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Alo] darejgat A e viFor <8 adHow o
FAME &+ gloh et o] bR R ¢ vUF
MME A 7 de 25 A28 Aojrle] Aue d4
7 @?51013 ghfe] 25 Alojo] w3k A ARE Il
23, FET 7 Ue GAE oA AMEE B A
datofof gt

utebA, & Ao thg maAxof ZANA oA

o]F Sata] ¥ AT A= AT B Holut
CPU30 (32Bit CPU H=), VME BUSS} HAj7E 84 A4
(Real-Time 0.5)9] VxWorksE Edjg lo FA S 2
e RS shdon, oefdh Ajswo
Ethernet & Faf SUN Workstation¥} 91Az}e] 844

fraddol B2 AA AlafE Astal AFstalct
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2. ofs 22X Mof AARel 74

2.1 TA| Al2HS 7

2 QA 3t 2e ofel o) ZrANR vl

A].x%,] T1ZE 7Lr:_‘_;r]. ;}oq g].x]-}d 1] Ooq/ﬂo] o ;\]
28lo] YIS F48sT.

D]zi /\]/‘\Eﬂ 141]% {alg}rq o{oi 21 ZE =2to] 74
gl Ay Ay Fe 7]%-% &= Supervisory Processor
EAo] 1A} A 4 £ <145l Vision Processor,
Man-Machine Interface-g 98t Display Processor, 12|11
259 AoE @dshs 28 Ao Processor o2 4
glo} Qli, ol 77t FAl2 Bus Arhitrationo] <Jgh
VME Global Bus& %38 - 4 =2 (Common Memory)
2 olgslo] adin.

£3] Supervisory System& Real Time .59
VxWorks& Alg3lo] 783951, Servo A|AHlL Inter-
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Man Machine Interface System

Supervisory Controller

» Monitoring System

- Key Input System
~Teach(T.B)
~Edit(Key Board)
—Operation(Key Pad)

* Supervisory Control
-Diagnosis mode
-Set-up mode
~Teach mode

-Edit mode

-Run mode

~Look mode

f

J

Sensor Fusion Unit

Arm Control Unit 1

Arm Control Unit 2

» Vision Sensor Control
~Object Recognition
-Camera Calibration

= Encoder Sensor Control
~Converyor Tracking
—Object Classification

« Force Sensor Control
—Peg-in-Hole

—Surface Tracking

~Trajectory Modify

« Other Sensor Control

+ Arm and External

Acturator Control

~Inverse Kinernatics/
Direct Kinematics
Transformation

-Joint Trajectory Plan-
ning

—Driving the Actuator
System

-Synchronization

a8 2. ofF 2R gZHOf A|ARIS] §/W P,
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3. 05 2X Mol A|l2He] 7|SE 7

3.1 Supervisory System
Supervisory A|ARlS AAE=H 2o]A], Supervisory
T 7t Slavedl] A4 & g7 Hoz &sto] FYPAIA} 3}
i, B 2AANAE 2R dojoh 2 ARERA H=
3l Man-Machine QIE{#| o] A8 &4|3}o] A|AH Set-Upit
ghoplet 2ol HEE Y £ U=E aHEofo}
o w3, WA A ARl d2d FAE Y ApAY 7E
ol Basitt. olF a& FFAY] A, B AlxEl
A o3t 2ol 67h4 REE AR
(1) Dragnosis Mode, (2) Set-Up Mode,
(3) Teach Mode, (4) Edit Mode, (5) Look Mode,
(6) Run Mode

(1) Diagnosis Mode

AT BooAe 4 Supervisory SystemS ©¢l sl
#lo] A)A= (CPU Board, Common Memory Board, Motor
Servo Modules) 5 #l=9o} A]4#] (Floppy Disk Driv-
er, Printer, Teaching Box) 59| A& lsli, 1A4E
o] @ A& FAIGT

