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Abstract This paper presents the simulation design and analysis of Integrated Logistics System(ILS) which is
operated by using the AGV(Automated Guided Vehicle). To maximize the operation performances of ILS with
AGV, many parameters should be considered such as the number, velocity, and dispatching rule of AGV, part
types, scheduling, and buffer sizes. We established the design of experiment in a way of Orthogonal Array in
order to consider (1)maximizing the throughput; (2)maximizing the vehicle utilization; (3)minimizing the congestion;
and (4)maximizing the Automated Storage and Retrieval System(AS/RS) utilization among various critical factors.
Furthermore, we performed the optimization by using the simulation-based analysis and Evolution Strategy(ES).
As a result, Orthogonal Array which is conducted far fewer than ES significantly saved not only the time but
the same outcome when compared after validation test on the result from the two methods. Therefore, this
approach ensures the confidence and provides better process for quick analysis by specifying exact experiment
outcome even though it provides small number of experiment.

Key Words : Simulation, Flexible Manufacturing System, Automated Guided Vehicle System, Orthogonal Array,
Evolution Strategy, Signal To Noise Ratio
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[Table 1] Design parameter and critical factor for

experiment
Critical Factor (2 .22¢)

Variable Content Unit
Y1 Throughput EA
y2 AGV Utilization %
y3 AGV Congestion %
V4 ASRS Utilization %

Design parameter

Parameter Content
X1 AGV Number 11-15 AGV
X2 AGV Velocity 2, 3, 4 ft/sec
X3 AGV Acceleration 08,1, 1.2 ft/sec2
X4 AGV Deceleration 0.8, 1, 1.2 ft/sec?
X5 AGYV Pickup Time 3, 5, 7 sec
X6 AGV Setdown Time 3, 5, 7 sec
X7 ASRS_Hor_Vel 2, 3, 4 ft/sec
X3 ASRS_Vert_Vel 2, 3, 4 ft/sec
X9 ASRS_Pickup Time 3, 5, 7 sec
X10 ASRS_Setdown Time 3,5, 7 sec
4, ZnHiEE ol A=A

o] Zoll = AlgdlolAstrof ShA, AHE AAHSs
Eoll iste] 2 wa H(Orthogonal Array)yE ©]-8-3t HE A
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[Fig. 2] Sensitivity analysis of Design parameters
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[Table 3] Design of experiments and results using orthogonal arrays

Design Parameter Critical Factor
No. X Pickup Setdown . AGV AGV ASRS
Deceleration Number time time Velocity Throughput Utilization Congestion Utilization
1 0.8 11 5 7 3 1071 0.9997 1.567 0.574
2 1 15 7 3 2 1041 0.987 1.167 0.584
3 12 13 3 5 4 1077.7 091 1.1 0.5757
4 1 12 7 7 4 1077.3 0.9787 2.867 0.5747
5 1.2 14 5 3 2 1067.7 0.9953 0.7333 0.5727
6 0.8 12 3 3 3 1078.3 0.9803 0.2 0.5723
7 0.8 14 7 5 3 1076.7 0.9657 1.8 0.574
8 1 11 3 5 2 932.7 1 0.5333 0.8393
9 0.8 13 5 3 4 1074.3 0.9277 0.7667 0.575
10 0.8 15 3 7 2 1062 0.9887 1.033 0.573
11 12 11 7 7 3 1081.3 1 2.433 0.5743
12 1 13 5 7 3 1079 0.977 2.033 0.574
13 1.2 15 5 5 4 1078 0.8653 1.967 0.574
14 12 12 5 5 2 951.7 1 1 0.837
15 1 14 3 7 4 1078 0.9023 1.9 0.576
16 0.8 11 7 3 4 1078 0.9863 1.167 0.5723
17 1 13 7 7 2 964 0.9997 1.933 0.824
18 1 15 7 7 3 1079.3 0.95 3.1 0.5747
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[Fig. 3] Integrated Distribution Center Simulation Model
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[Table 4] Simulation Input data

Type Amvmg Dchvery Product
Distribution Distribution Process Procedure

1 N(320, 10) N(180, 10) MC1-MC3—MC4
2 N(270, 25) N(130, 15) MC1->MC2—-MC4
3 N(130, 30) N(140, 10) MC2—-MC3—MC4
4 N(350, 20) N(200, 10) MC2—-MC4
5 N(350, 30) N(200, 10) MC2—-MC3
MC Number Process Time

MC1 N(40, 3)

MC2 N(30, 3)

MC3 N(20, 2)

MC4 N(10, 2)

[N: A FE- 3 (Normal Distribution), Unit: sec]

BT e el S S
oI olgstel  30f Liehd A3t o] AEAE 4+
shoich. & solil Shdacliyos HEARS 5
B 5ol Hls) AmMAES ALGT A9 3878 7
Hola S| S vk A A 71E0] 44%2) 90215
AgmoRE g Ft e 4 ek 2& ek

o},

[# 5] 4% 4 "z
[Table 5] Compare the number of experiments
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