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ru =0 » FIRE AT () By, (0) 4B 1o L BRJFED 0 Hju =1/ - FI 5
FHEETE) B, @ 4 1 BRETHD QuaBNSSRRATT | (i H Bezier (117 L@yl
T IR e R RS BT £ MR~ R MERL

3B, (u)=1 0<u<1 (2-4)

PE2-3) i i A FU AL

Bys(u) = 1-u)’
Bl,3(u) = 3U(1—u)2
B,;(u) =3u*(l-u) (2-5)

B;,(u) = u’
FHi(2-5)=¢ i 411 B, 5 (u) FUAITEL= Eru ”EJI%I%  FE AP (2-2) 20 5t piBezierlizst -

A H -9

Cu) =Y B, WP

=R, By s(u) + PlBl,3 (u)+ R, B,s(u)+ PsBs,s(U)
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=P,1-u)®*+P3ul-u)*+ P,3u*(1-u) + Pu® 2:6)

T T 3 '
(0,0) (fo,O) (Exf,O) (fo,O) P, (X, ,0) (2x, ,0)

ﬂ%ﬂ[ 2-8 ["EE'J*)Jﬁ[E,;IF::[-I-ﬁ; ‘——%{1%[

P, P,

[ji' 2-9  Bezier plisua [yl
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S e R (i
R - ﬁp;rkﬂﬂu Tl F ,;Hf Py B, o B AR
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8X; )

Z; 1
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2=17,— L= X = x EW%FP " P _(4xf,zi
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v IR G
WERS ~ EUROVERS - BRI P GATU TG [E“@‘LE‘HX‘EX UERP, -

) P 1 FIEEE XS, LB, T TP, - R

s il
U[ /E{‘Jﬂﬁ:“% [H[F[J 'I[_{ﬂﬁrﬂg’h"& L dk‘ 2-3 Il_[ :{FI —’\[H—-—F[ HEJ
0,4 (u) = (l_u)
B, (u) =4u(l-u)®

B, (u)=6u’(l-u)’ (2-7)
B,, (u) =4u’(l—u)

B,.(U)= u’

PR 2-7 (IR 22 i I E RS A0 1
C(u)= ZBi,4(U)Pi

(2-8)

=R Bo,4 (u)+ I:)181,4 (u)+ P, Bz,4 (u)+ Py B3,4 (u) + P, B4,4 (u)
=P,(1-u)* +P4u(l-u)® +P,6u°(L-u)’ +P,4u’(L-u) + P,u’

R~ [pIE 2 R - R Cu) Sy = 0,x = x }ERART > HE]IF={=]

ok g
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222 EHETIEET)

EE’—;\ _Fg‘]‘jl?u, E[f EF[J—[-FT G FER B T l%ﬁ%ﬁli J%ﬁFJ [@%ﬁé[l‘%’ﬁ\:
lffﬂ&ﬁ 2 T L Iﬁiﬂj b s [P IEUELEE‘[EQJJ i 2 oo =
FIR S PHELT X% (g Y A 2 IR 25 P ee-)

4\4—"'}':{_] [/FI E , @ H

F, =k, xg(d, (t)xr(z) x U (2-9)

FUFIT K By SR TR RO PR BT il » 25 PR A ]

U B X O Rl d, (8) 570 R A R VSBERI POBEEE » 11(2-10)7° -

d, (1) = (x (1) = x,)’ (2-10)

1 9(d, (1) 551/ BI [ =41 d, @R« 1A= -

d, (), d. (1)<t
g9(d, (1) = { (2-11)
0, d@>t

1§11, $BE SRR X A - X, () RLA R IOA - t 8 x SR R

AT e F5PIRER g(d,) AT S L YR SRR R

PR PALE R YRR A FIAORLED TR S A e AR
T > 78 x [ e - DAY 2-10 B 3 el SRRV IR o LT L
HIPVEES R E R AR [y ) ﬁ R T G I e
TEIEE o N OERRE AR A BRIE S SR AR L AT [y A )
Bl F.E'[Jﬁr’fﬁ}{jwﬁ TEVApIEETN F 7S ﬁfﬁ%# SR FRLER 2 S
FEE T SR E R R PHEE AR > IS > Ax > FIREERGE ™ bl i)
TS » 1) URRFSEE) (AR F T - O s Bl £
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() RETERARA » A IR » TS SR ALY
FEESREED BT BRI RRA SR -

