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An AGYV control policy reflecting the current and future status
information of a semiconductor and LCD production shop

Jungdae Suh' * Jaejin Jang’

Facilities are getting more automated and informative in modern manufacturing systems, especially in
semiconductor and LCD plants. These systems keep a great deal of such information on its current and
near-future status as the arrival time and job completion time of their parts.

This paper presents an efficient policy for AGV and part routing using information on the future status
of the system where AGVs are playing a central role for material handling. Efficient control of AGVs is
very important because AGV systems often become the bottleneck and limit the total production
capacity of a very expensive plant. The cell controller records the future events chronologically in Next
Event Schedule, and uses this list to determine to which place the AGVs and parts to be sent.
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459 FE @4 71U RES 23 ofF g o)
7159 553 Bys AY3E e FEByY A dege
AN FAZE Follok ul g Huyrng T8sA gett

T2& Byo| 7H-31d djof] 23 poJ AGV & A|7to|E} 3}
9 ol& 4 37 2o] & 4 Ytk

T2 = max{0, TAx— TRxu— Tr~ TRun} (3)

A7IN TRxw A (V9] 7339 2] AGV7} P29 AH
XX MO.Z o538 vl dEle 38 Ao, TRxy 3
2 (9 B¢ FYA AN eI R AGVE 3%
ZA XA M EE 5 A Al doke R& Mg E

3) E& A A 9] starving WA Ao 2 A

PE Bno| 7HE8PH I RH o]Xo R & & Qi) 22t
HIE NOE 2.2 B3 A4 Byl & H% NolA = o o4
7+ FFol 910] starving BAro] HAE = Qlok. wetA &
o] #HoM B u, P 0% NoA] starving©] WY &1 A
7k, TS OV A7A] B2 2 9} F-0fo} 3l Nol| A starving©] &
Adhe A4 AZE TSve TBud PEIZIAE 10 Al oz
Bl 1]} eventE€ look-aheadd}e] Byo 2 S0l o HQl B
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FEY ByolA tE 202 Wilaa st BRE
o 2AEh E0L ALY RELEE O] bufferE o|v] A
FAAY oA AuleAq A 71EFA FEE0] Stk vz
A4 BEEZE NollA 8] 71Fo] gid BEo] glo
o, Nl A R 7HEER] REH S UL HES 2
o] a1e{ gttt

T3E N9 starvingS 27] 93 AGV 3& AJ7to)} 3438 4
@3} Zo| 7 & 3t

u
o
=
i)
2&

T3 = max{0, TSy — TRxu — Ti— TRun} 4

A7IA TRxuE 2 (1), 2 39 B5-9} o9, AGVE 55
FA XAl A 248 & e dEol duke AL 7HF E

TRxu BE TRxnS Vo] BT AGVY o] 5o g 5
BAZLE, A A - ME v xof AE YR E F
& Futel Qiok Wb TRxw BE TR AHESHE TBu,
TAx, 183 TSYER F3AZt0] Hb, o]2 3ty 71,
72, 281 T3 FA] 3| 7ho] "t} o]df x 9] YA & o=
A2 dAseT uhet pol BEA A} AGY 3. A7 A
Aol Jakg 3

Ag T1& A7 B4 T1L TRxwnd FF& &oH, 24
Aol A1 9] blocking HHA] 2713} FHH uncertainty] FFE F
o7} fEME, T1L 7H5e & o] & AZto] Hojo} &}, o
€ O] 28l TRxw Hujgho] Hojof 3-& 9wt} A7
AdH] mofl A 713 da] o A H|(central buffer LEHE D,,0)
2}1 3P, X = Dy©] Tt} vpATIRIE 72 AAMA] uncerrainty
9] GEg 07l Y E TRxwS HAaghol Holok 3, x
= Mo At}. 739 A%, TRxud Hujgte] Hojok sl X =
Dy°] Hr} 99| H$-E-2 uncertaineydl] 3 Fg HA 2 8}
17 & Mg B4 M xof 91X A4 W Eel
2 & 4 9k
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PO AGYV 52 A THE Tenolet AL T2< T38HH Tevd 4
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] starvation®] A|Z=o] 73 < 72 7} Ht} 0] A Tow 2 2
(©3} o] Frk. <" 4by>oll 729} 739 ALt A o] et Stk

if T2< T3 (5)
if T3< T2 (6)

Tene[ T2, T3]
Tpn=T2

Destination selection procedure| A& Teud} Trnd A9
133l e EA X9} AGV 3F AIZHE AAPC Tewt
Tows 4 (2), 5), )7 2o] 73] BAJS B <18 5>9
Zo] gl 71A AS-2 TR 7 B0l tiEte poj £
A9} po] 71 W& AGY & AZHTEp, 218|2 PY /MR &

Case(a.1) TO | } { Tl
T2 | t { T3
Case(a.2)  TO | } } } TI
T2 P T3
1 n T3
Case(a.3) T0 Ti |
Case(b.1) TO } } Tl
! —
T3 T2
Case(b2) TO } } T1
|
T3 T2

a9 5. e B9} AGY BE A7 AH.

