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A Proposal of Equipment for Positioning in a 3-dimensional Space with a Multi Links Type Parallel Mechanism

Kyoko SHIBATA, Yusuke NUMATA and Tadao KAWAGUCHI

ABSTRACT: A parallel mechanism has very good performance in terms of speed, accuracy and rigidity.
So, recently these mechanisms have been used in a large number of applications and are becoming
increasingly popular in the machine-tool industry. Then, in this research, two controllers, PID controller and
2-flexibility controller based on PID controller, were designed to control it. And, in this paper, the
movement of the mechanism using each controller was simulated. Moreover, as increasing a number of
links from 3 to 8, the movements of the mechanism were simulated. As a result, two conclusions were
obtained. First, 2 flexibility control is more stable and responsive than PID control. Second, in the multi
links type parallel mechanism, the stability is improved by the increase in the number of links. However, it
is not at movements of all position. Further more, practical uses for developing our proposal have been
mentioned at the end of this paper.

KEYWORDS: Multi links type parallel mechanism, PID control, 2-flexibility control, Reverse kinematics

1. & L & [

WERDEBRTIILOID A=A LEEHERT
DF ) BERE & B 5| (series)iZ D72 i F THEM 2 MERL L T
. IhE VY TNAAD=ALK ) LS. HIE,
THIC 2 TIEBORIERMR, Ry MLz
EANERZDBETHD. YITAAI=ZDbiT1
DOWEIEBRDEICY 7, FOTEEHEE -
LEINZORNB DD, kAICAMAMEEATL
EHEMICHD.

VYTNAA=ZXLEFBIZHDDNRT LA
A=ZA5(HE 2)THY, BHEE LS (parallel)iz>722
FTTHALEA—T2FER LTS, DL AL
S ALIRENEE ORI EBNEE LRV D,
VITNAAA= XL E B LARCEREERIZLS
BEORENLRL 5. £1-, HhMRDES Y
Uo7 0BIHBENS. LoTRTLAAH=R
LORFIIEE, BHEE, SHIMET, EFRkEe
EDORE Zizxt L THARNBOB BRSO Z &
ICHb. RIVAAD=ZXLADFEERIIEL D Ho
TebDD, BHELHENLERE-DIZERB LTV
Mo, LOLEE, a s/ La— 2 HIRORRBICHE

| HEME R TER ) F
2 YA TEERKRFEREE, I8 5 #)
*3 WIS M T ERHBUR Professor, Dept. of Applied Physics

(Received November 16, 2002)

Revolutionary joint

Output object

Series mechanism

Fig. 1

WRZ LA =X LOWERDRLITHZTND Y,
AKRTIE, BV I7BRRT UL =X AIEND
T, avyha—J0FB WML A =X LDEMHD
BWERNTS. £, 30788 o RE
TY VI BEHMIEBEOBECLEVLR
MTB. EbIL, BYVIBRRTLAAH=ZLD
EROLLERAAERRT D. AP T DADS
(Dynamic Analysis and Design System ; CAD Y 7 F)%
FRAL, 2V IRRSLAA =X L0 E2E
BLTW3A. 7=, MATLAB/Simulink &##h&&
Rab—varEiToTW5.
2. BYVHBRNRS LA N ZXLOWE

KIFRTHERRETIEV L IBINRS LA
ZALDMEEERR 2 IR T. K2 D0RF LA H=

LT3 VI RIOBITHSD. 3 >OBEBBEEN LT
BT A2 LIck Y s ToBn- g




gsé?gi‘r,::lte A\,':: ™ Direct current
system ' motor Output object
X T‘{anslallonal dpd
joint Screw
mechanism:
40em X_axis
) Spherical
,‘l jo%nt 1]* Spherical joint
1
ALocus of /
,// translational  Translational . Translational joint
Locus of _ -7 Joint joint ., K
output objec Spherical joint Link
Output objec! Absolute coordinate system Output object 4 Y_axis ¥

v(a) The size and coordinate system

(b) Internal structure

(c) The model seen from the top

Fig. 2 3 links type parallel mechanism

(a) 4 links type (b) 5 links type (c) 6 links type (d) 7 links type (e) 8 links type
Fig. 3 Many links type parallel mechanisum
d,, F d
Target /! Controller Driver > L
coordinates —
X —p
d F, d
Reverse ref2 N . 2 . 2
y —b kinematics —!?_—D Controller Driver Mechanism [—
z —Pp
[ ]
.
L]

