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Abstract

This paper deals with the scheduling and simulation
for IMC(Flexible Manufacturing Cells).
CIM,
machine level. The primary functions performed by this link

In order to achieve
there is a critical need to link factory level and

for all jobs issued to the shop floor and cell include
short-term scheduling and dynamic operational scheduling.
Here, hierarchical control structure is introduced to
define these functions. And Intelligent scheduling through
expert module is adopted for efficiency of FMC operation.
Computer Simulation reveals that expert scheduling method

is better than heuristics in various performance index.

1. &
oA CiMel iyt 77t By AYH glon,

factory #*oflA] CAD(Computer Aided Design), CAPP(Computer
Planning), MRP (Manufacturing Resource
Planning), 2|3 e old o2l AEFHEY 2z
th2 71 SHAIE A=t B3 ot o uolrbd A
sk avle] A BYEL 9%l factory  levelH
manufacturing level & VZAAIAF+= shop floord} ceil #yHe]
1% 39 9 7o) Fay AME chFE gt ojof atz}
shop floor Wz cell WML AHAFZSZ AHos:
FMC(Flexible Manufacturing Cell)] HE&AQ 2% 7]deof cf
¥ a2zt A= olch (1]

2y A Z7A] Y GFE[2-6] th¥Eo] cell e iz
M gRET AFIASE, T2 MSolAS Ale HdE oy
22 ¥ RolA EXRE A FAREE 2ot o] F
ddg dAAAFE A Wi A WEe XS PMColl o3y
A BdaFe g2g Jd31E ALstae S48 vl Wol
cthEe 2| 2] & ot

SR Al M(Flexible Manufacturing Cell)2] 243}
o= thE Yo 43 FHoE Hsls Aelos dREHE
L tdEE d3) uie YU FAort. Ala¥e 544
3 AAZE Mozt 2 FEHIT 2o "tz A2 dAel «f
3 Aefg o] gol EAstm, ztzol cisf AFHog sie]
Wl oAl 3 QA Aef Fho] WSR2 Ao} o] W
3 WY RE oY AAHEFY W A7t vl EETE =
 Bd A 2yl BAYe ol BAY, wHstA dof
e AR T EA7E 712 e ok wiebd A Aja=le]
FHel YA ot EAMAE EA3ln Fstr] s A
#olas FMC 29 71de] E4je] "Wastet [7-9]

Aided Process

370

AFE FAT A APC) ol Tt Ao Ay 23&
HE PHste] MY BEY Y& FYeE grh A AC
&g Z2aP2 Pab Az gt Fue AN +Y o
B 715 & HAH, expert AP ZES BY Y i AF,
a3 TR 4 B2 7lsE UL AEldrEA KA
g 23 Aadd 2o cis) Aed At FHA Aol

o3 2AEY HE AAEF Wzt

X

e
=
=

2. MC §7d gl 29
2.1 C 39 g 54
AutA © 2 FMC(Flexible Manufacturing Cells)s= of® A
Z2 5= 24 AgdE +%sy] dste gy BulEY 31§
M(cell)o] HA4(flexibility)& Foi¥t Zeojrt. &F, MMCe
A4 E 1 A 2 A IFE AHEHE Aot tEF
Aol BRY0R LAUNEE st YF9 BY Na" ¥
efejct.
MC = A3 A AJAR 2oA] shop floor 2} cell
dlol sligats, 33 16 2 @Y 7l%e AU BAT U
9} qlch

Capacity Middle-Term Resource
planning Production T"—b Requirement
(rough) Scheduling Planning
FACTORY LEVEL
Capacity Short-Tern Material
Planning Production Requirement |
(detailed) Schedul ing Planning :
. !
SHOP FLOOR LEVEL |
) D] S
Dyramic
Operational fo—-
Schedul ing
A
4
1
Y
Dynamic
Operational
CELL LEVEL Control
FMC

a1 A AARY A 72

th A} Al AB1Ql PMC(Flexible Manufacturing Cells)i= T}S-2)
B4 & ool qr)l. AARLS Jutog B4 Mg L
AEled, Y + 3 F/= AR olel BghaA 4



o 4 ol 7t e B4 A BF ALEE de 22
2 24N, o7 dAl datzidel R % A wel 7
wWolct, 7+ A uold +8E 4 A A AT =Y L 2
Aelg 2g gl 494 HM A ARE oY MZ T}
£ nd(7128)& AAY 4 A3 7HEEY RYeA. ol
routing, tool2} resourced] ¥, Qy#eo|Ael ¢ Fej aiet
AZEZ cjglo] Ex¥ich

