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A Study on the Design of the Graphic Simulator for a Robotic Workecell
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Abstract- This paper presents the development of the graphic simulator for an assembly
workcell. The assembly workcell consists of two PUMAB60 manipulators, a conveyor belt
system, a work table, and a vision sensor. In this study, the Petri Net theory is applied to
model the assembly workcell and to construct the simulator. The event scheduling approach
is used to simulate the cell. In order to show the graphic display of the simulation process,
robot-modelling, component modelling, and world modelling are included. The developed
simulator is used to display the transition of the system state during the simulation. It is
also used as a tool in selecting the best resource states by studying the performance of the
system as the resource states are changed.
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Simulation Program
+« Petri Net based model
« event scheduling approach
+« performance evaluation
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Graphic Display
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Workcell Modelling

s robot modelling —[ kinematic model
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Fig. 1.1 Block Digram of the simulator.
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(a}

surface | vertex no.(CCW) vertex Coordinate

no. X Y i
1 1,2,3,4,5,6

1 127.5 ~42.5 -85.93

2,1,7,8

42.5 -42.5 353.07
3,2,8,9

-42.5 -42.5 383.07
4,3,9,10

-42.5 -42.5 -96.93
5,1,10,11

7.5 -42.3 -131.93
6,5,11,12

77.5 -42.5 -131.93

PR - IRT B (NOS SR Y S)

1,6,12,7

127.5 42.5 -85.93
8 12,11,10,9,8,7

42.5 42.5 353.07

wlowlwlalu]le]lw|o

-42.5 12.5 353.07

10 -42.5 42.5 -96.93

11 7.5 2.5 -131.93

12 7.8 42,3 -131.93

(b)

a3 21 s49 mHF o
Fig. 2.1 Example of a component Modelling.



REPE WIEE 39% 4% 19905 48

ROBOT

< name : PUMASGO
=type : RRR

- transform : homogeneous transform of robot base
- joint_number : 6

« joint_pointer Epointer to joint 1

pointer to joint 2
pointer to joint 3
pointer to joint 4

- pointer to Tool
-pointer to forward : PUMAS60 forward kinematics
+pointer to inverse : PUMASGO inverse kinematics

LI‘) JOINT

-name : joint 1
»type : R ( revolute joint )
- transform : homogeneous transform of joint parameter
cu_lmt : upper limit angle of joint (degree)
-1 1limit : lower limit angle ( degree )
-deg : current joint amgle in degree
~velocity : joint velocity percentage ( 0 - 110 % )
( integer value )
-ratic : degree per encoder pulse
«p_1 ptr : pointer to previous link
=n_1_ptr : pointer to next link

l:-——-—) LINK

-name : link 0
- 1k_trsf : homogeneous transfnm of link parameter
-comp_ptr : pointer to comp t l

L—>< Component >

ag 2.2 PUMASG0 o Eallo| e =g
Fig. 2.2 PUMA 560 Maniprlator Modelling.
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Fig. 3.1 Example of an Assembly warkcell.

2ew J3deE He 3™ AlRyoieo Pofl o AP

Fullo]ofol] A3 uhsko g 9 X A7)},

2) FEL ZE Ao o3 el g9 «
A Adol A=z Zulolojol] 3 o] F
ol dAF Ao A= dc)

(2) V{(Vision Sensor)+ C7} AAG F Az
(processing) & Al#tdct, ofw wjA Hy
(vision processing)ol] Ze|+& A7HE U A3}
oo 7hA g

(3) R1(Robot 1)o] =ted wi»] Z(Rl-free)o]x
A ARy AR Aiesls R1e Csle
¥ P& A=,

(4) Rle] P& z2 % (R1-bysy), A(Assembly
Table)7} wle] glew R1& PE Az o|%
Al 7] of,

(5) R2(Robot 2)7} 2l =l7] % (R2-free)elz
Ael P7l Eastd R2: Az o|Esto PE
A,

(6) R2w= P& & ¥ (R2-busy), Ewullolo]
2 o] &3l Fulo]ofe P& Exrl,

(7)) (-6 &35 AHA Alzkgsl
3 gtet,

3,12 $ok 2 FaAC o8 Hos
dlelas b, 23 328 2% =AY sy
2dld Azst o wE P <lwlefed e (P invar-
iants) 2} Z7] v} (intial making), <¢lAl"A &
& (incidence matrix)-g vebdich, 2@ 3.2(a)ol
Al A zhalulgie] PNedlo] B3] ZAg 1)
zot "5 4 4 gk, =3 2 Polvlgdes A
23 shte] EHelAE 2delu Y-S 4
itk whabs Ael 20 el = =gicks]e] PN
2Hle Abogla kAt AE & 4 gluh