Fig. 4

PIARERNG KT TEARE Y OB H#I< £ 5
WCEIK ZENAREL 2 5. K2@iICTRT LI, U
7 DR X 40cm, HEEEHOBENFTREEFEIX 40cm
ThHbH. K 2@)DMBEHRNDOEBEDEMZ X 200)I2 R,
—FEICHRE—4, TOXIZEY XUNREY i)
BTV, BRE—FORETAEEG VY %,
EY R UHBMBICL Y BB OBRE MO NIZER
LTW3., EEEESHSSICIIREmYaA > hEML
Uy Z7ARYFTIoNTHWS. U Z70RICIZES
WCERE Y a A >~ EAEY fHiF b AR R~ L D
WTW5. ELENEE % 100g, U7 % 200g, A%t
$% 500g LRELM. £, K2c)E, 3 VR
WRIVNAD=ZALEHEENLR-EETHY, 3D
OEBMEE, Vo OoRBRIEERT. HAMNERD
VAN B I ERE R DR SR ETS. | DHDHE
ENRAE I TN E N S X #h 5 R 20cm OfLEICE

The general block diagram of a multi-joint mechanism

BT 5.23 BOESBEEIL1 DSBS 120° ,240°
EHE LB ET5. BL, ZE#FHOGE ST DH
BIZIZED TV AV, K 3@)~@E)IZ4 Y 7 RBInG 8
Yo IRINRSUA A= LADOEEYTT. £HO
HEMII YV I ROBEELEETHS.

3. #l 8RO

31 SAHMEENHNT SBE0O—BNLEHHR
NIV AR =X %, SHEGBELHET 5
BDO—fMeT e v 7 RREK 4ITTRTD. 20T e
v 7 BRI~ B EEA ST SRR O EEH R
MELTWS., 2F0, HAHXNROEHEDOBEENRF
FRbLLTWS. EnbWiEEHYE, abte—7F,
HEEEBEN LT LA A =R LDOHER KO
kbt 7oy s bioTWs., avbu—Ft
BREEBIIY I By o Bo TS, | 4 12T



DY, )T IR DRI, dup,dp - (L ELENRIE
DOEFT~0BEREERM, F.FA-LESEH S
Z5¢T5h, ddy IXEBEOESEEH O ET~D
BEHEETHD.

32 yEEP

NI VAR =X LIRS T — iR L EE S D
EBEHET 556, BEE EEOHLAEMAT
WHDREREEBICRD. ZODICHAINED
BESBHM 2 RE LI-HE8I0E, SFEHEBEDH
BoEShERE LThiERbRy, ZoEkEN
BEEIRIZ LD RDHTVD ), EBEDE X FIT,
H AR RLE BRI 2@ RT & ) (KX EE
RICKTHHEXNEERE 1 D21 2BELTNE, £
DEEZRFOEBRITINE RO TN Z LICKVHA
o BEEE L EEEES o B ESEEROBREY
RKHB. ZOEICLTROEWEHNEOEBRNE
AT, ZITH, BIELT 8 U IBRRTLLAR
= X LOEBRRE () HRE@IRT

d,, = 2=2043 +40cosa, cos Q)

