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A Study on introduction for Automated Yard Transportation
Equipment 1n Container Terminal

Jin Hyeong LEE

Department of Shipping and Port Logistics
Graduate School of Global Logistics

Korea Maritime and Ocean University

Abstract

Due to the merger of shipping companies, the formation of large alliances and
the emergence of super-large vessels, the requirements of shipping companies are
becoming more diverse, and the competition of the container terminals is getting

fierce.

In order to increase competitiveness in this rapidly changing global port
environment, various efforts such as developing new container terminals,
integrating terminal operators, and introducing automation systems and equipment

are focused.

In addition, along with the 4th industrial revolution, the port industry is also
developing smart ports, especially automated equipment. And in the newly
constructed container terminal, the introduction of automated equipment,
automation system is becoming an essential element.

However, the level of automation of container terminals in Korea is far behind

that of advanced ports overseas. In the case of advanced terminals abroad, all
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work is being fully unmanned, but in Korea, container terminals are in semi
automation status. and in the case of terminals that are preparing to open, the
government plans to use manned transportation equipment due to problems of

hiring labor.

In this study, we analyzed factors that should be considered when introducing
automated transportation equipment in a container terminal and selected the
optimal automated transportation equipment based on the analysis results. The
evaluation factors (economic efficiency, productivity, safety, service improvement)
for the introduction of automated transportation equipment were selected through
case studies, and AHP analysis was used to measure the importance of the

evaluation factors.

This study selected AGV, A-S/C and A-Y/T as alternatives for introducing
automated yard transportation equipment. A-Y/T is a new method that introduces
autonomous driving and is currently under development, so it lacks specific
information such as the cost of equipment purchase and operation method.
However, it has a cost advantage in that it can utilize the existing Y/T, and it
can be moved inside the yard, so it can be a good alternative to introducing
automation equipment in conventional horizontal container terminal. In addition,
in the newly developed automated container terminal, it was shown that the
vertical yard structure is preferred, and AGVs are most preferred as automated

yard transportation equipment.

This study will help you select factors and alternatives to consider when
introducing automated yard transportation equipment in container terminal. It is
also expected that by analyzing the pros and cons of automated yard
transportation equipment, it will be possible to consider the methods and
procedures for introducing automation equipment suitable for domestic situations

and to come up with measures to improve customer satisfaction.

Key Words: Automated Container Terminal, Automated yard transportation equipment,
AGV, A-S/C, A-Y/T
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H1 AT, A7) AGVE 7] MEYE £33y g od EFL wEd}
A =t A7] AGVE wiE g7 A EH7] Aol Brd el v ZHolAd

23) Jung Sung-Ho, Lim Dong-Seok, An Economic Analysis of Transportation
Equipments at Container Terminals, Journal of Navigation and Port Research
International Edition Vol.35, No2, 2011, pp. 167~172

24) Wia<s, FHol, e, AF3 AEolHE R AGV F ALV 7|yt o]EA| 2~H 9
A4 Hlal, S=gkal e eker s A3l A|2s, 2007.12, pp. 253~254

25) Add, WA, B ARATEE AR FFA2Y A5 dudF A AT
k=33l & ”J#ﬁl 2014, pp. 399~407

260) A H, Y AF3 AdHoly Hulde A% AGV HiEY nA A HZA 3, 7
At et AR =&, 2016.8
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N 2md WEHUE FHAE WEUR LAk s 28 WHEYE oe
AgE A AFAHok Ak £nE WENE AFARE A g AT
o MastAwt ebd FHE MEEY WAL FHoR u e AL Y

s
o ol d 4 3l
Yvo Saanen(2016)+= AGV<e} Lift AGV, ALV ®}2}-& Apron size, Wheel loads,
Energy consumption, Maintenance, Interaction with GC, Interaction with

ARMGC, Performance and Cost ¢ ZHNA WwsF o 1 A3t Lift AGV
Hkalo] 714 @829 Ao = et

Iris F. A 5Q000)E %53 AsoliE oA Aolis HAMdA of=
747 ol&dhe AHIE AGVSH ALVE Hlmdtgth ALVE Aoz e oy

£ B0 U £ Jou AGVE #YadA £gol Baste AL Ao
g Azl o8t AT AR st YAAeIME AGVSH ALVE] 2 A
=
(¢}

