A Petri-Net Based Execution Model of Processing Equipment
for CSCW-based Shop Floor control in Agile Manufacturing

Soondo Hong, Hyuenbo Cho, Mooyoung Jung

Deptment of Industrial Eng., Pohang University of Science and
Technology, Pohang, 790-784, Republic of Korea

ABSTRACT

A shop floor control system(SFCS), a central part of agile manufacturing, performs the production
activities required to fill orders. In order to effectively control these activities, CSCW (computer supported
cooperative work) is adopted where a supervisor does not exist. In this paper, we define functional perspective
of CSCW-based shop floor control using planning, scheduling, and execution functions. In particular, we
focus on an execution model that can coordinate the planning and scheduling functions. Execution can be
defined informally as a function that downloads and performs a set of scheduled tasks. Execution is also
responsible for identifying and resolving various errors whether they come from hardware or software. The
purpose of this research is to identify all the execution activities and solving techniques under the assumptions
of CSCW-based heterarchical control architecture. This paper also proposes a classification scheme for
execution activities of CSCW-based heterarchical control architecture. Petri-nets are used as a unified
framework for modeling and controlling execution activities. For solving the nonexistence of a supervisor, A

negotiation-based solution technique is utilized.

Key words: CSCW-shop floor control, execution model, heterarchical control, petri-nets, negotiation-based

solution technique.
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2ot A A3} F Aol H3sHA 29 59
A4 (agility) 08 9F 2 5 A= A A
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shop floor control system (SFCS) L2 AA A
Aol MR BA G TS o] Xtk SFCS<
AEL YAstr] st 34 e AU EE& 7HE
sh, ol WRF IHEAUES wzghch ol
SFCse] thoFet NEE 28 W3] Asted Al
231 (decomposition technique) & Abgsh=1], 7l
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wlo] A o AFAA, WA HE R Au L= = S
A B R g e I L s T 38l execution
oz Wt ojF el planning scheduling
A A8 W& AeI3HE execution function& &
T iAo 2 gtk WA execution functionZ 7 2]}
3., execution entity® ¥ 3t T E execution
activityS  HABHH, FEE] WER 29yt
exccution A S A sFLAL Tk BelAy } &8t
A o= %Y HEE += (heterachical control
architecture) & A S sAsty] $stel ARE A
2] ¥ %29 (computer supported cooperative work,
CSCW), B4 wlo] 2 3 (negotiation-based solution
technique) < ©]-§3%th.

2. J1E QT 1F
2.1 SFCS2 control architecture
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[ 2% 1] SFCS9] &5+

Heterarchical

A% % SFCS+= National Institute of Standards
and Technology (NIST) oA 78 5 3 IEE 7
zol e A Zo 2AE Foh(2). ASHLEE
FZE T A, ] AEE = AEE
Bg "Ueg st B AAe ddso] 745
o] Moyt gt Aek 7t Au] DEE7 dE = o
AW AU A G X + Y= A3 2H A A
EZgr dosith Yardold AESHE A
Ast7) fste] R AMPESE IF2 AES
QAst7] fiste] Wk Aujt AT A8 dH
S 9] alo]opxe o] &7t} ({4)).
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YA BA L Aok ol#F HEE FX 3toll A B
E 3% A2de Ado Uitk 55 H28L 7t
A, A AR b A% HZo] sbestt 3 2
Aol Az EHHou], HA ArFe] TR EZ0|
A As}A A AZH Lin & Silberg ([8]) © H A ]
2 HF5 A 2H (negotiation-based cooperative system)
Mgd-& o]83l shop floor control& & 33T
JE2HAEE ZYYHAE AT A RAR AA
o] 7t Qe ot Ao 2M A2F] 52E
g/ skt

2.2 Execution function 7] & Q.

2217164 2%

22} SFCS= 37HA) 7le 22 +8E AL
A QHHE ((2], [4]). Cho ([2)) & A3 H VEE
2 748 JarHd HBEEYE AT,
Z © 72 37}A (planning, scheduling, execution)

B33 ol 5 AN stk (X 1). PEEY
£ YL glo] ol FolR A AAHY A
A A Fiste 3 EPE ey, 2=
A gL Asgol &7]7] fvtd o HEEHSY
HRE IB/3AY §41& 3HA Aot o HE
E8]o] 4% FoA AA & Wele 7152 planning
o]} scheduling 7159 SFdct. Tl vAAE
Hho} S o] 7} A9 3t A -2 execution function®l
sigstA @k AFH SFCS A execution
functione ¥ A AE |43ty 23S AT
3 AR, Az wAAE e HEEY &
gl= Aol (2.

