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Supervisory Controlier

Man Machine bteriace System

* Supervisary Control

¢ Monitoring System - Diagnosis mode
- Set-up mode
* Key Input System = Teach mode
- Teach (TB) ~ Edit mode
- Edit {Key Board) - Run mode
~ Operstion (Key Pad} - Look mode

— |

Sensor Fusion Unk Am Control Unk 1 Amn Conirol Unkt 2
* Vision Sensor Controt
- Object Recognition ¢ Arm and External
- Camera Calibration Actuator Controf
« Encoder Sensor Control - Inverse Kinematics/
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(1) Diagnosis Mode (2) Set-Up Mode (3)
Teach Mode (4) Edit Mode (5) Look Mode (6)

(1) Diagnosis Mode
A5k wrol4= $4 Supervisory System$

SRR B

Memory Board. Motor Servo Modules).

A ~8(CPU Board. Common

Ful

slx=gol A2 (Floppy Disk Driver, Printer,

Teaching Box)52] AeiE #alshar,
A E EAR

- €2) Set-Up Mode

Set-Up REelA
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azEe) o

Azdel §%
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(3) Teach Mode

2w e End-Effectorg® #Ho¥ oz 1A
71Fo2 olFAlA, RRES “g|x"e} w3}
Memoryell 719A7|2 2t o] o]F& ¥slo] &
T Aol Aot £ Aoz oz HEA
(Robot Base Coord, User Defined Coord. Tool
Coord) & FH|8A Teachings &olshil sl= &
. CAD Data® AA d¥3sk= MDI(Manual
Data Input)¢} Motor®] Y& TAZ ZHEE
2% o]5A]# Teachingdts Free Teach Mode”}t
alet

Teaching Box+ Tt 2R E % o] 2 &8 3}
sk, Agiel dighk AAE 24| FA AR =2
BEQ 2glS HAY of 2HE <lejF MOVE
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=5 A3 55 AT 5 oo okgE, 2RES
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(4) Edit Mode

B Ala"dA] Algsle 2R E o7t High
Level Language®l 7MH-22 £ ot PCe
E71(Full Key)& AR2-3le] Z2a3d A ¢
Qlar, R Wol 2oli= Woo) HelE 93l =
HE qdo] MACRO 7155 Z53 olvk & olr]¥
< Full Screen Editor® Doubly Linked List
Structure® HA5<! Lined 7}e{7]= Pointer+
TextE& $1% Bufferet Azx & 7he]dlas
Pointer& 7}Ala 9lvh. z2e]lx, & ozt 2o
Ade F871%5 22 Search & Replace, Block
Copy. Move. Delete. Block Print. File Print.
File Read/Write$-°] 2t}
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Supervisory System< TRz 27| =z}
Alel 2kl gt b opjel, AJelE Monitoring st
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Look Modeolld&= zAl AdAzie} T2 s
4 ok Adxe]e 7helel A9 (4 i g A=),
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Hale} &3 g AR vlge] e EA &g
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Ede] &R 1 olFN 4 Common
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Ingtruction

