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2002 61,565 17,390 1,821 1,348 2,808 B4 931
2003 69,696 14,830 2017 1,257 2,315 90,114
2004 66,691 15,056 2,028 1,686 2428 87,889
2005 72,269 16,332 2,081 1,809 3,301 95,792
2006 75,308 17,479 2,141 1,974 3,614 100,515
2007 79,183 20,609 2298 1,991 3,398 107,479
2008 83,206 28,104 2444 2519 3,989 120,262
2009 84,836 26,311 2,629 2,169 364 116,238
2010 95,604 29,732 2,888 2579 439 131,242
2011 104,033 33,808 3,203 2910 5,611 149 654
2012 107,587 32 407 3,304 2.837 5,846 151,980
2013 100,986 32633 3,452 2.885 5,856 145812
2014 115,929 34,323 3,560 2,998 6,022 162,832
oEa S8 g= 5.86 5.09 564 . J2 219 555
AlX} 265 23 493 411 3 2.66
5 CH | B 813 518 3.13 392 2.84 7.1
=ZtE e 5.89 -386 296 0.87 3.18 36
A2 SIS HPA(2016) 2014 ZFHSEY| EAF 2 A
a8 2-4> 71| F0|
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1 VICTIVICtona International Container Termninal)
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A= PEiLiEE, AEL AASEIIE0IE0]E JI=THE, 2015~2017
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4A FAA-E3E v)d <l LBCT(Long Beach Container Terminal)

TUAS® 20200 F-H 2040@7FA] 6571 A& AR =



ohgm|  oladd o=

P sgob EOlg®  okEol = =
RCQC  HYE{Z] L-AGV ASC
AMPT 1,000M g 62 54
2H=Y
RWG 1.150M 11 59 50
283 =2 LBCT 1,295M 14 70 72
QQCT 1,320M
= (15H) (660M) 7 38 38
[ F8 1 g
ot it 2,350M 16 200 120
Haz —
YR e 26,000M = ZH &

ZF 1. RWG(Roterdam World Gateway), LBCT({Long Beach Container Terminal), QQCT(Qingdao Qianwan
Container Terminal)
2. RC QC(Remote Control Quayside Crane), L-AGV(Lifting Automated Guided Vehicle), ASC{Automated
Stacking Crane)
A= 1. https:/Aivaww.rwo.nlfenfour-terminal/process, 2017.06.02.
2. http:/fwww apmterminals.com/en/operations/europe/maasviakie/information/graphics, 2017.06.02,
3. SEiYtPigA SRR, 2017.03
4. ARl Shipping & Port KMI R7HS8E 2017.03
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T3 E"o] 4&3HH, 2413 BtE &Fo] 7l ME BAESE FFAY
o] WASHA AEF 24/ MYz HES Tl &F AFE ALT Aoz o
AEI A

- B3 JIFA Tl &Y dEE AT BS == o ol Ao Ad
ol opd o] &2l Jidom QAdge] Ho| we} 4F 5§ AHlze dAe =
& AFE 5 =53 A Y d3ol B2 A5 EY W] ME § &5
Ao AF AR S T9F QA AVAE 83 HA=E9 A Ko
2 orten Sl

=
ofy
>
[>
T,
2
Iu
L
>
o
o
it
sl
o
fru
=
o2

12 Fole Aol 2 =

- olo] % ;AT FEF ololde by WA MET F dx WO 2
gFYEYs 2o FEIE WMol ASUHOR Y

- olgt WY W Ar) Ll £PB opwhEe 2018@7A AY FHol by
3 AgFdeds 2ANE G cgor w Aurg AFdcn B

s gtom, 1 Aw wEolE, AFE AxH, AEA
E2 = 43 A9 WaY RE AL BT B}
- AA Ao AR AvagA SEE 20159 07 5=H 10 AT
| o

E

ATaE Ay

&2 BAEE AgFHEY AR SEE YT ow, 5 shwH 2016
Aol HE Mg o

o
3l 7les A8 &5 A7) iy Mo gE my F Aol

- FUe] A CURELe FF 2R BY A5 B AHS AR oY
A

O 2012d M A K AH] A 2K (Security equipment market)2 8109 Z&(eF 90.9%
DR F 7~9%2 ZF7}st= FHY (% &3] : Global security equipment market :
$81 billion industry in 2012, companies and market, 2013).

@ Z=AA ReHZA AB A A-2(Surveillance equipment market) 20094 78093 & 21 (<F
7.5z FHT 11.7% st 20150l 1,392 =22 (eF 156.2x2)=E F7}
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m&ﬂ

ZAoR A, o] T 7P & FEQA AF/AEE ARIAAS 20099 497
e (eF 55.8% )Oﬂ/\ﬂ £33 13% FAsked 201530 9409 &2(eF 105.52)
olE ZHo=Z ddidg (x =4 : Surveillance and Security Equipment: New

Technologies and NewMarkets, 2010, BCC Research).

Q@ =2¥ FH8 Hr|&L 20109 23923 (eF 2.6l FH A 20.4% A8
120150l 59922 (¢f 6.62)E F7HE ASE d4H, o] 5 CCTV 5 HIY
L ZA(EYHA)7IEL 20109 FH FH3HF 11.6% st 201539 199 &3
(F 21z G RAo=Z " (x &A . Security Technologies for
Transportation Markets,2011, BCC Research).

i

LR

i ]

14 il

T 1l

= 6 “
=
i 10177
1
2017
1414

il - -

M Hiln 2HG
B I nidustrialicammaraal B Ml aryfzzveernment B Al other

<19 2-9> Global Surveillance equipment market, 2015

3,000,

2,500 4

2,000 |

1,500
-

1,000 4

$ Millicns

3004

E
2008 2008 2010 2013

EVideo surveillance

BB om etrics

Cl&ccess contral technologies

EICERN detection technologies

BT erim eter intrusion detection technologies

<1¥ 2-10> Global Security Solution for the Transportation market, 2008~2015
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O = AAHA Al2=d"l AR |8 (PTC System)

@O Ew(North America, "|=/7juttholA = 2008 Lad HEkd &y oA
2015 d7}A] PTC(Positive Train Control) A 2~®l2 &3] A7F 59HE o|ito] <43}
2SS 43 AFY % =3 : Rail Outlook Study 2013~2022, Frost & Sullivan,
2013).

- PTC(Positive Train Control) A|2~®l-& F3] 42t 1+ 55, &= S7h FgA ¢
AsE Boste] A= d7es 3 1A

¥ PTC(Positive Train Control) A]2® : PTC A® ¢} ZhdAF Huld 3+ PC =+

2utd 7171E B8 RF dHlolEl7} 235w, GPSE &3l 21Xt FAAE EA

& A AN FHY 5 AE AzH

- KTX¢] &87]3te] 10id0] ZAAstHA b3 A= 9 AAA AR EFO] I3
7F Aol wAAZE 2t . ol E AAF 8T EE6kr] Aol
317 of A (Prognostics) ¥ ke 4= (RUL : Remaining Useful Life) o] Zo] T

- ANZZIRHE1A) FABRFAAL] vELEARS s At eV ~RtE
FARBFAADRMEY =9o] FIHIT AL ZHZI §FAESF (CBM
Condition Based Maintenance)®] L7l AT 2 o2 7]=(PHM :
Prognostics and Health Management)o] ¥ &

- A% PHM 7|&$& MAZSE AdEqdste] 7<8/4A93 9 Aol 2o

(HE Asd ZUEHTG AAANE 15 7.224/9)

@ = - o) AFTE B A
- 20139 % MA =X AR 4909 75(73.5%)
- 20139 % MA Az AEAEF 2 809 7572%)
- AA EAEEAE Gz B AEEED) 0 30T E(4.59)
- A% PHM 7l&& AAA SR Anqdste 7|<A/A43 99 Ao 28
FEHE Aed ZUEHY AAANY FE2 0 7.224/9)
¥ Z* : Rail Vehicle Maintenance-Global trends in the After-sales Market
(SCI/Verkehr GmbH, Berlin 2014)
- A% AFIEUEHY AT R AT 10%2 F34) : 7.2%
- 2012 =W A= AR 1x 261194
¥ AFETA  F9YH] 8% 82199 X 14.3% = 1= 2,611¢