2.2 IMC Bdg)

e A2 BAE EWsE 75U (functional) Y
2 t}g3} gol vehd 4 elrh 8hue] FU(function unit)oll
CP(control part)®} OP(operation part)’} &2] ¥l CP= OP
oAl A|A1§ U3l F& supervisor 715& @WEIH 0P CPEF
B Walg dol £t g ANE CPoA Radl: U
gl 2% 2 - 3 of PMeoll thE 1A FdA 2 4N
A8 meale] o7} Lieh gleh. 23 2 & ASHLE gl
Zxpsls B4 AT 749 MY JEd Egolth. CpPol
sjurst A FojulolEl(coordinator) 7t A4 dd2HE A
R Al (MO: manfacturing order)& %o} OPof sidsh= 4 1 2 A
2 of =4l x| A](J0:operation order)E WslFEch A 1 7 42
L oatg] Aol whet A AYg Bz 2 FAXE 4 =
ujolElofl Al E.3¥ITh

Flexible Manufacturing Cells

Cell 1

Cell
Coordinator

Jg

=

i

Cell 2

fé/s

MO : Manufacturing Order
J@ : Job Order
JR : Job Report

ag 2 ee] ey 2YEdY

a3 20l Zh Aol oyt 713 2ol uist glrh 1% 3
2} mpatrlx) R cPoll 3wEts A AE=E ot 0Pl oA A
ojel7} Zajgich. A AEFE Mo Wi Y AAJE WAl
3} Aufololel AW olERRE 2 AIE Ha LETH

Unit Cell

Machine

=3
=

Cell
Controller

=)
]

Conveyor

O

2,8

JO : Job Order
00 : Operation Order
OR : Operation Report

a3 3 A Sy 2Yly

37N

3. C &% 72
3.1 A%A Ao 22

oAb AjAElel FMCE] &3 4 fslo TRt 2
AzAQ Mol F2& =Ych A Acluvlolel= MCe] A=l
WE A 24702 A o3l 37 e ¢yl diAYHE 5
Yysla, 71FEY 5o &4 U A HE PP

order
Manufacturing
Status v
Cell Coordinator
———]
Job schedule
Status
Cell Controller
Operaton control’
Status
Machine Controiler
complete product
a8 4 AZA Ao

¥ AEgHS Aelupded A IAridolelERE FFE Lo}
Hza) e Aelg ERsto], 7 oA(ZRE)O ofs) HEFEE
Yost routing F2E ARAYTH 222 7HEEe] ¥¥E o
Aol chaly T ZRE ] AHAE WAL AF
A Aol AM TEEE IH 4 9} Yok

3.2 4 FArjveld

A Fr]ulolBl & shop floor sdel AAFe e /AR 7%
o2 AZH AHolo AsiFzEA F7) UAE, w1 A4
Adg gutich. &, doleho]A2] ol3] FRE Hz2sn A
5o AeAE 28l EE(part)d % A E(introduce
time)Z} /& AFUCH
3.2.1 V% &% A3

N 7ie] Aol ol , i7l 74EE j& 7325

L Az T g AR, WiE R T B¢ BAE o vH A4
2t g7akolta sHd, A il BRE @& Rushed U8
¥ AT 27 T EG A i7 5% U AT T Bt FA
L gk

2%
W

4
2

+ Tin < T (1)

Tit® + zTiaWe + -+

3.2.2 kg A%

A @7 ek aEsted IR (2Y)EEE &
s Heujold F7 AakgS AR VL AAAY £l W
2% AeiHAE LSRG a7l | WAt APi, A
2, g%t BAE Uehlr] §T ol mdg A (2)% 2
o] Melelal. B AlAwle] 23 AAAYE AV AW &Y
gm0} xbefH 42 Lehich

Xk+1 = Axk + Buk - Cdk (2)
Duk < ex (3)
w =2 0 (4)
AZM, xk . kKRR R Aztelq e e, wo kdH



ks 7S] it o7 o
B4} capacity #H|.

F715¢8 APFE, dko:
B, D : 4t VY, e

HA Aoy wg ALrstr) itk A g7t Beogofel
gl 2 dAFoldE 4] (5)9 o| Aitae] aparg 24y
oW WSt A=} (inventory) @t Aatgio] @ F ko] u]
ggo 2N PAAsts FET2(backlog)ol} 3 RKuEE wlE
& B3 gl whddict