@, =sin '(—y—J
40
20-x
= S'n'l _
hi=si 40cosa,

d,=z- 2043 + 40 cos a, cos f, )

oy s (20l el

x — 20cos(/4)+ 40sin(z/4)sin, )

|
=sin
A ( - 40cos(r/4)cosa,

dyyy=z- 204/3 +40cos a, cos i, 3

o 22 o)

|L, 40
B, = sin"| 2= 20cos(z/2)+ 40sin(z/2)sina,
’ —40cos(r/2)cosa,
dyy=:- 20+/3 + 40 cos a, cos f3, 4)
o - Sin_l(—sin(JrDc/4)+ cos(}zzx/4))
Y=
BL, 40
B, = sin”! X - 20005(370:/4)+ 405in(37cr/4)sin a,
! -40 cos(3/:x/ 4)cosa,
ds=:2- 2043 + 40 cos a; cos f; 5)
= sin"(_ sin(mx) + cos(ny))
L, 40
B, =sin"! x— 20cos(zr)+ 405in(7t)sin a;
! -40 cos(/r)cosar_i
de=:- 20+/3 + 40 cos a, cos f 6)

o =sin” ~sin(5;uc/4)+cos(57zy/4)]
/L, |° 40
B, =sin” x—20coy57/4)+40sin(57/4)sinay
¢ —40coq57/4)cosa,
dq,=z- 2043 +40cosa, cos 3, @)
& =sin’ —sin(37¢/2) +cos37y/2)
8L, 40
£, =sin" x—20cos37/2)+40sin(37/2)sine,
- ~40cos37/2)cosa,
dyy=2- 2043 + 40 cos a, cos 3, 8)
o = sin"[_ sin(7xx/4) + cos(77zy/4))
Y=
L, 40
B, = sin” x = 20cos(77/4)+ 40sin(77/4)sin
' —40cos(77/4)cosa

INHTYV RS LA A =X LDEE L RIERIC
WEEEICESE, EREXERDOTVS.

3.3 HigxtR

AR TORE xSRI, B 200~ THRENEERE L X
3@~E@)NEV I RINRT UL AT =X LEEBRK
Lid, B4 TEHRBEE~OAHNTIBEETHY, H
HiTEBFEONETD. -, EBBEOBRED
RBLCIZ DADS ##H L, EF Vv Easa—4 L
THERTZILT, ZORKMEE | 2OTay 7l
ML Zhicky, ME=X beMmz, FEHER
DO LEREINDZ ENTE .

34 avbo—5K:t

AWFFETIL, ITAE #5(Integral of Time multiplied by
Absolute Error)ic k9 2> hu—S 2 RETS .
ITAEETIE, HonUOBB LT3 mERKERE
L, ZOEEEK L EBOGEBRRGIMEESR, =~
b —Z &Mz -zEBEKR—KTE L5t~ b
o0—SDEERETD. aryba—JF0OF/kFIZEN
Tit, HEMRTHIBEHEB@ERT L%V X
CHEEOICITERESEE AV TERL, REHEAHIC
LTWB " Znk5RFETPID avybe—J%
L. E7-, ZOPIDarbhE—FICT74—F
AU —Farbo—F &m0, 2 BEEREE
LizHanay ba—7 bkt L.

4 TXalb—iav

41 PIDay rA—SIZEIFBRY I HORN
& B
3B Y IRINRT LA AN =KL L 34 i
Tkt L7 PID a2 br—F%8HAL, vYIz2lb—
v a v &1T->1-. DADS & MATLAB/Simulink % Y >
7 EEERLE 8 UV IHRRTUMAI=XLD
MATLAB/Simulink @ijifi D7 a v 7 R %X 5 127
F. X5 Tix, SESHFELEHEEOT 0 v s 2k
KLTRLE. BEERE I~81F, T_RTRLTay




1
| -
|
I
I
ol
Iy
I I -
Fy
I
! /|
Il
i
Reversekmematicst 1
| | "ig
| | »
L ra aut
| | ,
I I Everschimematicss DADS model -i
| I -
! i L Qut
i 1 - - h
Reverse kinematics
1 |
| 1
1 . B
Iy
1 | rkersekinemancﬂ "i
| | | ]
+ 1
| L she | CO—w > »|33e3
I ! » In1 Sum2 Gaind _ 0.6e-3s+4.5 Outt
Reverse kinematics8 Sum T der Fong Gaind
1 I Gain2 Gain5s —
Iy «—.@ D
I I In2
L.I— - - Enlarfement
1 I -
I n1 ; Mux > asin((20-u(1))(40™ cos(u)))) -|
| (ZD)—w| asinuttyaoy [§  [itoxt Font
I @ Ecn. =
1 = ] M u(1)#40% cosu( costu@) (T )
Out1
I Mw2 Fen2
|
- e = - _> E@nem =r]
i - : asin((-sin(pi/4)* u[1]+cos(pi/4)* u{2]¥40) ———~|
>\ -
In2 >