(2) Set-Up Mode

Set-Up BE M= S&A9 Alo] AJAEl] SEAS B
ogst7]l HaiA qeiztA] seteE Set-UpstAvt 4%
T vk B A2 A = 7 22 gdejE (2 B, 7
T3 W, Motor B4), 94 Ax gere|(F A, &
5, A) et Al~8 stetn|e] (Base 234, I
9 , A& 1/0, 4F4A) & 443 18 o8 ¢
4 s g 24k of| ERle) RR(X-Y-Z A7d,
TH gy, ¢4 gaEy)E Aog 5 ok

o
A

(3) Teach Mode

RO dE-o|HEE Hojd o AJAE 7|FoE o]
FAA, 2R “91A"9} WS vingd sgasn
7t Ao o]l dete] &5 A AMESih B oy
A& ofz]  #ZFA (Robot-Base Coord.  User-Defined
Coord. Tool Coord)& ZH|&|4 Teachingg &o|atA 3}
+ ¢, CAD dole}E A ¢ledsl= MDI(Manual Data
Input)o} BB HUE & A=z 2EL AF olFAA
Teachingd}t+ Free Teach =7} it}

Teaching Box+= T el 2% ¢ 9y & 2&s}y,
Afell tigk AXE AN, FH3 dAZ 2R S
HAE g 2% oz MOVE #3H ol (MOV),
MOVL, MOVA, MOVC..)5& #HA, S&, A% 4 q)
o o}gel, 23] 48 BA| 7152 1/0 Devices] 4]

Ao 2p5 8} Al 28l F &3] 2] A2A A3 19964 59



2 HA Al = Sl

(4) Edit Mode

HoAl2"lo A AlgEE 23 dojrl High Level Lan-
guageo)l 7M7h5-22 & otjel= PC ¢ £7](Full Key)&
gt} Z2aug A4S 4 A, T8 Bo] soliz 7
Golo Helg Skl 24 ool MACRO /|5¢ 251
et 2 oftjEf= Full Screen Editor 2 Doubly Linked
List Structure & H7 < a}ol—g— 7h27)= EQIE: Text
& A% et A B8 vtETE EQEE AL 9l
o 1eja, & oojE7E 77%1 U= F8 715 o2 Search
& Replace, Block Copy, Move ,Delete, Block Print, File
Print, File Read/Write $o] it}

(5) Run Mode

Supervisory System2 g2 1M H 2 27| Ao 2
& T Wek olyel, AEE RUBHEHA 7 A{Hd
Bad A S Hds] digith Lo HeAdS gl
7] SfefA A7k deiE ZeadE e ¢ ks
otk & A F& 1S Yst oA 79 (Step
Runj 412 QA spaet SA7b 52 sholg 9iah A}
ol# 78 (Cycle Run) 7} F2 &l & Wt F2hg s
A 73 (Auto Run)ojth. S5 a9} § of #o] fx
Ao gt o7 27| $13] Supervisoryi: #AE A
gslaL Alxbsle] o]& Common Memory# %4l 2+ Servo
System¥} gAlghch &, 14 A Alojo] Hug A&
Hshy] fla 4 wEFAe| Aol wf 2 A<l vt
&o] s s oo g}, o]& 9Jal 22} oj4t Shaping Filter
7F Azt g A AAE wdsh] ffE Ag8d & 3E A
x—] oz HalEr

(6) Look Mode

Look Modedl| A= A dxlgjet FA22 vs + At
MAjels 7hde e (4di3 & A=) Image Grab,
Snap, Threshold 0] &3} Binary ProcessingS9] 7]}

i, ¥ 131"1]*1“' e Aot =4 8, 4% 7%
MC}. 4 35S 7t B39 549 wet Chain Code,
Projection, Matchings of#i7pz] e Aelg 4= 9ot
st A9 5 1 o5 @7 Common Memory
o HA=r}, o] d)olel= Supervisory CPU7} &3 & <14
afo] FAE W) it o]F % EEE AR 5
&71 98l Supervisory HEEe= Real Time 0.5 <!
VxWorks& Alg3te] 3384