Jluk) = [fk) + gluk)] (5)
o 71 A
f(.) g u&
g(.) : F+EHI v

A 37 vixe, @712 A AY $Y2 dat Al 2R
olwt Aot 2AE HulstA] A ¥l BF U+ J(w)E
a2 A7 AA BE wE AL 24E HE"e 2
5 F 470 89 F 27U 27Po) T &FE 2
A= dojetg Y ol tiy HFH gitg Afoirh
33 5olld o = giRe] 7] 7IF & 23thE 27
U 4F#e] 52 AP FEES Fsla ol F B s HaelA
15 9l 3FolAMe gatgo] 23R} wA AidEded, o
of utel 23+ W 459 HAEE JbE &¥E WUHsL At

5.26-082

PHOOLTION RATE

O3 5 A" FE Aakge o

3.3 AEgy

A AEEeE A Ioluoleoly Y AA|F wol Mg &
2308 $9Y 4 U&= AYL £YUL AE 233} A
BRE s, A uolMe oile] Melzt mAlo)Ae] tool
3} resourced] MA, 27 ZRE Qoudold AWA AR
¥yt
1) o4l A=

24 d@hdolM A A w2 JHEEE AMelsly] ¢lsied, Ha)
Aol defot AY 2AFE 2l A o Myl
- 7HE A 27 #alo] wa) Tyt A tool

resourced] WE g 7Hs o,
- BF Y £F 0 32 Wy A F, J12EY A4
C 7HEEY €2 7hE Aise H=R.
- e 3 g eile] A Aelo) alguh Ay
Z& WHIH= HAulol A oA mjale] ey
2) tool2} resource?] M A
7} ool JHgEol ULEHE, HFEY FFol wal el
Hey tool?} resource TFAEF} TAHHTE & AMarEe] st
F(23)o] 2oyt tool(gripper set)& A3y ULH 2y
off thgt resource(washer, nut, screw )& AMeigic)

372

3) e¥geld glAE ZAF

71E-E2] ol WL tool} resourceZt AR EHA, 72
F2 23 A5 AY 2743 wjde e} ABE 85l
HAlof Mgl 24¢] AlZhE H4AZ st ZEHE oMol gAE
& At

4 AEE: ZE2 A2 Adeist 2y o mivp Ala" A
Bl Bl HAYUCE of AU FF dlolel, ZFE dlolEl
Jeja e AelEa 22 go] AFHeh Alad el 3
€ B3 el dde] Hd Aot el FRE Bagich

4P & AT ASY 2AFY A2Y
41 8 Az 74

2 ATl £ AFH Ao} Tzol WE Y TEH
2AE AT AW 2AFY A4 AN FHEA 2Y 6ol
uhsh ik,

Intelligent Scheduler

SCHEDULER
SYSTEM i
MODEL Cell Coordinator
Cell Controller
E PERT MODULE
USER
Database
INTERFACE Knowledge Base
Inference Engine

33 6 PMCE 2 A58 2A&F A%

Aag nde Ay e B9 822 E 71X gl
™ cell, workstation, 3, MHS, #uolo}, tool magazine,
12|31 part, resourceSol ri¥t W EF I3}

2A &8 FolA A Bl cfs] AEI REA b
oleho] Aot A Ho|AE HEslo] dol AA Alghg it
oz A A AYE FYUTL AR dEHo|ARE S
¥ gl 23 75 AT At AJAR1e] Ate] 3o} rioryt
ARE 2Yog Adld RAFE: U @yt

53 A& AR REE ROl B 2AEH
(Intelligent Scheduler)2}il gttt A% AASHd= AA
oot AEIL 2ER TAEEH, PMC A% BAAYE 23
3t WA REoltl. AAIZY BEL tHA] cell coordinator$}h
cell controller& XYt} EI expert REL do|Epo]
&, AAol4, e FEIHOE o] Ak IMC Mol §
A ZtF AF o] AE7 REAAM AN ojfpe AA
dolet wlolaet Md x4 wjojAuie] ZAFPRY Hx} x|
oAl B FHUES ulY O R o] FojAr}

(-3}
5]

2.
-
A

MCe A# &%
dlolepyo] 2,

Q
p

tolepuo] 2

AatgAol Yoyt RE YR E Y3}

bl



o, AA B3 dlolelyolL(static database)2} ¥4 dlole}
ol A (dynamic database)Z 1Heo]zict. B3 dlojeiojAE
FMC Al ARlolla] Aol whel wWstx] ¢ nje] FAE FRE
A et el o2 A, celld] FR, ojile] 4, it Brio]
Yel, part FF, 71E A TFol Ut T dojehyolAE 7}
F el B $£&, o7l A2 gl ojide] el dataxd
o] FHQ e H3t YRE A5t 9t

A wol A A A x4 u|o}A(declarative knowledge
base)2} M} x]A]#lo] A (Procedural Knowledge Base)Z Li4-o
=

