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Abstract

B =g A58 A=A AW (Automated Manufacturing System, AMS)9] A} &2l ol BAMS
9% aHy ejymo]ld S/Wior Auiulole)el 7 why-& AMAE Aok AMSH] HA R 2NE
o3t Be WHE FoA ARH AlBHolMol /M HAFY Yo AAAR Jeor, IAY cjyH

R

olMe AlBH ol wule] HZ(verification)® EFFA HrHvalidation), FA 7l&2tste] AL, A&
dold Aol HEAR ToZ AgdHH FRAFANM Y4-HY 2T 2 AMEHAL UG-

2 AToA AAE ohuroles tA AMS2] 324 layoutd AAde 71Ed Algdeld =2
o) o)a AAE “trace file"e Yo 2 s AlBHolHd WY HAHE “playback type"e 2 cfuu]
ol B 715e ZHAI Utk B =89 F2 A7Fde ugd o D ciyrold S wa
AMS T4 AuSn #AQEe BRI, 2) AYviolE Al2g9] FZ(architecture)& AL,

3) C++3} GL& ol&3te] oiddlolds 3L,

2g-ste} Bkt
1AM E

AAAY, 2+E 734 2 BRIV, AY
A50] fr1Fe 2 FAHA Ue Ass AFEA
2 (Automated Manufacturing System, AMS)
o) AA 2 BAME A% A7 AP FAA
AFE AEH oMol 71 AR PHO R oA
31 A HGibson 1993, Green 1985].

o]9} o] AlgdolA AT 3 AP A
2y ojyrfol el {84 oS3 o] 89
g 4= glt} [Smith ‘87, Johnson ‘88, Law '92].

1) 789 Agdold nde ZHZF(verification)
2) Algwold 2d ol EldA HrH(validation)

4) AF R AEHlA JdE AYrlelHE

3) Al2" T34 dyF9 BAH o]
4) oJA}A S (communication)® LHEAR F

2y oulol AL ojudlold FHE
# ArAagde AHE 7|F22 concurrent 4
3 playback WAez2 e 4 sdd{law '92].
Playback W4le]l AZEgolx ojyuol S
& Wxe Aol "Was, AEHN ABH
Aol AR RE trace Y-S T AP dF3}
A gol wa vi$ WE £x9 Uroldg &
B 4+ ok E=F A9 ool d Azt
A AF B4 e AFoZe FHHQ olF
o] 7}s3lEE, Yale AlHAMY ofuido]l e
A3 44 I 5 e FFHel Atk
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ojurol e} oy FEd " EFIA
character 232, bit-map ¥4 2WHH2, 23
A wE adlgx L 33 Wy afPx2 4
£ 4 3lem, Ha 3 Ay adN2z ¢A
8 7ti A Carrie '88).

2 A7e 23 sy ARANLRE U
©F layout AR TAMH £4AHRE JFY
wol A" e layoutE A3}, YA
layoutgoll Al AlEelojd T2aWC 2HE trace
g qlavtel 321 Y cjUmloldE &
815l playback ¥4el AMS A& <jurolg
g Jigse Rolth

SN TR B !
S| Design| *~|Layout Design]. . . Simulation
odule Module l""' Modeling
s : : T | & Fxecution
Resource : ] Y
Shape
= =) |E
Model ;
: Trace
Flie
A /
Animation
A R Module n
kAMSAnimtor Pl

[22] 1.11 AMS ofi{oilofe{iE 0|82t of{njojMd +eapy

[Z¥ 1l1lele AMS <iUulolEl & o]8%
ool del Faxugoel Jed gk oyl
old FYPAAH-L AmrA Wx AMS cjywo]
El 9] layout design module® ©]-§3lo] thFAA
g2l layoutg& PFT F, AJAE layout model
< sldo AR o 4 AlEHelA
ZzaPe 2Ry MAE trace L(AEHIA

FaAe] dAA AT U AFHE layout
modeld 21014 321 ojUulol e St

2. ojojoldS 9t AMS FHH

ule| E£7

2.1 Resource?] A9} ¥ &{
A58 ARAIAHE FASE HUEL
Unojld HEHEEA wal o3 o] static

resource, route resource, moving object® ¥/

Lige )
1) Static Resource

Static Resourcet= cjUlold FHEF Al
24 YRd PP AXE A QA9 ¥
glol, 7}&(processing), ZAHinspection), %
(storage), &Y ZYl(preparation) T 7|
et Hulg T@d.
2) Route Resource

Route Resourcet= ZEolvt thxH(Vehicle)
5o] Avte pathE Yehdle GulE #{o
Conveyor$t o] AAZ transport® % +%
AAE 7IAL Ae Avlst AGV pathM ¥
transport§ 33 WA route§ YERE
dujg FEdd
3) Moving Object

Moving Objectt route resource®} path&
gzt Al29 WEE &2 9U™ transport 71F
€ 4893 4u|(Moving Resource)ld ZUE
(Job)eltt.