3.2 Vision A|AHE
v A AL VME ARkl 2] A A€ SVS900-DT K.

RIE S

3

Z 3 Controllere] A 7)&

o

e oE

=8 Agagd ol S4Esl 512x5120]50 W
25657 0lch, ¥ A A e BAA, A%
ggsn gom, w3 A 4o sulee e
55 o B wiel Aa] 58S ¥
et ol 913 Alo] Waolh & 1o gejslo]

_18 1

o
2 30 )y o N

;

SRR A
o

ka H‘I

+

3.3 28 H|of A|AE (Arm Control System)

o] AJ~ElE Supervisory A|AEloA] whe 2R wH |
thal] Inverse Kinematics& Z1 o] #4 X 07 W3
ata] Actuator A|ARE TEAIA A4z 2% Arme A
o}slt}. AlojAA = Position Board9v} Power Amp=E T4
so] lom At 12 744 Aol o] &A= ol
Solution A|7teit} th5-¢) 4717 A& ?635“4

) H8ks WA ARE Ada 289 & e &) 94
Supervisory £l

2) &3 AAE T8t7] YA Inverse Kinematics H gk
I & 217 EA1E 28] Direct Kinematics 8

3) ¥4 A3 A ¥ (Pulse Generation and Exponential
Filtering)

4) v} Smsecd H- HH &

o

M

4. Z817|7] 2 MM QIE{EIO|A Al AR
e

4.1 Man-Machine Interface System(VFIOC)

VFIOC(Video/Floppy/10 Card)= VME ARfofl 9tA|
t)zb¢lE Man-Machine Interface Boardo|th. o]i= PC
BUS Converter Interface, Floppy Interface, Parallel In-
terface, Keyboard Interface, Keypad Interfacee] »E%

sk glom ol ek Belni 17 33 o,

(1) PC Bus Converter Interface

PC Bus Converter Interfaces= Motorola 1/0 Channel
Bus®] Signal& IBM PC/XT Bus9] Signal2 #H3A7])=
o o|u] Address Expansion Register2 A}8&to] Address
Windows & 3HA1AH Fu)

(2) Floppy Interface

Floppy Interfacet= 3.5” Floppy Drives} IBM PC go]
B ¥ul& AREEh o9 F#& VxWorks Kernel©]
Read, Write @ Format 7]%& |83t}

(3) Keyboard Interface
Keyboard Interfaces= IBM PC/AT Keyboard2 %-E]
to|ehsE ol Hostz® Wuler o]w] VxWorks Kernel &

83



o] &&td Read/Write 2 Status Report 7)< A 23t}
(4) Keypad Interface
Keyboard Interfaces= 16782} Push Buttong- ¢l4ls}o]
Zto] Keyboard 71%5& Agstzd, old ool Keyrt
=HAE AF, H2Y Key toetE Latchgich

MPin FLAT 6Pin DIN 2Pin WOR  25Pin OSLB 9 Pin OSUB
] T I )|
|
I PC GRAPHICS CARD
o HERCULES
o VoA ...
170 CANNEL. [NTERFACE
& PC BUS CONVERTER
Pl —

a2 3. VFIOC Boarde| MA| +A.

4.2 C}5 222 Multi-Functional Teach Box

2 A7 A 7wt Teach Box= Ful9] 248 9 955
gz, 2lel g AAE JAl. FAs] e =
2o AQPE AP 2 Ao F 70%~80% 5 AH&-3}
A s MOVE¥HH HH(MOVJ, MOVL, MOVA,
MOVC, - )5S HA, S £33 4 9ok of2e] z49
A EA] 71522 1/0 Deviceo] HejE HAl, Aol +
desl % 529 A2 2 AT 1B B HA
g 71FEos Yepd 7 e § 719 9@ Teaching
Box 7I5 Rt} 24 &AAIH on, Teaching Boxe| tjA%
dol& 9& LCDE o|&3s}y Man-Machine ¢lE{#jo] A
0o FAAA AT sz 1ok BEsh wE ol

