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Optimal Design Methodology for an AGV Transportation System by Using Queuing Network Theory

Satoshi HOSHINO*, Jun OTA*,
Akiko SHINOZAKI** and Hideki HASHIMOTO**

Abstract: In this paper, we propose an optimal design methodology for an AGV transportation system, using
the queuing network theory and simulation model. In this study, we deal with the AGV transportation system as
an actual transportation system; then, consider the design problem as a combinatorial optimization design prob-
lem. Therefore, some paths and working multi-agents are included in this system as the design objects: working
path, passing path, Automated Guided Vehicles (AGVs), Automated Transfer Cranes (ATCs) and container
cranes. We describe the way to derive these design parameters, that is to say: the optimal combinatorial design
solutions on the base of the performance evaluation of the AGV transportation system by using the proposed

design methodology.

Keywords: AGV, transportation system, queuing network theory, optimal design methodology, multi-agent

system
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Table 1 Specification of AGV and ATC

AGV ATC
(full)/(empty) | (full)/(empty)
Max. speed [m/s] 5.56/6.94 2.0/2.25
Rotational speed [m/s] 1.39/1.39 —
Acceleration [m/s?] 0.15/0.15 0.1/0.1
Deceleration [m/s?] 0.63/0.63 0.4/0.4

60 [m]

175 [m]

175 [m]

60 [m]

(a) From the quay area

‘ (b) From the container yard area
to the container yard area

to the quay area

Fig.4 Modeling of transport routing
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Fig.5 Design algorithm by using the queuing network theory

00000 AGVOO0D00D00000D000000000
02030400000000000000000 AGVOO
0 ATCOD00D000D00000D00000000000
00000 1000000000000000000000
00D00000DATCODO0O0D00O0DOO0O0D00
000000000000000000000000 AGV
000000D000000000000000000000
0000000000000000000000 10000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000

4.3 00000000
Fig.500000000000000000000000
0000000000000 (1)0000000 (2)AGV
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000


hosino-mobile
長方形



Queuing network theory

for (intk = 0; k <AGV_MAX; k ++) {
throughtput = calc_throughput(k); Eq.(1)
if (throughtput >= requirement) {
buffers = design_buffers(k); Eq.(2)(3)
traffic_intensity = analyze_bottleneck(k); Eq.(4)
break;
}
}

Fig.6 Calculation process in the queuing network theory
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Table 2 Average number of AGVs at each node
Case | Nodel | Node2 Node3 Node4
a 6 4 3 < Location:6 4
b 5 4 3 < Location:7 4

Table 3 The combination of design parameters and time cost
at each node

Case | ATC | AGV | Buffer | Transporting time
Node2, 3, 4 [s]
a 12 | 17 0 178, 45, 144
b 14 | 16 0 170, 36, 140
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Table 4 Transition of the time costs in a design process

Number of Time costs at Desgin parameters from the Recalculated time costs from the
Design process | Nodes: 1, 2, 3, 4 | queuing network theory (ATCs, AGVs, Buffers) | transportation simlator at Nodes: 1, 2, 3, 4

1st step 60, 165, 30, 122 ATCs = 2 — No design parameters No simulation

2nd step 60, 165, 30, 122 ATCs=4, AGVs=23, Buffers=2 60, 828, 114, 169
3rd step 60, 828, 114, 169 ATCs = 4 — No design parameters No simulation

4th step 60, 165, 30, 122 ATCs=6, AGVs=18, Buffers=1 60, 288, 96, 145
5th step 60, 288, 96, 145 ATCs = 6 — No design parameters No simulation

6th step 60, 165, 30, 122 ATCs=8, AGVs=18, Buffers=0 60, 246, 65, 157
7th step 60, 246, 65, 157 ATCs=8, AGVs=25, Buffers—1 60, 357, 95, 149
8th step 60, 357, 95, 149 ATCs = 8 — No design parameters No simulation

