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Abstract

A Case Study on Intelligent Cargo Handling System

S.H Park

The motivation of the study is the recent advancement of Straddle Carrier(S/C),

which is the increase of transport speed to the level of Yard Tractor(Y/T) systems,

30Km per hour. The advanced S/C, so called Shuttle Carrier, seems to be an

effective alternative to the most common transport systems, Y/T. This paper,

therefore, aims at analysing the case of container terminals adopting S/C recently

and deriving some implication for the automatic container terminals.

For this three container terminals, Patrick Terminals - Brisbane Autostrad

Terminal, APM Terminals Virginia, Algeciras Terminal, were reviewed

with respect to the S/C.
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1974~1996 1985~1997 1991~1997 1995~2001 1995~1999

1,084 2,226 4,724 1,781 535

1978. 9

( :1996. 9)
1991. 6 1998. 4 2002. 4 1996. 9

BICT, BGCT

759 684 691 324 210

1,447m 1,500m 1,400m 826m 500m

15m 15~16m 15m 15m 11m

150 TEU 160 TEU 156 TEU 61 TEU 26 TEU

5 4

1 1
5 5 5 4

5 2

5 1

2 1

5 2

647

(196 )

1,038

(315 )

731

(221 )

308

(93 )

184

(55 )

CY 462 672 336 153 156

38 69 25 12 5

C F S 2 20 229 7.4 5 -

980m 925m 1,032m - -

‘07 (TEU) 2,274,667 2,400,869 2,842,747 1,250,132 531,276

표< 2-1 북항내 컨테이너전용터미널 항만시설 현황>

: 2007 , , 2008.
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3 4 7-1 7-2

1911~1944 1911~1944 1911~1944 1974~1978 1974~1978

1944 1944 1944 1978 1978

, ,
,

225 306 305 155 92

646m 1,145m 1,311m 539m 135m

9m 4~11m 7.5~11m 7.5~9m 9m

832

180 TEU

797

260 TEU

664

320 TEU
220 TEU

10,000

3

15,000 1

10,000 4

5,000 1

500 1

15,000 1

10,000 5

5,000 1

15,000 1

5,000 2

10,000

1

C Y
28,942 61,695 74,082 20,449 32,493

401 520 309 456 456

- 3,462 600 - 4,815

H/C 5

T/C 1

R/S 7

H/C 5

C/C 3

T/C 4

R/S 7

H/C 8

T/C 6

R/S 5

H/C 3

R/S 4

C/C 1

T/C 2

H/C 1

R/S 3

표< 2-2 북항내 부두 항만시설현황> TOC

('08. 7 )

: , 2008 , 2008.9
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1 2 8

1911~1944 1911~1944 1975~1980

1944 1944 1980

BPA,

1,089m 924m 1,001m

6~9m 6~11m 4,5~10m

479

120 TEU

2,432

80 TEU
????

10,000 2

15,000 1

10,000 3

4,000 1

15,000 3

10,000 1

5,000 1

1,000 2

CY 14,455 20,337 -

203 208 -

4,093 2,843 -

, , , ,

- - -

표< 2-3 북항내 일반부두 항만시설현황>

('08. 7 )

: 8 85 (5,000 1 , 190m), 86 (1,000 2 , 110m) BPA (2008. 4.1)
: , 2008 , 2008.9
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(1 )

1995~2006

1 746

2006. 1.(PNC 6 )

( )(6 )

282

2,000m

16m

240 TEU

5 6

1,286 (389 )

C Y 384

42.6 ( )

C F S 5.4

-

C/C 15 (22 15 ), T/C 49 , R/S 2 ,

Y/T 115 , 145 , T/H 3

‘07 (TEU) 579,168

표< 2-4 부산 신항내 항만시설현황>

: (‘06)
: , 2008 , 2008.9
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2007 2008 2009 2010 2011 2015

1
1-1 PNC 6

1-2 PNC 3

1

2

2-1 BPA 4

2-2 BPA 4

2-3 4

2-4 3

2-5 BPA 2

2-6 BPA 3

7 4 7 9 3

7 11 18 27 30

표< 2-5 연차별 선석 및 하역 능력확보계획>

: , 2008 , 2008.9
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“ ”

