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GK-DEVS: Geometric and Kinematic DEVS
for Simulation of 3 Dimensional Man-Made Systems
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o
‘ Abstract

Presented in this paper is a modeling and simulation methodology for 3 dimensional
man-made systems. Based on DEVS(discrete event system specification) formalism[13], we
propose GK-DEVS (geometrical and kinematic DEVS) formalism to describe the geometrical
and kinematic structure and continuous state dynamics. To represent geometry and
kinematics, we add a hierarchical structure to the conventional atomic model. In addition,
we employ the "empty event” and its external event function for continuous state changing.
In terms of abstract simulation algorithm[13], the simulation method of GK-DEVS, named
GK-Simulator, is proposed for combined discrete-continuous simulation. Using GK-DEVS,
the simulation of an FMS(flexible manufacturing system) consisting of a turing machine, a
3-axis machine and a RGV-mounted robot has been performed.
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Procedure Root-Coordinator::main (TimeType t;,
TimeType t.;)

1 TimeType t,, = its child simulator's ty;

2 TimeType t,, := t.;;

4 while (MIN(t,., t,,) < t;) begin

5 if t,, <= t,, then

6 send (*, t,) to its child simulator;
7 the = its child simulator's ty;

8 else

9 send (¢, t,,) to its child simulator;
10 update screen(); /* draw windows */
11 tnv = tnv + tvi;

12 end if

13

end of while
14 send (¢, t,) to its child simulator;

(a) Main Loop Procedure

Procedure Root-Coordinator::when receive_(done,t)
1 if t < INFINITE then
2 the = b
3 else
4 PASSIVE

(b) Procedure for a done message
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Procedure GK-Simulator::when_receive (*,t)

1 if t = t,; then

2 if tyseir < tweniza OF twseir = twenizg @nd this is
selected by SELECT then

3 y 1= A(s);

4 send to (y,t}) to influencee simulators;
5 s 1= 0, (8);

6 thelf =t

7 thelf = thelf + ta(s)

8 else

9 find the imminent simulators;
10 select one, 1*, and send the (*,t)to it;
11 resort children by their t ;
12 tyenita = Minimum of component tys;
13 end if

14 ty = MIN(tyserrs tycnital 7

15 else

16 ERROR;

17 end if

<2¥ 7> GK-Simulator9) (x,t) HA|A] xg34A

2o AAIH<aF 7> 4HA ).
GK-Simulator®] AR AgAAL <2
g 8> A=Ak &, xb) "AAE *xpHA
2% 2 AFHor ALEHA &3 (F4 1)
Z2YHGEF ZE o839 output B A FE
input 222 A AgHe A2 AAINAY.
A (x1)E BAHE L8AITHe)E A2
R e o] F4(J )5 o183ty FEHWEE
BAFAR (<Y Y 273HA &), A4

HZ olit AH WMIANG trearS A Aoz

e OHE 2AE tner & AL
o # du XA ta(s)E w3 AARH
F 89 45MA &) 281 uF oHE 27
EFAGLE tnS tvser®} tnenia®l HAFOoZ HAAS
#H A9 GK-Simulatorol Al (done, tn)S HEu
o] zpilo] &3 2AE S2ESY A FEE ¢d
<2 8>9 677HA &)

Procedure GK-Simulator::when_receive (x,t)
1 4if £, <=t <= t; then

2 e = t-t;;

s 1= J. (s,€,%);

thelf =t
thelf

= t, + ta(s);

send (done, t) to the parent Simulator;

else
ERROR;
10 end if

3
4
5
6 ty 1= MIN(tygeier tucning) 7
7
8
]

<Y 8> GK-Simulatord (xt) #AA] 273
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GK-Simulator7} (donet)& e 448 <2
d or BdFa g o HAXE weks d
o= 3919 GK-Simulatord 2AEE A FE
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2 AAZRH<aY 9 48A ). 283 E ¢
Al el (done, tn)E BUlo] gAH<aHE 9>
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Procedire GK-Simulator: :when receive (dae, t)
lif t < t then

2 resort children by their t; ;

3 e = minimm of children's 4
4ty = MIN(Gerer tanng) 7

5 sard (dare, %) to the paret Similator;
6 else

7 ERRR;

8 end if

<29 9> GK-Simulator? (done, t) "A)A)
2] 74

GK-Simulator7} (2 1)& 23S A9de £
2N THE AAFTL 9% AR 6,8
o] g3t FolWME(®) EiHE FAH<IY
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zed, AN 9adE Ade 94
UT,, T, 28z 9444Rg 83 I4An
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Procedure GK-Simulator::when receive (¢,t)

1if t, <= t <= t, then

2 e = t~t;;

3 s =38, (s,e9);

4 for-each m in child simulators
5 serd (¢,t) to m;

6 erd of for-each

7 else

8 ERRCR;

9 erd if

(a)

Procedure GK-DEVS: :8,, (s,e,¢)
1 v, := get pareant “T;
2vT = ', s.T;
3G =GT;