& AGV 3% N7H(TLY & AA T

(@ Case 1: T2 < T3

@D T2 < Tland T1< T3
P EAA =N, Tre[T2,T1]

@2 T2 < T2and T3 < T
P EAA =N, Tre[T2, T3]

@3) T1< T2
PYEAA =C, Tp= T0
o] A&, £ HulY buffer7} 7He-& @ 71X F-Fo]
Ao MuloA 7|the]H, dx)e] AuleA blocking
o] MBI T A A7t BFL central buffer2 B
Rk

(b)Case2: T3 < T2
o| 7345 =2 M)A starvationo] A FTY.
b1 T2 <T1
P EHA=N, Tp=T2
b2 TI< T2
P EHA = C, Tp=T0
o] 79, Case 19 23)9] 74-9-9} 2ot

Destination selection procedureZ A &} 3}d t}-g-34 7t}

Destination selection procedure

(1) T1, 72, 283 738§ AL
(2) o] BARe} AGV T& A 7N THE AL
Case 1: T2<T3
(T2<T1 and T1< T30 BHR]=pN,
Tee[T2, TI.
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(T2<T1 and T3 < TDHO|H ZHAx] = p,
Trel T2, T3).
(T1 < T2)0|®H BAR|=C Tp= TO.
Case 2: T3< T2
(T2 THed B =N, Tp= T2.
(T1 < 720l BAX]=C, Tp= TO.

4.3.2 Souzce selection procedure
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procedureol| A= 7H&-81 7 buffer F7to] RE 7} Fo] a4
48 et A o|th Source selection proceduredf A+, A1)
9] buffer, Byo| 7H&-3H HAE W (F, AAZ BFo] Sut5
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(1) TCu, Tly 12|13 TSy& AHASICE

(2) (TIy< TCw) ot (TIy< TSO|™ smyoll Y= Mu] =
oA FEE MY
AGVE H-E9¢] 71go] ¢RsEd 324
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S. Simulation 28

5.1 Simulation ¥. 9

RWEA EE LD ARA 2T by o] BF 588 5
A3k LACPE] A% simulationd 3] 3t} Simulation
o] tjao] HE bays <1 153 2o} BE 28 57)x)0]
B, 2H RF-L bay Wol A 3717 Z79) 2glo] s Hr). 24 8
F& baydll Gamma(2, 2.63)9] inter-arrival time ¥ & Zt1 £ &
ok BE ZHEI Ao} sf Av|o} Aud sEA S
%2 <2 2> <3 3> Ueht 3ick. 71eke] simulation 270
< o3 2o

Y = 6 - 1% ] §5F = 3
s AGVUsE =2 * AGV &% = | mfsec
+ Loading/Unloading A]3} = 0.75 min * Bay Z©] = 20m

¥ 2. Simulationo]] A}2H HE9 §3E

¥ 7% e =N N
A 1—-5—3
B 426
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E 6— 3 —2
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# 3. Aud 1Az

] 1 2 3 4 5 6
TJFRAIZH | 4.0 4.6 3.6 3.4 4.2 4.4

3 4. Simulation W4 R FEE( L £F Y AA 3

AY He +&EF
M/C 1.00 (4.0, 4.65, 3.6%, 348, 428, 448
processing [1.25 (5.0, 5.75% 45%&, 4.258, 5.25, 5.5
time  |1.50 (6.0, 6.9%, 54%, 5.1, 6.3%&, 6.6
multiplier [1.75 (7.0%, 8.05%, 635, 5958, 7358, 7.78
0.8 (1.25 m/sec)
AGY 4% 0.9 (1.11 m/sec)
N 1.0 (1.00 m/sec)
A
1.1 (0.91 m/sec)
1.2 (0.83 m/sec)

= AR gEE o] Y9} 1t} Machine processing time multipliers 4
H] 718 A7kl g3l 24 ol AAFE 71 ATl &
# Aok F, 1.25¢ 1.009] vl 25% WHF 7HF Az Aok
o]u]o|t}. Machine processing time multipliers= machine utilization
3} B 0] 9] 2.1, machine processing time multiplier7} # A4
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€ Uehlls AREA go] AZFE AGY A 50| Fof W
ol 8 4 Ut F, 5 AF7F 1.0Y W £EF ImfsecE F
| 119 W £5 5+ 1/1.1 = 091 mfsec 7} FTh