2-1

: 2001 2008
: 231,728 (2008 86,193 )
: 4 (1.10km)

4 (5 ×2 , 2 ×2 )
1,140 TEU/

:

( )

' '

2-1

: 2005. 2008.
: 109,761 (2008 69,327 )
: 17,618 , 1,400

CY 362

' '

2-2

: 2005. 2009.
: 161,877 (2008 36,095 )
: 4 (1.15km)

4 (5 ×2 , 2 ×2 )
1,140 TEU/

:

( )

“ ”

2-3

: 2005 ~ 2010
: ( )
: 510,812 (2004.1.1 )

(TEU/ )

1,400m (-)17.0m 840,000 5 ×4 1,600,000

“ ”

2-4

: 2007 ~ 2011
: ( )
: 574,000 ( )

(TEU/ )

1,400m (-)17.0m 840,000 5 ×3 1,200,000

' '

2-5

: 2008 2011
: 512,073 (2008 5,500 )

(TEU/ )

700m (-)18.0m 710,052 5 ×2 800,000

“ ”

2-6

: ‘09. ~ ’15.
: 662,504

(TEU/ )

1,050m (-)18.0m 753,980
5 ×2

2 ×1
970,000

표< 2-6 부산항 신항 개발계획>

: , 2008 , 2008.9
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2004 2005 2006 2007