s o e S o S

XBH{IE ()

time (clock)

q&ﬂ 2-11 [Hlﬁ,%‘)ﬁ’ﬂﬁﬁ*}ﬁfj%ﬁﬁi%

BT 25 PRI BRI I ROP R Sk, o k- RRanE T
PRI 50 (= P POBRIR b for ERPo & A IR > FEA Ao 2 Jm[p‘ﬁ*ﬂ“#f
R & SR SR T [FIGRR Fods (e SR Y T LR~ B o
B e e R TR v SRR IRy ol R 24 s (P A L
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SRR IRS R IVPI AL [T PR AR PR
GRS (R SR SES G RGN LR, s SRR
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TR [P K 5 5V I R T - AR g T B ] Hh
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51> Hi
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o R ST A A TR AR R AR AR et
Z=5# ( Networked VR-based Telerobotic System )[12,32] » 5 /7 ; ?ﬁ@ A ERATER [
RS 30 31 5 (RO R S G
AR RIS I[E{ﬁﬂﬁ ALY b g SRS SR (VR 1O
devices) » (L DI (B VR engine) » '] M ffi % m S ES N AR o
B fE R (VR 1O devices) ﬁ 73 TRt I o BB B

B IR g R SRS S R B o A
T EU TR R 2 A% e B IR R i I R IR B
BTE  9TC ﬁfﬁﬁ?ﬂi@%ﬁ’iﬁﬂ 1% (VR-engine) » agffis s RLE F R pupupy o o

R FRER O] ) A NI AL R T RS H Y S L A9t
}{ﬁ]’ SO P VR PRI R R I T S i AR AR A
b (EEL R AT A PR B R RV ER - PSRRI A [
FUPERLER IR » VI BRI R IR~ -k = 53 03 Tl 3o
" AR J\TTHNF, Vet o MRS (Drive units) 0 ORI -
I R 'ﬁﬁ%fwwrmﬁmm B 4] BRI 0
RIS F R TR RIS ey R I TR 2 l%éfc‘i s AR TR
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W] - Position
Feedback Force
: <:I -Vision
Monitor q
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= olll Il g
3 3
=] 0 = =
S Simulator 5 =
g 3 3
@ o =}
- H - Model H > =1 >
= R m
_ - Simulation 1 S I
=1 o
o} - Sensory = =
. —h =
® Processing o 0
@D @D
Force Reflection Joystick
Drive
X  unit
— N—r v ~—

< Virtual Manipulation > < Real World >

< Networked VR-based Telerobotic System >
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FACH 3-1 E{fi%%% » TS PR R SRR REREIRSA
A YR 3-2 > PR E T e MRS TR R - e IR
B EIR AU TEAN R DB > bl i (R R GRS g
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311 ERYHERE

RO IR L [RETRRT & EpOS RE T  7H
PG RfOP 3 5 2 iy R (= LIl o > 2 2T JHIE,%‘L%EI*J
ST e o AR 0w SR - AR SR IR TR
PP AP £ (=2 Eoph % SR B AL > Sin) > SR IRB o B 0L it
IR DIORURLET » 70 07 B = R 5 1 DI i e TR BT
wFOSER D IRV £ o 7 IR /7 A 3D AR E O o 2 T S
R R

ik OB TSI ROl TSR R
% FERGTHASE TR - OPS-3757 + P HE VO R kT -
ﬁ blp JfFJrfil—%w“’Ei/[l Microsoft Windows-=3[[[ {=2f 525 % UNIX_Ffy X window
BURL TP BRI A o [1SP = i (Graphics library) 7 1 - P [gl=F
F=" Pkl [ (routine) i 26 - B [SIRIOREZC S - BEGRT (S|Pl
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(Graphics library)
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33 AT PR

Fgr%i*ﬁﬁj B ]E@ﬁﬂ F’ﬁBEL?&F%ﬁEJ(Device-independent) » B r%ﬁﬁj Bl fﬁ%ﬁﬁ{
FIE BREAFEZNT | e K %E'%“ﬁﬂﬁ} ; ﬁ'J SUFYIIZEFr= i E  OpenGL ~ WTKS e 1] ™
IR o R T PR B 2E e P [10,11,22,35]