8
"y, 55 2 79 55 8 4 A shldh
B oo M= 7)dsk Teaching Box 9] 7)1%& thda 2

of 2A 57X g
D A 7l 2 % 24 75
2) ﬂlxu gel, 439 7hs
el 55 3 0y, 774 ks
4) E%A e B

5) XAt Al 23 5l k7)1

4.3 CIS MM QIE{H[O|A A|AH

23e A9l ygol BsA5, Motion F4o| opd
Task $49) ZRIAE b 99 mRe B4 9% sl
S S ol Agshe FAg Peakor 2ok vep
& Al Sdsl AAZE dastn AlA A3
&l TraJectory Planning g 3= Motiono|1} Motion

& e Jel Basld.
B A AN E MMAE REE F4)5t9 1679 Digi-
tal Input Signal& Checks}l+ Din(Digital Input), Digital
Z383l=  Dout(Digital Output),
Tracking & %3] Conveyor Encoder A&, Vision A3 %
& 94t} Digital Signal 948 A 2= MACRO6744
Board, £2 %2 2+ MACR06745 Board 2 o] &3}]t}.

Signal & Conveyor

4.4 Conveyor Tracking

Conveyor 7|24 7]so]@ Conveyor o|Z&& 183
#A4 7:ﬂ§—‘.°ﬂ o8 A Conveyor7} AA|gH ez wAJSH )
A2 =2 29 Conveyord 2 Adsle 750y, A4 F

=5 98l Conveyor«l olgeFo] HEL AT Feed-
back Pulse ¥4 22 A4tEth H47)59 shizg £
sof W2 FLEAE Fo|7] Yoty Hat £=& 4 F
7]13}5} (Ts=40msec) A& 5l Extrapolation2 %3

F719 Ztot & k& miE] ANsle FET B F

71%‘—1‘4 WA 3t 5 Add W2 2AE Fo)7] Y3t
o, &7 A FZAANT T exFE A Con-
veyor Wk o 2 & o a5FS »Ag}, AA Conveyor Al
28 A4 17 4o Zrh AR Sensor 919} #o]
e 248 27] /A& Limit Sensor7} 9lo] Convey-
or’de] Object7} HA&: 4 2n|E Ao Yt 4S5
7%l H= Conveyord] £%-& Tatil, 574 gvE
WAl 9912 7] B3| Az

¥ CONVEYOR #® 34 S&4474|LS
. EAAMLS
§_ | ity
r] .
[ =i I

| - T t—
'I’ oo CONVEYOR i ¢fwper
L i

—t-‘_nj

ENCODER .
(CONVEYQR OE
AFF AR 8

——

SAMSING
ERC

WISEMAN

12! 4, Conveyor S7| M9 A|AH M,

5. CIs ER AAHIEZ 98t 22 Hof 20
5.1 7|2 & ¥ 0{(Basic Motion Commands)
2 oA Jfet 22 Alo] Aol § e 2RE 9

o eslE 28 AolE 1t HA 877X HH oL
Azsta Aoh(F 1). ¢4, 3HEF(PTP) S 93

OH

Ao} 2453} A| 28l 8 3] 2] A2dW A3F 1996 59



H 1. CEEER Hof o USH.

Group Instruction Structure(Syntax)
MOVJ movj/movl {robot) to {locl)
MOVL with sp={speed) pl= (position level)
Basic MOVC movce/mova {robot) via {locl) {(loc2)
Motion MOVA with sp=(speed) pl=(position level}
MOVI movi {robot) by {offset) with sp=(speed)
MOV_EXT mov_ext (device) to (locl) with sp= (speed)
Master & MS MOVL ms. movl {robot) to {loc1) with sp=(speed)
Slave MS_MOVI ms_movi (robot) to {offset) with sp=(speed)
av
Moti MS_MOVC ms..move/ms.-movce (robot) via {locl) (loc2)
otion
© MS.MOVA with sp= (speed)
Collisi
ollision COLL AVOID do coll_avoid
Avoidance
Conditional ON condition (stat 0 do (stat 0
[nstructions DO action on \statement, do {statemen
CV_SPCHK cvspehk cv # (num)
C Tracki CV_SYNC cvsyne {robot) with uf #(num) t=<{num)
onveyor in,
Y & MOVS movs {robot) to {locl) with sp={speed)
CVEND cvend
cobegin