3zt
o7} flleout FLd3 FFE S DA HaAE oA e R s

AGVZF ALVE T oF 38% ¥ W2 ARt7F d 238k th.28

Berry Gerrits 52019+ 719 HlAE3t dE|lolHE oA A-53HE|H]
g, As3rl £89 AdeldHu|dR HAZstr] fg o]FAH WhHoe=
A-Y/T(Automated Yard Tractors)E AAIStATEZY A AGVE EUT A&
st Blrde AEst 79 HAES FHo] FHEEO QTh o] AFtollAE oF
T WREE REYH I olsdte 7IE HdHOIUEMEY LA &

£ o7 &9 7153 A-Y/T =YL ¢35l Digital transition processE A <k
Eia=g

27) Yvo Saanen, AGV Versus Lift AGV Versus ALV : A qualitative and
quantitative comparison, www.porttechnology.org, 2016.5

28) Iris F. A. Vis, Ismael Harika, Comparison of vehicle types at an automated
container terminal, OR Spectrum, 2004, pp. 117-143

29) Berry Gerrits, Peter Schuur, Igor Ilin, Mixing Automated with Non-Automated Yard
Traffic in Container Terminals: a Digital Transition, 2019
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[& 2-5] o]$AH] AE3o et A7

28 A7UE
WA B L ol aAIe 284S Eol7] sl Ao Al

DGPS 71%-& Fgato] o4yl 584 X WY I 7hs
ras, WY o] EAHS JHES Hsl 71E ol &dulol o
A9M, B8A | @ e A B
(2006) h7]AIZF, AR & 48tst7] sl Abbetelz]sg ®.gE
o] &8l S o= AA|
S/C WAle F2 FEoUYl stz el AMgEoLt
55, 9BA | AI2oE olEFUIRA AME
(2011) st9715S 8 4 A Y/T, AGVEH agX ot FAI
M= S/C7F F7IE AHEAl B 28X
—o1 = AGVe} ALVO] pgtiE C/C RS Hla
e, B ARTATE AreTE ALVIE 94ett AtTiaT soidol
ﬂﬁ (2007) [¢] T [¢] = a

ohe} ALVO) ZHdo] Alate|o] Aabo] thobal

Agloldyold Agdo] g Adst Addy 2y ¥ Y/T
Pooling System YAl A|A]

Y/T Pooling System@] Y/T & &d1u2|&S o]&sty 1Y
AR o o] &AM 584 sk

5179 A7) AGVE] dfele] mA] WAlo] ZgA

(201(;) Hief2] A olAE =dsto] viE 2] WA A A7t sjRPd

2ol sk ke AlAl
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Yvo Saanen,

AGVe} Lift AGV, ALV ¥1A1S MA 7w ot AAZXA, of
A §&, sty dAE 59 1753 oA v

(2016) Lift AGV ¥talo] 71A g&A09l 7loz Uehd

Iris F. A. Vis, At=3t Aoy Eo|E o]&AH| 2 AGVet ALVE Bl

Ismael Harika =Adst £2&0] AMAE S DA 5H] st AGVZE ALVETDH 9F
(2004) 38% O W2 Au|tjart B

Berry Gerrits,
Peter Schuur,
[gor Ilin(2019)

71E9] HuldS Ahsst= Hgstr] st o]y wHo=
A-Y/T A|A]

oft UHE QFEEHY I o]lsst= 7|EY Huld 9%
AoA A-Y/T9 &&Aol &< 95 Digital transition

processS A9t
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A 3 A AE3 A oHERE A AT

p

sle] AR AHEClUEPIE Y ¢
+FHIL A 53 7H FFole 3
o] ERbshAl Iy H sfoer dAl= v Hrldso] ¢
=9 Sl Atk =} FT= 7§E°ﬂ/‘1_‘£ ofrlol A HeM= Hx2 o4 AF3)
Aol 2017d0) &3ty =9 Sl e w=, Arlzx= 5 B
| A2 Budel g /idS A3 Foll Aok AAA Frte ¢
¢} FEA-Est AeolvEuE 2 F&std (19 3-113% 2o