1. WTK (World Tool Kit)
WTKRL- 2= [ 3R R fe ﬁﬁ‘ﬁ“[ﬁ‘*?{ AR e SRR A
AEHER S - b S I TR s R e S A Sy R
BB [~ POBTRRIFST 5 Iﬂjﬁjﬁ'jﬂjﬁ i ot
FF o FIAITR IWTKRESAEZE L =L 2 ot ik il 5 PP =]
WITKFZARIHG TS ] - B0 P L -
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2. World Up

World Upi?'?WTKE@[ﬁJ— F ﬂJF’?F ﬁﬁlﬂaﬂ%‘éﬁﬁ%“ ﬁf{’ﬁﬁ‘ EHEN
SR O RS T AT e e T‘E'ﬁ B o TEWTKT [l i e
SUEUA TR OB E TR PR o TR PR, 4 (Open
DataBase Connectivity, ODBC)-Jfj< - World Uppfgi ™ [ /i E'[F%?rfiit[l ’
AL T ?f&ﬁ\%ﬁ?“%?ﬁﬂ PR ph R SR Fl’?gﬂ%l PV o IR
World Upsf e i e ly - 2 [ om0 b Tl ek
%@%E(CPU)%DB}%}?P@?E(RAM)7} ' Jﬂy—lﬁ‘:ﬁf@%@ﬁﬁiF'@n'“té?%ﬂ'ﬂ[lﬁ{ °

3. Division

Division'U: | U= v fy g (=R = PER ~ FEpv PO
FE o Bl RS E o SEWTK R Division s <) -
(S i e L PR e %FJ”’T%EI RECIE S | HEk R TE',&*[

CRVPIER TR R R A LI o AT 7] - Divisionfiuf *
IR+ W’f”ﬁ’ﬁﬁ‘ﬁzﬁ*ﬁ‘ﬁﬁ e (R BT D W
T
4. VRT ( SuperScape )

VRT £~ 2= BRI f ok S S s (i > [T DR 3L A o
PRS- 9t i O PR LR AR i T ?’Eﬁﬁﬁﬁiﬁ?“ PR
TEERETEE 5 SRy VRT R AR R B 3 P B Iy A P2
O - 43 = T -

5. OpenGL

OpenGL{I L+ LKL TAGIHTRIITIICE /[ ) >+ RL3DAFI L
I o P PR - OpenGLAL- [ ok i e (R 2t
/7 71 Application Programming Interface, API) - ?E_fﬂ,i?-’r%ﬁug,fﬁlp@rjjﬁ:
RS BRIl St RISTE R S e I SR 1 - F 2 RLOpenGL
P 41 T G WindowsS RLUNIX 477 1™ » i |OpenGL
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ARB( Architecture Review Board )£l £l 41 » El [ifiuny £ EIJ?‘,SGI( Silicon
Graphics ) ~ Digital ~ IBM ~ Intel ~ I'] > Microsoft=™ iy =L 25y {gui= L1 [
%Eﬁ“JﬁB@%OpenGLoq%ﬂ?)-M@ OpenGL E‘)[’Fﬁﬁ;ﬁﬁ’ﬁf(%g% A= 4% -\ OpenGL API
FREEP=PUR > 454 ﬁﬁﬁlﬁﬂfﬁ TRl o RRE R R AL PR ) R ARERR
FRETEPRI S5 iR B g 2 (Flush)F » 1 TR AR 4 ﬁ&%@éﬁ%fﬁté J{is
%H“f ﬁ&%ﬁ?*ﬂ?ﬂﬁﬂlﬁﬁﬂm— (et TR - Eﬁ‘i‘@@fﬁﬂfﬁmﬁ%* A& AN ET
B EIR PR ‘1"fp'ﬁ"@?@%ﬁﬁ%iﬁﬁ”‘ﬁﬁﬁwi EELpRES R [Fl
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3.2 i I‘PE['%{EF.!