(o
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3. ARAE7 NE EF

7 =u AR dE

2RE DHRAE B X AUEE AWM fAR} A1,
AA AzEolA FERT AL fo] RES Agshel Azwe] adsel A8
k<]

O AgAF7od Uit Fa7F ARFoR SoqydA gD AFAF7] A oish
S5 HAF FUkslal o, o]d 7| EH ¥ X HAEEYH AEHJAE Y
7] /e @717 1%

bt
9‘L
£
fru
T
&Y
M
offt e
an
1o
2
ofl -
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o1 e

O = HRATE @ackzrlbdr], £SAAYold, Hotzelol Sol HFH<
N e S Qon, T4 AW Al AzE, A$4d, DCT, AE SE
AARA | LGRS T S8 A%e JMe AAH A% B 7 Fn
g 455D U

O 2% A% ABPAL BAHLE HBA%F] D 2HolA o] ta BAR 1Fo
A53 AL WES, PUol A slol= ARYAL ALMSE 1FY A Y
AYRAFT) Aol Ao YAT gow, Ar) deluolHE T HArhel

al d
gulole FAZ Z1YPui=t Znte] H dEiHolHE MR RHE /MIdd Z2dg
= 7

ARAE7] Mol & #4de Hola A=
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E 2-D AgRE7] =l AZtE (99 o, Wvkgd)
d =
= p 2009 2010 2011 2012 2013
A AR 7 113,906 128,144 144,162 162,182 182,454
=A% 16,308 19,984 23,760 28,250 33,589

= F=AATD)

U =9 AR d%

O 20093 AAl AFAE7] AL oF 113999 Frgon, 2013dol= 1,8249 %0 7
BE ANZo] gjd
% 20139 o) =2 E 20029~2006'd 717ke] CAGR 12.5%(HMAANHE 243

O =9 AFHs7] AR =2 AFE&e Efstal e €89 2, 20093 177
ol Al 2013\ o= 35%FtHell o] &, 2006 % ‘oF=AAATA(LEE) o g 9
s, 20008 A8 AFAE7] A mettEe EHEE 2 15 Yo H o
£, Yol XY ZHo)A #ujEe vste] Adoin] 121.5%%1 3089 Aoz AR

71 2003@EHE FA8ZVE wol 2006= 7HA] oF 200%9] FAAE
A, ol AH Ade FEHA AYHAY) RO, 53] ury
=
[e]

SAMPLE DATA The world market for linearand torque motors top level
2,500 9%

- 8%

2,000

1,500

1,000 -

Revenues ($M)

% Growth

500

2014 2015 2016 2017 2018 2019

i Total ———Linear Motor Components ——Linear Motor Modules Linear Motor Systems
——Torque Motor Components Torque Motor Modules ——Torque Motor Systems
our IHS

<27 2-11> HYAE7I 9 4y A57)e MA A% 8

15 1
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HEE TE7 1 S LX) 27}t

100,0%
S {
—— @ ol 80.0%
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Z W AA TR FI9S AL F 7 FH tisted CNNES AA SVM (support
vector machine)& ©]-&3te] F W AA el FWH2E E7FF. R-CNNo|] 7]&
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o] mA|Y AEFH EH o] AFGA7IL 2 gY disled A2 &
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CNNoll A 71 Be AlZto] AnF s AEFA
o] R-CBBx Hlw3led 100H) oA w2 A= &5 2 H9)
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ARyt 45fpse] £E= AAE HAEshe UEAIZE 74T T A=

YOLO= 945 IER 2839 74 ds FHOR = AA 3A 4a Fu5
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AEI &Y HES T x5 AMESH

o] HEEHEE YOLOSH A9 v

AA HAoH, 7
deo] F8& ARE RIFY] 93 =y IO
o) =]

ol g o, dA &

Y. AEFH oz gt 2hdeze] Furt 2oy HIToe 2vtE =R, I
wokell that 89 Bado] AEH =

X "ISMS OF BIZICH HPok2 RIF LIEfE AEISH ZBF 30017 CIXELYE]. 2017.4.23.

_84_



W ISMS 21F

< 713-7|%e WERS RE0| HAXO0|D X|SX 22 0|R0{X|E=X| QS 7|H0| HARIH 21T 10
v 2|2 Y o2 FYE 1047) QB2IES R HASHY BrelhAlel Xy BEt

Yy eS|y LA
Huus HYS =h
CERE
GEEE Lyeves gy 23uws X3

oo 3.9)%x} mot PR TR T
e SHEMS I8 6 QIEue

| AR CHE

s | %
Life Cyde Mg 7R EY 8 AAWpwue
PR 10 3284
s 1 gygwet 12 yojun 22|

U i 22|
L 13. TRyl =7

¥ 2-52> AR REZAYAA (SMS) 1544

O RFIDE &&3% HH oY Bl #A#Hd A= 43T I dFs Hola A= B
+ RFD 715 W& ER7IA 5 A7 2 EFAZN HE3td 94
&4< #a1A RFD 7%F EFAH AERAZHE 73538

—EBEZAN GCTS — (SO AR

o 12X )| AE TS
FETETTE : =24 sIE5H |— : \ T
312 SIRIE% L emma | smsmmal | sResme i
Ttz ‘II!I — ¥ - ’
gneuw) | moEamel || weousmee | | ziwsazs |
e | semacea | | sezwes | | ssaccusy |
. J L B \
G EEVIES" , X 7 . : — KIHRIR/EH] =
Ttz @ [ memees | | aseezs | | zeouwwew 1) |
Zefo|] 22| « N N ¢ \ AL AEE
| zHodmmal | | awmuesmel | | SadasAMY HIEQ| M
"E'!‘\‘k ‘ \ / \ \ /
_Q}EH_ ‘ - RFID @1z} 2120}
=2 o i—’,‘- ) o
. Wi Zeo|ui/xf2t Fxims &

AR A g U=Port Gz}

ey x5s = L ]
iy (1] Q Q Q Qg
s
A0 E /Rt x| Al shetnt HAR ndg2/g2 y = N
o B - \ j

<19 2-53> RED7]% E574 ARER A28 (@eold ®ake] bl Ad)

_85_



f

O
r

O o= EFsta dA A" ol HE ] d(CT: Container TerminaDS 2|4 Xt ¢
Ha a, AZEYS] ZHoAL HHHFTE 93 HHRRTH
2 o=z vt Y

=
Bed ICT #2 A4 /& Dry2s 453 Q&9
@loTsh WdlolE @AEH AT VR GAIH Rt So AAH o frte
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&5 (%) FTEF (1) AEF (D) 719= (F98)
e Control Center
AAA. AAAEH AHE-Y : .
o E?_U]]% 71]1 %] C e g{efqulresd Function
(Operation of control : Ce(l)rigineirﬁgiss ort
center and development svstem p
of security technology ) y
» Interface
* Control Center
AA. =9 2 » Container transport
da HA3 AAB. HH &3 AEY oA system
A BEE 99 7l & 7= e Optimal path
34‘ A5 7% (Operation and (Optimal operation e Dynamic
(De—lvelo ment management simulation technology) Assignment
fL Pr optimization) e Switch Control
0 oglstlcls e QOrder Control
operationa .
technology) SeE 90 A2H . orgtamer transport
(Integrated operating . Isgfsr:;?ructure DB
system of IoT+ BigData Design
Technology) . Use Big Data
oo el ABA. F3 74 B 7]t + Control Center
AB. =% H’; Aol s 27 « Container transport
%%ﬂ.ﬂ] 71E (Driving information based system
iLOngUCE t' control module design) « Control module
ciiiig?r ation ABB. A Ao € ¥4 e Control Center
technology) zA 7= « Container transport
gy (Precision control and system
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remote control
technology)