[ ¥ 1] SFCSe 7|5 &/

plannin scheduling execution
shop . getting and batching . sequence monitoring workstation
orders batches status
. batch routing . scheduling . interfacing with factory
. resource allocation batches level
. deadlock . communication
resolution . error detection and
recovery
workst- | . splitting batches . sequencing . monitoring equipment
ation . resource allocation parts status
. part routing . scheduling . communication
parts . error detection and
. deadlock recovery
resolution
equipm- | . resource allocation . sequencing . downloading NC code
ent . machining operations . monitoring device
parameter . merging NC status
optimization codes . communication
. tool path refinement . synchronization
. error detection and
recovery

2.2.2 Execution Model &+ 1%
AN A dE] AFEEHT A= HEEHY
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80% ol 42 &3t RUHY 7552 35 3
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functionS 23 744 W RAY == HEE 59 7|5
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Yol 7} de] AHgEH = W] R+ HER
WEE S A (3], [8], [9)). Merabet ([9]) = &
H] % 7]3}, 53 end-effect H 59 7 5& F33
= execution functionS H E U EE AL§ 5t 2 Y
% 5}9ch. Huang & Chang ((3]) < HHEUES
o] §5to] YA AR A B PES 5FE &
HH o2 HEEIFACH3D.

3. 7|8 o] &
31 UHAYIAN LY

FAR A 2R A5, 14 Q7 oY}
U-S, O EF 2% A4S 5HOE T AAALH
ojtf. =3 AFEIFFAMANLHLE FAALA
~Hl9] £3-& &£ A7]8] CADY CAPP, CAM<
ot AsAA, A3 AAY, AFuAYL
S5 B AN A" H 5] B3tEE Holid
t} o]2fgh AAAARIZ UHAS v A7) 7]
B535 Hol gk UHAMA AR FHHL
ZFdglo]l Wske AR Ao aAH o WA}
, dlFo] ofglg 2u|AY g5 WH A=
Act. ol#Ft 2 W& UFEA Y 2 FHE H3l,
gatg]o] 7k AA A &L= LA A A
Aot}

2 A HFES $49 715E o] 83t
AN ~F Yol A 7H F 23 SFCSOllA WA
A 2RSS T LA T o] & HAME &
of £2 AR ET Y= AZH HEE PFREYE
TR HEE I2E AYsdt. ¢34 HEE
TRE AaEH o] AL AT FRlE
WA, AAA A 9] B GO BAR AaH AHE

rr

}..

o 37 Fjglont, B4 71¢e) wem AREe 7
N5BE oA FAS AAY 5 YA 57 g2
oI},

3.2 Negotiation-based solution technique &
Cooperative systems

THH PEE Fxe HEE AYAIL A
A ek & Q88 A% EE S A2HE
F&3h= Q2570 A3 Aol 93ty o] FoH]
A Aot 2HEE NAHE gEHOR 3]
Ao e EEAHY 3§ P Ee]l Yasith
B AFME AFEH FY &'F (computer task
allocation) 3 Y BAE 2= A o]~ HF
el AARe] B EL o] &5kt FA wjola
A5 A A2 A AR o] F& agent?He] &3
A FT A Es 5HOR P

3.3 Petri-Nets

HEUEE o8] 54L& 7 AARE 2Y
Y& 5 e 7IHe RN 1Y 75 534 3
s EFoz gt 53] A4, ulgAA,
v g%, 1]y FEH) 545 7H oldhab
FHAN G 2@ A5t A3 K434 A
449 + Atk HEUESY J8Y 752 3FE
(flow chart), B 54 % (block diagram) ¥ W E ¥ 3 2}
Zo] N2dg JHgoer 2P 4+ Y52 ¢
gt T3 E2E Bole] AT A AHE
vetd 4 ok 9H A 72 AEEg 4,
A 9 AL A4S AlE 5 A
22 oulgit) oju] FAYA AR Aojo} &
YEE ((5) oA AgFo] A58 HEZUEE o
83} execution functions LR YT 2 A T
A7t ups 7EgAA o' AHEE ¢ A s1] 9
olth
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4. Execution Function of the system
41 A AR 72