22 SdAdvisl AYsE EReolds 2 A
Z Av] 9] Library
253 AZRAN2E-E P33 MAulE Fol
4] MCT(Machining Center)\} loading/unloading
station® @Y Adulgte g A9 7| 3%
4 1k, 283 Conveyor-net, AGVS, AS/RS
o} e HulEL 2 7HA AdulEo] RAAN 3
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o] A3 BFAHHE o]E) olg Fe &
dAdu]et FYP3ldE EFolF E AP MvER
AHE-2E7E s RdEE £ UEE oS
ZFo] library3lgttt, a8]x zZp Ad]EL Ayt
EFEEE 9287 97 portE 7HAT AES

3L 70 9] static resource® TAEHB Al
IHF716S F3s Aot GUARE At
43t MCTY 4wk Fe] 71844, loading
/unloading stationo]i} table 9 &2
2dgd 5 ok
2) Conveyor network

Conveyore FA ground® 3 overhead¥ &
2 TEE 4 Adeov[Rembold ‘93], & ATl
A g5+ conveyor networky ground¥
conveyor® Yeldtt.  Conveyor networky Z
AN = 9% ¥d 9 conveyor segment$} HbEk
A FAQA diverter2 FAHY B/ oldE

o33l Auloltd. Conveyer net.2 accumula-

N

tion# non-accumulation®] 5 7}A typed 713
t}. Conveyor net.& A3} roller, belt, chain
3 ground conveyor® RWy % 4 g}
3) AGV network

Hd e 439 99 FHeR o]FoA
path®}t path9l& ol& 3= tlaf(vehicle)2 T4
Hoy ERolsE HIsle Adulelth. AGV
networkE Al8-34 AGVS (Automated Guided
Vehicle System), RGVS(Rail Guided Vehicle
System)& 9 #Q *wkx} A|2®l3} overhead
conveyor = R2dH¥ 4 A
4) AS/RS

AS/RSe €79 o434 AR 7es ¥%F
e AMulz, 3 olate]l rackdt rackAlel
aisle 7N4=9+E stacker craned zZtvtl. oL

AS/RS& ndd 3= AHS-got.

2.3 Job® Transfer Path
1) Job

Job2 palletel vt 2} & (part)d &L EF/9
AAE 23t Jobe & 709 moving object2
olFojAn], ofulold Al ALEAT} o=
22 279 jobe A FE 422842 £ A
2) Transfer Path

Transfer pathe 2zt Au]3t jobo] olF =+
B2E 2 oy Z+ AMHid /O portzt
transfer 92 A X 9} transfer A|7HE ¢ WolA
AYuolg] WHolA Ason FAFT. o)y
output port®] Ao}F 2 transfer pathe] A]zHy
o] E]1 input porte] AojFHL EFo] Hr}

3. AMS oijmjojEfe] A = 7H

2 AT AeE ofunrolelst stAjol &
71634 87ALEE A dga Z2o.
@ Alz="9 A layoute EF.
@ #3Eo] olEsHE FEE B
@ Playback Hl2] 321 ojuo]l A =38,

B AoMes AMS Y oiuuolg Alx
o] Fx(Architecture)E AA3E ool o]E
T & WS &Y. AMS ciyrdolH e
AAAE <dojgl C+2 FHAAUR, 3344
Graphics A3 & 939 Silicon GraphicsAl2]
Graphics Library™(GL)[McLendon '91]1& o]&
34ct. =¥ GUNGraphic User Interface) X
Window System™ oA Motif “[OSF ‘9115 o]
23 A3

3.1 AMS diUdo]EH o Al2q) =

AMS ojYole= Adul9] A& Designdl
+ Shape Design Module, Z} resource®] 4413
BE ¢Ja3la Av] wix|E& 3+ Layout Design