11,491,968 10.4 11,843,151 3.1 12,038,786 1.7 13,261,484 10.2

6,594,970 9.3 6,579,238 0.2 6,803,183 3.4 7,443,750 9.4

3,286,361 8.5 3,309,202 0.7 3,429,141 3.6 3,752,747 9.4

3,308,609 10.1 3,270,036 1.2 3,374,042 3.2 3,691,003 9.4

4,791,942 12.7 5,178,798 8.1 5,207,731 0.6 5,811,167 11.6

105,056 13.7 85,115 19.0 27,872 67.3 6,567 76.4

1,825,523 15.2 2,126,665 16.5 2,212,485 4.0 2,274,667 2.8

1,004,226 15.8 1,198,189 19.3 1,244,752 3.9 1,292,701 3.9

497,528 14.1 615,163 23.6 614,378 0.1 640,583 4.3

506,698 17.5 583,026 15.1 630,374 8.1 652,118 3.4

821,297 14.5 928,476 13.0 967,733 4.2 981,675 1.4

- - - 0.0 - 291 -

1,994,881 11.7 1,961,854 1.7 2,054,637 4.7 2,400,869 16.9

1,058,112 7.8 958,318 9.4 1,051,064 9.7 1,220,321 16.1

543,036 6.2 497,183 8.4 554,605 11.5 643,244 16.0

515,076 9.5 461,135 10.5 496,459 7.7 577,077 16.2

936,707 16.5 1,002,355 7.0 1,003,573 0.1 1,180,548 17.6

62 - 1,181 1804.8 - - - -

2,723,733 7.0 2,862,209 5.1 2,558,728 10.6 2,842,747 11.1

1,612,912 6.5 1,497,076 7.2 1,415,199 5.5 1,423,664 0.6

762,049 3.7 697,936 8.4 672,149 3.7 647,506 3.7

850,863 9.1 799,140 6.1 743,050 7.0 776,158 4.5

1,110,821 7.7 1,365,133 22.9 1,143,529 16.2 1,419,083 24.1

- - - - - - - -

976,321 31.0 1,098,615 12.5 1,144,650 4.2 1,250,132 9.2

605,524 36.6 663,335 9.5 559,261 0.9 780,525 16.6

286,534 28.5 310,235 8.3 299,439 3.5 367,504 22.7

318,990 44.8 353,100 10.7 369,822 4.7 413,021 11.7

370,797 22.7 435,280 17.4 475,389 9.2 469,607 1.2

- - - - - - - -

549,872 3.1 577,322 5.0 548,063 5.1 531,276 3.1

318,301 2.7 319,509 0.4 295,916 7.4 294,620 0.4

147,014 4.1 144,730 1.6 145,277 0.4 145,128 0.1

171,287 7.8 174,779 2.0 150,639 13.8 149,462 0.8

231,571 12.3 257,813 11.3 252,147 2.2 236,656 6.1

- - - - - - - -

2,873,564 6.4 2,718,825 5.4 2,778,859 23.1 2,807,850 1.0

1,680,103 4.0 1,645,198 2.1 1,736,754 25.5 1,800,420 3.7

871,297 5.9 861,587 1.1 916,910 26.7 962,844 5.0

808,806 2.1 783,611 3.1 819,844 24.3 837,576 2.2

1,088,467 13.0 989,693 9.1 1,014,233 19.5 1,001,154 1.3

104,994 13.7 83,934 20.1 27,872 100.0 6,276 77.5

표< 2-7 컨테이너화물 연도별 처리실적 단위> ( TEU,%)：

PORT-MIS ( TEU,%)
2007 , , 2008
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( ) (100%)

( )

(25%), ( ) (24.95%),

(37.78%),

(9.01%) (3.26%)

BICT, BGCT
BICT( (50%), (50%))

BGCT( (50%), (50%)

( ) (65%), (30%), (5%)

( ) (60%), (40%)

(100%)

표< 2-8 부산항 북항 컨테이너 전용부두 운영사 주주현황 현재> (‘08.9 )

: 2008.9

TOC

( ) (50%) (50%)

3 ( )
( ) (45.67%), (36.02%),

(18.31%)

4 ( ) (54%), (46%)

7-1 ( ) (100%)

7-2 ( ) (100%)

( ) (100%)

표< 2-9 부산항 부두 운영사 주주현황 현재> TOC (‘08.9 )

2008.9
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HBCT

, , HAMBUR SUD, KYOWA LINE, GREATER,BALIHAI,,
T.S LINE, , CNC, C&LINE, MOL, CCNI, SYMS&
CMA, CGM(ANL), , Maruba.s.ca,,APL,HAPAG, LlOYD,

, , ,

UTC , , SPIC, SAMUDELA, SEACON, STX, , ,

DPCT
, , (EAS ), T.S LINE, MOL, CMA, CGM(ANL), WAN

HAI, , Hatssu Marine, Italia Maritimo, SITC, SPIC, SAMUDELA
SEACON, RCL, HAPAG, LlOYD, OOCL, , K-Line, CO-HEUNG

PECT
, (FESCO), , MISC, , MOL,, , HAPAGLlOYD

SYMS& , NYK. Tokyo, Senpaku, Kaisha, APL, OOCL, ,

BGCT
(FESCO), Sinotrans C.L Sinotrans,jiangsu co, CMA, CGM(ANL), MSC

YANG MING, ISA . A.A.L,. Star Shipping,. Bengal TigerLine, , COSCO( )

BICT
, SCI,HAMBUR SUD, KYOWA LINE, GREATER, BALIHAI, CCNI,
SPIC, SAMUDELA, SEACON, SISCO( ), APL, STX, HAPAG

LlOYD, K-Line, PIL, , , COSCO( )

3 , , , , CO -HEUNG

(EAS ), , TASMAN, SWAYER, , STX, ISA
SYMS& , , FETRANS( ), A.A.L, Star Shipping,
Bengal TigerLine, , ( ), CHAOYANG LINE

4
, ,(EAS ), , C&LINE, , MCL,

Sinotrans C.L Sinotrans,,iangsu. co, ,
Sakhalin., S. CO, CO-HEUNG

7 ,.

표< 2-10 북항 기항선사현황 현재> (2008.9 )

: 2008.9
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2004 2005 2006 2007

11,491,968 10.4 11,843,151 3.1 12,038,786 1.7 13,261,484 10.2

6,594,970 9.3 6,579,238 0.2 6,803,183 3.4 7,443,750 9.4

3,286,361 8.5 3,309,202 0.7 3,429,141 3.6 3,752,747 9.4

3,308,609 10.1 3,270,036 1.2 3,374,042 3.2 3,691,003 9.4

4,791,942 12.7 5,178,798 8.1 5,207,731 0.6 5,811,167 11.6

105,056 13.7 85,115 19.0 27,872 67.3 6,567 76.4

P

N

C

- - - - 237,710 2.0 579,168 143.6

- - - - 108,658 1.6 315,935 190.8

- - - - 51,242 1.5 162,278 216.7

- - - - 57,416 1.7 153,657 167.6

- - - - 129,052 2.5 263,233 104.0

- - - - - - - -

표< 2-11 부산 신항 컨테이너 물동량>

: PORT-MIS ( TEU,%)
: , 2007 , 2008

( TEU/ )