Control module
Precision control
Remote control

AC. EFols
Ad 9
RUEHAE 7l
( Diagnostic and
monitoring
technology)

ACA. 0| +8 &%
o Al A 7l N
(Development of warning
technology in case of
abnormal operation of
main driving unit)

Control Center
Container transport
system

Real time
monitoring

Data collection and
analysis

Warning system

ACB. A R4 A&7}
A 2~Hl

(Maintenance Expert
System)

Control Center
Container transport
system
Reliability
Maintenance
system
Reliability based
Maintenance
Condition based
Maintenance
Decision-making
system

Expert system

B. LM 7]xt
ZAH el

o] A 2~Hl
7l A
(Development
of LM-based
container
transport
system
technology)

BA.0] 44| 27
FX18 LM AA
7l

(LM design
technology for
container
transport system)

BAAZ}E ol 5A+ A A
7=

(Onboard mover design
technology)

Linear motor
Mover

High power density
High efficiency
Low cost

Thrust ripple
electro-magnet
permanent magnet
Thermal cooling

BAB. A= x71A A A
7=

(Ground armature design
technology)

Linear motor
High power density
High efficiency
Low cost
Thrust ripple
Track coil
Forming
Voltage drop
compensation
Coreless
Thermal cooling

BAC. Al g 9
AEH |2 7=
(Section change and
interface technology with
track)

A=

Linear motor
Section change
system

H/I beam

Track interface
Application of LM
in branch section
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BBA.H# Ao &agl&
71&

(Optimal control algorithm
technology)

Linear motor
Block switching
Optimal control
algorithm
Reliability

Linear motor
Precise position

BBB.AY #2 ¥ £= detection
AA 7<= » Precise speed
(Precise position and detection
speed detection * Sensor
technology) » Reliability
* Noise shielding
e Data processing
BB. o] 4] 28
2‘773% LM A1 » Controller
7= .
(LM control . Elc\)/ré\;?ger
technology for B?C.Xﬂoiﬂ H/W A . Multi-level
container 7= .
transport system) (Controller H / W design ’ Igl&fi;l\éoltagellarge
technology) e (Circuit design
* Emergency control
* Thermal cooling
* Linear motor
e Switch gear
e Section change
BBD. A A AS Ao 7|& system
(Section change control » Section change
technology) algorithm
» High-speed
* Vehicle position
detection
e Linear motor
* Noncontact
» Wireless power
transfer
BC.o] &A] 2~ BCA.H| A= F/4 A28 | Power feeding
AAA 8 | g 2 device
71 (Contactless power » Onboard power
collector
(Energy supply | supply/collector system R
technology to : * Resonant type
gy design technology) «  high-efficiency
the onboard of :
. e High-frequency
container .

transfer system)

Magnetic field
shielding
Thermal cooling

BCB.2Hd A& v
DA AEHEBEA <

Linear motor
Onboard power
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(Battery-based power
conversion device
technology for onboard
power supply)

source
Battery

(DC-DC converter
high-efficiency
Reliability
Thermal cooling

BD. LM &3 7}
7le

(LM performance
evaluation
technology)

BDA. 5% A5H7t 7<=
(Integrated performance
evaluation technology)

Linear motor
Integrated
performance
evaluation
Test-bed
Reliability
Measuring
instrument
Accuracy

BDBAsHSE& A
7&

(Tester technology for
performance verification)

o

71

Linear motor
Tester
Reliability
Efficiency
Power factor
Thrust
Measuring
instrument
Accuracy

C. ES=
718k 25 ¥
dzg T3
Ao A 28]
Zle M
(Development
of network-
based
intelligent
infrastructure
integrated
control
system
technology)

CA. ol&At=
A7) =
(CTV control
technology)

CAAARR 3 7=
(Information collecting
technology)

CAB. Aol 4 A7 CTV
Ao 7=

(Centralized CTV control
technology)

CTV Control

CTV Information
Collection
Container
Transhipment
Algorithm

CTV Dispatching
Algorithm

CTV Driverless
Driving Control SW
Algorithm Simulator
based on GUI

CB. ol &A=
A

AN z=" o] FAl
7&

(Wireless
communication
between CTV
and integrated
control system)

CBA.52l Z2EF A7
(Wireless protocol design)

CBB.74 B4l HQt 7&
(wireless security)

CTV
Protocol
CTV
Protocol
Ad-hoc Networks
Seamless
Communications

Mobile
Communications
Single(Multi)-Chann

Control

Regulation
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el Communications
Collision Avoidance
Secure Mobile

Communications

CCA. RGB-D AN =

o] &3 A= A TE
CC. AlA 3 (Object recognition using
7IRk o] &2k | RGB-D sensor) ,
A=A 2124 71E [CCBE oA =My M= | ° detection
(Container ol 48t A= o7 7% : tﬁack}fr}g .
transportation (Object recognition using | , classi 1c1;a ion
system laser scanner sensor) . fgél;l?;aﬁléion

localization based
on sensor fusion)

CCCAA F4 7]xke
A A4 7=

(Object localization based
on sensor fusion)

A 2=
(Anti-collision
system between
container
transportaion
systems)

CDA. 71A18+F 71H <
ol g3 HE $IH I
APE 4 7%
(Object location and
collision risk estimation
based on machine
learning algorithm)

CDB. o]&xt& Ao 7<=
(Control technology for
container transportaion
system)

object recognition
machine learing
deep learning
collision risk
estimation

28 Fol A4 JYEE 25T AN

O 387 M2 A44e 4435, BF 29 A48 J1ed vEYa 7% 5%
of ANzd NEe BY AN gt AN ARIEEs 0 we} SEE
3}
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B(ER* or +%F* or S&EF or F8* or *HH
or ZHelY* or ZHo|Y* or HA* or A&*
or F3tE* or 3+9*) and (A5* or LE* or
Fol* or YA* or BA* or YEYI* or =
2EFE or A5* or 20LE* or it* or ict* or
iot* or ai* or ol ojo}ol* or HEW* or dH*
or A o1* or &= * or FAF)

B(ER* or +%F* or SEF or - 8* or *HH

or ZHelY* or ZHo|Y* or HA* or A&*

or F3E* or 349*) and (F1Y* or A¥* or

m (container® or cargo* or freight*
or load* or shipment*) and (auto*
or unman®* or remote* or
wireless* or network® or
communicat® or protocol* or
smart® or intelligen* or internet*
or ai* or artificial* or learn* or
algorithm* or logic* or program®)

m (container® or cargo* or freight*
or load* or shipment*) and

A* or linear* or A7|HA* or “A7] H | (linear* or Im* or magnet n/2
37) (float* or buoy* or levitat*))

3. B4 A%

O BAARE 7|«yiEd 59 HAers 22 & FUE HEso, 7«3 F84,
FFY 9 UeNEEE TS HUtehr] st vEEEES Y JA8AHRE &83
o=2ZX E59 AAHQ SHol g B4E& JhEstA &

O &, & A= BXARE &85tV AT v=559 FdFo] mrlste &4
o] om=Fo] B AFolBE FHSFHY 5D FAFTAD 4T P33

