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System Operation Considering the Malfunction of Robots
in a Seaport Container Terminal

Satoshi HOSHINO! Jun OTA?
'Tokyo Institute of Technology 2The University of Tokyo

Abstract For the efficient maintenance and repair of robots, in this paper, we focus on suitable operational models in
order to utilize the mutual substitutability of the operation among robots that have similar function. For this purpose, we
categorize the system operational status into three, and develop operational models of the robots. After that, we propose
a flexible system management method. By applying the proposed method, each robot responds to changing operational
statuses reactively with the developed hybrid operational models. Finally, we discuss the effectiveness of the proposed

management method on the basis of the system throughput.

Key Words: Reliability, maintenance, malfunction, reactive and hybrid operation, mutual substitutability, AGV, ATC.
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Fig.1 Horizontal AGV transportation system in a seaport
container terminal (top view)

2. 0JobObObooooobobod
2.1 000 AGvOOOOOO

OO00000Figl000O00O0 AGVOOOOOOOOd
0000000000 00000000 QCCO Quay Con-
tainer Crane00 000000000 OOOO ATCO Auto-
mated Transfer Crane00 0000000000 OOOOO
000D00DOoO0o AGVvO0OOoOOoO0oooooooooooo
OD0DOAGVO ATCOOUOODODODODOOOOOO
oooooooOoOoOoOo0oooooogooogioooog
0 0 0 00 320[TEUQ Twenty-foot Equivalent Unit0 | O O
DdddooooooooooUdduoooooooogd
Doddooooooooooooooooooggogaa
000300 QCCUb0looooogno200 ATCcOod
coooooooo



2.2 0OOOOOOODOOO

obooboboobooobooobooobobooon
goboobooooooboobooobobooooon
oboooooboooooooboobooooooaon

1. QCCOO0O0 AGvOOoOoopoopopoooo

2.AGvV0000000000000000O00O0000
ooooog

3. 000oOooOooOoOoOooAGvOOOODOODoDoOoOo
Oo0O ATCOODODODOO

4. AGVOO ATCOOOOOoOoOOoOoOoOoOooooooo

5. ATCOD0O00000OO0ODOOOO AGvOOQccono
gooooooo

6. 00000O0O0O0OOO ATCOOOOOO0OO0OO0O0O00O0

00000000000 300 QccOo0onnnooon
00000 QCCOOOOODDO0O000000UnnAGY
00000000000 D0000D00000D0000DoO
0000000000000 D0ODOODOOOODOOOODOD
000000000000000000000000 ATC
00000000000 D0000D00000D0000DO0
goooo Yo

3. DOobooobooobo

Fig20O AGVO ATCOUOQOOOQOOOOOOOOO
000000000000 0000O0Fig2()000000
obobodobooooobooooboobooooboboooon
00000000000000000000000 Fig.2(b)
gbobobooooooboboooobooboooog
gbobobooooooobooooooooooogo
O0OO00UD00O0OFig2(b)00 AGVOOUDOUODOMTBEF:
Mean Time Between Failured O 50 [hour]J ATC O MTBF
0 40 [how] 0000000000 D Fig2(a) 00 AGV O
ATCOODO0OO0OO0ODOODOOoODoOOOoOoOooOgd
0 130 [TEU/hour)| 0000000000000 O0OOOOO
Fig2(b)DOOODOOOODOOOOODO 120 [TEU/hour] O
ooboooooobobobooboboooboooboooboo
bodboobooobouoboobobobooboooogon

gboboobooooboobobobbooobobobo
gboboboooooobobobooooobobobo
gboboboobooboboboboboooobobobo
ooobooobobooobobboooobooboboooo
obobooboboboboooooboobobobobooo
obobooooobooboboboboobooooooooo
obobooboooobobobobobooooooooon
gobooboboobobooboooooo

e JO0OO0ODOOODOODOOODOOOOODDOOO
oobooooobooooobboobooooooooon
00000000000 Fig2(a)0000O00O0O0O0OO
ubooobooboooood

ooboooboooboobooooobooooboooobooooo
oboobooooooboobobooobooboonn
goooboboobodl. ooooo 1o0bbobo0ooobooooo

Throughput
[TEU/hour]

(a) No robots maintenance and malfunc-
tion

Throughput
[TEU/hour]

(b) Robots maintenance and malfunction

Fig.2 Container-handling simulation: system throughputs
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Fig.4 ATC operational model in maintenance mode
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Fig.7 Comparison result of the system management methods on the basis of the throughputs
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Table 1 Increase of the system throughput [TEU /hour]

Number of Average Max. Min.
ATCs (locations) |[TEU/hour] [TEU /hour] [TEU /hour]
1(2) 6.0 12.3 0.9
6 (3) 7.5 15.0 2.6
8 (4) 9.2 16.6 1.9
10 (5) 7.5 16.7 2.1
12 (6) 9.2 20.5 2.4
14 (7) 7.8 17.2 4.0
16 (8) 8.6 14.2 1.3
18 (9) 6.4 13.0 1.0
20 (10) 5.4 11.6 2.1
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