Yy

| S —— |
A

asin((u[1]-20" cos(pi/Ay+40*sin(pifa)sin(u2])A-40" cos(pi/a)* cos(u[2])))

Ecnl

GO

35
@

AAd
—— |
y

u[1]+40" cos(u2])* cos(u[3])

Fen2

Fig. 5 Block diagram of 8 links type parallel mechanism




Y_axis X_axis Y_axis

(b) 4 links type

X_axis Y_axis
(c) 5 links type (d) 6 links type
4 & nitial position A

X_axis Y_axis X axis Y_axis
(e) 7 links type () 8 links type
Fig. 6 Target loci

IR D. £, WEEE 1~8 1%, MEICR()~(8)
EYUTiIIHTWS. £/, DADS 5107 v
X, BV IBRSUAAA =R LADOEBBETH
%, Bl LT, XKOHQ)ET e vy 7 BREHE RIS
BOHKRER LK. K 6(a)~DOIC Z i(EFLVDE
bYyFmne RIEBEDET L H RO BEM
2T, BERNE, MMB»OROREITRT
FENZ, —il 10cm DIEFFA#L Ly icamE L
HAXMROEE % 10cnys & LT-.

K7L, 3068V IRRSLAAI=R LD
Ja2b=—Vvar#gRTHSE. W 1@, TEFLE Z

W00 RISHEDOHAMBOBNBE TR LTS,

ZOKED, 1i0 10cm DEFERHEETTWE D &M
HARND. EFFROZEARAYBYC)E L, ik
L& E 7 (b)(eXd)iZ R, #EALRIL 0.1cm-1cm &
LTS, B 710)d)h 5, Vs BhibinEinE
BRICA2D, U BRI LIREIOES/N S
RELTVDZ ENFARNS. THAB) (K 1)
LTI, Voo B0BICL3ERIZEALERL.
U7 8RBmMIniE, HARBOAMOSEKR
BERENEEORELLHLT - DICKHENRL 22
DLEEZTW. L, ITDOyIab—ay
BREY, BBHMBICL->TIRUTLLY 70K
MBKEEDE IR RO VR E Ro7-. B
BY)Z2WTiL 6.1 BilcTEET 3,

42 2 BEHENMMICEHTRY U BOBINZE S

Jid 5
418DOPID 2y ba—5|, 74— K74U—F

aviha—J%Mz 2 BEEREE LEEEICBIT
BIMNB S VUV IBRIRSUAADI=ALDYI 2L
— a3 UREREX 8IRT. BESBNE, 4.1 SR,

&6 (2R3 —i8 10cm DIEFFE Liz. X 8D, E
VU A VALENEY Nk r Y WabsE 1oL 117 ¥ N
LT3, ZoORLY, 18 10cm DIEFFHAHITT
WH I ENFEARND. £/-, EFHOXZEAY
(ABYO) & L, IKRLEREK 80b)c)dizrT. Hk
KEIZ, K 8(b)(d), TR HTEAANC)E, K 7 [t

0.lcm-lcm & L, 8(c), ThbbLEABNHIELT
X, 0.0lcm-0.lcm LMDOR LY bILAEEHBL LT
W3, 2 HREHEOHS LR $b(D)NS, VoK
BOIRWEBIREIICRZY, U7 EBPE VTR
BOENNESEELTWAZ ENFELERND. H
EB) (T 8eNTBILTiL, 3 YV v 7 BINE L EENRK
<R, MNT8 VIR, T Y R4 )
IEILIR>TEY, 41 HiFE, VU7 BOEMIKE
EORm EIZORBLRVEER LR L LR
B, H8EIZHFWT, RHLEELTND4 Y v rRIL
EUREER 3 Y U7 RTOEBHOEL, bTFnic
0.002cm (IETHD. HABHZHL THEREY 6.1
I TITS.