<E 3-6> S &A%
T AE o] |] A9
S8 5585 -
= SR ERYEH AT
wHSE S5 &FA A AL = S ERei AN
(Active Index) ke ' SHSs Aol AT
AAFAF
7] 12| 7] Q1-g-H - AL
(Cites Per Patent) S Es A
dFHA Abeld ol &k _ NG5 A ]3] g
(Patent Impact Index) | ° R Pl A 7] 21 g1
=9 T - -
71&9 = 51X FFGA 5
(Technology strength) 1€ 15 sdsxagHAT
o 5t = Family Size o S5 AR Py 94
. . . FS = v
(Family Size) Market size Moo Sejqs
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slgFo] &S et et WHE ofdie e
547w okl EH55AA A
A= i@ﬂfi‘ﬁok AA Zﬂf
54 58z 45
AA T
O ¥ <l& ] (CPP, Cites Per Patent)
- 54 53AHAY 5350 ol TEEH= 53S0 i JA&EH= e B
S, o] o] FFE FAES Ee dHESHE wWol 7HA Udve AS YHlst
H @ol] JA&H= E3E 7 EAAE AAA FEd AAE FE F Ae
O 9 &&= A 4(Patent Impact Index)
- B NS V2o R Aol A9 Ved &F5S Wdse AREA, 5F 59
HAZE &% 71eY 24 22 S48 Asd
- PII} 1o]¥ Ht 1§ HI=9s e, 20/ Hyio 2] & HNERE Q&
HEs UE
PIl = S547]% Hofe] EQEa| At 791gul A 7914
O 71¥¥ A %(Technology Strength)
- 71E8A57r 245 AT ESEAY 7edo] w55 9T
TS = &3¢ X FFEAF
O AlA3R A 4=(Patent Family Size)
- 3k Edof g3l 2 Irivit E9E 53 & Family patenta} 2] A &)
- S F Tt FPAR] o9 Es VEAA BAC As wolnt e EHE =
A3tB 2 Fa mﬂy Patent Tﬂ \%% Hell= 531 %6& Aol Anta s o
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O B FA7<d #Hd =F9o AdE FFE AHEY, F5@H AL=Z,
TRANSPORTATION RESEARCH PART E-LOGISTICS AND TRANSPORTATION
REVIEW, TRANSPORTATION RESEARCH RECORD, EUROPEAN JOURNAL OF
OPERATIONAL RESEARCH =02 W =Fo] #3=y Qe Aoz Yehd

TRANSPORTATION RESEARCH PART E-LOGISTICS AND TRANSPORTATION REVIEW
TRAMSPORTATION RESEARCH RECORD

EURDPEAN JOURNAL OF OPERATIOMAL RESEARCH

JOURNAL OF TRANSPORT GEOGRAPHY

TRANSPORTATION SCIENCE

TRANSPORTATION RESEARCH PART BMETHODOLOGICAL

TRAMSPORTATION RESEARCH PART C-EMERGING TECHNOLOGIES

OR SPECTRUM

MARITIME POLICY & MANAGEMENT

MARITIME ECONOMICS & LOGISTICS

TRAMSPORTATION RESEARCH PART A-POLICY AND PRACTICE

e
=
3
s
&
@
2

(1¥ 3-5 =w9 Add 23 5F

O AAE 284 Aeloly o] FAI2H Zed #HZ} =3 T Atste 7ls AR
71Eelst skl Aol Fuaol ¥ FAEI £ HNEFL HAE L 24
R 3-7> & AA9 #A% F8 =& PJ2E
¥ A DA 7] A=
IEEE Transactions on Design, simulation, and evaluation of
1 Intelligent Transportation 2002 } .
Systems automated container terminals
5 Transportation Planning 2004 Automated shunting of rail container
and Technology wagons in ports and terminal areas
Performance of pneumatic capsule pipeline
Journal of Transportation : . .
3 Engineering-ASCE 2008 freight transport system driven by linear
motor
Transportation Research A strategic model of port-hinterland freight
4 Part E: Logistics 2016 o
and Transportation Review distribution networks
European Journal of Multimodal schedule design for
5 Transport and 2016 i
Infrastructure Research synchromodal freight transport systems
Journal of Transport European intermodal freight transport
6 G I 2017 :
eograpny network: Market structure analysis
Using artificial neural networks to predict
International Journal of : :
7 Production Research 2017 container flows between the major ports of
Asia
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LIPS RSB [EEE Transactions on Intelligent Transportation Systems

Liu, CI (Liu, CD; Jula, H (Jula, H); Ioannou, PA (Ioannou, PA)

Aplus Flash Technol Inc; Univ So
Calif; University of Southern 83

California; Elect Engn Dept

Design, simulation, and evaluation of automated container terminals

Due to the boom in world trade port authorities are looking into ways of maki
ng existing facilities more efficient. One way to improve efficiency increase ca
pacity and meet future demand is to use advanced technologies and automation
in order to speed up terminal operations. In this paper we design analyze and
evaluate four different automated container terminal (ACT) concepts. These co
ncepts include automated container terminals based on the use of automated g
uidance vehicles (AGVs) a linear motor conveyance system (LMCS) an overhead
grid rail system (GR) and a high-rise automated storage and retrieval structure
L ¢k (AS/RS). We use future demand scenarios to design the characteristics of each
terminal in terms of configuration equipment and operations. A microscopic sim
ulation model is developed and used to simulate each terminal system for the s
ame operational scenario and evaluate its performance. A cost model is used t
o evaluate the cost associated with each terminal concept. Our results indicate
that automation could improve the performance of conventional terminals subst
antially and at a much lower cost. Among the four concepts considered the on
e based on automated guidance vehicles is found to be the most effective in t
erms of performance and cost.

s CIVIL ENGINEERING A9 automated container terminal (ACT);
= control logic; cost model; simulation

=9 N\
(Source) Train/
AS/RS AGV
it

L s T e L LRt s e

[ e e o |
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LIS PE A= Transportation Planning and Technology

Hansen, IA (Hansen, 1A)

Delft Univ Technol; Delft University
of Technology; Fac Civil Engn & &3l 7
Geosci; Transportat & Planning Sect

Automated shunting of rail container wagons in ports and terminal areas

The development of intermodal container transport is hampered in part by the
cost associated with the shunting of trains in marshalling yards, inland and port
railway terminals. Many new technologies have been developed in the past dec
ade, but have still not been applied because of high capital investment costs, 1
ack of sufficient market demand and uncertain rates of return. The key for in
creasing the competitiveness of intermodal container transport by rail is the op
[ 9F eration of heavy haul container trains between port and inland railway termina
Is more frequently with fast, flexible and automatic transhipment, shunting and
coupling of container wagons. The operation of self-driven railcars equipped wi
th automatic centre coupling on terminal tracks, which can also be train-haule
d on conventional hinterland railway lines, would enable a reduction of shuntin
g and transhipment time and costs in intermodal container terminals by more t

han 30%.
intermodal transport; container; railcar;
7l& CIVIL ENGINEERING 719 = shunting; transhipment; linear motor;
automation

L
| [ Tu
| | il
R
l | [ |
| | ]\ [
— @_ -
| I | [
I
T 1
= I
(Source) S
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LIS PSS Journal of Transportation Engineering-ASCE

O’Connell, RM (O’Connell, Robert M.); Liu, H (Liu, Henry); Lenau, CW (Lenau,
Charles W.)

Univ Missouri; University of Missouri
Columbia; University of Missouri

Y SHEE 1

System; Dept Elect & Comp Engn;

Freight Pipeline Co

Performance of pneumatic capsule pipeline freight transport system driven by
linear motor

There is growing concern over the problems associated with excessive use of t
rucks to transport freight. Such problems include air and noise pollution, damag
e to road surfaces, excessive fuel consumption, traffic congestion, and accident
s. Underground capsule freight pipelines promise to alleviate and solve these p
roblems. This paper examines the steady-state performance of a pneumatic ca
psule pipeline (PCP) freight transport system based on the use of a nonintrusiv
e linear electric motor (LEM) to propel the capsules. A PCP system consisting
of a single LEM and a section of pipeline is described, and the equations that
relate the various system variables are used in a MATLAB program to conduct
a parametric performance study. The results suggest ways to optimize system

2.

performance without excessively increasing costs. For example, system mechani
cal efficiency greater than 90.0% can be obtained with a normalized motor len
gth of the order of 2.0% if the pipe line fill rate is at least 20.0%, the pipe ¢
apsule speed is at least 15.0 m/s, the capsule length-to-diameter ratio is at mo
st 2.0 m/m, the capsule mass per unit length is at most 250.0 kg/m, and the e
nd disk to motor-diameter ratio is at least 0.99. When these conditions are sati
sfied, the thrust per capsule required of the motor and the capsule speed in t
he motor are relatively insensitive to slight changes in motor length, pipe line
fill rate, pipe capsule speed, capsule length or mass, or the drag coefficient in
the pipe, results that should simplify the design of the motor.

