B33 LR A A1378 A10E5 (1996 109)

22l 914 9 SEeAH (20 x 1) e 2ol
Rk
&(0) = [E@®) E@)

fle] Hole it dgH do] FEFFLos
x99 + gk,

0 I,

OR[N il e
S[BTIRE + B - (BT (5 + By

] £(1)

4,00

0 _ 0
' [[PA'I" [ 'Pa]} Lo [[e;r‘ £ - 2,1

2.0 (13

0 0

v [[P,:]‘1 [-F] ] * [[P,:]-1 [P - PC]}

2 (15)%= 712Rnd HgA o Axdel A4 gloA
22N 23 (adjustable system)& T8 k. wud
FeolHe dste 45 vghls 7IERd2 4L
A B(t)d) tate] Jehd7| 2 e} ks dse 4 &
H2A E(t) = q4(t) - ;)7 A2 HA4 (decou-
pling)9) A€ AUA Hx, 22z o 27 o] F
oAXE 23 FARERHNE BEAEE o= Ao o
FAQ Aoidsels & 4 Jlong 7|ERde v
ol At

E(t)+2E W, E,+W2E,()=0, i=12,..n (16)

71 &5 Wi 27 24 2 vl 248 5E
A ARG st ARES. 4 (16)9) 23 B4 wE
WAL e Zo] Ayt oz £9Y + o
=3 T

0 I,

£,(0) = ["SI “Sz] £, = S g,(0) (17)

A7)N S = diag(W?), S, = diagREW;) o 3%
B (n x n)L Y. @) =[E, @), E,O &
f3te 94 2 £xdEE Jehlie 38 (2n x 1)
2, A me 7ERd 2 et

2 AFdM Lyapunov B4 L 7122 & MRACY
Hg 7122 o] FeAod L dert

A (16)72 Zo] HAME = 2EAA8E o AloZ 4

g9},

70 1, 01 071 [07. [0].
=l ool ool
o714,

6, - [PI[F + B,), 8, =[P T\ [P; + P]
8y - [Py 1 [F. - B, 8, =[Pi]7' [Py — By
85~ [P [P - B, 8, =-[P]'F

MRACS 71Egee gils 71&d 34 dstd], A&
435 o) 7t AR V1ERde A g, ()9 F
HEE ohz Aol 13 BE H&03 2(f) =[¢, ()
—-e()]E Aez, o|RAL A (A7) (18)o] HLaH
o) o3 ¥ EAA L 4L 4 ik

. 0 I 0 0 0
z(t) = [*51 ~S2]z(t)+ [ 5,-6, 6, -SJE + [—60}
0 07. 01.
Lot oo+ o o

AoirlY) 48dde 4 (19)2 FdHe LAERYY
HEE BAHA gogA §Es,

oleiR 24 Aol 4R ATEANS A2 A
2l 71E 72E AEASATAL 99 PAHE
Agao) 722 PARY) 99 G2 2e A3

Lyapunov &8 A9 &aAct.

(19)

V=702
+[0 - ‘5;]T Ha[‘so - 55]+ ”{51 - Slal‘]T HJ[‘SJ -5 - 5;]
416, -8, -85 B[, -5, 8 [+oft -5 H[5,-6]

wuo, 05 Bb,-6 ]+ o, -6 Eefo-0]]

oj7]4 Q¥ Lyapunov A 49] deln, {H,.... . H;}
€ 9419 symmetric positive ¥E (n x nelth. 4
(199 A4 A we} V& v 23t 1 A3g aokst
H g3} Zo] )&

97



F9E - A EH - oD - AHA - AL

V=g B 42 81[M + Hy(8, - 07)]-2 0"oTH,[(8, - 5%)]
+21r{[0, - S,T[-M E” + H,(3, - 6]~ 8; Hi[8, - 6"}
+2{[8, - $,T[-M ET + Hy(8, - 62)]- 8" H,[d, - 6]}
+2r{[67[M gF +Hy(d, - 673)]- 8% Hi[b, -6}
+U{STIM §F +H, (0, -8 0)])- 8" IO, - 0"4]}
+2r([8TIM G+ Hy(by - 85)]- 0" Hfd; - 8°5])

