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Allocation Model of Container Yard for
Effectiveness of ATC Working in Automated

Container Terminal

Lee, Sang Hoon

Department of Logistics Engineering

Graduate School of Korea Maritime University

Abstract

According to increasing the marine transportation business and over sizing
transportation system, the necessity of automated container terminal system is
required recently. In automated container terminal, especially the design of overall
effective operating system which includes the allocation problems of yard space
and yard equipment is one of important facts.

In this thesis, we deal with an allocation model of vertical type container yard
for minimizing the total automated transfer crane’'s (ATC) work time and the
equivalence of ATC works load in each block on automated container terminal.
Firstly, a layout of automated container terminal yard is shown and compared
with that of conventional container terminal. The characteristic of equipment which
is operated in the terminal and basic assumption are given. Next, an allocation
model which concerns with minimizing the total work time and the equivalence of
works load is proposed for the high effectiveness of ATC work in automated
container terminal. Also, a weight values on critical function are suggested to

adjust the critical values by evaluating the obtained allocation plan. To find the



solution of allocation model in given terminal yard situation, a genetic algorithm
(GA) is applied, where the real information of container terminal is used. In
simulation, the weight values are designed by planner as ones experience, and its
result presents the effectiveness of selecting the weight value. Thus, the proposed
allocation model and its solution method by GA can be useful to help the planning

the allocation plan in automated container terminal.
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HAGF AuE iy, o)yd FHE gLHAOT L83 AZEY 9 7%
Tastth AZESORZE HAH oY HUEY AE3E fdte] 7]Eo] AlxHlo
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F 23 A3 Hulde 5, 54 % =A[17]

Non-Captive Type Captive Type
=
T [ FE gudd Agen Aw Aas | Adeld Al Qo] S
A% 54 44 2 FEE 84 2 | PN 3 Fx ds
SEEEIE S o3 A4 3
A Eod oF= o -
2 44 g3 AAdde AHE x5 FA
A AdAe Age [AzH0] o AP0l Fwam oA F
EA |2 2R FAAe (8t HeeE |3 7hs, AvsEC] H

Hud gul 2 Adute] A=
2AA| AvolY AEAol %o |27 FA Aok AuEoler F, 271%A

t}

(1) 71<& gud &8 W2 (Non-Captive Type)

ol WAL Huld Fuo /fAHE Fote] Huld $9S AFstst= Aotk w
Al 2#9 Lo/Lo(Lift-on/Lift-off)Advke F7F4<1 Fxgle] HulEdS o] &
T Ren F& gHuldd #Egk Aol o]H 3k oM & AE3trt o
Hrh Non-Captive Typee AH ZAF I vF FAPoz FEth A% 4A
e 7159 Hulda o] nigte] A AHlWE FA st AolH
e Adeolyrt A A Ao AAHE Adow Adolyrt sy Age A
Zo AAHER FAE AolUE AWrIZE gk vkl Ax Z&o] A F

A7) Zg-neh v

o] Wbl o Mulol] EL% LU B3 AW S zkE Aulo) dhsle] JetE
Attt Captive Type W22 Addtyt gHuld BEF 253tE o] Fojof stz H|&
L Fou 9o] A% Fxo] At Wb EHuld AA o §EAo] HFa7] uf
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ol o]z = F& Euldol| FA g
o9t %3 Hulde X FLAL AU AuZ u$ Bid AUSS
AYa gla AR AY AATITFE HARE 22 AFAS dRE

_/r:
of @t} o] Aol #AE3t ZAHelY Eumdel glo] vi Ta7 247 At

232 A3 Aueld Hude FAF A2
AT Adss AFs Adold Huldel Y Axde 14 AN
2 Yo 7 BEol 2ts ATCSE el AGVE FAH vk 247

BAZ) Areld o5 AGVZE BFe shul A G} Ao Ee of= EdH

r&

Tol A AASHE ATCE 5% 1099 Aoy E &t - Aot = o
7t BEellE ATC 2ui7b 19 273 o] A& watste] &85 TH18]. AGV
°of -5 20ft, 40ft, 45ftE AAL 4 dom Ho) AA FFS 60[ton]oltt. A&

1Y 2.7 Automated T/C
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st "ol Bude #=49

7 AAGAA 7 B2 A4S 10imlolw 7 BEe Ay T up
ATCO 2718 melste] 375[ml& stenh AAla A2 g7ke] A= AGVe 3
AL elstel 66[mlz sl tH18).