71& CIVIL ENGINEERING 719 = -

=4
(Source)
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ks A9 Transportation Research Part E: Logistics and Transportation
Review

Halim, RA (Halim, Ronald A.); Kwakkel, JH (Kwakkel, Jan H.); Tavasszy, LA
(Tavasszy, Lorant A.)

Delft Univ Technol; Delft University

of Technology; Delft Univ Technol;

Delft University of Technology; TNO
Sustainable Transport & Logist

A strategic model of port-hinterland freight distribution networks

This paper presents a strategic model for port-hinterland freight distribution ne
tworks. The approach utilizes a combination of a multi-objective optimization m
odel to estimate locations and networks of distribution centers and an assignme
nt model that recognizes distributed service level preferences. Our example ap
plication concerns the European continent and is transferable to other regions.

8 9F The model calibration is able to explain the European port-hinterland distributi
on structures satisfactorily. We compute novel performance measures that take
into account port-hinterland distribution structures. The measures include port-
hinterland transport cost, port-hinterland transport.time, and distribution center-
hinterland transport time. These measures can provide inputs for port connecti
vity studies.

POLITICAL SCIENCE Port-hinterland network; Distribution

& PUBLIC network; Freight model; Port

7le 719 = - . . o

ADMINISTRATION; connectivity; Policy analysis; Facility

CIVIL ENGINEERING location model

| BT-nHectivepurt—h_imeda_m:::;mﬁun ‘
I — Giamemes
= A e o o o
(Source) / o /L vy [
eservcd Does the throughput of the

employment data in
warehousing and
transport

estimated DCs have a good fit No, Calibmtion Loop

th the observed data?

Yes, Estimated port hinterland distribution structure and its parameters

¥
Estimated Port-hinterland
distribution structures, transpon
volumes and DCs throughput, port
connectivity, total generalized
logistics cost

Fig 2 Computational framewaork for the logistics network estimation model
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European Journal of Transport and Infrastructure Research

Behdani, B (Behdani, Behzad); Fan, Y (Fan, Yun); Wiegmans, B (Wiegmans,
Bart); Zuidwijk, R (Zuidwijk, Rob)

Wageningen Univ; Wageningen
University & Research; Operat Res &
Logist Grp; Delft Univ Technol; Delft

University of Technology; Dept

Transport & Planning; Delft Univ
Technol; Delft University of
Technology; Dept Transport &
Planning; Erasmus Univ; Erasmus
University Rotterdam; Rotterdam Sch
Management

Multimodal schedule design for synchromodal freight transport systems

This paper presents a strategic model for port-hinterland freight distribution ne
tworks. The approach utilizes a combination of a multi-objective optimization m
odel to estimate locations and networks of distribution centers and an assignme
nt model that recognizes distributed service level preferences. Our example ap
plication concerns the European continent and is transferable to other regions.

29k The model calibration is able to explain the European port-hinterland distributi
on structures satisfactorily. We compute novel performance measures that take
into account port-hinterland distribution structures. The measures include port-
hinterland transport cost, port-hinterland transport.time, and distribution center-
hinterland transport time. These measures can provide inputs for port connecti
vity studies.
POLITICAL SCIENCE freight transportation systems;
& PUBLIC synchromodal freight transport;
7l& 719 E . .
ADMINISTRATION; multimodal transport; transport service
CIVIL ENGINEERING scheduling
e 2 &y
g g
=9 3 3 {
(Source) 2 5
=

Uni-modal
(Road)
Transport

Vertical Integration Horizontal Integration
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IO PORSE Journal of Transport Geography

Saeedi, H (Saeedi, Hamid); Wiegmans, B (Wiegmans, Bart); Behdani, B (Behdani,
Behzad); Zuidwijk, R (Zuidwijk, Rob)

Delft Univ Technol; Delft University
of Technology; Transport & Planning
Dept; Wageningen Univ; Wageningen
University & Research; Operat Res &
Logist Grp; Erasmus Univ; Erasmus
University Rotterdam; Rotterdam Sch
Management

European intermodal freight transport network: Market structure analysis

The analysis of market structure and concentration measures for the Intermodal Freight Transport
(IFT) market is important to avoid market failure and to find the areas for policy making to promo
te IFT market share. This analysis can be performed for separate segments, for example, the mar
ket for transshipment service or the market for main-haulage service. However, due to the multist
age characteristic of IFT service, the segmental analysis gives an incomplete view of the IFT mark
et at the network level. In a previous paper (Saeedi et al.,, 2017), we present the Intermodal Freig
ht Transport Market Structure (IFTMS) model to conduct a network-based study of the IFTMS in w
hich distinctive actors (.e., pre/post haulage operators, terminals, rail/barge operators, transport cha
ins, and corridors) are competing at different levels inside distinctive markets to deliver an integrat
ed IFT service. There are two main challenges in the application of IFTMS model in real cases, fo
r example, the European IFT network. First, the definition of the geographical and spatial border o
f the transshipment market areas is needed to determine which actors are potentially competing fo
r a specific service demand. The second challenge is the lack of disaggregated data and the consis
tency of existing data in nodes (i.e., the transshipment areas) and links (i.e., the rail and barge op
erators). To cope with these challenges, we develop a four-step methodology in which a model-bas
ed approach is used to define the geographic boundaries of the transshipment submarkets and pro
vide detailed and consistent data for market analysis. We also apply the IFTMS model to study the
market structure of European intermodal network. Our analysis shows that the majority of transshi
pment markets as well as main-haulage markets are highly concentrated markets. The corridor ma
rkets - which include the IFT chains - are unconcentrated markets. Furthermore, the majority of c
orridors in the European Union are inside highly concentrated origin-destination markets.

7&

ENVIRONMENTAL
STUDIES, . TERMINALS; INNOVATIONS: DISTANCE:
GEOGRAPHY & e AREA

DEVELOPMENT

=4
(Source)

Mode 1 Mode 2

— T chain 1
= e BT chiain 2
= e—— IFT chain 3

- 1FT chiits &
Main-haulage -+ —— |FY chain 5

sub-market @ ww s T chain 6
Transshipment Transshipment @ Terminal
sub-market sub-market £ Demand points
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LGIPORERIN [nternational Journal of Production Research

Tsai, FM (Tsai, Feng-Ming); Huang, LDJW (Huang, Linda J. W.)

Natl Taiwan Ocean Univ; National
Taiwan Ocean University; Dept HRl8-3s 2
Shipping & Transportat Management

Using artificial neural networks to predict container flows between the major
ports of Asia

Container flow information is a critical issue for port operators and liners to s
upport their strategic planning and decision-making. This study uses artificial n
eural networks (ANNs) to predict container flows by considering GDP interest r
ates the value of export and import trade the numbers of export and import ¢
ontainers and the number of quay cranes. ANNs are developed for data mining
purposes and the developed model can simultaneously predict container flows b
etween the major ports of Asia. The forecasting results indicate that the predi
ction errors are relatively small in most selected ports and thus shipping comp
anies can use the container flow prediction model to make decisions concernin
g operations. The results can be further applied to the trend analysis of contai
ner flows among the major ports of Asia and a community analysis of the cont
ainers was conducted for the purpose of supply chain management.