bEal Auler Azsgle] wel 9ol
e 9l

Az sl Ass gule =3

>,
o
o,
o
it

v

o

Y Fuily automated - Operational LY | Y ¢ ‘ _

Y Fully automated - Planned (greenfield) N ! s Z - :
(7 v T _ VY g Bishane |

' Y Semi-automated - Operational A -

'Y Semi-automated - Planned (greenfield) ‘A

LY Semi-automated - Planned (etof)
At=: Drewry Maritime Research, 2018

[2¥ 3-1] &4 A58, F& As3 Erd

Collection @ kmou



_1

AL
T
w
=2
X
l‘l r
[-'>~
>
o
o
r O
o
o
e
1
o
l-'EI
=2
X
N

Dot ohs gAY AES FE E4 = :
W o] thREoln o] 4u wF thREo] FFOE Lol VIT WA
2 =q8la gom R4k 218 BNCTOAR SICE o442 =qshe &9

st gl

o
453} 7% waAstel 20089 AT RFo] HxE =9® ARMGCS
A% U FWNE@UNFEY, NSRS ol g3l ARHAo o
ZPMC 5 Z2AAe] Z14AE 9 AR Re) ) gy e A5
of gtk WAL MEAZINA A5} Aook 7|&e ALHOT AL, B
AAAL gom s)Ee ohsteigule A4FH AT @ AT B A5
Ao71% +% 52 B3 24YS Holxm Ak AA A

%_
Aol RTe] A9 Ty 71&L ol &8 BMNHN 5 SAAFHE )
o )

[£ 3-1] =Wl A=F3 AEolvEmE A%

st . ol:_z Atsst | ory of= ol% | 7%

ujj x| rZ ] A Ay | oz

B ALAlS}ab o R P | arvce | TF | g006
Agojdeold | T ° | xbsst | RMQC Y/T

5hxI5]& . R 5 | arvae | F | g009
Alatejn)d T | AZs8t | RMQC Y/T

B A} B AAIS} . Rl 5 | aevce | F | g0
Alat 2ZAR|E o) T | x=st | RMQC Y/T
Sy R Rl N3 NS

S| ARMGC 2010
B LA} T | R=3} | RMQC Y/T

B ALEHAl ) . By 5| aamce | T | sow
Agolygod | T | =8t | RMQC s/C
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A ¥ | 2% 8
A1 ARMGC 2015

olx | AHlIdEE | T ° | AbEst | RMQC Y/T

Ak TSI =R A ~E

S DIELIIE AHE&t | RMQC Y/T

E2 12017 e g

311 4%

Ragold AEs Ave] =9 20089 At A g Dol A of=
% BZo] 455 of=aedAnl ARMGC 5715 A8t Aol 4a)
2 Aele dAow FySWA ARGk 200990 AR TG

(HINO2 20083 of= g3} Al2®H 7ide 58t /1 27|58 FAAE
3} ofE A JAARMGO S ©] &3 &= AFsten o % H Ik Eu)d el A

[e}
L REAEs Aoluemd $Hos £ %011 It PNITeI M 5
o

BNCT Layout(+X& £ %) Automatic containar Carrier

Z2] @ https://www.bnct.co.kr

[Z19 3-2] BNCT of=7x ¥ A-53 A4
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BNCTe] ¢ 2012d6] oprlo} Hz2 +43e o=z I S/C 7]uke]
A58 AvolUEEd e Agsted £ Fo ok AW SCY BAL F
o AF FAR P DA Fo] WS glom o2 s Ful 4
Ak, vl £ 2 QA4 As B WE 4E 5o FAH WYHT

T} .30

OOF oﬁ,

sk Zas AA A7 gusel A4 4HE 95kl
AR Ee AP Yok GA AR

ﬂﬁﬂlowﬂmﬁu F 7jo] AgoldErde] 245w Ut F Huld =
T #RPhe ofs Tz JjEEion
FU(ARMGOE E4& R8RS P20

EE(Y/T)7F A

ofo
jﬂ
;9
i

91743 1-1971= SNCTe} HIIT 5 S9A7} 1.6kme] BF2 iro] ALg
ShaL glol thE Aure] Heko] ofWm of= B A, Al Ao E&A of

202503 MAS FEE ZHFAA] JAHAE 1-294 HE U E L A

w4, 2015, SC 7|¥ke] 219 253t HEoluEndel &3k A5 BA Al S
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[28 3-3] AHANE