Concu.rrent COBEGIN COEND mot%on %nstruct?on 1
Motion motion Instruction 2
coend
SET _PALLET set_pallet (robot) for (locl) {loc2)
Special SET.SEG set..seg x={num) y=(num) z={(num)
Motion SFTON sfton (robot)
SFTOFF sftoff (robot)
TRANS_COORD trans_coord {loc1) for {coord)
REF. COORD ref coord (coord)
Coordinate RECOVER _COORD recover_coord (robot)
Translation AFFIX affix {(object) to (robot)
UNFIX unfix (robot) for {robot)
MAKEPOSITION makepostion(TRANS, TOOL1...LOC)
GRASP/RFELEASE grasp/release (robot) until force=(num)
with width=(width)
GRIP_UP grip-up/grip_down {robot) with sp={speed)
Gripper Control GRIP_DOWN disp= (displacement )

GRIP_ROTATE

grip.rotate (robot) with sp=(speed)
disp={degree)

TOOL tool{tool # )
Boolean Logical AND/OR ‘ .
bl d bl
Operators NOT/XOR (variable) and (variable)

WA Y SUE R

% g4 Controllerd) 24 7|&
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Group Instruction Structure(Syntax)
Relational (=== {variable) = = (variable)
Operator ===
Algebric +,—, %,/ {variable) +{variable)
Operators
IF, THEN if (expression) then [else]... endif
ELSE, ENDIF
FOR, STEP for (i var)={(num) to (num) step={num)...next i{two_num)
NEXT while (experssion)...wend
Control ‘ ‘
Instructions WHILE, WEND fcall <funct‘1on name) [ with (num) ... fret
FCALL, FRET jcall {job filename)
JCALL
NOP pause if nf#10=1
PAUSE
SV_INIT
SV_GRAB
SV CLS
SV THSET sv_thset with {num)
Vision SV SNAP
SV RECOG
USE CAMERA use camera {num)
SET SIZE set size (num)
SET GRAY set gray (num)
PRINT print {string) on {x position}, (y position)
PULSE pulse # {port), (dutation)
Input/Output DIN/DOUT din/dout #(bit) {state)
Control IN/QUT in/out #(byte) (state)
WAIT wait until time (relop) (num)
wait until din # {port) (state)
Sensor TIM, DIST
Related FORCE
Instruction LIMIT limit # (number)
DEFINE define (robot} master/slave.
ETC END
SPEED speed = (speed)

MOVJ. 9% A% £%(CP)S 9% MOVL. Foil A8 S
st 98 25S A% MOVC. @A) $1xdA Foli
SEAM Ar|thg SEA $FE 98 MOVIst e 712
% WHAE AFdr. ey, olF 7 WHous 0]
EPOE] el 2ol 3 dlshE o] AAlR= ol

2 A|A" A= Master & Slave -5 H&ol& FH] o}
Odq g 23& Master2 th2 3 & Slavesd A9
g}, Slave &-%o] Master9] $%¢& FE3|LE gt} &

}ﬂl OFOH

86

5 MOVJE A9t mE 712 5 g ol= TableloA

Bi= ute} o] Master/Slave$-Fo 2 AMEE 4 9}
Master/Slave &%& & 2ZX7Fe) Kinematic Relation&
LR85 2 Slaver} ZE351= W a} Slave Robotol] #H2F
3t F/T Sensor?] Force Control-& 8l Wog 7323

2 ol
T R

H A AE1S Positioner Z& Conveyor A| <83} 78 9
B AXNE xgste] FAlol 125713 Alojd = 7| Wi