&

ENGINEERING container flows; decision-making;
MANAGEMENT 719 = artificial neural networks; ports of
/GENERAL Asia; supply chain management

=4
(Source)

F-M. Tsai and L.J. W. Huang
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Grid rail container transport and storage system

The present invention provides a high productivity, high density
container storage yard adjacent to a facility for loading and
unloading containers, such as to and from ships, with the individual
containers stored therein being stacked up to four containers high.
An integrated container handling system is designed to move the
containers from the container storage yard to the loading and
unloading facility, and includes an overhead grid rail system on
which container carrying shuttle vehicles are routed to designated
yard locations by a master control system. Passive switching
mechanisms are utilized to selectively move the shuttle vehicles
through the grid rail network, wherein the actual switch mechanism
is carried on the shuttle vehicle rather than on the track. One
disclosed embodiment of the loading and unloading facility comprises
overhead cranes and associated buffers in a marine terminal for
loading and unloading a container ship. The present invention is also
particularly applicable to intermodal facilities for transferring
shipping containers between different types of container shipping
systems, such as between container transport ships and rail cars.
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uhe o] w3 System and method for integral planning and control of container
flow operations in container terminals

A system and method for automatically planning and controlling
container flow operations in a large-scale container terminal shipping
container transportation and storage terminals such as those at ports

Q o is disclosed. The system and method automatically scheduling
operations of the container terminal in a holistic manner in multiple
different time windows in advance in which operations are scheduled
in a far-ahead horizon time window, in a candidate horizon time
window, and in an imminent horizon time window.
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System and process for improving container flow in a port facility

8 o

A system and process for improving container flow within a port
facility, including improved equipment and software for controlling
operation and flow of the equipment in the part facility. The system
may include a port facility geographically arranged to separate land
operations and water operations. Land operation’s such as
over-the-road missions and rail missions may use landside access
areas positioned at one end of a yard including rows of container
stacks. Water missions such as loading/discharging a vessel may use
waterside access areas positioned at the opposite end of the yard.
Automated cranes linked with a terminal operating system may
pick/drop/shuffle containers and/or refrigerated containers

( “reefers” ) within the container stacks. Shuttle trucks may be used
to pick/drop containers at quayside access points and the waterside
access areas. The shuttle trucks may utilize shared wheelpaths.
Software systems may be used to implement various principles of
the disclosure.
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PROBLEM TO BE SOLVED: To efficiently perform the transferring
work with a gantry crane by restricting the waste movement of the
gantry crane and an automatic guided vehicle.

SOLUTION: A control device computes the following work planed
position based on the present work position of the gantry crane, and
computes a waiting position of the automatic guided vehicle based
on the following work planed position, and instructs the waiting
position to a travelling control device. The control device determines
whether the gantry crane moved to the following work planed range
and stopped at the working position or not. In the case wherein the
control device determined that the gantry crane stopped, the control
device instructs the waiting automatic guided vehicle to move to the
working position. When the travelling control device receives the
instruction from the control device to move to the working position,
the travelling control device moves the automatic guided vehicle to
the instructed working position, and stops it at the working position.
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Freight transportation system and method

According to one embodiment of the invention, a freight
transportation system includes a track comprising a pair of rails and
a linear motor reaction plate disposed between the rails and a
transport vehicle having a universal intermodal container bay
configured to accommodate a plurality of containers. The transport
vehicle includes one or more suspension systems each having a
plurality of steel wheels engaged with the rails. The freight
transportation system further includes a linear induction propulsion
system coupled to the transport vehicle and operable to work in
conjunction with the linear motor reaction plate to move the
transport vehicle, and a control system coupled to the linear
induction propulsion system and operable to control the movement
of the transport vehicle.

INTERMODAL FREIGHT
CONTAINER
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Bl o] WA Superconductive magnetic levitation transportation system
A transportation system with high-efficiency and large-capacity
utilizing potential energy. A transportation vehicle travels at a high
speed by potential energy by a level difference on a magnetic
levitation guide disposed in a vacuum transportation passage to
2 o transport transportation cargoes to a destination location. The
transportation vehicle is levitated on the magnetic levitation guide
non-contactingly and with a low frictional resistance utilizing a
superconduction. Superconductive magnetic levitation holds the
transportation vehicle at a stable floated position mainly utilizing a
binding force by the pinning effect of a superconductor.
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Computer-implented container terminal management system and
method
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Disclosed is a computer-implemented system for managing a
container terminal. The system comprises a database listing the
plurality of identified shipping containers stacked at various identified
storage locations within the container terminal, an assignment
module for ordering a shipping container to be moved from a
staging location to a storage location within a container terminal, the
shipping container represented by the identification code thereof, a
jockey device for verifying whether or not the shipping container is
moved to the ordered storage location, the verification device
comprising a scanner for scanning the identification code on a
shipping container moved to a storage location assigned thereto, the
code scanned at the storage location, and a GPS Receiver for
receiving the GPS coordinates thereof during the scanning, and an
updation module for, upon successful verification, updating the
database accordingly.
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PROBLEM TO BE SOLVED: To solve a problem of a conventional
vehicle operation management system using GPS, wherein a device
for navigation is installed for each track vehicle and thus the
system cost becomes very high if similar constitution is adopted for
many bogies and freight cars in addition to a plurality of
locomotives.

SOLUTION: A system for managing motion status of a track vehicle
in a yard of a freight terminal station etc. is configured with a
center side management apparatus 7, a mobile side management
apparatus 9 installed for each locomotive 8, and an IC tag reading
apparatus 11 installed at each of a plurality of check points 10 set
along intra-yard wiring 1, as elements with communication enabled
to each other, wherein the mobile side management apparatus is
equipped with a navigation means 13 capable of performing
heteronomous navigation based on the GPS and autonomous
navigation having a map matching function, an IC tag reading means
14, and a display means, an IC tag 16a readable by the IC tag
reading means is installed at each check point, and an IC tag 16b
readable by the IC tag reading apparatus is installed on each
bogie-freight car 17.
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<19 5-D A 4
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Primary Windings
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<29 58 A A= Aol AFol SN2 LIM /18 A =

<E 58 W A=A Arold AFolEA 28 E LIM HA A3t
3= Bik:s
X 54 AP =57 LIM)
A& 120 kW x 2 Set
-—léﬁ%"&“‘—?_‘i 40 km/h
DC-Link A} 750 Vdc
762"—7?“ T 21.2Hz
A5 =7 3/8
5 Aol 9 mm
Primary 7é°] | & | =9l 22m/025m/01m
Primary 57| 401 kg
A FHE FA | & 0.005 m / 0.325 m
A4 9 19 kN/set
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450 % 43 BA w48 18 3.1 kmE 11
v Aoy AFolEA AR Ha P& E = 60km/h, Hi P55 40km/hE
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3 749 Ho 62ul7F 83, 50m HAo = 3 A9 124ty 8
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CE 5-10> 99 ICD A § A 2RFAE Aol ABolFALHY 75 v g B4 A
&

A+ o)+ 500) A5 th+ 1000
. (1, 2 &ed 2 25th) (1, 2 Ev1d 7} 50t)
T due | 49 | BaE | wd _
As7) paass] wa T8 A ) way g ) T8 A

3,247 11| 3,678 < | 431 o1 [3,398 o | 3,829 o | 431 o

3,415 39 | 3,760 o | 344 o [ 3911 o< | 3,911 o | 344 ¥

2. o4 ICD ¢ A A4 AHold B5FL Leld Beol ATol%
A2" 2E ug B

O °|% ICD MH oY &FFE 1y AdHolY AFol$A =" 8 AF dis S
A% 718 242 v 25
© Ae o A-FolE
A1 50 % F&3 9l =
22702 % 20km= 31

@ ZHolY AFolFAI2=E &
- AdHAE FAAA S HA
EE

= 60km/h,
- A GAE FEoA A 9 =

®Y +YEE

30km/h, 4 PE=

@ o] ICD9 A4d A% T3] ¥ 6.2km=Z A 1H4& 300m= & A H 21
th7F Besty, AU EolA = AdAETT 2202 AEY 2ty 44th7F 2a %
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(E 5-11> 9| ICD A& Al AAl =5 1 deojy AgoldA 288 2
2

