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Abstract

This paper presents a new approach to the design
of adaptive control system using DSPs(TMS320C30)
for robotic manipulators to achieve 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 control  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 controller, and PID type
time-varying auxillary control elements. The proposed
adaptive control scheme is simple in structure, fast in
computation, and suitable for implementation 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.

1. A &

Ag7z e 28 vyEdcle el Aot EL Tk
g nHH AMojdyse $8& A,
o} Wiwld Ratwipe] oaf AhHog vehis

N rL

A
L#%

gael MANA, A4, FRYY Fom Asd 2
wES Ass gl A Ak W U 4Y
oz olely BAYEL RO + A& AdIEF

A oshitel whe HgAe TiYelat & & sk HE
Aol FAA AR g AEG FubH RdFS

TaA gonz wHRde) ndextd 7|U wip
ol BEAAT TEM% 59 A& Ese

GAME Hggol $5E Aol4Ee FAY £ A
= o] Kot
Nzel HAE =RE dUEdolHy doluAe

2. 4853
3. Add 7)1 AAE3EEE (TEL: +82-551-249-2624, E-mail :

shhan@kyungnam.ac.kr)

A Al &%

dlelH g wjAd
dde YA
o ZHEE

A %1, ZRE WU E
FA13 Aol A 7
H1 e AFHelng 7
&3 HAAHA dFY F
ol 1 7)%0] ZEH U= dFolrh F, RRE
fuFdelelel A4, 1% AHAE HAsAE
model-based Aojzlel F+x7} apgA st FHEY
A8g mdeg 83tE model-based HMoiHA& A
g B4 2uE AFFAI 2L oy EHIHY 9
% gtelvjele] FAlsts BEEAHPoE sty 73‘11
9 Aolg 8ly] o dHE A Uth
Hazae 3te A$ end-effectord YFR7F HE
ste] o3 saivelee FE§3 #E LV YE
27} RBojEE oo 2% RUH 2ite Aol
o] Mg AHsAl7lE Fa ddo]l Hrh mwakM o]
& setdese BEAHE Fol7] A ZEE o
UEdolge FAEdH glojA mijsfise] B8
A v AdAgAde EA R Rt wFH 2dy ox
o EA FoME £& HTE EL F Ue R4
Hojutgio] HAaA 8FH BL BAol FAFH
o] gtk ey FH o AojolE2 AP BT
o 8o FHL AEPLAE B7sn oldx A
Al 8w oidE BE FAYSS d¥sn
o)== A1 o]} I

B mEAE Haige Hin B2 o] EA
e AAY TR F=A e AsE A
= y)|&0) AE ZHE AHojy] dA BHE Bsia
MAse, vA2] RapE e 3 RRE wde o
A B3t mdyo el vee #dds 2 ¥
AxE So vy BHAA, aEln doir] A&

Fukg]= AAAZEY A G Go] EAEE ASolM:
AMET BEE Aojdisel FAE F dv ARE =
BE wUEdolgel Aojr|E AAgn dAsHE HE

-3
zsg ‘_':’;_}d
ojwte g

b r‘.r

E
=

oy dr o

o
e

Aoiasge) Fxe JlzRdhgdels Qs
Edz ad dolzwn A 24de e Aol
Nzgel gy A4 2 4eAoiAg fRdh

L7)t8}

Ajo] 71 2)

7V 22z Hu) 2] (pole-placement)



o el AAE o]
Hg9 AW ol

Aol 7] 9 o B dinverse
- EH e Aoyl g n
4 (nominal operating pomt)oﬂ g 43R
A5 FAHHE: MRE PFE HEAHAZE M
Azt o Eely e g R dgaevEe
Halgizo g o1 uU&eeolele] Hata T4
o) Wsl, Alel7lel AFAl Fwrsli: AAA 23 %o
AbA]TEe) Ak o]y o} wglo] t)s}te

e
ga wARe A

CISEIE

model) &
= xl 2}_‘5

g
Al X
&0,
P I
/Ul ?i '0’9]
'f_ A olo 1382 M

i
> M
g Hojdsd fHEE JEHen

% Aok

NEdel B B AFE AnF
kg TMS320C30 o1&
FARA SM5 SCARAY RKE] HEAAH 4¥
o A% ANE P gwe Ny sAe
SM5 SCARAY ZHEQ9]
T EARE
AW SHack

&l
FARA
Aoj7iel PID Aei7igh 7

L BAEE Yo

FndEe

2. AgAl7l AA

21 WUEdolHY EHYAA 4%
n #Hg 2 UEdolde) FYLHAe g

o go] REH F Utk

H@g+Ng@)+ G+ Flg) - (1)

()