Group | [ Structure(Syntax)
. i ‘
! MOV] movi/movl <robot> to <locl>
: MOVL with sp © <speed> pl = <position level>
Basic | MOVC move/mova <robot> via <locl> <loc2>
| Motion | MOVA with sp - <speed> pl = <position level>
: MOV1 movi <robot> by <offset> with sp = <speed>
i MOV_EXT ! mov_ext <device> to <locl> with sp =<speed>
i E i
Mastex MS_MOVL i ms_movl <robut> to <locl> with sp - <speed>
& Save MS_MOVI ! ms_movi <robut> to <offet> with sp < <speed>
Motion MS_MOVC i ms_move/ms_move <jobat> via <locl> <lac2>
MSMOVA | with sp = <spee>
' t
Colfson o1t AVOID | do collavoid
Avoiiance |
; |
Icr:m:: gg Z‘;‘:‘m | on <statement> do <statement>
CV_SPCHK cvspehk cv #<num>
Convayor CV_SYNC cvsyne <robot> with uf #<pum> t - <pum>
Tracking ! MOVS movs <robot> to <locl> with sp  <speed>
i CVEND cvend
cobegin
Concurrent COBEGIN motion instruction |
Motion COEND motion instructon 2
coend
SET_PALLET set_pailet <robot> for <locl> <loc2>
Special SET_SEG set_seg X ~ <num> vy  <num> z = <num>
Moftion SFTON sfton <robot>
SFTOFF sftoff <robot>
TRANS_COORD  trans_coord <locl> for <coord>
REF_COORD ref_coard <coord>
Coordinate  RECOVER_COORD  recover_coord <robot>
Transiaton AFFIX affix <object> to <robot>
UNFIX unfix <rohot> for <robot>
MAKEPOSITION  makepostiont TRANS, TOOL! ... LOC)
: GRASP/RELEASE  graspAelease <robot> until force - <num>
| with width = <width>
& | GRIP.UP grip_up/grip_down <robot> with sp = <speed>
Corty | GRIPDOWN disp = <dispiacement>
GRIP_ROTATE grip_rotate <robot> with sp = <speed>
disp : <degree>
TOOL i tool <tool#>
Group Instruction Structure({Synitax)
Boolean
Logieat o | <variabla> t <variabie>
Operatons
Acatoral | <<»e,>>=
Operators --',l.- < <
op'.‘“cmc 4=/ <varishle> + <vurisble>
IF, THEN if (expression) then [eise] . endif
ELSE, ENDIF
FOR, STEP for <_var> = <pum> b <pum> step = <aqum>
Control NEXT .. neExt i <two_num>
Insructons WHILE, WEND | while (experssion) ... wend
FCALL, FRET | feall <function_name> [with <sum>] .. fret
JCALL Jeall <job_filenama>
NOP
PAUSE pause if 410 ~ 1
SV_INIT
SY_GRAB
SV_CLS
SV_THSET sv_theet [ with <oum> ]
e SY_SNAP
SV_RECOG
USE CAMERA | use camers <num>
SET SIZE set size <num>
SET GRAY | set gray <num>
PRINT print <string> on <x_position>, <y_position>
PULSE pulse #<port>, <dutation>
DIN/DOUT din/dout #<bit> <state>
[
Do TINOUT | it #<byte> <state>
WAIT walt until [ tre <relop> <aum> }
wait until [ din #<part> <stats> |
Sensor TIME, DIST
Related FORCE
irsvucton LIMIT limit #<pumber>
DEFINE define <robot> master/slave
N g END
SPEED speed = <spoed>
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2) W AAE F87] $leh Inverse Kinematics

HEka dal 915 F4] Yaf Direct Kinematics
b
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z
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#A A& (Pulse Generation and Ex-
ponential Filtering)
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1. Man-Mmachine Interface System (VFIOC)

VFIOC (Video/Floppy/IO Card)+ VME AleF
o A t]zlel®l Man-Machine Interface Board

ot}
Floppy Interface. Parallel Interface. Keyboard
Interface. Keypad Interface2] Moduleg W=Fs}
3 ol2wi olell gl Block Diagrame 2] 631}
33

(1) PC Bus Converter Interface

o]3= PC Bus Converter Interface.