5 NRILILAH=XLOERILE

FTTIZ, NRIVARAB=ALEZTIAL b Ialb
— R TEERAF CHERASATVWS ¥ 23, FioH|
REDH Y 5%, KO3 H>OIEAGIZE 2 71-.
1. BREAREDOTEBRFICEIT 5 ERERID 9)

BEOENLOBRTIE, BEBORRIZEBW\WTY

L—raBRL, MEOERKCERALTWS. L

ML, BRMTHI-DMEALRLDEELTIT,

ERRMENR Y, (ERDLRETHD., ZDr L

—VENT LA =RLEEICTEHLiIckY

REMBHE LERLICTELED L, MREICIE

ROMPAREL 2B,

2. F—LKBRLEOXHBEXL X F (X 10)
BE, RE -0 FOEEICHBERHIC
BHATHBREINTWS. ZOH AT XEER
TV FEEEIORETDHZ L LMTER.
NIVNWAA=ZZXMMEETH AT 2EHETH L
2LV 360 EEBRICBEISED - LNFREL 2B,
IDOFRICEY, By Fr—IKi3TR, HBFE
RHNFFOMELRENOCBENTREL RS,

3. vRy F7—LOFHEEEHH 11)
ABIDOFEIL, oS LI, BHEHI>RLA—
RN TZENTED. SFEToOrRy bTiE
EHCREEi 2R LT i=f=®, AREH~RSB L,
EZIbWBiE 2o TLES7. oL, 25
VWA= A LEEETRATHZ LiICE ) AR E
RIENENLLEOBNE BFREICR D L EZ LN B,
Ak, AEOHEX, BEROFEOIRFEICL YL
HEBMMOLTNDT, BEAMICAT LAY =
ALEETHBLEEZLNS. £oT, 5L




Y_axis

Y_axis

axis

Y_axs

Init
0 a

A 4

Xjaxls
(a) The simulation result
08

07 ...~

08 | B
8 links type

05 e

04 |

03 |

02l ...

0.1

X

02 i i i i i j i i

995 996 997 998 999
X_ax

(b) Eniargement(A)

10.05

I10 10.01 10.02 10.03 10.04 10.05
3

10.04
10.03
1002
10.01 X 4
299
998 ...
997 .

9.96

9.95 ) i ) | 1 ] ]

links typ|

| 3links

i

b

type

95 96 97 98 99 10
axis

X_
(c) Enlargement(B)

10.2

10.1

10.2

8 links type
101 :

93 L

9.2 Il i i i ! i i

| '7]irik§'t)"i:;e . : e

pe

.} 3 links type

1

€005 004 -0.03 -002 -001 0 0.01
X_axis

(d) Enlargement(C)

Fig. 7 The simulation of PID controller

002 003 004 0.05

Y_axis

Y_axis

Y_axis

Y_axis

0.1

0.2

10.005
10.004
10.003
10.002

10.001

9.999
9.998
9.997
9.996

9.995
9.2

10.2

10.1

99
9.8

9.7

96
95
9.4
93

9.2
-0.05 0.04 -0.03 -0.02 -Oﬁ' 0

lni}al position
N :
D -
i | 1 i i
[ 2 4 6 8 10 12

X_axis
(a) The simulation result

TR T W W N SR S
95 9.96 997 998 999 10 10.01 10.02 10.03 10.04 10.05
X_axis
(b) Enlargement(A)
3links type :
- -7 links type

BT B . .} Glinkstype!. ... L

83 94 95 96 97 98 99
X_axis

(c) Enlargement(B)

10 101 102

1

L) 001 002 003 004 005
(d) Enlargement(C)

Fig. 8 The simulation of 2 flexibility control



Strong wind

)

Safe moven

poooo

Fig. 9 Construction of an upper layers story

T x{ Translational joint
Sp! encalj);' v =
oo

Fig. 10 360° move camera

Spherical joint {9

Fig. 11 Wrist joint

AA=ALEWFEST D LICED ABOREITICY
TITILHEEZLND.
6. # "7

61 avbta—3, WEIZKHILE

vialb—va FERE 1.8)EAVWTHEEITD.