[E 3-2] AAHAE 7 AF

& S % 1-13A(% =) 1-224
20} - HJIT SNCT - _
22700
o 3.700 800 800 1.050 350
o &
CYas 2.220 480 480 630 210
(Am)
SFASH | yggnr 1050t 1059t 1389t 469t
420m('16.3.) 410m('15.6.)
]_ _ 1 1
7H7E)}\]7] 380m('17.11.) 390m('17.4.) 30]5 40]5
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32 =9 AFs AHIY HHE AF

3.2.1 ECT, APM Terminal

Hutchison Ports ECT Rotterdam Delta Terminal APM Terminals Maasvlakte IT

2= F https://www.ect.nl, 9 https://www.apmterminals.com

[Z19 3-4] ECT, APM #53} Elv|d

Hade ZE Z9g ¢Xx3k ECT= 1966 de] AR E Ao 19931 64 o
MA AzxE %53 A= ol dElrd DDN(Delta Dedicated North)< 7143192
o, 5% S7F 2 AAZHJ Ag we} 19961 DDEelta Dedicated
East), 2003 9ll= DDW(Delta Dedicated West)E =214 o2 7|35t .

ECTe= FAulde] ol FeE st dom HAZFdAs HEEEDE
o] &3 ok gd 3y} oo A= ASC(Automated Stacking Crane), ©]<%7H]

+ AGVE AREstd Aw3t AdHoUEuES 938t vk ECTY %7
AGVE olF&H=Um/s)7t =8 =] Z Adu7E vl /Y el
AHgo] 7hE% Aty FrrEQ oY dAE 8m/s 7HA o)F&ETF ZU1EHY
o ZHEZY I A5 Aujel g tis] A &2A ATE st gk
o A= AW AEd S ANdstr] 95t 22 FAE sta Ao

t

JH

2015 del= AlAl Hz= EIAYAZEA A AsIHE =AU APM
K

Terminals Maasvlakte 1[I o2& /fAste] 9 Fol ot Y402 95
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= STS(ship-to-shore) Z# A3} wjElg] w4le] Lift-AGVE =YstR o™ AGV
+ 2HEE YeA ol AHS ol&ste HHCHE AA A okEtA AF
o= o|Fsta Atk APM HuEdL2 74, sF A FHAA 3 E

S = m'g
2% 9 odEAL AR o

[¥ 3-3] APM Terminals Maasvlakte 1I Terminal A|Ad &3}

T |
Annual Capacity 270TFTEU
Terminal Area 360,000m
Berth Length 1,000m
(Quay Qgranes) 1054
Equipment (Automated étsaccking Crane) b4
Lift-AGV 724

3.2.2 LA(TraPac Terminal), LBCT

AAANA 7 283 dexx=E Qs FAs7E ogid mlmdAxE
LA(TraPac Terminal)@} LB(Long Beach Container Terminal) Ejunjdo] F-<lx}
&3} AHolHEudRE FHI Qo Hlmo® F3te EFY of 50%E A
gt Aot 7E Ao i dAA Bx fAES, EYHY 5 1577}
ZHA] @RlE o 2o HARS Fol AwE Hu|dEo Ak I AHHE =

zohe] FH G4 Flw 5 vu NS RAe] 4B olslst P=
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LA (Trapac Terminal)

LBCT(Long Beach Container Terminal)

2= : F https://www.trapac.com, -3 https://www.lbct.com

[Z2¥8 3-5] LA(TraPac terminal), LBCT

TraPac Terminale Hv|A|S Hx9 A5 AHoUHuERE 20159 7/M%
Qo of== ARMGC,
Hl= diElg] W49 A-S/C (Automated Straddle CarrienE =438t AFo =
g3t Utk o] HuldoAe Ay A4 Fds fstd AGY A9 AF
o|FANNE FUIE +F3t AGVLE A-S/CTF A =%

o BA ddAgnE SZow oy

)

o]

ARSI

[¥ 3-4] LA(TraPac terminal), LBCT Infrastructure

. LA(TraPac) LBCT
Annual Capacity 2309t TEU 330TtTEU
Terminal Area 220 acres 311 acres
Berth Length 1,411m 1,280m
STS
(Quay Cranes) 10 Lan
. ASC
Equipment (Automated Stacking Cranes) A0t 70t
A-S/C / AGV 28T 720}
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LBCTE 2016W0] e on] 20197k 327l A As B
oA 7h RM 7L Haw AAFAA Huldelth. 2y A it 3
Axpglo] Jhsd AN STS AAAH DA%l o= Yol LFHT 9
on] olgAH i WiEE 29 AGVZF £9H I Yk,