A
A
Xo

) H

—'fﬂ
v

H

3.3 ERE %I zmqy

MOVEP, MOVES%3 72 =g} Fo| ZHE
gl (hand) o] Foll Beix wlo] o) &3 28 E
o e muHsld A B9l el AL
9 9% Wl 2d EE P& o]F Ay W
sto} 2uE 7 2o 45 W] ¢ 2uE9
2ol A7 WBE EHoz el zo] we
Ao wisle] 4% WHE sebshr) Aakel Wz
%% (PIP motion) [18]3% AAl $-%(CP motion)
[197o <&k 3 A2 (trajectory planning) =
2o A 2REY A AFE 29
el AE Hrlelo 2Re EAYE Ao
2 ehis) A Base

419



Trans, KIEE, Vol. 39, No. 4. APR, 1990

B2 31 Edllolas A4

Table. 3.1 Definition of places,

Zalo]l A& 1(P1) R1o] #ql w713 (R1_f)

ol 2(P2) Rle] CH= o] F3td CHY PE AEd (SP-1)
Zaej& 3(P3) Rio] SP_14#9% SP_297|%(R1_Db)

Zalo]2 4(P4) Rio] A2 o]F3te] Acl PE Hx¥(SP-2)

S o2 5(P5) R27t =2ed 4715 (R2_1)

Edl ol 6(P6) R27F A E o] F3led Af]e] PE A&l (SP-3)
Zaolx 7(PT) R27} SP-3 8% SP-4 ©47]% (R2_b)

Lal)ol~ 8(P8) R27} CH = o] &35l Col) P& =t} (SP-4)
E# ]2 9(P9) C7t A=A A=) (C__stop)

Z ol 10(P10) C7} ©] %% (C__move)

el 11(P11) i Az2lsh dejvn R BE (V_free)
Zdlelx 12(P12) uld A% (V_proc.)

Fallo]lx 13(P13) Al P7} 9l&(A_e)

Faloj~ 14(P14) Aol PrE 9l&(A )

Zdol& 15(P15) P7} AddfAgtez oj 5% (P_n)

o] 16(P16) Cob A=lsted WA 27t AHF(P_s)

Edjo] 2 17(P17) vjAA 7t v Rie] PE AL 4 iS5 (P_a)
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(a) =9 2 ©th9 9 Petri Net

» Inttinl parking @

« P_invarimnts :
(5L 52, B3, B4 )

{65, 6, 27, 78 )

{99, p10 )

(ol piz )

{04, 96, pl3, pl1é )

{ 52, P30, piZ. IS, plS, PIT )

(b) &7 =3, P

2w32 =3y A 9 muy Az
Fig. 3.2 Modelling Result of an Assembly warkecll.
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(3) AA BAE 9 A gaolE AA] ¥
(scan event list and simulator clock update)
— A Baed FY3e] B4 sts A 7ol

wte} AL EE Al et
— A7 BlaEe] A AR (A Azte] shA
o] & Al7l)ell wel AlAE HEA 7l

(4) Al g8lold F5 24 A
(test for terminating simulation)

— Al g8 AL Aoz AEdHo]AH
F o] %25 e},

(5) A} Ag] %l (event handling routine)

— A7 g2ed A A Az FRHE A9
g s

— A7 (event ; PNE2®le] Edlz]4)9 419
Felo]aoly EEE AMAsL 2H F
o] zof EEE HHAAH

— AR el E delve FRA(EY F
#Holxo) #Fae FA)F AEdHelD T
=3

— zql wh9o] e HHE o

— A% Hrt AxE HEAA

Eal o] gtet,

2w §34% Het 2% ARMOIES FAof B AP

()

Simulator Set_Up
» simulator CLOCK initialization
e EVENT LIST initializaetion
o geometric data generation
« WORLD MODEL initiulization

18

Mark scanning and transition
firable time update

3l
L, Event List handling J
5

Scan Event List and handling J

Time Ties (transition list)
Simulator Clock update

erminate Condition ?

Report Generation
: performance
evaluation

; Performance Mesure Data
Robot Motion Time
Assembleg part NO.

L

Event Handling

* remove input tokens
+ Qperation simulation
s deposit out tokens Fire

» Graphic Display of Cell next transition

N

Mark scanning and transition
firable time update

Call Statistics routine j

Yes

Time_Ties ?

a7 33 AjgdelEe 538
Fig. 3.3 Simulator Flowohart.
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Al g#o] Al
(6) A 8 AE ¢ 3 (marking scanning and
event list update)
— A Azl @ Az B4 AHE AR
& WA b AAS @A AR e
Al gkt
(M) 272 A 44 o5 HArt(check time-ties)
— oA A Aol R Aol wATHEA
9] o X5 mtslz ol A F4f,
(8) ®.34] A4 (report generation)
~ 4% Wk HEEE Zoh 4% ¥4 ¥
28 ARE 9 AFld,

4. 4 Alggolee] Oy J|s
TA" AlEHolEE AlgHe]dE Aol
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A, 988 ARE, & AUE 27 HAA,
2ol o]% &x, E¥lolo] o]F &=
A 5 iAoz ol 2 A

Heog vehd B olz} A EeolA A
Buo 2x8 47 stetdt & oA 3§

9 Asx Ttz o
TA s4T9 Az A4

* o] & AYEY HA AHe o

Dodcgl FAFAAE vehdle], AUAEY mH=

F wE nES A 4 9

o, 23 4.1 AYE |

T

o ood BN N

2o e
=
3
o2,

LT
oo

L2 of et o jr K

AYES 947 42D § Y dueE,
F 2rEe 7 %9 A £2(0-110% Abol

g 41 A% B9 74
Fig. 4.1 Organization process of an Assembly Warkecll.
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E:3 41 Zullolo] o] F &=
Table. 4.1 Conveyor of velocity.