7 gEel

27)= H A4 g

AA
10(Row) x 26 (Bay)®

Aol SE 71E

Stk @ B4 2 3B 49 20 i 19g A5
SEEE RIS

% 55 AdeluE

© 2 5(Tier) x

A e o

ay kel Astuh. wEbd AA ¥E
#3td Bayel Zol7F @ekd 4=
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EESEE -
f"WH = E
=R
n=nli=iRE. \m@m\\m@m\
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2] =
@gste] a9y BE ol AU AAsn Utk webd B ATdAE 5
8% A8 Y] Askel % b4 ojetel Bashy, S5 % W

Aeoly =52 A8t

X
x
R
x
Lo

oft
LI
AC)
=
oH

2.4 AF8 o= Au o 57

2.4.1 AGV
HAY7A ] AGVE F2 =3 QAaakelo A 2o BFS AEHow =
e Awst GuRA F2 AAE g AREEI vk ol#d AGVIE HE
"ol Bude] =i glow, dxS v FES A7 Aol AE oln] sus
ggstol A&stE Feta = Gl k. Tl e B A Al AdEstid
om, A Av]Ee] o AF 2 FEAYS FHste]l A7 Fol ArHISL
AEsk Adely BuldelA AGVE ok=ule] HHolY & dHsiH, o

AG
98] of= ol FEAE 2 EdAZY(Transponder) S WA dto] o] 23 E] 9%

W sEgus d5ee] A5ez AoE WA oW AGVE FARME Hu
d edam Aguo ANgtew 94 2 4AHE sebd 4 gon AGVe

gk F7EARI AP FAE St AAEHESR FAE] STt
253k AeEolY HuldoA 85 += AGVE 20ft, 40ft, 45ft 2 twin 20ftE
zbzy A = oglen, Ao AASHS 60[ton]e 2 F AEFTEFS 82[ton] o=
AAEAT. A5 202 A - Foll Z42F 9jX st o, 48 TR
T % AsS sk I8l
FAEEE AAF ] ebA 50M] R 6.0[M]= 7 e o &7l
O &EE 650tk AGVE HA AN AJHdFT Aol 8lmlolH
Apeko]l Aol A o] A3 S 13[ml= AAET =g ojue] MAIEHEE 1.0
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Tl E AAED A nt nestez v tdt A A E A
at71 = gt
magy = AATE 2.1

40< WLAGV< 60
empty container (2.2)
else

[ 40< mAcv< 60

ascy FEARY) = { empty container (2.3)
else
40< mAGV< 60
dacy (FEA3E) =1 empty container (2.4)
else
Cagy — }f‘ﬁ _Zl—egé?—];— (25)
2.4.2 ATC

& AollM= AdH ey Hulde] FAA el A

2

¥ 5% 10€9 AdeolvE A
3 % kst FuRA ATCE ol &8, 2t B5el= ATC 20i7h A2 w3}

A A3t A
Vpare (BEHE) = { gﬂ?}%"\] (2.6)
- H-5HA
A A3t A
are (AF7HEAIRY) = [ gg?}%;\] 2.7)
FH-5hA]



A A3 Al
dypare (AEHENL) =1 doesA (2.8)
FH5HA
VgaTC (FHEFE) = 3.0["] (2.9)
Ve = BAEE (2.10)
apre = B 7 AEARE (2.11)
agatc = T3 7F. SR (2.12)

2.4.3 Y/T

Bl Alo]ES Tt wb gl - wbEE Ashs A, ATCEZHE HolY 249
of A +FE £ ARF of= EYEIE AWl AYPstes e o] A5
el Aelelyel] W3k HE AOJEE Fete] HEHn, o] FHE o] §dt] &

Agulel AAD 94 L A9Le FAT ATC/H GG o] 9} o] of= =4

B g2 del 249 A olFekn, Gz o] EAZE SHA B
542 Raske] Adel wdAstEs @ = AR oF sare o
& Hom Folxn

bron (BAG 02 O BAZE) = Aelo] ule (2.13)
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# 24 ATC

Al T A8]

ATC #1

ATC #2

40.6[ton]

40.6[ton]

31.0[m]

37.5[m]

AGV #% 3[mlE Al ¢

25.76[m]

31.88[m]

A 18[m]

H 2 2422[m]
(ATC #1)

35.0 [m/min]

(70)

35.0 [m/min]
(70)

2.0 ["s]

2.0 [™]

3.0 [™s]

3.0 [Ms]

1.0/2.0 [secl]

(2.0/4.0)

1.0/2.0 [sec]
(2.0/4.0)

5.0/5.0 [sec]

5.0/5.0 [sec]

8.0/8.0 [sec]

8.0/8.0 [sec]
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A @EE v ded WA= Ves TR

g, 2 Aol M e AsE AEoly Euldel Aol AGVe] ARl w
2t A Zol7h dAstE R, o] F iy ste] dstofof

(3) AElelY a5E AT A

Ak 55 3 @9 Al webM, FA e et 2&e =ol7] f A9
of HAgd 3 AV|dEE yro 7 Bay & d9dE Jes FHIH o=
Planner7t A Al 23 gkefsr] &olsiAl st Aoy, #A&3dt HdH oY Huld
M= ook 22 W] Bl el = Hme Ayt Ada s ofof g

(4) WS} Aelol g A A9 2A

el (1D-3)e] Af GANA o5 B 7IEez 3 el Wl FE
dEbel Aol Azt HAFE B AV i T Aelrp TAsHy] whdelH,
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(2) Aur=e] Aol &uke AGVel o s, 3 A8 AGV

% AR FAs, w4 F2E wed] SRR w9 e R

(3) Zt Advte] A Adolde AR 9 FA 3 aFS Aoyt v
w1 7] ool & & gl

(4) Adkell AeolHe] dHoz lste] TN = FAH e o3k Adube
et TrE o] Fol AH&E 5 Ut

(B) T/S &2 ALt

(6) Aol 20ft H 40ft WFS a1 $hr.