(1)

o]7]A H Lyapunov W3 Ao 2Jste] Foizld},

M=-0Q, BZ=[Q0, Qle=QE+QE (22)

ANN €, =0, 2837 z=-£°T E¥ HgL
# e(t)7} ooz AFAA 7] AN T ¢
b ed Bajd gog Bejslolol @y, ol 7o
Z8lo] f%¥ 253 (adaptation law)e T Zo|
Tg=Act

KA =a, M+ a, %M

B, =bIM BT+ by (M ET]
By =¢[M ET]+C2~5;[M ET)
Bo= oM g+ 0y SiM o)
By = BIM 1+ B (M 4] @)
B 614 ya (M ]

0:17]/\1‘ a, bs c, o, ﬁ’ V4 = °o}’(positive)91 i"v%—l—
#Agolm, M) B ez Fou= 75 oF
9E (n x 1)o|t}.

M@) = Q,E(®) + Q:E(0)

= W,8,8,E(2) + Wy S, E(z) (24)
2(24)04, @, Q& A7 H Lyapunov $349 &%
Ygdz, 715 X948 W,=diag(W,) =
W,=diag(W )& 94 2 §xexte AR Fa4
£ utgsy] 3t AR o AgEd. ages

STHE B2Ag 9 Ae7]e] Aol thE# o] XY

A,
Ka(1) = K, (0) + M) o [ M(9e (25)
By ()= B,(0) + B,;MOET ) + by [ MOET@)dr  (26)
B6) = B0) + e MWET O+ [ MOE (e (27)
Pt = Ro(0) + M () + o, [ MO (0 (29)
Bo(0)= By0)+ BMO0] )+ B[ MO 0de - (29)

Pt) = By@)+ v, M() G2 ¢+ f M) 44 (e
(30)

4 (25)-(30)24 e HgAolHL tlid Ze| 7led
o,
(1) = K4 (1) + B, (0E(®) + Py (DE®) + P.(0)q,(7)
+ By, (1) + By (3(0) 31

add 4 (25)-(31)4 F-¢9E 2 4 (21)9 A28
<= 4(12)8 AU EH el FHARDEGE F2 q)
24 g ()& 5t #2E U EYolHY d5d 7122
T ke AL ¢ & 9ok B8 4 (29)9] 7[EED
& 24 Y (24)9) HFA AT 4FE Tevhe A
4+ ¢ g

A (24)-(25)0.2 HE BHEAF Fe thed 2o
wHd4 4 3},

K (1) = K, (0) + a,[QE(1) + Q:E()]
+ [ @[0:B() + 0,B ()}t
aHEZ, 99 42 AB YA FE% Lo] EY "},

K,(0)=K,(0) +[a,0, + “1Q3E(t)]

+[a,04]+ j; E(f)dt (32)

Y|M, H2AF F)e AXEH 04 E@)o] Jix &
THE PID del=mAeirld) o3 AL & 5 9l
% 28E2 (319 FeANHdN K e ot

98



F2ADF A 4138 A10E (1996 10€)

2L AAERE TEE 4 (32)9] PIDAIEH2 o
Ad ¢ gk,

7= K,(0)+ P (¢) Jﬁ E(t)dt + P, ()E(t) + B ()E()
+ P (1)q,(t) + P(t)q,(t) + Py(r) q,(t) (33)

o714 Pp* =P, + a0, + a;0s, B =P +a,Q;, , 1
Y3 B = a,0. 70|29 Aef7| Ao, K, = K, (0)2
g 27| 20E vehdo

3. Mol d5 43

3.1 291 REE S5 64

27)8} BEEQ 7|ETRE Fig 2 oA Bi utg 2
o] 3709 3AXA( revolution joint) 1719 HRAT
A (translation joint) 2 ©| oA},

Fig. 2 Coordinates frame of SCARA robot.

Table 1. The parameter of SCARA robot.
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Fig. 3. The Block Diagram of TMS8320C3x.
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Fig. 4. The block diagram of control system.
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Fig. 5 Experimental set-up.
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Fig. 6 Flow chart of adaptive control using TM3320C3x
assembler.
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