Module, 233 trace 3L ¢JolEA orimo]
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A wWyolel w  eAYsleldE FAsh
Animation Module2 FA=o] Atk elymo]l
B Al2"ge] e [OY 3118 #H.
—
Vi Shape Layost U™ ECR
( Shape Design || Layout Design Animation | )
Module ® Path Design Module
edw w2
(FAoTH
Vehicel, Rack, :;szs
MUC. Workse sua
' — i ' : Trace
Madel Opea File
Animation Model U
® Static Resources %
® Route Resources
® Moving Objects :
Save Linked Path
$ AMS Animator }
Linked 4 [ Simutation '
a i Model
U reeroeane O ......... :

(22! 3.1] AMS J2i= ofu|nfolElel =

AMS eiUulolelE FAse 37HA ZEY
71 oS3 A
1) Shape Design Module

Shape Design RE& AX Al2¢& +A3%
£ AuEY 4 Bd Y3l stde A=
e 889 oriN 2dF AL "l
A 887 d3lA 712 AHQ] primitive$} library
7t Agdch  3tdol AFE zZ Mg FFe
A ZA| 2" 2] layout-& FA =l ©]8-€rh
2) Layout Design Module

Layout Design ZEdAe cjyvlole oA
A 43 B P8 (Conveyor-net, AGV-net, AS/RS)
o} @9 Aul9] class libraryE o83l A&z
old WA Al2¥™e] layout® route resource®

pathg =2datn, QurolMe F8F 2+ 4
Ho] £4& 4= 7IF e £
3) Animation Module

Animation Module& layout X4 (layout
design moduleclA] A3A)3} trace A (L]H Al
Eelold A A4)e HEd 4T
Azt Aoz ool wmde gul WIS
Ao RAFE 7S FAT

3.2 djuvfolel 9 ARFZE

B Ade C+2 FEE oldrlelg e 7|&
HQl g7z e APEd. AAAF
9lojol C++& data abstraction, data encapsula-
tion, dynamic binding, inheritance %2 £3-&
7FA 12 At Stroustrup ‘911, ©1F A inheritance
£ A9 class® HolE] %} methodE 49 class
ZHE HBAE class7t oloites EAJE 28O
olglg EAo] 23ta] Territory classE A2lg
qumolee] BE classtt root class®l Object
classollA] HA €},

ofyujolele] 7R AHQl class libraryE 5
371 918 B A7 A= NIH class library &
o] 83l tHGorlen ‘90]. [2¥ 32l GUIst
Graphicsoll @8 ¥ classE3 NIH class library
< AL ofydlolel 9] class A% T+ZE e
i ot

ojUdlolel& FA3E classt A <iywl
old =dg TAEHI A classst AYuiold
2d-g o]g3ld oyueldE 3] AT
class2 Y& ¢ Uth

AA dddold =2AE FAH3}e= A
classos= Resource class, AN_Route class,
AN_Geom class, AN_Res_Att class”7} At
Resource class€ AH|E9 libraryE T%37]
A3t classolil, AN_Route class¥ moving
object’} ©]%F %= pathE T4 3171 $17F classol
™, AN_Geom classt 4AH]9] geometry IR E
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7] 9% classelth. 22 AN_Res Atte
Aule] £A4AWE 2317 A7 classolth
o2 ejdloldE 3] AF class
de  elydleld =dg @se  Ani Res
class, trace 3d-& o olYvlo]ld BHAE
parsing 313+ Ani_TFile class, 28|31 o4
ol AlzHe- #a] &= Ani_Time class?} Atk

r Ani_TFile Unit_Res
- - CONV_Net
Ani_Time — IO_Res -

AGV_Net
[~ Ani_Res
— Route_Res R_ASRS
— Base_MObj
— Resource  ——nu
[ Static_Res
Territory —} — Move_Obj
Object — — ACC_Path
— — Path_Seg —NACC_Path
" |~ AN_Route _ SRM_Path
| Curve_Seg -
[~ G_Line
G_Curve —+—G_Arc
— Geom_Path —G_Dvt
b~ AN_Geom
| AN_LoadPt ——AN_CtriPt
L_ G_Shape G_Box
G_Machine
— th— Att G_.Aisle
[ ]
L AN_Res_Att —1— Move_Att :
|__ Aisle_Att

(23 32] oj|oi[o|E{2| Class & =

3.3 Path typedl @& Moving Object?]
329 7
Path segmentt (1@ 32]d Jehd %ol
Path_Seg classollAl path®] £F/el ma o3
2ol 3709 classZ HAYH}
@® ACC_Path : accumulation type path.
@ NACC_Path : non-accum. type path.
@ SRM_Path : stacker crane®] path.
ACC_Path, NACC_Path, SRM_Pathol]+=

Path_Seg classollA] A <21¥ moving objectd] &
Aeole 9% Mg (virtual function)Eo) 2z}
pathe] SAd] wa} T+E= Aok

1) Accumulation Type Path

Accumulation path® moving object’} o1&
& 799 moving objectE Alolel AAF 7
2](Moving Space)old ®olA 3 Zo]il, moving
objectZ} AR 3= Atde Hu2Y moving
objecty A A A2](Stopping Space)E RA T A
2 4ol patholdh

Moving Object
P End CP
Path El g n X

Moving/Stopping Spalce Backward len. Forward le'n.