SRR R R TEIRR GRS - U B ()
B DI A S ORI W BRSO
Pentium(R) 4 CPU 2.00Hz > 512MB}YRAM lﬁ_&,rjrﬂilﬂ Jfl[fﬁ £ © Celeron(R) CPU
2.60Hz » 512MB[VRAM ; £$f="BF{fi "' |+ Mitsubishi >* f[JﬁJRV-ZA;rH;EI%aLg%? )
ﬂﬁjﬂ%’é’ ELh 2 FIFVCRL-571 iy 5 = AHEAR UM T Immersion ** il [ EAEAR
Laproscopic Impulse Engine 5 {172 =38 HIRLEDH 17 IR3 ﬁJEIfJUFS-3012A25 o

Mitsubishi RV-2A = nglﬁ‘;bf&:" B

o R T 7 O MITSUBISHIFIJRV 2A S i F 5 A
[l il R B3 2 FilFYCRA- 5715 13- 74 ﬁw&f%ﬁv 2ATH ! o [RI3-8 4 2
CR1-571fiU 9t » 11 3-17 #:3 ZE'IJJJ FHiE @WIE%RV 2AT] bﬂﬁ’ﬂé SCR1-571p4

SR -

9
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CRI-571 {1 91 5

B-axis type B-axis type
Model Units | RAV-2a | RV-2aM RV-3a) | RV-2aJMm

Degrees of freedom & 5

Driving method AC senvomotor (J1-J2 and J& axis brake attached)

Pasition sensing method Absolute encoder

Maximum kad capacity (rafing) | Ko 3

Maximum reach radius | mm 621 630

Ji 320 (—160~+160)
Jz 180 (—45~+135)

Working Ja o 120 (+50~+170) 135 (0~+135)

area J4 ' 320 (-160~+160) —
J5 240 (—120~+120)
Jg 400 (—200~+200)
J1 150
Jz2 150

Maximum J3 Deg./s 180

speed J4 ' 240 —
J5 120
J& 320

Repeat position accuracy | mm +0.04

Ambient temperature °C O~40)

Weight ko | Approx. 37 | Approx. 38 | Appro. 33 | Appro. 34
& wires for hand-check work (4-point inputs and 2 power
supply lines, the hand unit); 4-point outputs for air-hand

Tool wiring *1 (the shoulder unit); 1-point output for motor-driven hand
(the hand unit); 4 spare wires (0.3 mmz2 in size, arranged
from the base through the end of fore-arm).

Primary: Primary: Primary: Primary:
: ) OEx2 ports | @6x2 ports | 06<2 pofs | @6x2 ports

Tool air-tubing Secondary: | Secondary: | Secondary: | Secondary:

adx4 ports | @d4x6 ports | od=4 ports | @4x6 ports

Protective structure P20 IP54 P30 IP54

* 31

40
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Model Units CR1-571

Path control method PTP control and CP control
Mumber of controlled axis Axis Concurrent control of up to 6 axes
CPU 64bit RISC/DSP

Indirect intenpolation, direct interpolation,
3-dimensional radii interpolation, palletizing,
Main functions condition branching, subroutines, multi-tasking,

optimum adjustable speed control, optimum
override contral, optimum route connection, etc.

MELFA-BASIC IV or MoveMaster language

Programming language (MoveMaster Command)
Position teaching method Direct and remote teaching, and MDI method
RIETERT Murnber of teaching points | Point/prg 2,500
capacity Number of steps Step/prg 5,000
Mumber of programs Program a5
Extarnal ﬁgnuﬁmgtjnmﬂse Point 1616 (max. when using options: 240/240)
input’ Exclusive Point | allocated by general output (1 “STOP" point is fixed)
output [ Hand opaningiclosing Point 4/0 (when using options: 4/4)
Door-switch input Paint 1
RS232C Part 1 (for the connection of a PC, vision sensor, efc.)
RS422 Port | 1 (for exclusive to the connection of teaching box)
Interface | Hand-exclusive slot Slot |1 (electric hand and pneumatic hand interface only)
Expansion slot 2 Slot 0 (when option is used: 3 [for expansion options])
Raobot inputfoutput Channel 1 (for connecting parallel O unit)
Ambient temperature *c 0~40
Ambient humidity %AH 45-85
Power | Input voltage limit vV 180-242VAC, single phase
supply | Power capacity *3 KV, 0.7
Grounding 0 100 or less (D-type grounding)
Structure Self-supported floor type, open structure
Outside dimension *4 mim 212 (W)=290 (D)=151 (H)
Weight *4 kg Approx. 8
Protective structure IP20 (IP54: when using CR1 protective box)