3.2.3 VICT

e2EH Yol W Eo Xt d+= VICT(Victoria International
Container TerminaDe 2017 MAE o~Efdelol Hxo A 53t A
goly Emdoltt. VICT= A-&3) o|$4HI 2 A-S/C 4Ql ACC (Automated
Container Carriers)E ©|&3ta ot VICTS A% AAZdol7l 644dm=E F27}
FA = AT Neopanmax Quay Cranes 57], Automatic container Carriers 11
7], Automatic Stacking Crane 20715 =<sle] &3 s A2HoZ 29

<< HAANE gHrjdolgtar & 5 A

VICT ﬁ 73 3! @ 1E) Automatic container Carriers

A= : https://www.vict.com.au

[Z19 3-6] VICT #& ¥ #H|

1>

VICTE thopst 2xeglo] 2 sheglo] gAs @estel ofs A58 A
9, AEE AJE Axd B AP ofAiUS G Fol oM oE F
DA QB Aulz 2T AT A oA E
AV 8E &Y Fol el ESIZE B AA 2 FE wd
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Automatic lashing platformsg ©] &3t A-Fgslr] 9 H2E #AHFS 13

skal Aot

[¥ 3-5] VICT Infrastructure

5 a4
Annual Capacity 1809tTEU
Terminal Area 354,000m
Berth Length 644m
QC
(Quay Cranes) ot
) ASC
Equipment (Automated Stacking Cranes) 204
ACC 110y
(Automated Container Carriers)
3.2.4 QQCTIN

Z= AHE° QQCTN (Qingdao New Qianwan Container Terminal)< ©}A]|
of Hzxol ¢ FAAE3E AHEolUEmIEoltt. 2015 FALE st
Z 671 Ao = JEer 20173 59 ARA FAHES AlZsAT. AXA
Ao Y Fx2 Ho om F 7719 gEEEY STSe ASC(Automatic
high speed rail crane) 387], Lift AGV 3872 Eiste] Hilel AJHS &3
E2 A S 7Nt R st ARIAE AFetal AT o] HuEE HolA X
N et ZAMY A 2ES o] &3t Fl o]FARoA AHoH o v R
5 AgetA 1A ol T F v WA oE FFHAXT o] Jes Sl
AWt o FFolME Aol 7hsstA st dxdnle T0%E ditsta &
A4S 30% I EHRE THA ST
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B

o Trolley
.

p
o -

Double Trolley Automated Crane

Z+= : http://www.en.qqctn.com.cn

[Z23 3-7]1 QQCIN A&3} A

QQCINE #1714 AGVE £%9311 glom 34 Ba %8 AAHo= <
A F A+ AdFAT 2 2 Foll TPAAH BAIAlA A5 T3] 7bsd W
2ol EQF TS At HE9 AZE 9 ARy "askA ¥t I 7|
F AGVE ti7IANZHE E0]7] 3 AL Platforms 93t 1o AH oy
EYAE 2 AFORE AASNL BAsE 2R AsET AR duE 7R
st =F3k AlCE AEd Al2HES =98t kAT Huld Aul2E AlF
st 9ot
[¥ 3-6] QQCTN Infrastructure
= a4
Annual Capacity 520TFTEU
Berth Length 2,088m
STS
(Ship-To-Shore) 160
. ASC
Equipment (Automated Stacking Crane) 76t
AGV
(Automated Guide Vehicle) 830
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3.2.5 3l FArd 494 ERE

23 Abs) e 4T Hulde 20179 129 AFsEon] B4 sy
AA 1% Exle] AEoIUE Ui ACEER FIdtE WEY YA RE
HAo] AFOE o|FAAE HEd, A olo] oplel A MR AP
9 A453} Enldolt.