F,PID a2 bu—F 204 L 2 B mEHE
DEE L EHRT S L, 2 BRERBEOHEDH MR

ENAREIRIC D LE BN L TWD Z L pinnd.

i, SEBROIEKEDG) DA RT LS, PID =
YA —SDBEIEEMBETHDHESFFEOELIC
BELTHORO HEMBOMBI~DHENTbA
501IZx L, 2 HHERBOREIEIT 4 — K7+ T —
Farybe—S0hRIcL EFFOESICETS
AIMOHMEERITY Z &Ik 5.

WIZNRFG U AB=ZLDY 7 iz Lk BHEET
i, REIIZY I BOENFMMREIN DR BRE

LTWafmAHS. ZhEaikL-L o, Vv
7 B DB S5 RO AR D5 BB R B D

BEZFCTDORERBMLET 210 LEXL

3. LaL, BEEGR 7c), K 8(c), Thbb
BEABHNICL > TRETLLZOHEMAE TIXED
RN EBShoTm. ZORRIZSOVWTEZS. K
12(a)(b)i, X 8(c), TbLBLEABI BV TELFR
HEETHoE3 VU IREELVRETH-T4
IRINRG VAR =X LOKEBEEH O Z #Hmo

BEHEMLsERDLTWS., HAMBOBEEE T

10cm/s EBRELTWADT, BEMBN(X 6)THBIE

FROZTEALZERT DDA 1§, BB 2,

O3, PIHNLBIZR 2 DA 48 & 725 . X 12(a)b)

ICBWTKD 3 FICHEHE L.

1. 3V 7RBzRIT5 3 >OEEBBEHOBENFHH,
#1(38.0-22.0=)16.0cm (2, 4 U ¥ 7 B
(38.0-24.55) 13.5cm L e DR R TW 5.

2. 3V UIENIEITD 3 SOEBBEE D S B joint3
oM OEEBEEIC LB ENRRES R, 4 Y

40

_—
£
Q
] .
2 w7
S 30 Z
i
°
L4
3
E o5t ;
— joint1
== joint2
joint3
2 i i 1
0 1 2 3 4
time[sec]
(a) Move distance of translational joint of 3 links type
40

w
a

move distance[cm]
8

25} — joint!
-- joint2
Jjoint3
joint4
20 i i T
0 1 2 3 4

time[sec]

(b) Move distance of translational joint of 4 links type
40

w
a

/%‘?;?“ ~

move distance[cm]
w
o

joint3
oy, Jol

-+ joint4

251 {\?KQW © | 2 oints

3 s — joint6

¢ —— joint7

8y —— joint8

20 . i AP
0 1 2 3 4
time[sec]

(c) Move distance of translational joint of 8 links type

Fig. 12 Move distance of translational joint




v~ 7 BT jointl & joint2, joint3 & joint4 D FEEN
BEEEAENETNZE L.

3. R1R2o#BfofE, EE2ELTWS. BE)
EEERR VY, BEIZAICRY, IEENSKE
723, £, 123 BoOFRICBT 88425
<5180 ELATOAEIL HENEX NV b
BLEEBWTS. 4V 7B BOTIZEABRA
SATERT D ATV, 3V U I7BIZBNT
I, 28D L X, joint3 BHAIZAR STV,