9th step 60, 165, 30, 122 ATCs=10, AGVs=17, Buffers=0 60, 186, 71, 144
10th step 60, 186, 71, 144 ATCs=10, AGVs=21, Buffers=1 60, 207, 84, 144
11th step 60, 207, 84, 144 ATCs=10, AGVs=23, Buffers=1 60, 194, 78, 159
12th step 60, 194, 78, 159 ATCs = 10 — No design parameters No simulation
13th step 60, 165, 30, 122 ATCs=12, AGVs=17, Buffers=0 Satisfy the requirement

60, 178, 45, 144
14th step 60, 165, 30, 122 ATCs=14, AGVs=16, Buffers=0 Satisfy the requirement
60, 170, 36, 140

15th step 60, 165, 30, 122 ATCs=16, AGVs=16, Buffers=0 No simulation
16th step 60, 165, 30, 122 ATCs=18, AGVs=16, Buffers=0 No simulation
17th step 60, 165, 30, 122 ATCs=20, AGVs=16, Buffers=0 No simulation

0000000 AGvO0OO0O0oooooooooooooo
O000O0Table20 00000 300000000 AGV
goodooooooooooboooooboobooooo
AGvO00030000000000000000000
OO0 AGvOOO0OoOoooooooooooooooon
ooooooooooooooooooobocoooobooo
oobooooooooboooooooooobocooooboooo
ooooobooooooooooooooooooooooo
oobooooooooo

Table3 000000000000 0O000O0OOODOO
203040000000000000

4.6 0O

4.6.1 OO0OOO0OO0OOOOOCOOOOOOO

4.3000000000Fg00000000000O
OO0 AGvVvODOODO 203000 400000000000
ooooobooooooooooooocobooobooooboooo
oboboooooooobobooooooboooooonog
ooobooooobobooooooobooooooboooa
ooooboooooooooooooobooooooooa
O000AGvVOOOOOOOOOOOOOO00ODOO0O000
oobobooooobooooooooboooooooooa
O000o0o0oooooAGvVOOOOOO0O0OoOOoO0O0o
oooobooooooooobobobooboooooooooa
gobodoobobooooooboooobooobooooood

Table4aODOOOOOO0OO0O0O0O0O0O0O0O0OO0OOODOO
oooooboooooooooooooooboooooooo
oooooooooobooooooooobooooooboooo
oobOooooooooboobooobobOOFge0nOOO
ooooooobooooooooooocooooooooo
0000000000001 00000000 ATCODO 2

O00000AGVOO0OO0O0 AGV. MAXDOOOOOO
o0o()oo0oooooooooooooOoooooo
ooooooooooobooooooooboooooooa
oobobooooooooooooooboobog20000
Oo0O0O00D00000000000000 ATCOOOO
ob2000000000000O00O0O0O0O0O0COOO0
obobOobooobooooooooooobooboooooo
obooooboooooooboooooooooboooooooo
obobooboobobooboooooooooocoooon
ooooboooooooooobooooooobooobooooog
ooooooobooooooooooocooooooooo
ooooooobooooooooooobooooooboooo
oobooobo3sooobooooboooooboonooooo
oob2000000000000000O0C000O0000
ooooboboooooobooosgooooooooooaod
00000000000000000000000ATCO
obobodo200000000000000000O00170
00000 ATCOO0OO0 2000000000000000
oobooogood
0000ooAGVOOOO0OO0ODODOOO00000AGV
oooooboooooooboooooobooboooooboooa
00000000000000 AGVvOOOoooooooo
ooooboooooooooooobooobooooooobooo
gooooooAGgvOOOOOOOOODOOODODODO
oobi10o0ooooocooobobooooobobocoooooo
oooooboooooooooobooooooboooobooobooo
ooboooooooobooooooooobooooooboooo
obobOobobobooboooooooooocoooo
oooooboooooooooooooocooooooooo


hosino-mobile
長方形



Table 5 Traffic Intensity at Node 1 and 3

Case | Nodel [%] | Node3 [%]
a 92.4 44.5
b 91.9 33.7
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Fig.8 Performance evaluation by traffic intensity
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