& Simulationo| A& bay Wl A] routing® §13}] LACPE 3
43 399} LACPE #8314 %1 A9 3R] buffer 4
7 Axde B9 AHE 34, viagt. Simulationdl] A}
48 23 A% g3 2

* Average flow time
e AGV utilization
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& 7] A average flow time-& F-F0] A28 W] 9] central buffer
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e} £99R0 TEE CH2 ARHUG. A 54
A 742 3659( 5256001)0] T
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1% 6. LACPY]| 2] 8} Average flow time®] Z+4s,

utilization levelo] A AGV A% X7} 0.87 092] 2§, LACPE
22314 o average flow time©] 1468.79~29943.528, AGV
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# Bt H-S HANE coverT F YTk o] Er
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average flow timeS £ 0= AL & 4 Aot Average flow time
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UL ¢ 5 At &, LACPE HEHOoZH QT central
buffer] §%F& £ & At F-EAM reduction 79} 100%
A 7FedE & Aok <Y 9> A central buffers] o
AR FF9 reduction ratios AGV £ 27} $&4E ARt
A& %+ ek

del 2AE< 2% AU o 2ok
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A &= LACP(Look-ahead AGV Control Procedure)E 7} b}l 1
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Level Average Flow Time AGV Utilization Avg Central Buffer Inventory | Max Central Buffer Inventory
Before After Ratio Before After Ratio Before After Ratio Before After Ratio

1.00-0.8 | 22943.52| 24.73| 0.9992! 0.9950] 0.7383| 0.2580] 5795.33 033 ] 0.9999] 11395 71 09994
1.00-0.9 | 9928.62| 24.11| 0.9976] 09487 0.7187{ 0.2425| 1927.3 0.30 | 0.9998 4613 8| 0.9983
1.00-1.0 26.98| 23.74| 0.1201]| 0.7196| 0.7063| 0.0184 20.78 0.29 0.6357 59 8 0.8644
1.00-1.1 24.71 23.50] 0.04931 0.7099| 0.6960| 0.0196 0.45 0.28 0.3833 25 7 0.7200
1.00-1.2 23.67| 23.18] 0.0205| 0.6942] 0.6821| 0.0174 0.33 0.26 | 0.2246 17 8 0.5294
1.25-0.8 | 25427.73 30.64| 0.9988| 0.9914| 0.7445| 0.2491| 4967.52 0.43 0.9999 10801 13 0.9988
1.25-0.9 1 12007.99 2996 0.9975| 0.9713]| 0.7228] 0.2558]| 2301.25 0.38 0.9998 4911 14| 09971
1.25-1.0 68.02| 29.61| 0.5646| 0.7547| 0.7097| 0.0596 7.29 0.37 0.9495 165 10 | 0.9394
1.25-1.1 31.04; 29.38| 0.0534] 0.7197| 0.6992| 0.0285 0.63 0.35 04373 32 8 0.7500
1.25-1.2 30.63| 29.18| 0.0475| 0.7050; 0.6886, 0.0232 0.63 0.35 0.4475 61 91 0.8525
1.50-0.8 | 23233.39| 39.74| 0.9983| 0.9892| 0.7487| 0.2431| 4539.31 0.82 0.9998 10057 17 0.9983
1.50-1.9 | 10093.05 39.16] 0.9961| 0.9692| 0.7335| 0.2432| 1948.96 0.77 0.9996 4493 15 0.9967
1.50-1.0 72.01 39.34| 0.4537| 0.7815| 0.7207]| 0.0778 6.81 0.83 0.8783 172 15 0.9128
1.50-1.1 43.86| 39.01| 0.1105| 0.7523| 0.7104| 0.0558 1.68 0.80 | 0.5242 60 13 0.7833
1.50-1.2 40.85 38.42] 0.0596] 0.7360| 0.6991; 0.0501 1.20 0.73 0.3893 32 11 0.6563
1.75-0.8 | 24425.67 67.01 0.9973| 0.9995| 0.7718| 0.2278] 4700.24 4.11 0.9991 9531 39 0.9959
1.75-0.9 | 1468.79| 65.32| 0.9555] 0.9247| 0.7515| 0.1873| 270.69 3.86 | 0.9857 830 46 0.9446
1.75-1.0 149.80| 64.81| 0.5673] 0.8507| 0.7376] 0.1329 19.58 3.80 0.8060 154 31 0.7987
1.75-1.1 7140 63.30] 0.1135| 0.8090| 0.7273| 0.1009 5.11 3.55 0.3055 66 30 | 0.5455
1.75-1.2 66.20| 63.22| 0.0450] 0.7896] 0.7159! 0.0933 4.22 355 0.1602 45 28 0.3778
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