A o} - 253} Al A6l ¥ 83 A A 2W A3 19964 5Y



of Ftf 2 Ato]o] ZE 3|ule} o A9}l FE o
glatedof g}, o] & ¢ H 21 &% WHoE ON COHd“
tion DO action®] #H o2 Al-gsldch. 18y 244 o
& o (Conditional Motion) = 9ol 73 BE &5 HE o]
o AHgE 4= St} d & T e 21 Alo]9] 7hEdt
&= 33E sty S, 719/] 2213 $A COLL-AVOID
HF ol g tha go] AR 9l

cobegin
movl robotl to locl with sp = 60;
movl robot2 to loc2 ON dist < 10 DO coll
avoid;

coend

53, AubAel 3349 FEHA[1213] AN 7
#al)7h ofgd 7] we] B Alsglo At v e 4
gy 2w R8s FEe8 Ve pase.
AHeE SFare]E S vheal 7}, wiok o) @i Alo]o] 7
el Folal 2T o (FE Fedel dom) i) &

o 230 e Wgo g FHoliz Ao Master 2AEE
iE @ FAoliL Slave 2R3 FEo] 3|3 w7
A A-7AA sjaietal, i) Fojo] 4ol £ Wgo

O\_}_-
2 2ol ALoi= 94 Master 230} &30, g w}
2hos BR2 A Heb g o (Wait)

4 “5‘3301-3 164 \4 e qlH N,:;_

gl g2 oo 23 &-84& ¥38t7] $lsiA Real
Time 0.8 VxWorks & ajetgiv}, —-—*OI, e B4 Wyoli=
Za Al aza gofstitt. COBEGINTF COEND 4ol 7.9
_‘?_»E i 2N ~+= COBEGIN3#} COENDA}olol|A] Create ¥
il Spawn ¥t} Conditional Motion$l ON conditional
DO action -3H2] A-g-o| A= Motion2 473 5}tl7} Condi-
tiong &3 Motiong A A A3 Action® $33H}.
ek % dEol oo Teach PointtrA & A&4 02
AG38h= Position Leveld} 24 A1 & wWElsle] 2eialA s}
= Trans-Coord®} 7|5 #ABAEZ Az A= Ref-
Coordg& o] &3t Job Shift 7)°5, Palletizing 7|5 £0] ¢}
o oj9fe|% Tool Alo], =z E’i*&, Loop Ao}, 4ks 2
gEgo] Fo| el Arh.(H 1 #Fx)

5.2 CE2R NOE
Motion
23o| Fsfop & AQjo] EHA =1L

2{8t Task /9| Concurrent
chea ol whet

A E3 sl g 2= o 2% Controllere] A 214

oejdie] 2 E= dof 2R F tiufo]xy} 2zt
¥e sh= Alo| dasltt o] Hsld, 28 A7l 5
Aol Aol 2 %7)%2(Synchronous Motion)©] 7}58jlok
gt ey 71E 4198 2822 ddle] Controller7} gl
o EE Aloja}r] wfitof Alojr)zte] FAlg o] &afof &
= ol gol glon, H: ZE AoslolMT bgF 219
Alol7t 7Vgstct.

Task ©91 9 A F4-& 8171 HaiA] 2t 2io| Fy&
Al o] AL zbzbe]l Taskz Aelsti o)A Aow
Taske] 29 & wAA oz HAA Fi= Sd€H LA
5 st "ot weba] Cobegin~Coend Wefl A o] 7}
o TaskE& F2AIZ 79 HAH 2+ 2gAME Multi-
Tasking 0.5¢! VxWorks| 1015 o] gale] A A3 A7)
o 24 Task @99l Concurrent Motion& 38T 4= 9
th. T3k Task7be] S7)14l0] 2 @z 29)e 93 13ed o]l
synqi = VxWorks O.Sel| A Al|2t5+ Semaphore 7]%
]oo}ai TAstgon, 7+ Taske] 2 W5 Sync
ko] 717t o g Aolaldnt. Task B919] &
A E4e] Y AAE v

cobegin
call taskl;
call task2;

coend

function taskl

}
mov] robotl to locl with sp = 10;
mov] robotl to loc2 with sp = 10;
syncl;
grasp robotl;
mov] robot] to loc3 with sp = 10;
mov] robotl to loc3;
syncZ,
release robotl ;