Ad Aaldolats A& Aelsg Jlgshe XM o2 A,
konwledge( E+= fact) el A AT = A|A= Ale) AR AE
He AFAHES AW WA dEsle gt A
dispatching %, Z1eji thd AJAage] A 24& W&HEA7|
Il BT %o g AAEY FelaYAE TP

Azt AAHolAE 38 Zho) wel 2H & R Ao 33
& AgA7led AMgEN kg3 gL 24ER AHEch #
Aol 544 Mt A2 Meta 73} Primary 4308 Ugs
STt Meta F32 Primary ¥ o|L} THE Meta #4 & H o3}
o #o]1, Primary +32 Y EAE Feo Algdc &

Aol AHEY FMColl chRt BEA] FH o] o7} ofzfell Lie}
stk

Rule-MS4:

IF  ((select_machine ?part){is common ?machines)

(next_is private ?machine)(is ?othermachine
available))
THEN (fn_insert ?part ?machine)

Rule-0L2:
IF  ({determine_resource_list ?current_resource
2current_tool}) (First_task_completed))
THEN (fn_find_job_canbe_done_with_other_tool

?current_resource ?current_tool)

SE 7B Y REI AB REE TS dr) ow
F A (assertion)o|L} AFo] HEI AlAvlo] YA ujy =
ol 3 Eolg Uz ofs e AU dEX /MY F¥E
o] At MUY A ARRFo] ofsjN APHCE F
£ oyEFL AT E(forvard chaining)? FPRE
(backward chaining)& E¥FE FZoln], Zolgd Mg g
t}.

5 FPMC 28
5.1 giel A 4

MColl tiEt X5 2AEH A2 B4t A" 3-8
3t7] slste] izt @2 BY A2%9 o4 ol 4 oh3d
Aagld Fd =y Yateld g FESIACH AA, dejdej of
8 pP=rt 3y 7o vpefelch

zt oAl A2 2 oY oj4l(EE Robot),
central tool magazine, conveyor & F4E0, 72 E(part)
Ql baseframe o resource (Washer, Nut %)8 insert Ti=
screw 3t AR $AYVch 2YPY AFEo] HAl Aol |4
g}, 7F2Ee 2% % Ba19 oAuEy Aelol ulel gy
s4lo] AH¥ct 7gEe agio) Way 74 K4 resource
B2 resource supplier & B3l F3EHD, ma)e] BRE:
resource tray off 3l resource & o] part Aloll WA ©
Heo]d & FPYPct,

*E FF7.

373

Resource Supplier l

Machine 1 \ Machine 2

Resource |
Tray Tray

D Part Assembly

@ Teol Change

@ Tray Change Out

@ Tray Change In

@ Comman Tool Transler
@ Tray Load

@Tray Unload

2y 7 FMCE gl Cell

2% gl whe el ¥ il & ZREQ] F3 AlY
27p #EF o} Al zt MAe A FdT A& +UY F
gJom ®aj 7lxlal ¢l tool F} resource & EFof wet P
< part, B M2 T part E FAYY + vk B 2 o
4 A2 FURE IFEES 2 the] fAF Ao U]
4a ojde] Yty wjEol, AdstE A¥E FASA
Xy 4 olch

— = —

-
TOOL TOOL TOOL |-
UNMOUNT CHANGE MOUNT
CONVEYOR CONVEYOR
N 7
LOAD INSERT ROBOT —’-‘ SCREX  ——— LNLOAD

-

TRAY
UNLOAD

-

[y

——{ LoAD

]

TRAY
PIOQP

TRAY

oUT N

(-4 RESOURCE SUPPLIER |-)

Iy 8 B2RE e AU ¥9

-

5.2 Aggoldg B G 4% 37

C++& olgstol iy wisl el Aggold ZRI0E 74
sttt Crvs olal Atz Algdlo|del HUY FF & X2
olet. it Mg tiges ¥ dFolM ARSY HAEZ AR
o ot A& Wt AUA AL AL PP v
drh. 29 99} 102 71F §WE A 233t MMM T
E(part)e] £% 202G ABAFIAN ezt F3ezA Ll
tis) F71A Wi g vlag Azelrh fItAlY As 2F
Ztel Yt 24 EY Wiol 4 ¢ F itk

=
L



Total Number of Production(Unit Cell)

Number of Production
700

600

Bl expert
[T Heuristic

160
Belween Arrival Times(cycle)

I3 9 skl oy v ANl

Average Wait Time(Unit Cell)

Average Wait Time
100

. B Expert
ty
L4 [CHeuristic
150 160 170
Belween Asrivel Times(cycia)

23 10 FFeh7IA o] iy vl AH(eeld)