®)
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g3t FAMA A)2AE(Flexible Manufacturing
System)& E®@H 3k, 43NN A% GK
-Simulatorg ©]§3t] Al EHolHE FH7 o
g &80

<29 12(a)> #Holohx #FLE FAAIA 2
o ME AEst Aulzt 24 3747 FH 3
t}, =X A o] 7] (Numerical Controller)o] &3] Z+
zte]l F%E Y (manipulator)7} AolgE Adulz 3
Z 98 Aay), 2% AMuk(lath), 283 ol F
dule] EF F8E 299t 6% 0@ BEEE
48T 65 OBl 218 99 o o|Fs)
T A (Vehicle) 2ol EAHo] 1, o]AL 2
& ZEEY 759 FHA Aojdrh

<1d¥ 12> A 4 A A2" 2d
o] oHIE ¢&Y FAE HAF3 3tk o] A
gl Ztzhe] A o7Ie EHA Dest,
&% Feed® TEHO] HH3L o]EY =24
HE CurZ ¥et. AulE 749 4R (material)
Loading® Unloading®] A& 3l Z& A
o]7] Robot_Ctrlz} 2D-CNC, 3D-CNC= o|WlE
£ &8st

HA <Y 13(a)>% o] 2] 2F A
o 2A4& 31, BH AAE <Y 13> 2
o] 3 & Loading ¥¢EZ AHutd ¢dd <2
¥ 13(b)¢} Zo] Ayte] Hate] AP} Adxte]
Aot zglo] AEHH Ae 2R AAARE
gy, FALEE Vv - 2RE <29
13(c)>2+ Z°] unloadingZg-& Al#H3t)

Auko A ¥k 7HFANE AR BRL YIS
9 s o&dd <y 13(d)> Zo] Uy
du] Zo 2 o]F3t <Y 13(e)>NA BHAF
T RF Fo] 2R Iy &g FFTY. <
a9 13(0)>%) #o] ZRo] EAANE EAGH
43 A 2dS AzFE.
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(a) FMSE FA3te &8 Adule wixx

3D-CNC

DestY,FeedY,c va
DestZ FeedZ

(b)

CurrX,|
DestX,FeedX,CurrY'

End

Start Op2

Robot-Ctrl

Dest1, Feed1,C4" "

P2 ~

74

Dest7, Feed7 ¢
\ \

OP1

Start

AEs A odE AZ S

DestZ FeedZ
X B

2D-CNC

currX,

estX.FeedX.C z

A

<a¥ 12> f4 AL A" 24
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6. A&

E =FdAE 32Y 334 F3EE
Az A 2= (Man-Mad System)?] Al E#olA
A% A2 2dyY L AEHIH PHES
Atstgct. Aty GK-DEVSE oJAhAdA 2
glo] E4y RE#H(modular)d 7HEE 71534
= DEVS A 2¢) 718& T3 3o QA
ZA 29 EAQ FHLAE Alold TAF=
Al e Mo wE FAWs 5A4S F wgst
2t Bk olyzl 339 FHFAA FAFIe
NFed Ar, & AFHQ 717y AR A
ol ¥¥g 93 4 ddd99 GK-DEVSE A
29 #A W A&l JAHsiEAY R
qx Frt¥oz azyyUtt

GK-DEVSY Al&dol8dE A GK
-SimulatorgtE 4A1e] AAY FEE IJFEH
o] BAE 71# DEVSY F43 AlE#HAH %
¢ t& Simulator®} Coordinator?] thu]gt},
718 wek zojdL, Z+ GK-DEVSY e ®
A3 = AZHA 9 BdY 2AES
A zEsiA g oWE WA A|Zfo] Aty
of Yzttt Ao Fuolth E i duyE 9]
Ab Aol AR g FddE AFTZE
wakd A4 YA4dRe] syt olFA= 3
A4 T AAZAI=" AlEHolHE 3,
(1317F 2% FoE @& 3hte] HAIR ¥
g (gp)oz TR, A&3H] Aile] "R
FAE - B =EdAE ddvold AlF- o
A AR E SPAA AA 2de] AL

AdAde] Algdold= BAs S, [2][3][12]00
A g AT o] Azke] TEl diste] AH
Walsl nEgAsoz wHEYR oA st
WA Algo] oWiES] BYAHOR AMHE
A%, GK-DEVSY §,.(s, e, 2)2 ol&3lo 7
BEurA e wdzsid g, uj2gA A ¥Eg of
Yzt A 7 849 olFAl LA
T 3E- dE E9U ¥4 LF T4 EE
2% g Mw 59 loading, unloading}
dAle] FE[6]7 2ol- dA&AdHY WA

&

2L o

O, Jm o2

A= F e vE 2AF 3] PE ojdE
(unschedulable event)®] E§ A E#HIAES 9
3, o]Artd 2 A&AEH AEHolAY EFo
488 4 ith olddx, d&AAHY AAE
Sols, e, @)F8) 3434 =™ unschedulable
event®] WAool HEHY o]t 2AEY A
2AFHolo] FYPHAA A EH oMo APHE
£ GK-DEVS$ GK-Simulator®] $&o} 71538}
t}.
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