2 @A AR 34 HEE 72E ¥
EES 5YYE agentT B A gt} ZF o]z Hy
A= JHg AFE A} EAE
ST(Support Tool) & ©[83le] AUt 24 A
oM A4 HEQ] /3 AR E STHA AW A
Aol AYHA Et. £ A7 £g2Hstn
4E 8 CIM Lab®] Postrol AAR-E Ao =
3HAh. Postrol 20]] o] $RRE 1019 2=
RE, ASRS, ZHjo]o], A5k A5 Uymjuo
2 FAEAYG. 7 AuE shto] agent® REH A
ARS O59 Z2 1R E A 89 (2 2).

ST 44] AS/REAA] ConveyerJ

commnication layer

’_RitoTl_} | o | [lathe | [Robot 2] [ Robot 3 |

[2H2]HEE 3% 12

A% e VES Pxol4 22e) FuHE S
Y& 715422 planning, scheduling, execution ©

2 273U (2Y 3).

Processing Equipment Controller

/ Scheduling

Planning

Execution

Processing Machine,
Material Handler, etc

[ 1330 AEEY 753 By

planning function®#} scheduling function &) A}
A3 BYE DEER Y 7158 @34 8.
22] 3 execution function WA A ZUE]Y B &)
A, Aol A LAY, A, 1A A Y A
A Mg U 74 2= o2 B gudalA |
t}. execution function®l] WA A & Agst= A=
AR 75 (URHAIE, YA, AP Au], I
B3 o8 HE S oo}t o3t Az S A
AE ol Agnol & JALEH S oA Fr) AY
Hlo]& JALA Y fA oM vl AE At o
T2 WA A= A oA oAAAHE AN F
AALE Y 7)1 5, APAu], == 2 HESYE B
WAA gk oEdt AHE X stedol =
execution function> *|A]Hjoj A A AHS o] &35}4

o (29 9).

Bxecution Function

Machine Control Function

Bxection
Knowledge
Base

Inference Exection
Bngine Database

Commnication Function

[ 2% 4] execution function] %] A]uj o] A
A AR Pz

execution function WolA 713 £ 93 oo
FE7183 AW A4S AFste 2 uo] Ao|t},
B AN H2HE HEZYEE o] 83t &
Y ARE A uola T2 o]8H 5 YA
stk FE71%E A4ujolA Ue] WEUE
A A& Hepols WEVE Ha} /|Bog 22y
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2t (f6)).

4.2 Messages and their description
execution function®] ¥ =& WA A= WA =]

o) )0l @} thg o) AHE £ 7Y

. QJAA A 75 A A
. 71 WA A

4+ Qe

.HEE HlAA
execution function® & HE] &= HAA
w3 B4 o) ofste] AtAZ 2RI
A 715 HIAIA
A 7hg A A
CHEE HAA
A Ao g Ee 2YFE I o7 stof o
AAE AEHoZ ZRIATH(E
[E2)1HAA £F
44 | Decision Making Equipment Other Controller
4
Desinsion . equipment . processing start
Making control data command
. equipmetn status . controller status
query query
Equipmen . machine status . machine status
t info. info.
. processing status . processing status
. controler error . controller error
Other . part infomation . equipment status
Controller . controler error query

. equipment

control data

WA B4
o} ([1)).
B U= move WA A=

B g u A A e

o]]_g_ =

A
18

EEHR ARG FEdoRE

Ralps P 7d7]o°“k] A1 7] o]