5.3 t}3A Al2918] 28 @ 4% BT

PMC A 2512 B4ole) A3 duolojz F4¥ch &, 4
Ao} mof B4 FMC A A|2RE o Erh i A& 3
ool 2§ M(unit cell 1 - 3)2} 1th8] Z AL H(unit cell 4),
a2 gAyolelE FAHTE ¥ 11 thdd Pt Aagie
F2& el dch

Un1t Coll 2
C1

Unlt c-n 1

[_ JQ—Part
| -

ag 1 chEd A A2y 72

Conveyor Belt

End
Product

4l A3} ohislxlg o3l Alade] oisld AR &
Ags A=A viastdck Y 120f HF Guge] i 44
a7} et Atk YR PRt BETN A 2A&T
Wil o $44g & 4 gon, $ES =2 o] FY
28 3 wWye] ajols} ol oA FHF 3ol MW

374

A K-
ek

Fol ¥ ARolE aAEYL W] FLF el

Total Number of Production(Muiti Cell)

Expert
[MHeuristic

Number of Production

1.450 1,4721,450

1.509

1,508
By Mk 1.3021,388
P

170
Betwean Arrival Times(cycle)

160

23 12 Aol oItk ¥l AHTHEA)
23 137} Mol THE A Aol e) BETiZAIZE3t

871 7}gEoll citt HFAFA| ZHnean flow time)o] vl
7t vheb gleh

Average Wait Time(Multi Cell)

Average Wait Time

Hexpert
[JHeuristic

2Y 13 B s A ol i ¥l Az (chEA)

Betwoen Arrival Times(cycle)

Mean Flow Time(Multi Cell)

. | Expert
[JHeuristic
Mean Flow Time
aso
300
250
200
o
150 |
100 !
!
50 :
; (L
° b d - 1] -] h
Part Type

ag 14 BFMFA ] i ulm A2R(cHEA)

6. @
oY EE Tl3A2 F4E I ALY o 29 E
B4 @ njale] gddos A w4E 20 5% AR



ATt t}E A Bz FHoE wHAste Aelod URY
+ e + UL CidEE U3 AN 40| M FHgsjr}. &
Aol IMC E&Y & #13] 1) B A ASY
Holxzel =9, 2) £82 A& T FHY PAEY FH
o A 97 UEE AW W) B AN, 3) el A QY v}
5 Ao g AAEY, O A 282 AsHE AN AL
BEE 79, 223 5) 4% 35 $Usdch AEgolde
B AR 2ed AAGEeel ARy FA g% A B
€ vlzden, 2 Aol ARY J1HY 4 Y]
Arl. 2 dpol ALY M 9 IS Y¥E BEN E A
22 o AtEE CiME HY 23 A8 FEIT H Aolch

]

[1] B. Boulet et. el., "Cell controllers: Analysis and
comparison of three major projects” Computers in
Industry Vol. 16, pp. 239-254, 1991

[2] R. Akella, B. H. Krogh,and M. R, Singh,” Efficient
Computation of Coordinating Controls in Hierarchical
Structures for Failure-Prone Multi-Cell Flexible
Assembly Systems”, IEEE Trans.on Robotics and
Automation, Vol.6, Num. 6, 1990

[3] R Y. Al-Jaar & A. A. Desrochers, “Performance
Evaluation of Automated Manufacturing Systems Using
Generalized Stochastic Petri-Nets”,]EEE Trans. on
Robotics and Automation, Vol.6, No.6, 1990

[4] Szu-Yung David Wu, Richard A. Wysk, "Multi-pass Expert
Control System - A Control/Scheduling Structure for
Flexible Manufacturing Cells”, Journal of Manufacturing
Systems, Vol.7, No.z, 1988

{5] 0. Maimon, “The Robot- Task-Sequencing Planning
Problem”, I1EEE Trans, on Robotics and Automation,
Vol.6, No.6, 1990

[6] A. Kusiak, A. Villa, "Architectures of Expert Systems
for Scheduling Flexible Manufacturing Systems”, Proc.of
IEEE Int.Conf. on Robotics & Automation, 1987

[7] M. F. Clifford & A. A. desrochers, "Preview Control of
Flexible Manufacturing Systems”, Proc. of IEEE Int,
Conf. of Robotics & Automation, 1987

[8] A. Kusiak, ~ FMS Scheduling : A Cruical Element in an
Expert System Control Structure ”, Proc. of IEEE Int,
Conf. on Robotics & Automation, 1986

[9] G. Bruno & M. Morisio, "The Rule Based Programming for
Production Scheduling ", Proc. of IEEE Int. Conf. on
Robotics & Automation, 1987

375