&x HEE (%) 10| 20| 30| 40| 50

E oo} &% (mm/sec) 10| 25| 40| 60| 80
45 WEE(%) 60| 70{ 80] 90{ 100
Zaolo] £ % (mm/sec) 100| 150| 200; 250( 300

)

e
]

Eulloloie] o] F £5(0-100%~01 S
14 AAe A Alzk(sec 9H), AlF

doj A A& Azk(sec d4¥), BRE 5 X7

Z5 (PTP, CP) %ol vk E4,12 Evlole] olF

ol Mi-grhe| IAE viepdch

(3) =28 dx=Fdo




REPE WL 39% 4% 1990%F 47

a8 4.2 2338 A

=& o]

Fig. 4.2 Screen Display.

W4 2t Bslel da

BAA (viewpoint) ¥ E},
el
=

Bgedod (window) H HH52 E8) 54 Ha
A, @9 AA A4H "olg FE slvoE gl
4.2 2 &E e
5. 48 o Za
(1) A Eelol4d ¥ He 7}
Al Edo] 42 $-A AlEo]A Al o3 2
d B9 A% 258 HaFaloldzlA dn 4
el AlgHold F 3,1, 1™0M4 dFH =y ol
He] As ok AsE 3ol 23847 =e
A FA sased Ay Holg Axrle 4% 3y 51 A% ¥ Ax 29
WIS sloted 4 glAl doh 29 518 74 ¢ Fig. 5.1 performance Measure Display.
;4 &1 2RE && wdle] upg A5 7 A s
Table. 5.1 Performance Measure vatiution according to Robot Joing velocity change.
Robot1 Robot2 Part Robot1 Robot2 Conveyor Vision
&ty &5 product job job move processing
LLRC S w88 number time (%) time (%) time (%) time (&)
F;
10 10 17 3041.32 2952.32 95.0 28.5 J
30 30 | 55 2962.01 3021.37 285.0 85.5
50 50 94 2953.94 3031.56 480.0 144 .0 ﬁ’
70 70 133 2959.46 3034.69 675.0 202.5 T
30 J 40 64 3413.82 2538.65 330.0 99.0
40 30 64 2500.32 3510.75 335.0 100.5
50 70 110 3450.78 2509.84 560.0 ] 168.0
O o [ 260.41 366.35 | 5650 |  168.0 |

2Hw A34F At 22H AEHoIE Too pE AP
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Part Product No. (per 3600 sec)

=00 1) r 200
1891 T 1895
1821 lep
1-;% %k %;L,S
152 165
1,.:\0 By
(=1%] i
28 =
=
s wee
b o>
P
TREL &% T zamzacx

Robotl job time (per 3600 sec)

() ZRE] 3 A

Robot2 job time {per 3600 sec)

.-"Q - é
MuMl &N WSO g a2 G

(c) REE2 A A2

ag 52 A% 9ot Az AH
Fig. 5.2 Performance Measares.
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6.2 B

B =B Zejx 27 #Zq] w5 (assemble
cel)  chdeagt ads &8 E 74383
o, A 2R el AdHE S

Agdtn o Aol 2AE wdyir] st HE
2] ulE (Petri Net)o] &o] =9l=lglx, PN F
3 AL o]&ste] At ol Byl
zojch, w3y FzRHAoz ©Elgi mulel
AE s 2 A Aol AR Az
AEE g o]&3td AE

& S o] &3l e
2ye zpda Qg4o nway, doud
5o vl 2o, 2REE Al
ol F& V¥R 54 gdHE A
i Foid T2 A, H2E FAG
€ S0 2d¥, ¥a 24y, aga F 2
Bel AR AZH, 723 o2 ZRHSHYT

1o ez FAY AFHOHE o &3,
23 2] w9 kel A Ale] 2o <3
ztgio]l AP=HA DA A=we A= H3
£ AARez vehd & glgle ¥ ohde, A4
o) Ad HEo| & AxEle] HItx gef, w
ag 4 sl

o= EolA AuE AgdolHel 2y AY F
LAYAE BE F ZRE Aol FF A4,
2HES} o E AYE Aold FE e E AT

€ 7I% F7bb s7dnh, =3k PNRES ql4
e g3, PavelddEs, 27 b9 R
g FoiA 2eld B4 AFE HFdE 7T
of 7t & AlgdelHe 2RA A 3
£ AAA, ARdez $A3E JeREA o
% 75 ZE AgdelHaA A AdRAE
g2 3 a2y Aol E el HF 3t
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