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(A Study on the Position Control of the parallelogram link
DD Robot Using Neural Network)
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Abstract

In this paper, two degree of freedom parallelogram link mechanism is used as DD{(Direct—drive)
robot mechanism. In parallelogram link mechanism, two motors being establilished in each base
frame, the mass of motor itself is not loaded to anther motor; the number of links are increased,
the mass of arm being lighter; with the estabilishment of link parameter, nonlinearity such as the
centrifugal force disappears; at the same time anti-interference between motors can be realized. And
to realize highy-accurate drive of parallelogram link DD robot manipulator, to improve the learning
speed through the design of leaning control system using neural network, to raise adapting power
to the varied work objects; the learning control algorithm is composed of neural network and

£

feedback controller in this paper.
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Fig. 2. Simplified DD motor.

w3k el FE0HE £ FoHEAE F,, 3
AAebE e =g Feboshd, ohes 7o) vl
% glek

Fy (6>0)
Lol ={—F; (80) 15)
oD (#=0 and r<F,)
m. Alds|z2e 74

Q79 HE 0 AN ARAER TR IF
o) HuAe) s)Bold) o)A HhF o) ARAEE
Mz B AT sewe YAl wEe W
Az Azde Adsla sleh AR WHEE
3} wre) AYe e wch wEw gl dee
W 4 A o), Do) wstel AR g

ST % 9t FHE 7Pz e

#



1994 98 BFITEEWHXE $36 48 TH £ 3% 67

2. A7 2 o T

AAsERe) 9P AeAel g dmelzoms
23 AshEe olgalslch o daThge
o] 2t gel WP} FoAHR, o] AzE YHF
3 F0% Aele) AFNF w0 &) wakEe) 52
Zoll Az, b 22455 295 Aols] Al
% w, ol o3 wWawe] FEae] 4, 02 Zes
Ak o FYget Aok BEGS wlasiel, 1 o]
T Zohie Wgom 7 AR e Jeos
24, & FUE 293 ARl Agere 249
F, oAe B PET 303 Allel ANEe

Z5 WA 2Aske F5eHE 7T ek oleh

= kg o] Aejaick

dwz= —7 gui = 70;¥; (16)
H
28 3. A4 2d b= =5 = 1) 2 b, an
Fig. 3. Neuron model. ’
Az 2ake] Zh5 URoxe] FFE(Neuron)Ale]] B 73 Ale|e] Al A (16), N2
AL EAA ge AR 3, 7B d¥=or ¥ ohe o] A=
FE FHESE Isle) E weke 2t AgEE AL
2 ) Wi, (m + 1) = wy(m) + ?:776,, v (18)
=5 1929 312 WAL Aeld, $02H 2
HZ0] YL A R0 =(Sigmoid) 35 E74A71 A wi(m +1) = wylm) + 298,y (19)
L2, —1Cfx) <1 Wele e Aske ZleR ¥
o d8S 5 2R vE e AT LM A 1
2 Fom, 7t 9] lEH WAle IH 49} o] ¥4 .
g9 o setpoint || Neural |%fK)
& olek processing [ | network
\
u..(k)
6afk) 11+ ek Robot |
5@ u,(k)* W0 Manipulator] W
O 5. 23 v Eeolely dpAle] AlxE]
Fig. 5. Learning contorl system of robot manipulator.
Hidden B own Sl v
B =il Aleksle AoAY] T2 13 59 2
28 4. A7 5=z ot B AjAA 2R wuEHelEe] ZalEKEA)
Fig. 4. Neural network. us AAS ST ERghel 7125 £ = Aoy

(245)



uol-

68

A
u

=2

tlo

2RH) 38 uesh ARHZROBRE Y uy
of o thest o] Follk

(20)

U= ur+ Uy
=g Ju) A7) G(z)E that o] Aelgit

Glz) =Kp+ Kp(1—271) 21
ge] Al LA 2BE el Ao
A7t F= AJAZE =H, weby A3 2nke g e
3 79 0ol 7itel ey dhsro] Aaige] ule
237} 2AA o, A3 kel 23 AAZE S A
oJAZ vlpA "o} TelE2 I=H] o)r]|24E 9]
Z3o] (o] HAUL e A3 2 Ui FAA
do] FEEGSE E3be, AAs|Ee] JHAsE
o]-g3to] zpeiehatole] 2AbFE A ARESA|l Xct
A7s2rpe] qlEAs2A FRA% g, AHE 4,
&5 6,9 29 95 Y A3 2Y
H y, & Aejude) Ao s xAs] 3 A

K& o83t

Z
P
s

UN = Kyn (22)

JdHAE F 9,(k), Bu()E ERAT 6,k F

o8 FATEE e, 4% T8 Te
=, chesh o] Hejeiek
buh) = D)= 8tk = 1) .
Dty = 2B = Balk = D) o
QiAdel e TSl 1Y F71 vl