(7 S 2 P& dHeold= A9tk

(8) AEeld el FAel that Fr= st

(9) POD W72 Itk

(10) Aeloly ZAAH A 27]17F M2 v AHlv= &L3 Bayol &4

Nl

A e

(11) POD7} M= v& 4, 3 Bay® #A&S 238t o EA4L + 3

B AT ATC A9 A7te] A2 @ A9 Rale] #53 dalAs o
23 e BA%FE ehle )

]T= mln( zm Ji I/VZ]) (31)

J.= min{ W— W } (3.2)

[‘E

AN, Wy i EFY jAA ATCO A AL, e BF% FE UEE, W,
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= (ESAA9 ATC F Jg AZHS YeRdY o
W= max (W,), i=1,",m
W= min (W), i

:1’
S Aol AgAzre] Ar L ARt FEHE A% 24 ol ds 247

J=wrJr+wr/L (3.3)
ol AollM stFat ot w, < AP AR R A 23l oel WA=
otk &, F3 AGA e E R ERE Y Aoy Ef ] og ukq) - ukE
o] goua AQIAZte] HAislol| HFE AA Folok dH, o] AgelE 4,
S ta 3A dAsE Aol vigA s
)

ATCS 2} AL ol B Aoz thgt ol

W= kﬁl‘(dﬁtﬁ a) (3.4)
o] 7] A,

a = B2 ;W ATCY ey W /4

d, = °ols7gel BE 2] 28zt

t, = 23 Adel 28 7zt

a, = 4S9 o5 Lant
@, 7t 25014 ATC 3] ZbAfel ok ARt he = wASH] o, B ATCH
oj&Alol7k Aetsttiar st HEloly A7 ¥ TRl whE ub LAk A 2 A
oA MEd ATCO setv =58 A HoluA] o FdatA 48412 5 sl

A@4elA el et A4S F3, 3, R FEEHY, 2ukAe] 2}
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A3 42 A% FAG Wl A FHAY

Adeld el o ki)

(1) Z7F &7 A kA

AT el A e FAF o} 2
A FAG e F4 A FFE s oF ok F
g = ojof 3hi= Aube] 4

bk, Rk,
(3.9)

dYFe 7 B ol ol § b5 FI

EAATZE Wl Ao A &3t &
= 2302 F v
k+ k, ”
> h() < 3 Qp
< 3 Qs (3.10)
i=17=
upebA, FE ARG T AS Yt BAETE oy 2ol 48 & 9
=3
m 2
]=min{ wrW; + wy(max (W) — min (W) )} (3.11)
1=17=
subject to
k+ k, ket k,
2, h) = 3 d)

k+ k&,

T = 3 30
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m 2
J= min{ wrW; + wy(max (W) — min (W) )} (3.13)

Fokstel 7 ATCOl A4l #3te TH3h, 3 AYAT A2t L A whgA
ol FHAAEE ANRORE ATCE wAsY 7} E54e) Bay H4& B3t

oof stt}. TSk Bay A4 $o, Row % Tier A& AFF AAA vl T2
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G2 ArgEE HX3SEE ddwAe 543 TSP(Traveling Salesman
Problem)=Al ¢l 545 A Ad 233 A3t SAZA, A9 syl A st

GAZ ol §ata @tk GAE A&3el Qo] 7% Txo] B f4 A4xel 4

A xS 2F HAs EA HAAT 7S
°] 1 Bayell ZAlaljoF & HHUE TIeth A7 (s, 7) & GG EEW
o B EEREE 474 YedY g2 @9dE deEoly JigE vERAT 4
olste] k2 20ft ZElelH, 100 ool g2 40ft AElolHE Y. =, 112+
40ft Adoly 12715 &3 A-g-olch. E=3F 40fte] H$+ 2 Bayol Q=g
ALEHow 2o o]l @EH™, 1 Bayd Hul A 46705 A x3d %

| Aol gL 17 429 2L £AR dEHTh

N

fo

46 26 46 112 112 36 - - - 35 46 12
L] ] I
(1,1) (1.2) (m,1)

a9 42 AAAe] 1d
TE AAF WA EA e 2] A VIEAR= dEolye ARk FA
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