28 g A A

g = 4y =9

o) ICD ¥ B E&H 1,000 TEU
o] ICD ¢ &9 At 24 hour
oj<+ ICD AZtE 87 =5 42 TEU/h
BHrjdd AIZtY 87 5% 21 TEU/h
A%} Vehicle H1 9455 60 km/h
A4 Vehicle EAHE<E 40 km/h
317} Vehicle #1945 30 km/h
317} Vehicle 4 &%= 20 km/h
Vehicle 7H &= 1.5/2.0 km/h/s
AAE T3 A 6.2 km
AZAE FHAIZT 442 sec

A d-117F S SsAH ALt 90 sec
I7HIE FHAY 0.91 km
A7 FYAIZE 254 sec
a7 A 22 A7k 90 sec
A4-17} AEelY 1 Cydle 48 F A7 870 >C
14.6 min

8 A43 Vehiclet 4 21 EA
8 d43 Vehiclet 4 44 EA

O 9% ICD AHoIY E5FS 1T TP AHolY AFoEA 29 75
g RN 2de dew 2
v ARY AF E o520
v A54¥ AF F o5 Uy
v A¥P A= F5 F Zol : 6.2k
v @53 A= 7% F 4ol : 20km
v FEUE AN FHL TR S

75 FHE = (REFAF @71 x 21d) + AFIEAF %7} X 44FH) + (1]”?1‘: @7t
x 3.1km) + AFEAE @7} x 20km) + {(FAFA QEHI+AFA 573
x Qloi+44t) + BA 2 718 #8043

v HAY A% BAe] F ol AL 54 e 3117 (99
A A

d@ As7] Bel F vl At ¢4 = 3,606 (<)
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4899 7t& o <24
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7] 2ol wl

<E 5-12> o< ICD 28 Al 24

i

Fol %

2}

deatd da 440 4, 2 gr)d 2z 220)

489 )¢

3,606 <

2

[e2]
Sai

3,117

i

42 744 300m (1% 210
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3. ZA3 B34 £4 ML

O AAA B4 4049 e @ Hge rER . AEREAe] duegy A}
FEAY 4 - BAAT A5H,008, AALATD HAE gL Ee=
A

O AAH B4 B4el FEdrt 2017302 A4adon sEdwd e 6ol
9 oulg A-gstel 8%

- [EE-EE REAQY duiggdR E2AY £4 - B9 ATAE5H)
(KDI, 2008)el AAE F=HAME HHDr7les 20079 71 ©@rlolB=E 2017do =

HAgol 283

- 82 1A Deflator B AF3ks A&t HAL2 MHAEIAF BA A
ke Haste) 017dES WslFAeT wAT
<GE 5-13 H]E 2 He] AR

e H| B A X 5 H)BAA S

T (11443 GDP Deflator) (AH" E71A4)

2006 92.002 80.202

2007 94.976 82.235

2008 96.830 86.079

2009 97.918 88.452

2010 100.000 91.051

2011 105.692 94.717

2012 110.158 96.789

2013 114.643 98.048

2014 119.118 99.298

2015 124.846 100.000

2016 128.349 100.970

2017 - 102.930

1) 7149 GDP Deflator#5(2010=100), = ZAAkell gk A &85 5 4572 35 o] &
2) AH[XFEIEX$=(2015=100), M= 7| &
A= gk A Al E A Al 2~ |l (http://ecos.bok.or.kr/)

O B ol3Azd 594 Jzel SEAEA FAE 97 B4, BRPIS AU
A% FAES A"y AXRAZ &8 7hsdol wet deHolY E5%o] dF
=7+
B ATeME s1Ee] AR gul AU v go] 3%H T0%2 AFE

Aoz A

O olEA S7kd ZH o]

i
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o2 At gk ke Aol x2S T A4S T
o] FICDE S} - =Yt AH oY st=Asa= <% F1 wFE42 s

(SR
(=T

A" oy sEAFAE FEFY Vo= 3 W tiste HHoolY 3L 3
Aog 714

[

4% 7HsE 100%2 7193

ON

O oo Aol APAYL AFE A4S v, AHUY F T o
sy A 2] ojel e FEe A9Y
G 514> W B FE
T3 35 e
- AFequ g A B} faul, Adednl, eholojul, fAuu],
Fpad 2l e Aol
- BYAT A B FAALY Aol F AIIAR B =EEX
- BRNE A7 WY U0, STk, 299 AolF MEOR B | WY
qgme| - SFEATII R 88 A BN Aol S Wgow B
B LR U LRSS SR
- WFARIL A AW WFARIL H] -9 Ao
D Euis ApEe: 524 $402 Edes) BshE vgos | Aoy
- ERfABNS WRTe) HEAFA P22 AT THE NEOE| wNY
g4t
- AR Ft Pols
ahue| - Ao s ko
- AY A TR AW 5 s

O "E% - AEREAe] dqueddzs BEAD 54 - H9AT A5%,(2008, T

MFATAANA AANE A S 7FEEE 2007H0) B2 AN AEIIR S A
&3t 2017902 St

A= |
TdH = BEETHEsES A8 VIEd=

- =AM AR ME S5 R WE el HY FEE A4 E
A gsto] 1H4
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(B dzh) AFegu ¢ A7 B

S=Agel wet ol ICD AlE st A2ev)d ko) sp=A-st

VOCS = VOCyquna — VOCye g

3
A71A, vOC= Y)Y, (D, x VT, x365)
I k=1

VT, 58K AT B2 FAEE kmd AFH &
ko 2L}, 2082, 332 2F2h)

2bFEFH - A9 e duERAZAA NG AAEHA e 2007d 71E FAATHA
£ 201798 ®Agste] A8

o TR A He

O

HEY I SEael mEq AgE AE AseE Ao B Asd 59

1

- 2 Az A A - 3o FAAZL Aolet FRFE 5T @roll FHAMINIAE

O o AA 2ol we B ArrEele 4

2 g3hol A4
S EAEA FYNNIIRIS o HICD AYTIARE B AN LS BEF
YA Aol S WP

ol
]

A FEAFARL PO T
JYICDE AP WRE AEF WA HEASH FYATL B A=SEA
28 A8 A - Fol il Mm

20

ASLEA 2 488 A4S ABATH 4334 A YRFORH P53
of ol AE UE BEHI HEAFA T 43S YAYOZH FYANTE

= = o
g g s

SEAEa 44 ASAUIAZE 2 DAY o dels Ao g
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VOTS = VOTA]_gu];\] g VOTA}?; A) 3

4
A7, VOT= DY (T} < P, X Q< 365)
Il k=1
T, B3 19 FFW AW EPAH
P, . AEW 1 A7}
Qu: B 19 A8 A THF
ko AEQEEA 22, 382453, JA@AEE)

O TN AdG9= duletd g Z2ARZAGI A AA ] Js 2007d 71E THA A

£ 2017do 2 RAgste HE%

SIS L
§3hel 44T
O B o$A2HS o8 4% 230l 99 D WFE 71E IS o] g3}
eE3E Ao MaT W AYARI] o 8 B Ao AT
3} FANNAE AgS0] FEANN A

A B3 FUSHE AT AEAY AP
54 @7 o4 AN

oju] =] AIZVHA= 14,387U/FEUS 2 A&

O AdgdAFolA AAE FEAZIZIA = 20079 7|Eo 2 AAHHJCBRE 4A8[x &7}

A5 Agote] B4 2AES 017902 Y
O thg g2l weh HEAIN Agu e Y

.
- AFe RIABAFARL JHFOT G
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VOTS§]_% = VOTA]_%]u] A8 T VOTA}%] A8