}

function task2

}
movj robot2 to locl with sp = 10;
syncl;
grasp robot2;
movl robot2 to loc5;
sync2,
release robot2;
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5.3 MM 7|dty 22 & HE0{(Sensor-Based
Robot Motion Commands)

A& YASKAWAALe] ERC& 2494 ABRARY
IRB2000 A1 8 23 AlojQlols o] 2R& 93t 7|2
HRolnhs A sl gorg User7l 2319 71252 A
of WETteg g ddo] ZaIasor k= ofEF
o] A& Rk opzl, & & Sl Aol AokH 9
o metd, Hop ZdEe 28 dolE Adstr] A,
71& 22 dojoflA Zh o] Wslel= o5 A 540
2 WHety o gudt TR Add 48 5 UES
Sensor-Based Robot Motion Control 7159 7+t 243
ot} upgtx] £ Ao A= F/T M 2 Vision MAE o
235l 23 722 Sensor-Based Robot Control 7]5&
o =

(1) On-Line Path Modification.
71ES Y E BEO AMEEE AMZE 289 9AY
FEAolE 3 dE3H, d3n, BlEdEt & A3 2 g
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12! 5. On-Line Path Modificationg] 3£=.
define inport10 path_mod with file=filename;
movl robotl to locl with correction=path_mod, sp
=50;
filename : reference file for sensory motion

(Example) Force Control

88

14 ddE HAs
HAGE, AME AMES 229 S olg{dt ool diF & -

“n

(D Desired Force : F,
@ Environmental Stiffness : K,
@ Selection Matrix : S
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(2) Tracking of Moving Target
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12! 7. Tracking of Moving Target2] 3.
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move (robot) [with {position eq.)] {until {(condi-
tion) |

(position eq.)=[ (position eq.) +] (4 x4 HT.M)
(Example)

move robot] with slave_pos until time<30;
slave..pos =master_pos+basel —diff1;

ol 7)ol A basel # diff1& Teaching Pendantdl] ¢]3] |
28 4 x4 FapE3ai™ olt}, 12|11 master_pose} slave
posi= Z}7Z} Master 23 Z.2- Slave 23-¢] &z zjo]t}.
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{Example)

Time>§, FORCE>¢
DIST>¢, LIMIT#1=0ON

Boolean Expression
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(3) Experiment

Exp. 1 : Surface Tracking

ot A} A™3& On-Line Path Modification & o]l
movl-with-correctiong ¢]-£3}d X o] ¢Jojeo] 2HE u}
g} o]'g3}= Surface Tracking 2t} & T3} #o] T2
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define inportl forcel with file=force_file;
movi robotl to loc50 with sp=10;

movi robotl to loc51 with correction=forcel;
mowi robotl to loc52 with sp=10;

movi robotl to loc46 with sp=10;

end

2! 8. Surface Tracking A& AlEL.

Exp. 2 : Master & Slave Motion
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define inport 1 force with file=force_file;
grasp robot2;

mov] robotl to locl1 with sp=10;

mov) robotl to locl1 with sp=10;

cobegin

mov] robot2 to loc7 with sp=5;

move robotl with position_eq until time <22;
position .eq=robot1 +force;

coend

end

181 9. Master & Slave Motion2| A& A}EI.

Exp. 3 : Visual Servoing
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define inport 2 vision with file=vision_ file;
mov) robot2 to loc3 with sp=10;

move robotl with position_eq until time<45;
position..eq=robotl +vision;

end

21 10. Visual Servoing®| ABALAL.

89



6. ¥8g
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