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Simulation model for performance estimation of transport vehicle

on automated container terminal
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ABSTRACT : In this paper, we established a simulation model for transport vehicle that carries the container transportation
between apron and vard block on automated container terminal with a perpendicular yvard lavout. Usually, the efficiency of cont:iner
terminal is evaluated by productivity of container cranes at apron, and though there are enough support of transport vehicles and
yard cranes, can improve the productivity of container cranes. Especially, transport vehicle is very important factor in produc'ivicy
of container cranes and has variable work productivity according to loading and unloading situation of container cranes. Therefore,
a method that can estimate work productivity of transport vehicle efficiently is required. We analyzed work productivity of tran. po:t
vehicle using simulation model that has state transition of transport vehicle. We performed various simulation experiment and
analyzed work productivity of transport vehicle and calculated the required number of transport vehicle by container crane
additionallv.

KEY WORDS : automated container terminal, simulation model. state transition. close loop. cross lane
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Table 9 A simulation result of AGV'’s state by close

loop operation (%)
C/C | AGV QA WA QB QT WT MO1-NO8
3 0.20 807 0.00 504 21.78 64.91
44 1.57 1383 0.00 738 083 %6.19
3 50 882 16.83 001 826 183% 4768
60§ 1997 | 1614 0.03 7.70 1H¥4 40.32
79 356 | 1419 006 702 1352 3466
30 026 758 0.01 1024 2274 5917
4 1.4 1069 0.10 1540 2160 .77
4t 59 427 1246 027 1927 1990 4383
614 9.17 134 0.88 21.02 1784 3806
74 15.12 1269 1.58 2122 1601 3.3
3u 0.27 6.79 0.08 16.18 282 538
4t 1.6 829 0.76 2372 21.13 4H.06
5 59 2.30 892 2.3% 2890 1904 3849
6th 361 886 511 3203 1709 3331
7d 49 848 8350 3351 1536 205
3 0.26 59 050 299 242 4784
47 0.80 6.68 249 308 1987 3931
6oh 59 1.36 633 650 3540 1734 3281
6 2.09 6.53 10.73 3669 1547 2849
70 25 6.12 15.3% 3.5 1380 2490

Table 10 A simulation result of AGV’s state by cross

lane operation (%)
C/C | AGV QA WA QB QT WT MOL-VIOS
34 0.48 1333 0.00 7.0 25.24 52.96
4 606 1838 0.00 940 230 4387
3d 5t 1763 | 1862 0.04 893 1871 36.07
69l 2092 16.49 0.02 1.6 1571 30.30
7 33893 | 14% 0.03 713 1364 26.01
3 0.5 1097 0.03 1462 207 4176
4t 3% 133 0.28 2003 B4 3047
44 54 764 1442 09 283 274 3341
64 1374 | 1408 156 AR 1833 Rl
7d 2157 | 1342 1.68 21.98 16.24 211
3d 0.48 872 0.34 2.86 6.5 42,10
4 1.78 981 1.28 20984 2265 34.64
5t S5t 316 973 404 3426 1975 200
6 483 961 6.36 3591 1764 .15
70 6.16 903 1064 3657 1569 21.91
349 0.38 6.97 0.8 30.02 2429 31.36
4t 1.09 731 391 3%.78 281 30.10
6 54 1.76 7.10 871 3942 7% 506
6ul 238 6.73 1407 3968 15.72 2142
74 311 6.45 1809 3941 14.10 1834
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Table 11 Savings effect in travel distance

AGV 34 | AGV 4dl | AGV 50 | AGV 69 | AGV 74l
C/C 34 3089 B4 HB3 %36 %3
C/C 44 Bk} 333 67 .13 5.5
C/C 54 3249 3351 U2 67 $H.0
C/C 64 BH 3466 A8 H4 043
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Table 12 The performance estimation of AGV by close
loop operation(uy =2, wy=1,uy =w,; =0)

CC |AGV | P P Py Py {C/C Prod | 874
3ol |1966%1 0.20% | 0.00588% 9 2864 =
4 | 7.35% | 1.57% | 0062826 12 304 1627
3 oW | 1.80% | 882% | 04412434 | 15 $H.03 124:
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7o | 007% {3056%] 21383603 [ 21 366 070
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el S5t [2666% ] 1.36% | 00631101 | 30 2463 M6
60 |2376% 20006 | 01256788 | 36 566 06
7 [ 2293%] 2.5% | 0.173%201 41 2618 418

Table 13 The performance estimation of AGV by cross
lane operation(w; =2, wy =1,y =wu,=0)

cC A ] p [P P, Pr_[C/C Prod. [ B7H]
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