Z=r SIPG(Shanghai International Port Group)®} ZPMC(Shanghai Zhenhua
Heavy Industry)7} Z3slo] GAat=e] 35 /WL Brd=E 22399k o] WA &
7R AA A 7 & b FRAAES HElol|E R Eolth & 2ol 2,350m
o T AXT &5 270, 5% EF /< 7HAAL glow, Azt stEA s Y

& 279 4000TEUCI A%, 931 714 Foli 630RTEUS AT A 2ot

=

Z2] @ http://www.portshanghai.com.cn/

[23 3-8] Asl & 424 EHnd

FAE 49A Eujde ATl T AAFHoE JER AI2FOoR H
nd FAILEE SIPGolAM, ARIAA 22 ZPMCOlA  Zhzr 7SSt
]

o|FHRAGVIE EF FTToA A3 AFS AT EA

ANZbe Aofsts 5 Azl B R FRAAE ARl dvh. AA 16tHe] A

% STS(Ship-To-Shore) = # <13} 88th 2] ASC(Automated Stacking Cranes), 80tH
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o] STS =Z# A3 120the] ASC, 130the] AGVE &9 Aotk AGVE ¢
FA A 1247 290 Jbs@ MEPAZES At or, WEe 2

3 WFE AT AF NEHFAN 2 E =S TH

[¥ 3-7] &3] ¥4+ Infrastructure

= a4
Annual Capacity 400TFTEU
(Full Build) (630TFTEU)
Terminal Area 2,230,000
Berth Length 2,350m
STS
(Ship-To-Shore) 10CH
) ASC
Equipment (Automated Stacking Cranes) 40t
AGV 50y

3.2.6 /1L FA It

A7t 2o M= TUAS &g /g Fo=2 20219 5E dAF o= st
2045712 65MTEUE AT + 3

A xElo R S ooty TUAS Fihe 253 o) $An = -

g AAst I3 HEE FFEE AGVE FASHEs 658, Hol&E 25km/h,
100% A7) A& 9 A&FPo] 7hsdt AnE I AlHol

71e, EB7E, v 9 AAddTle 5

ot}

31) Partd. F=r2o] AnfEYT, EFAE
(http://www.klnews.co.kr/news/articleView.html?idxno=117886)
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Singapore TUAS Port [ EZE NGICT

2= #F. https://www.straitstimes.com, $-. https://ngict.eu/

[Z9 3-9] A &< 3T

olelo = &t AE3tE HolAe AVAE Nl digk A7 ASH L

2 olRojxx Yrt. UdTzoi /sty 9= NGICT(New Generation
Integrated Container Terminals)= £33 of=o] AZFRELS Oy 2HIi=
Y-S o] &3l ofk=, olFTHLE AGVE &3t ot o]t FAFSH
HH2  FFolA  AFF<Q  LMIT (Linear Motor based Transfer
Technology)7} lom o] WAe X874 uUxE &3 EHudS F735t:=
Ao Z ZPMCOlA F#3te HZEWEZS Pt Aot LMITE AGVe o
g 7‘4311%1 LS olsste Ass HE Aul(Liner Motor Carriens <&
e 2 e g A7) oAU AE o] &3 XA A Huld &
guete] 0SS W] 9 Super Dock, Speed Port, 7

] & O FHY HeF 2ol FAIZ QL Wk Tk A7 %

2 5 Ar Fuels ok= A4F3
AoE =Yste WHOoR 295 Utk 99 APl UPBE APME )
e uRse] 0T, F7, L2EYLo}l SolA AAAFH ArolLIE v
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[ 3-8] AE 3} olEAH =UIR

=L AGV A-S/C s/C Y/T
Skl 10 4 - -
HEAE S} - ! 11 15

o] 4 Aol Ee] AHE BE A%H W 8 eddAd o
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Al 4% AE ol5PY =YL AT AZEA

41 AE3E o|sHH L

411 AF3} v =YUA 1L LE

sjokst= oA 7HA 84S0l wisl dotEsit. R AdATE T8 EH
g I S AuAlEGA, 452 51, 18 Hulde ol &= 1A
o] ZHof Al

229 94F A A4, VLY, A, ANz FPe AEH g =
g 913l welslorst Blado® AFHAOM Azte] g hF A
HOAES ofdish o] mEStGor HAWE L [ 4-115 2ok

AR MEAA ZAE UehfE AoE uTYul, AN, G
= FEan ZnTYuE 453 gule FAts] 9@ WO ol )
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