~N
Tl

PC Bus Converter Interfaces= Motorola 1/O
Channel Bus® Signal& IBM PC/XT Bus?l Signal
2 A&7 o] Address Expansion Register
Z AHE3le] Address WindowE #2341 A &,

(2) Floppy Interface

Floppy Interfaces= 3.5" Floppy Drive¢} IBM
PC Data Format& AMH-gkc}. o]e] 78-& VxWorks
Kernel®] Read. Write ¥ Format”)%& o]-43}
et

(3) Keyboard Interface

Keyboard Interfacex= IBM PC/AT Keyboard
2 %E Datag uof Host® Rul&d, o]g
VxWorks Kernel& o]83le] Read/Write %
Status Report 71%5-& #g-gt,

(4) Keypad Interface

Keypad Interface+= 1679¢] Push Button& <
Alsle] 7ol Keyboard”l%S A=yl olu)
21709 Key7l ¥eixle 4% 329 Key Datas
Latchgtr},

£

2. s 2R EE& Multi-Functional Teach Box
£ Aol g Teach Boxy 7 9] 2HE
g o Rag zafslw, Aol dFk AHL =K f
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Man-Machine Interface Y-+
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3) wee) 5= 9 4. %

4) ZuES] A EA7)%
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3. C}E MM QIE{EO|A A|AH

ZHE zg] J&o] Balazl Motion F4°]
ol Task 2419 ZR1es &bA €W ZHE:
RAL o] wistE /l/k]z;].ﬁ o]oﬂ &8s F2hg 4
Asfje} ghvl ubebd 4 wslE 7Ralstv] gls) Al

Aq7F Bgste A Al Fel| 2]E8ke] Trajectory
Planning& 3= Motion®lv}, Motion& $% 3=
7)) 4 a3t}

B Azl A AlA Me] Hoing Feiske] 16742
Check3h= Din(Digital
Input). Digital Signal& Z#3shk= Dout(Digital
Output), Conveyor Tracking2 ¢lsi Conveyor
Encoder A3, Vision Al&%& <l4gh}. Digital
Signal 8]® A3 24= MACRO6744 Board,
#]Z3i= MACRO6745 Boardg o]8-s}dv}.

Digital Input Signal-&

Ze 2}

4. Conveyor Tracking

Conveyor %7] £37]5el=k Conveyor |53
aelgh A AE ] 2lsl 4 Conveyor?t A gF Abel)
2o AlEk AA™L F3Fe Conveyorsl 2 @ sl
Folmd A &8 213 Conveyorg] o]
1%&-2 Encoder?] Feedback Pulse 7422 A4t

Hh wg75e shis 5 Wi ME FEex
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& Zol7] 9lskel 5§ 4%
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8 e Folel slebd ok viel Aelel FER
b mah E715Ae] HAER FEAL] HE 9
e gl Slsted. £ AN FEALDAT Fo)

eapere A
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A Conveyor System743-< 1

flefzte] HFEE
Limit Sensor”} 3]l Conveyor
b A4 24 Limit Sensorell 994473
Fo] 5+ Conveyor®] =& F3hal. F7]7H
Al Limit Sensorell 2t&w 57 F3te] Alap=c}

Sensor+=

/\1—0
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V. s ZHEE A|AHEZ 95t 2EE Hof
o101

B Qe R ZWE Ao ofi & ool
A% 4R ZuE olols

RRES g3 A
A 877122 Wedol& ATt glch(Table 1).

A, HEFPTPYE #18 MOV], A4 A= v:%
(CPY& $18F MOVL. 7013 A4& 58 %
s 2% MOVC, & flx]oll4] Feolzl x4l
Al FEA FE 913 MOVISE 32 7] & &

& gEelE At ey ol V1R WReiwt

5
& ol&sle] Foje]l EH EL A A3l Flo] A
ofelf-re. B A Aglol4d= Master & Slave
ejol g Fujsladc) & o 2R EE Master
2 & 95 SlaveZ Ho)sled, Slave %l
I\/hster"] +5E F5EEE gk 55, MOVJE
Aelgk B E 712 5 W@ale]l= Tablel. oA B
ule}l 3ro] Master/Slave 528 A& 4 9lr}
Master/Slave #+%& % ZXEZ}S] Position
Relation& 3-8t Relative Position& *3l%
= Slave7t F%38h= 4H ¥ Slave Robotel] AH2hat
F/T Sensor®] Force Feedback¥}y o2 3¢ &
el

it T 2R EQ E A% (Concurrent
Motion)& $¢18ted COBEGIN and COEND %3

olVE Fulslgdrt. COBEGIN® COEND Al AF
ole] mE Eabyeielr T 2RES BAel A7)
Aye] AEEel ola AeiHEAAY FA
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sic},