LR+ D), 0,k +1), Bk + D2 AlHFZH
o} AA JHAFT R o]g3lch

V. Al 2 58lod

Aojeik-e 28 1ol vehd HaE= DD 2% o
yEHelHE AHgsiglnl. AaaEAA sivE o]
el 2EHITl (x,NE FRE W #EAE

0|43 H= DD R A A

(246)

FEK

6, 6,5 27+ Al 107 (IDE o]g-sled Alxbaket.
U Eeoleie] & oM A3 Aaad o Aabd
g AR FFshe Ae AEdeld ez s
ExAEY AAdE RS I9A 3o Fsks A
el EEalo] WAl o] &-alglrt.
Bl MEY F7] T=50ms], HH &
E o=0.28[m/s], AN7HE o =1.3[w/s"], F34
o] 1, =0.3[m], =0.3[mle] TS AME3Isch Al
Az 2] e 4 AEY Frvkd SyEes 5
gow, MuUEdolels] & oA ubd R =0.08[m]
ol A3 ol H=0.12[m] ol At g e A
o] L=0.08[m] 3 HAAHE 2& el 2BlIEE
stolct sl Zelle] gJHAls=

Al

61(R), 04(k + 1), 6aCk + 1), 6a(k + 1),

G:(k), Gplk + 1), Ga(k + 1), 6p(k+1)

0.6
0.4
0.2
0
-0.2
-0.4
-0.6

adh al. 042. 02 [rad]

0.5

(a)
16

Uz u

TM

0.5

4

Uy, Uy, Uz, Ung [N m)

-100

1.5
Time (s}

6y

a3 6. A FF03)
(a) 2489
() AAYH
Fig. 6. Learning of circle trajectory(1st).
(a) Angle response.
(b) Control input.



}A s ol8slglod, F%
e 47t 107), 27lelel. Aese) 2013 01l
A 01 2119 slel(Random)®] o2 AA3l2H,
7=0.12 ¥t A=A
(Gain)& A viElly] Sl Hzedd 3tes

=V A 2
UEE

1993 9R ErILenm

ul
=

Kp =55 Kp= 152 3ich

2" 62 AAAE PDAIRE o]8se] 13 253

2639 72

Aeiz)e Al

==+
TR

< v $5E veiick 18 609 F5S SRR

B, 055 AAESHE 6, 60,2713 6,00) = 600)=0)
E JehiiE, 3&5E A7RE 27 Jeliink 23 6(b)
8 28 AN 22T u v, AAFBPOZY

o] &3y up 5 VEPATL
0.6
< 84, 8
E 0.4 L/'" !
& 0.2 :
< 0
o< -0.2
c:‘_; -0.4 Gaz, 0
.0.50 0.5 1 1.5 2
Time (sl
(@)
10
E
z 5
b3 b’
2
5 0 «—Unz AN
=_ T Uy
z -5 32
D
5 .
% 05 1 1.5 2
(b) Time (s}
a2l 7. A4 FE103)
(a) Zr&%
(h) Aoy =
Fig. 7. Learning of circle trajectory(10st).

(a) Angle response.
(b) Control input.

a8 7L dAAHE 108 e qo] g
ERZeo] dx|staz 9loew ¥ 7(b)e
M

FhEE
A ARsERe s e 28 wunE upn

(247)

#3%% TH $3% 69
w D wol AY dxFT Y= AL AAz 2T
o] 7 Aei7l2AY dge sk gicks Ao2A, o
A A=A 12 Ee 2 un B upZ)h 0
ek 7 oelaie

x 10

Lrror

0.1 :
10th i
0.05 |
!
0
0.08
-0.1 :
-0.15 -0.1 -0.05 0 -0.15 0.1 0.05 0
(b

a8 8. g ARSI 4
(a) S5t
(b) =527
Fig. 8. Learning process and circle trajectory.
(a) Learing process
(b) Trajectory

a3 8@ £52 4% A5eate) HF el ¢
olw}, B2 AAH FE3h5o Alg A4S Yehgc)

oo & AEY 48 Nels Ex ohewt el
el

N

2 00s(® = 0.0
= N (=12 (2
a9 8b)F 2 105 F5AE u, 4o SEAHt

AA AL ek,

a7 Yare AAHE 108 B 2EY 5 20
AYHNFE olgstel AYANH AAARE a3

del gute veich aATe) vlmg g8 Azt
A= Az ARL 108 2R 23 o)