L ZOWTHE, BEEETAVIZE Y 7 BEOE

ENRKRELRBLENSIZLTHY, LoTHANS

ICRERAFMBINDEEZOND. 2. IOV TiX

4 V7B ROERTHLEARFREL-TED,

NI VABRW. 3 U 7B B joint3 DEEHRY

HIZ L D2EVWBEIEM, thoBEEBEE & ORI

BERBYEZELEZLND. 3. 1220 TIE, #A

DRATHE, EEORMENALETHLENHIZLTHD

o, KoTHIMBROBEIIRAREEEINHETLE

Zbid. Breue, —&Y o EDENEY T

BNRZ VN RAH =X LDBED Z hEmOBE)IERE

ERY. E8LICKWT 8 Vo sBIZ3 Y R

FOWTREBIDKELS RoTWVAEY, ZHhICELTY

k1, 3. OEEBAICBITAEENYTIIES, X

THRLTWRWS~T Y 7 B-DBED 2T

HAB)TOBEIMIIZ L LRWVThIrDEENY T

TED, 4V RN OBV TRETHDZ

L BRFEARN.

6.2 EH~DEA
ERIINRSUNAA D =R AP BAT T CEEEY

RKOBBEW, Vo r7&EHNT52 L1 DDFE

BTHHEEZOND. LML, Vo rEome

aX heBELOBIERHASH. a2 ik, V

Y BROEINC L 2WEERBOHMMTHD. Fi-,

BELOBBELIX, KIZHITFD2o8EZLNS.

1. BfERE Y a A MNOBRRTHS. HAxtR L
Yoo oBgX, BREYaA s FTiIThbha:
B, 1 ROEKEY 3 A » Mz &k 2B RERARIC
RARHDZLEZOLND.

2. BEROFEBEEBON, | DORHBHEES T THA
Eo#hx L$ThiEL-B4TH5. ABHIE
3 Y IBRITRREEL RS RIS, 3 Y V7RO
1 >OWBEEEBICBWV TEREHEE L IETFOT
NBELHEICH, HARNROMEIZ TR
HEULBETT, BB EKOEILRLHAIZ AN
LRWTHAHI. LhL, 4 ) IR EDBEES
ICBWT, BEhEEC AL IR, ¢
NOEULT-EEEEN RN D Y 7 x @t
L2y, HBEBEOEIERCHBAIZ SN BFATHE
HNREZLLND.

768 b Y (C

AR TIE, Y I7RRTUALRA =X L%
Exte L, ITAEE TR LI be—Fi2kY

Yab—var LR ROMREHE-.

1. avba—J@FPIDarbe—5%0H 2 HA
EHEE LESEOFNREENE, ESfEE biz
RK&E<mkEL~.

2. BUYUVIBRIRTULAAD=ZDIZBNT, Y
7 BOEMPEEEDEIMC SRR BEMIZH
B ENHERTE=. LML, HAXNBOBE
MEIZE>TiE, £FLHZDEMBYTILE
BRRWZ Lotz

SHORBRBAL LT, Vo7 OEBAER B EHY,

MBI OBEBEORTFEMZZZ LT, Vs

BoBMBLTEREREDOM LI okNn 5§, HR

BORVWEHADORIC, E#MEAW-ERERL2HE

ELu.

2 & X MK

1) JEAN-PIERRE, MERLET : Parallel Robots, KLUWER
ACADEMIC PUBLISHERS, (2000).

2) PR R, NE =L RNT LA A= X ADESE
i, EEL¥SE, 63, 12(1997)1655.

3) A E— RS ULARAI=RLDEHELBAYE, B
ELFELRE, 63, 12(1997)1647

4y FHER E:oRy hOARLHE, FEEE, (1995).

5) FNfER:vRy b==FaL—#F, aatik, (1989).

6) RICHARD C.DORF, ROBERT H.BISHOP : MODERN
CONTROL SYSTEMS, ADDISON-WESLEY, (1999).

7) ML %E  CRATALHEIE, A—Aot, (1999).

8) RIS Futh : NI LARA D=L LBEEMI, #
276 BI#E S [R5 IT BB AL - SdbE4m
ITEH -TIEEBOF 22000 7% b, HE
T#£, (2001)20.