¥ A2 Positioner -2 Conveyor A28}
Lo o R g Eigsle] FAlo 125742 Allelg
U7l wWEel], Tl 2EE Atole] 2F 3|79} £
A ekel F7) 8 aredsteief goh o] & s, =
+% 931& ON condition DO action?] ¥4
A-gsisdet. 1elgk 2714 9@3e{(Conditional
Motion)& $loll 7143 & % walold ALeg
+ qleh dlE 5ol Fdlo] 2RE APl rlggh
=395 371 f&l. A® =12 4 COLL-
AVOID %3 g t}33 zho] 2R84 4= g},

m

Al

L‘u’

cobegin
movl robotl to locl with sp =60
movl robot2 to loc2 ON dist { 10.0 DO

coll avoid
coend
£3), kel 3-x] FE3|u| W e AX) 7))

T3] o17]7] el B AlagleMe WA R

o] sHclHE ZREdu Hewe 25 33
7)15-& FEskch xS o3 o
gtep o 2 E Aole] AHeirl Foizl Z7AKc)

Atom($F 7hsAdol 2lodl) 1) ¥ o 2REV} o}
uytgko @ Exlol o=, Master BRE:
iE tlo] 3 Slave BHEF FZo| 3w
g wj7bA] <kx fﬂ‘ A7) st i) 7 oo =2
HE7} & uwgon Aol A4l
Master 2RE7} $3lo]lq, ¥ wejes ZHEE
A5k 71kl e (Wait) .

olelgt F-2F Wl 161 A" lH Alsg &
olahi= DIN &4, %2 A28 glsl= TIME =

djg

s

Aol

AU AAEe) 2AZ Aage] ARE oA
Aslshs MOVS 52 AAdle @i STOP F

2k 164 A" 435 E¥s= DOUTE o] o]
+& 4 sl

Hegt 54 52 el s s
214, Real Time O.S. VxWorkss =g
BE F2 wEols zagaga )i,
COBEGIN 3 COEND &% 79 »ne Z24
23 COBEGIN® COEND *}°]°ﬂ/‘1 Create 1
Spawn = t©}. Conditional Motiond! ON

condition DO action +%2] 7$4+. Motion

7

=3),
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69
F83lcl7t Conditiond 9HE3slH Motiond A
x| A|713L Actiong F#gc}.

Axg 52k gado] 2o Teach Point 24 E& o
%202 7J-§3l= Position Level®} #FAE g
sled =bqldtAl 3l= Trans-Coordst 71F HEAE
M2 sk Ref-Coords2 ©1-83F Job Shift 7]
5. PalletE $1% Palletizing 71%55°] slch. ¢]9)
o= Tool A, =2] A4k Loop Alei, Ak <d4t
gede] Feol et glr). (Table 1 #x

A =

V.

s]}k=X=]]
x| e

21 g7k4 Multi-Tasking Real Time O.Sgl
VxWorks& 7]#22 st ob5A4 g3 (Mult-
Sensor Fusion)ed& zZhe toFZRE F2Ao
Alzwle] Falel dfste] Ay Bglc)h B oA ]
< Ff 2REC] Aoje] Hagh AlE 3y, =
% % (Conditional Motion)& & % A % %
(Concurrent Motion)®# Devices}®] % 7]
Motion(Conveyor Tracking)& +3& + A +
el F9 g F8l S Sk

o2 ¥ e Y FFEAAZE 1) AR
7} 6 A 3ql 2} Manipulator& $1%F 3
£3]9] ¢we)Ee i 2) TwoArm Robot2] At
25 9% AutoCalibration Systeme 7 3)
CAD Based Trajectory A4%o] i},

s B AP AT
0
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