70 AR 2E o] 48 BYH 3 DDRES AAA o S£EK
oA M= njpet zro]| 13] A|3Pe wje} 105] A|FYA] gow, ubastey Fof Al gnts wslet Aduiiy
F& de Hdt A3 Folrl A9 gleng of A4 Ax} 1w HgHE A3 YE %
AR o} o] Wizt ML =it digh whE ek
AH-gHo) gle-& o 4 qlrk dubgog AdsiErged o3t g B 3l
HHEEET AAZES SRk AJFe] Qlek we)
VX 10™ A B ol AR Sy daE| &, Off-line 35
4 53 553 A4S On-lineAloiAldl H4A70=2
o8 A A535E dHAAS Sle Ao I,
0.6} $o 2 B3P DDEE vV EHlEE A A
E 0.4 AAsle], ARl ShggAle] dmelEe] AFAE Fal
& 0.2 o o 3] $1gk AFE AEsaAl g
- T 2724
& ® o
No. of trial
(a) [1] =i#EEw, “DDuRy o, BAoRy M
0.02 &5 Vol. 5, No. 1, pp. 55-60, Feb. 1987.
0.0 0 [2] K. Otsuka, A. Uchiyama, “DDaX+ + EEE
~0.02 v, BARoRy FEEEE Vol 5, No.l, pp.
¢ 004 67-71, Feb. 1987.
e o | o (3] 254, A5, A4, UAKEAH 754 2
o4 10ch 3] Az g F/FA Y 72AYT, A
w0 s °m 3] A8 5)=23(1) pp. 781-784, 1994.
(b) [4] W), “=2—FNAy L 7—710 % BEEL LB
2] 9. ATtz WAk A"e] EEAw B, $29EFHA B RN,
(@) &0 pp. 397-398, 1990.
(b) =277 [51 BEF/IL “=a—J0Fy bT—2aRy D
Fig. 9. Learning result of triangle and square FERT", BABHREEEE Vol 93, No.856, pp.
trajectory(afer learning circle trajectory) 218-222, March, 1990.
(a) Learing process {61 AAd, 3FE 239, ‘CMAC ¥ duels
(b) Trajectory 9] el g A, Foldta FoE)
B AuEAlTs =53 Vol 3, No. 1, pp.
v o= 69-79, 1995.‘ ]
(71 28, abas, e, A2 fdda
2 =EAE DD REAClEE A4sze wiEel A3k PIDARY, SrE =, Vol
o]8sie] 23 wpEAelee] HAAIE A e 20, No. 1, pp. 287-204, 1398, ,
Aol melze Tasdel [8] Rumeliert DE ﬂmton, G.E. and Wil'harms,
Aeket shadle] wmElze Aldslzds wea R.L., “Learing .mtiernal Represent.an(?n by
Error Propagaion’, Paraell Distributed
Alei71Z se) slerd, wyEHelE el AXAlAE 5 Processing, Vol. 1, MIT Press, pp. 318-362,
& shgo] zlsigel] wle} vl=d) Aojr|RNEe] &Y 1986.
< 0ol 7Bl =, A3 2ol 3 Aleirt FA [9] Kuperstein, M. and Rubinstein, J., “Imple-

e

2~
T

A

A7t Bl AL A FH Frke A% ¢
ook, =g AAE AL QJEABEN BEQ
AC\EghE olgsERA ME og EAE L S

(248)

mentation of an adaptive Neural Controllor
for Sensory-Motor Coodination”, IEEE
control System Magazine, Vol. 9, No. 3, pp.



[10]

[11]

1999 98 BETFIBEH

25-30, 1989.

Passino, K.m., Sartori, M.A. and Antsaklis,
P. ]J., “Neural Computing for Nemeric-to-
Symbolic Conversation in control Systems”,
IEEE Control System Magazine, Vol. 9,
No. 3, pp. 44-52, 1989.

Kawato, M., Furukawa, K. and Suzuki, R,,
“A Hierarchical Neural-Network Model for
Control and Learing of Voluntary Move-
ment”, Biol Cybern. 57, pp. 29-37, 1987.

=t
-1V

BB TR BIK 71

[12]

{13

S IR |

FI, HE PR SR 7 R — FEEEOmHRE]
BETNVICL A EME~=E 2V — F Diol#E
e, g20mEHA H Bt e iR R e B E,
pp. 281-282. 1990.

H. Asada and K. Y. Toumi. “Analysis and
Design of a Direct-Drive Arm with a
Five-Bar-Link Parallel Drive Mechanism”,
ASME Journal of Dynamic Systems,
Measurement and Control, Vol. 106, pp.
225-230, September, 1984.

& ¥ X(E€H)

1984 29 Folgw ERlEst
4. 19864 29 Folizha ozt
o AR} EJ(F3HAD. 19%6
W 29 Foldigta gl AHAE
gt Ed(FEhidah. 191d~2 A
EuiEl Auzxe Yo F3
Afobs 2HEA gAY F

(249)