[3&! 3.3) Path segmentoflA{ moving object2| 2%

[2¥ 3.3]12 accumulation pathellA] moving
object®] ®AYELE HAFEY WA path
segment®] B4l 73 717+E moving objecte]
AX(POYE A ¥, o moving object’} F
d £ Ae A AAAPHE FPdd. a8x 1
Hell 2 & moving objecte Yl U+ moving
objecte] A AXNE HA K3}t HAAA A
A A E A3A ddh
2) Non—-accumulation Type Path

Non-accum. path+= moving objectE Ale]d]
A7t ¥&A ¢ path§ 23
segment?] A% A+ moving object”} B A3}
¥ path segment’de] EE moving object”} A
A&, S = moving object7t 2-Zolw
path segment’2] 2& moving object7} FA]l
<A olA €.

Non-accum. path®] 2 2¢]& path segment
9] M%Fdl QA= moving object?] HXE AAF
¥, A% moving object7} &R ANE H
¢ 20 moving object®] YA & WHIAZIE

%, path
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3) Stacker Crane?) -23&¢]

Stacker crane2 o}l [2@ 34]o YENG

Axel ¥  path®E. |FHole FY4XA
(traveler)®t 43 path®|E | Fole +2%XA
(elevator) 2 T4 5ol AL FZHANE A =
2] pathe FRFxe] €0 Y 2P vt
S SRR o 3 o]Fol AL,

Vertical Path

Travelers)
ege

] Horizontal Path

L Travelere] 943

{22 3.4] Stacker Crane® ¢ Path

I Traveler

Aol +H¥xF S/Co AxNE g 2
< TAE AAdE
O AUHRA Fol FHFA HANE ANt
@ FIZA] ABANN $33A 928
A,
® 2329 ANE FERAY FHA A
ANHEAZ #AHG

3.4 qYro]d ol qUnjolA 9 3§
1) ehvywo]d P o)
Trace 8td-& 24357 4@ Avlold =
%o}t trace 31U 9] Feje T Ak
@ Animation Command
® Event time ¥4 : TIME
@ Create/Destroy Job : CREATE, DESTROY

@ Moving objecte] 23 & :
PLACE ON, MOVE TO
@ Positioning : PLACE IN, PLACE AT
+399 F4£u4 1 ATTACH, DETACH
@ Yvie]ld F8 : END
@ Trace file format
<1> Event WA AlIZFe TIME ¥ HolE o]&
3ty 7] 2@t
<2> <1>9] A3be] LAY eventE efuvlo|l A
command& ©]-83}4 7| E{d,
<3> <1>8 <2>& Rl EE eventE 7]
¥, _
<4> RE 7|80l EUd mixX%t &9 ENDE
71E-%d.
2) AYvjold 49 58

START

<Initialize>

Set Display_Step
Animat_Time = 0.0
Next_Time = 0.0

|
¥

READ Tracefile
Until
Next_time > Animat_Time

Read END
or EOF ?

No

:

Change Resource State
(Time = Animat_Time)

|

Draw Resource
and Display

I

Animat_Time
+= Display_Step

Animat_Time
< Next_Time

Yes

(28 35] offoio|d =8 sE=
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(28 35]de olyuold do g AA
HQl & Eo] el Utk WA TIME %H#Hol9
#t(Next_Time)o] & efuuold A]7HE Yetd
¥ Animat Time®tt & Wi7}A] trace 3¥& ¢
& F, A ofUsfold ATt WL E resource
JelE WstAlzick. a8lx W|3stE resource
Qe 3ol Zeda  Animat_Times