A7M, (¥ symmetric positive definite A3 H(n x
n), ’V(qd)k’- Fg LYy 2 A4 ¥WEn x D),
GloE FEIFHE(n x 1), F@i stEEARE (N x

D, :j,ab‘ wnE YHEHEIANE (R x 1DE Ve

Aol 4 (1)g Batapsol gl dEjelA RBE wjuUE
dolelel 3 wAde Yehdi v X§ BERHE 4
UEY 151 %’7‘} # 3 AHcartesian coordinates)®l  $1 3

2 ks Jehfe WE 2 PelEd, end-effector?] &
DHEAA 913, 2%, MR BE@Ol 2lstd
ot ol EHEC
X fla) (2)
X gt (3)
X Jla, ¢rglo - Ji@ gt (4)

ol 7V A (@) A &S5 SH(forward kinematics) & Y
btz #E(n x 1eo}ar, J(g=laf(g)aqli: vy &
o} €] 2] jacobian gel(n x DS Vel 28w oy
Faolgle] 540 Fatels s nasiyl fisk aivE
&l o] ¥ &) end~cffector7} WHg mo2 HIUHE F3)
BES ‘4‘45] Aotz bRy, F8 el a3t
F o) ) tEmEs FA0171 Y3 end-effectorel

‘X [l
bl ol & FWE o UhE A gol Aoyl
folt) - mt X+ gl (5)

o714 fo FWEl(n x Doli, gy FTHINEER

WE(n x NE verdTh LE} end-effectorel 3
folt)e ohe ol FolAiz F/HHQ BHEAE

i

n

27y
) JHpfo (6)
v L-i A ndEa WHE e #dAAo=
e chga el ¥EH £ Qlrh
o mj'(q)l]t/ Jag <« gl + Itgig 7
Nig,q) Glgy + Flg) i &
wak Bal stE Ao 2uE sjuyEdolee %4
W a2 thg A3 Pgo] X¥EE $ vk
Itmglg ~ Nimag.g) + Gong) « Flg) - 10 (8)
ol7lM, I N, G & th& 2ol ezt
Iimqy - g+ mJe@Jig) (9)
Nimq.q) Niggr ~ mJT ) Jla,dq (10
Gimg) - Glg) + mJ(qlg 1

22 48A°Y f%

Az suFdelre 5o AN ¥(gross
254 pot AEHE 29
WAEE PP et AEHOR Azl mhet W
S deh 2=z WA Aol ol st kA
AR FHe wAsr) Aste] FAAM Bel@ AW
solExdnAol7] @ sel=wAlor)e) AAe 4y
87 9 zdol weh Hys 23 HgHxn T
Aol tg 45 Azkel Z3te] mheh 2@ oo
doh o Aelde) $aaFe aedw HuFdoly
o $HUAANY £8H AL oA JlesH Be
zol wHHLh

(L) -

T ‘_ﬂ

motion)2} 350 =

K. (maq@) gy + Kg (maga)glt)

(12)

+ Ko lmag gl

A7\M KiK', K2 g, gom o $42 g
8] & (nxn)ol v}
webAd, FHE e dastel o $dy] Hsly HolexR
QeAojr] 2 Fol=wWAo]r]o Algle]l Altol wp
g wgzasioldel &1 TAHEHA 4 4%
el el sEEH® ARANZ pun 7F AoiFe] bl A
91@ 2 sebojelz EgHoiol @k C!Ul*ﬁ.mmrt—
g Fraow FHsAE Yeuzusz Y

Kty (13)
o]714, 2z} AHojALE AWHE AJLesA EofEiH
o ARMY S Fal HHo o MAHARF gk
Fig. 1 & Al¢t" ZHE ufUyFEdolele 2§ Ao
Alaglel FzE vER R Stk
A (13)ell M Aod HgAoHAA 2z AlE HgA

A+ K ) qat0+ KA gyto)]



AT FEHI PF 2VALA AUHE MHYE
9 A (12)o] HL5H g oAUERAFAL A
Fig. 1 The block diagram of model reference
adaptive control for robot manipulator.
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Fig. 2. The Block Diagram of TMS320C30.
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Fig. 10 Configuration of reference trajectory at

cartesian space.
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Fig.1l1 The experimental results for position

trajectory tracking of point @O at Cartesian
Space with 2 kg payload.
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Fig. 12 The experimental results of PID controller
for position trajectory tracking of point @ at

Cartesian space with 2 kg payload.
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Fig. 13 The experimental results for position trajectory
tracking of point @ at Cartesian Space with 2
kg payload.
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Fig. 14 The experimental results of PID controller

for position trajectory tracking of point @
at Cartesian Space with 2 kg payload.
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