EguA Aoty T3l
7}3 %nj ol A -4/‘}€7d°ll move 2] & WAIA =

At

HEZ v A A

S AR A A= BRE ] A

4.3, Petri-nets model

HEZWEE o] &3t &
d4& 733t FHEUEE (19 51 & &
t}. execution function®] idle¥t AEfe A W A =] 7}
AY= A 27| He] o3 FHEUE HEHH
th dYE A A EAEHE B3t PP ol
2 A #] o] u}e} equipment type, decision making type,
ozt ZF wAAE
AT ¢ At AU grix d7] Fell WAXE
Aejgch AR Xe]E H3HA process DAl
AN REHEUES A4Ho] 22 FE R E3}o]
o] 2 H3}slE #HE ANt ol AL wH)
o B&HEVES FREW 1 gho] FHEZY]
Ed Madt} wAA F30) o), 54T o
1Fo FAE& g

execution function<

other controller type 2. & & 5

command controller idle

execution start

<1<

equipment decision \_/ other
type making controller

process 5 5 %
wait for

completing

complete

[ 2% 5] execution function®] FHE U E

FHEVES HERGoNA FEHER
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EE tA H3etA == o33 oNeoll B9 H
F4£HEgJEo|t)  PostorolE FA3H= CNCA
Hlo|ty, WA ME G I A F]7] $J5te] o] 2
@4 et THo] g2 EHE IS A AT
7t8EE Fol /%2 vAAE JAHEA 759
Mgtk T8l HEE AR T3] 93 g4e
o 7] gt

machining
message machine idle

9

) Pix the part

fix_done

A ro

) Process

wait machining_done

[

send machining_done
message to scheduling

relesse
wait material handler fixture
release_ready

end of process

[ 223 6 ] CNC execution function®] M E 2]U|E 2 o

4.4 execution function®] WA #] 3 & 9] 9

o] @Al ¥ el % 5| o] 2 execution function-S T}OF
T A3 Ho] A o AAH S BHA Hek TR 9] o
£ Sl

planning function®] Y} scheduling function& tF
< BulY] A& dobliy] 93l o2 vl
A& YAl Ik g4 dlojA RS Ay 9%
scheduling function®] P& +3Y3l= 7 JEE
718%5% agentE FH2Z HAlo] o]FojAA H

. o2 UE agentd] AHIHRE Y5t Aol
. FA7 S agent®] YA A F oA Au]Ae) o
bl 7] $1%F vl A& R U, execution function®]
& agent?] execution function®} HE E v A 2| 2}
AR WAAE Z¥ete ARE dojujA At 2
2|3 ufA|u}2 2 o] & scheduling function®] &3}
Al At

Machining Hquipment Contraoller

Other Machining Bquipment Controller

6) Machine_Status “1 sScheduling Scheduling
f t
Execution 1) Request_Status Execution

Planning

:
1) Request_Status \ 4) Machine_Status

________________ -

5) Machine_Status 3) Request_Statusyj '

Machine Machine

———3»= : Control Flow

: Information Flow

[ 2% 7] 8 3§ dohdi7] 95t
Hgo wAA B E

EAE ol¥A HHol BV oS 3 e
A7 Aol e AEolA, T agentol A &
AE T AT VEE viAAYG FR wjA =]
o] sFolth. sFE AUz E AYEnNTE Y
<2 execution function®] scheduling function®l] ©] & A
@51, execution function TH& &S 3hA @
o] 2] WA A& A5t TE B vlA =) A
T3 B A A HE Do) vlAR] H4g A9
A 710 o3 @2 WAlx e sFo] 2A3A B
(L4 8]),
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Kachining Equipsent Comtroller

Material Kandler Equipaest Controller

2) Machining_Dons

3) Move_Part “ 1) Nove_Dons

Exscution Execution

s

Scheduling

4) Move_Part

:
1) Machining_Done 5) Move Part

Maching Machine Material handler

———=»  Control Flow

: Information Flow

[ 2% 8] TEC]EE AT JAA viAA 5

548
B Ao e UHPIANARSY F8

SFCSE %4 HEE 725 o] &3t 74313l
th o] J5ALE HEES HIIHE execution
function?t YAIEARE  HITIE
scheduling function®. & F#3t1, A7HA 7|6 &
execution function®l] T3] FAF vlo]A FE &Y
WG o] g3te] RES AATIHY REYEL HE
YU EE o] §3te] R o] s} upz A AF ]
249 5 A s

planning,
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