Display_Step?+E S7FAI 714

P

4. AMS oinio|E|ZE o|Zst zi
= AlZdo]M of

2 AT igdE AMS AYvelHE X
Wl 713 Gt o g wagd AE3 Az EF
A 2w Foll 3l AF FI(AS/RSNE WYL
g Oy Agdold dF Bolua gt

4.1 did AFFne F444 ¢ layout

WFAl 2 6709 aisled 7HA I glow,
T N aisled 2709) racks®} 3 - £HEF S
3= E/ol44vl S/C(Stacker Crane)& %l
2 7HAn Aok A EuAglE SEko
TR 2 FaAo]l EAEn el 3749
A ¥ roller conveyorst 2789 diverter2 ol%
o} conveyor-neto] A=) e FuFe
3709l A AME roller conveyorZ TAEO Utk
HoFHA Z230% 1281 aislete] EFIHELT 4
3 6ue] AE 2= 8% RGV(Rail Guided
Vehicle) Al&glo] EAQ9t. = RGV$ aislezt
o] EF9 45288 A3 conveyorBEi 9] Inlet
buffer®} Outlet buffer”} &g},

4.2 Layout®} Au]e] £A4R ¢Y
Layout design module®] GUI(Graphic User

D & As3d19 de o7 sea3HAAd “CAD Based
System Simulator(CBSS) 7§87 [ M4 ‘94] A ollA A&
ol oA AL ¥ AT AT AlAx=lo|t)

Interface) & ©1&-3l9 REFne] FALu s
layout RS JHJG. [F 4112 AsH1Y
FA34uE fYdeledlA AFe= AH] library
2 2d Y37 9§ mapping BAIS eI,

(# 4.1] X530 S 44|t ofnole{e] MH] lb.

spusiole [

; A
Station T 4 A v 9«‘@‘3] lib. al
o 3 % Roller. conve-| Conveyor | Accumulation
yor, dlvel’ter —net tym conveyor
273 % Roller conve-| Conveyor |z rgg
yor -net

Conveyance| RGV, rail AGV-net

In/outlet |Roller conve-| Conveyor Accumulation

buffer [yor -net tépeE t:iloar‘:’,veyor
AS/RS

Aisle Rack, S/C

(E 41]19] RE ¥ ¢]=e] YW R/
o] A Jobd YHFTh a2l transfer B
€ ™3l transfer pathE AAJAIF1H layout
iFo) Btk [2F 4112 EE g B
A9 layout2 9ol wjell Folt,

< [Bam

110

Aselid
L

TR

i
il
CITT
oy
117
111

Shepe Darign

I
ras

| CBS_se8/

(O3 4.1] =HE XSE 19| layout
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4.3 Trace 3} Yol 2§ Lol A

Al2" 9] layoutY &o] EUd layout 249 N
WAE path BEE "Linked Path” Bale] 22 ay fefe \|: H
A7 AEAelH ZzIPA trace HAL F ] :
g3l o]t Linked path 3tYe 2+ A
U path segment$} transfer path®] ©]&, Al
3 239 #H, path Ho] FARE @3 Yok

Trace 3tYE E¥3l7] 9T Al Geloldnd
2 “CAD Based System Simulator”(CBSS)[# x} :
T ‘04]9] AlEdo]A Engined o] &3t AAE
Aok (29 42]9 (219 43] trace BYE 3
HoZ o ojyrold 4&e BAET

0]

vSolid

5. 4B W £F o7 AN
A i
2 AFddMe dyHolde ol83d A& uﬂ E

gold mdeo] HEs diad AlXxElo i ALE
2o} ol S F71 A AMS A H o rolg
A28l o] FZ(architecture)E AA8IYa, GL

(8 42] XA=&ne| ofju|HojM = 1

a8y 873 2t EWS(Engineering Work- =
station)oll A} C++210}E o] g3l ofjUno]g & '
sl ada 2AEAnE gqiaez s

==
T &7
2K]
3| ]
Vies

xS

g HUEolEE olgste] ojuslolde S —
BozM A5 ARAAAL GAoZ FHe s
AMS A8 ojuvlolelze) @A AL AA]
stgl o,

AMS ojUulolHE AEH AR A2Ye
layout A4 715 2 WAL layoutdoll Al Al &# _
|4 trace AHo| ¢ 3x4Y AW oo : =
B FYshe 715 JHAT A AMS Y 2
HolE el 71%e BAANI) NG 2% ATHA S
S
D 53 Az Al2de] 74 AME £ Robot

9] g& ol Stacker crane®] fork <A lE

i

File B4it Animstion Shape Demim  Quil
=

22 717 %3 (Kinematics)g! &AL Jgdd
4 Qe A7 "a s (A& 43] XtS& 1ol offoio|M Bl 2

2) Aol £x8 A= A7 gasid
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3) e E Al29 layout2 TIAEF = 7|5 ¥
2y AIZEGo|9} Neutral File22 Y
ARE uPdte 7lFd F A77 e}
o}
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