4
AN, VOT=Y, (T}, X P, < Q< 365)
Il k=1

T, B2 19 YA

Py e 82271714

Qu 93 1o B

kA1 2882453, 2 93245 3 NEREAEA, 4 AR

O LEEFAU Adel B2 87 IFe Bed, FA0Y, &2 AF, AN
3, A% 8 BE 5 AUA 9% AR, ATeds 5o ged 5 gloy
o I A=s} MwA A3 B IF hE AFH Bk L AN} ol
3 ol eqel 2 wiol BAUES WY

=3, & Aueish g3 2 44
- A edEARR AT g edul s AR FolakA ANE F AL

VOPCS = VOPCyoung — VOPCuo xa

3
714, VOPC= Y)Y, (D, x VT, x365)
I k=1

VT, AEEW A B3 FPEE kme th7] o FH) &
ko AERLEeR, 2m 2, 358453

O 712914 999 = 20073 71502 FAHYoEE AHR E71X45+E 2835}
o] |ZA5Q 2017302 ®BAF
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Hh, sty AzE H o

O stofulge g2 2% Er HBAE 43} Er 4T W BAstE vg
02N AYow AsAsE AP, JANNE o g3 A5, AEHHE H 9o
Wt B BEF G sheule dol WA

- e olY 40ft 71& 9 58kt E)= 21,1009, HH ol 20ft 7]
2k5)+= 15,7009 = A&

- AHlY 5% T 30%c 20t HHoH=E &FHH 70%= 40ft HEHJH=Z &
£5E Qo= 14

AR 78R He

5\
ol
25
it/
1l
o
ol
=5

O QoA Th2A™ W] olgel = mEALH S 17t Wo), Bl g 47 W), =2
FARYHE A7 W, &% A7 WY 5L AT F Yo A 54
4 ST WY Eo] A GFo] FEAAA P Ao BEshel THFA G

<E 5-15 HFA A

chel: wok 2/
. cqNE | BIAL | FEAT | dred | A o7

= Azkde] | Aztel | spxwe] | Azwe | azwe
20243 145 6,399 4,571 753 8,680 20,549
203443 175 7,694 5,497 906 10,436 24,707
20443 210 9,251 6,609 1,089 12,548 29,707
20543 253 11,123 7,946 1,310 15,087 35,719
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5. v & {4

7} A "y
O Hlg FAHLE AMY S Adstsd = F vl8d tiste o] FoF

mSi

O vg F=e =2A F4
$He FAHAY AN
- AuA o MEREE FAMCeE, AE, AxE), FoElCaAN, g6, 24
W), SA R, oulnE TAR Aduel seAd, A, A Fo fA%
gulg L Wl BAF AxY AFTYNE FO8 FHY
ol

W A% BAT HE A7) B, T AR digkel thste] ul

Hlsh egulE FAEM, 74 AGEE A S4e whet
‘{l\‘

ol o
A H

2 Agea 1FAE A BnYstel A§P
8o PR alulE A ZAA AR5 (2008, S LA D)) FAH A
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(E 5-16> vl g &= 2 9
B IJAY AF7] W4 Y As7] i
= TRAE oo} A TAE oo} HA|
AY A5 0.6 A ZgolE 0.19
(A4 ) QI EH 0.99 | 229/ 3= 0.791 0.8%/tH
3}t 0.79 (In-Track #4)) o
3 AE A7) 0.6% e AE7) 0.6
QAHEH 0.99 31 H E 0.99
AR )] of 2} 2.5/} o 2.59 /)
1 i A 3] (2]
(Foist, Lr?%glg s 19 (On-Board 2] 15
GA HE gukR A HAe dubR | 1999
AZRXAAE) (2007d diw] 19990 1999 /km| A4+ LIM Prim. 135¢] 3349 /km
7V E 11E) (In-Track #2]) B
HY % &
] 1
(ol ey | 1114 ANz wgp | A4S
A=@Fy) | w7 e 1149}/km 3rd #1Y 2.691  |1199/km
g ZgolE
Q) [e3] (3]
3rd @< 2.6 (On-Board ) 2%
ZAEA OHHU | 0.029 [0.029/t]| FAE2 <L 0.029 [0.022}/4
A A=] 2591 1259/ & BA| A =] 259 2521 7] A&
A A S A A] 0.5 0.5 /0 234 T AR 0.5 0.59/0)
Nz /2R | 7B #E, AolE, 71eF #E, AlolE,
HA, 1 2 59 59/4) HA, A4 & 59 593/2)
FEA FEA
FAE MG AE 2A - mHEF INTZ + AAY EFE A 2F A S e B

O AlzH £GRIE&2 ot A5 A&t @9AXHT 8,000TEUS $12.322 283
- Laurence Rohter et al.(2007) Automated shipping container transportation system
design for chicago

<E 5-17> & A4

chol: ol
Zi/K—IB = =) e ) BE |
28 b6l ATTEN agazsa| e9u | @A
A" | @xd | Aew | @49

ERE

A% 7] 616.9 2,280 46.2 110 63.8 869.07 3,986
RE ) 5

A7) 1,035.4 ,380 16.8 110 03.8 1,024.6 4,630.6
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6. AAAE &4

7v. B7V7E

O B aAFAE AAH 248 37 A8 [S2AETRAY] due

B =

FAR FARGATFHSD)] @F= AT, 2008)00 wet Briries 287
- A 71%E: 20200 ~202313(43)

- B4717E A1 2 RS 3 409(2024'3 ~2063'3)

- AFS 2 ERlE 5.5% A&

oft
ox
BN
_|>;
£

3lE7IX 2 Salksle] mla - BAgto 24 A2 Q)
Aol Frpake] F@o] QYD AXIF Ha +F
=i 5& H g - AR o) 2-gg

AFNME AL 49 HrEAEZ HO/MEH&B/C Ratio), «@A7HA|

_Lu

o)
- AME HlEold FHYH TR A T HlE, S Aol TAE v
3 dele FAVA R Fadst Ho] AVIAE vge AATIARE v A
W, ditg oz He/nlg Hl& =1olH AA|Go] Avka AT

O <=dA7F(NPV)
- =3 A 7Fx(Net Present Value, NPV)&= Aol =4l =& v &3 HL 7|&d
SO AAZIAE &t FTHNA FRI &S AT gholH, A VIR =00]H
ARl Aokl AT

n B n C
f t/E t t
=o(+r) =0 (1+7)

B, & G
1+t =0 Q4+t

&)

del - HlgH & (B/CHl) =

EHAANPY) = 3

A 71A,
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. AAA4 242

F

Aste AWRA, T o

bl A A

S

—

A

AR Brgol REG

O ©, o|$HCD AHeld AUEE AMe] wet Adoly F2AFAE <

©
=]

AA7F A

5-18> At

-
st

<

A AE7

3,633
3,625

1.002

IHE A3V

3,633

3,100
1172

933

]

B/C
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A, B8, s 285w
O A7 ATz Ex “EF £ HAAF 7|&”, “LM 7]49t A" oy o]d A ~H
Zle”, “UEYA 7N FFAAAN2E Zle” de Tl HEHClY olFE= 50%

FE B AR A 50% FE T AE oY olFA2Fl td A= reEE

BE2 4959

O ol AFEokd tig AN HFE2E D45 A AFo2es A #AA V&
S o83 EF &9 HA3S & &Fx, 3 @3 Rotary Motor, RM) 2 A& (Linear
Motor, LM)
g FA oA

Azgel e HE71E BB, UEND 1we] Aol Heke 3
do] e FPAEHl 2 S B 5 2 BopEE AR
g ANSAS

™

A

Fo 24 MRS 25

| |
M=

=Ebx|o]j =12t

A=

LM 7|dF A H| O] L
O] SA|AE 7|=

2% o B2 3
«Zig|o| ] O] SA| AR T
ZLEE :
«EE 0|2 E3 2HH| 0| 5X ot SSHHAAH
o] S 3L ALO|H] ot

(ZHI0IY 01555 50% 2, AlS XS 50% S

<" 6-1> d77hde) vAd
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