%32 CRLSTLIE[I#H +4Hs

P SRR AR BT RS AL U Teach Boxji
HEl > 532 7ERL ﬂﬁ”ﬁ{?ﬂﬁi?ﬁg[ﬁdﬂﬁﬂé SH R Lo 232 A8l
ﬂfﬂztﬁﬂ%é'ﬁ SRR ORI o R IR A S
fill 5 FB 5 EE R IR I&IFEJ]EI“ Y FARUIEY © IR CR1-571
B O P PERRIBEIRIE > ST HIMIMELFA-BASICIV > '/ )*MOVEMASTER > 37
PG Fy S B R IR T 2 el P IR RS -
RS-232 {37 ] » U o P 0 O o 1 PR v R o

gl
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WSRO (%5 [ R IR fIRV-2AR » MOVEMASTERI[H {4
‘J'ﬁ?@lﬁlf“ﬁ@%‘?ﬁﬁ“ ’%TFBE' 2 8 PR R A PR T
By BFh Bapfe AR N 3R > NI RS MEZ R MOVEMASTER
(EEL IR - MOVEMASTERHI > ZSMFH ] MXT ~ GC ~ GO -
PIEDPIRE A 5 E I MXT U3 s T = 5 0 3R 4 0 8 &
Frp‘? PO {2 55 H 8% E%p Jlg‘_wﬁqﬂ A A oAl f;,’ , ?ﬂztﬁjuggCRl-Snﬂlp‘
VT = A ey J;ﬁiﬂ'ﬂpﬁr PFI ST HIEEMXTCOM1 ~ MXTCOM2 - I'] ¥ MXTCOMS3 -
N iRL ﬂﬁff » RV-2AT I = &Jﬁw“ » 73 JIFEXYZ coordinate data
Joint coordinate data - I'| = Motor pulse coordinate data - GCj.Lf /[ TJ ISR

GORL HZIHIfiuf 4] » EDHIALIS R A A sz -

Laproscopic Impulse Engine

3B J;@fﬁ}j‘%ﬂ- £ JEEJJ‘ vﬁ“r’%@“ u%ﬁp c[J - «F'H’[;{ k%{gﬁ[
B 5§ %_@iyﬁﬁﬁaﬁﬁﬁ’i;cqﬁmiwmaﬂmﬁ
A R [ AT )5 R R A ISR S IR 7S P
IFl kT
FRH| Immersion >t ’F[JEJLaparoscoplc impulse engine [37] > 0['[}%[3-95%~ ; Fd.r,’]‘ej%qsr
SR T 2 I BRI P o gL SRS REAR o 5 IR AT T X Y
-] Tl N
FIZ [ VRl > e fp) =T BRI By [ OFEE > BIIT R
RS > R 9] IR 1 o A2ER
%J;Fﬁ o
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q\a' 3-9 Laparoscopic impulse engine

Degree of Freedom

Item Specification
Motion and Tracking 5
Force Feedback 3

Workspace Size

10x23x23 cm®

Position Resolution

0.0009 in.(1100dpi)

Max Force Output

2 Ibs. (8.9N)

Backdrive Friction

< 050z (0.14N)

Linear Axis
Bandwidth

650 Hz

Rotary Axis

120Hz

# 3-3 Laparoscopic impulse engine tﬂffﬁ?«
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Nominal Diameter: 75 mm

Height: 31.8 mm

Weight: 310 grs

Electrical Load Settings | Sensor Load Ratings Calibration Load used
Fx 11.0 kgs 11.3 kgs 11.3 kgs
Fy 11.0 kgs 11.3 kgs 11.3 kgs
Fz 22.0 kgs 22.7 kgs 22.7 kgs
Mx 85.0 cm- kgs 86.4 cm- kgs 69.1 cm- kgs
My 85.0 cm- kgs 86.4 cm- kgs 69.1 cm- kgs
Mz 85.0 cm- Kkgs 86.4 cm- kgs 69.1 cm- kgs
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