1

( TEU/ )
(%)

( TEU)

1978 1262 900 35 3.9 4 240

1991 900 960 286 29.8 3 320

1997 500 270 346 128.1 3 90

1998 1400 1200 880 73.3 4 300

1998 600 340 358 105.3 2 170

2002 826 650 481 74 4 216

표< 2-12 부산항 컨테이너전용부두 운영초기 이용률>

: , , 2003.10.
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1
( )

(25%), DPW(25%), (10.22%),

(9.28%), (9%), (6.95%),

(5.73%), (8.82%)

2-1 (100%)

2-2 (100%)

2-3 ( )

(40%),

(12.0%), (11.0%), TL(10%),

ZIM(10.0%), ,KCTC(10.0%), BPA(9%),

· ( 4%)

2-4
(( ) ( ))

STX (88.8%), (10.0%),

(0.1%),KCTC(0.1%), (1.0%)

표< 2-13 부산 신항 전용터미널 주주현황 현재> (2008.9 )

: BPA , 2008.9

PNC , , CSAV, UASC, ZIM,

표< 2-14 부산 신항 기항선사현황 현재> (2008.9 )

2008.9
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(TEU) 2,274,667 2,400,869 2,842,747 1,250,132 531,276 9,299,691

(m) 1,447 1,500 1,400 826 500 5,673

( ) 647,000 1,039,000 731,000 308,000 184,000 2,909,000

TEU/m 1,572 1,601 2,031 1,513 1,063 1,639

TEU/ 3.5 2.3 3.9 4.1 2.9 3.2

표< 2-15 년 북항 컨테이너전용부두 생산성 단위면적당 항만생산> 2007 ( )

: , 2007 , 2008

1)
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2003 2004 2005 2006 2007

(TEU) 1,584,429 1,825,523 2,126,665 2,212,485 2,274,667

(H) 28,292 28,181 32,058 27,781 28,147

(TEU/H) 56.0 64.8 66.3 79.6 80.8

(TEU) 1,786,112 1,994,881 1,961,854 2,054,637 2,400,869

(H) 25,322 27,418 25,410 24,304 25,338

(TEU/H) 70.5 72.8 77.2 84.5 94.8

(TEU) 533,285 549,872 577,322 548,063 531,276

(H) 12,360 11,451 12,567 12,436 12,840

(TEU/H) 43.1 48.0 45.9 44.1 41.4

(TEU) 2,546,391 2,723,733 2,862,209 2,558,728 2,842,747

(H) 32,056 33,061 38,194 28,842 28,981

(TEU/H) 79.4 82.4 74.9 88.7 98.1

(TEU) 745,544 976,321 1,098,615 1,144,650 1,250,132

(H) 13,742 15,417 16,535 16,258 18,108

(TEU/H) 54.3 63.3 66.4 70.4 69.0

(TEU) 512,240 548,074 497,661 503,654 574,775

(H) 4,695 1,451 7,242 7,397 8,123

(TEU/H) 109.1 377.7 68.7 68.1 70.8

표< 2-16 년 북항 컨테이너전용부두 생산성 시간당 항만생산> 2007 ( )

: , 2007 , 2008

1 2 3 4 7

(TEU) 372,185 133,088 352,010 637,957 957,694 339,473 2,792,407

(m) 1,089 924 646 1,145 1,311 674 5,789

( ) 30,067 23,388 29,343 65,677 74,391 133,014 355,880

TEU/m 342 144 545 557 731 504 482

TEU/ 12.4 5.7 12.0 9.7 12.9 2.6 7.8

표< 2-17 년 북항 일반부두 생산성 단위면적당 항만생산> 2007 ( )

: PORT-MIS, 2007 , , 2008
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1-1

(TEU) 579,168

(m) 2,000

( ) 1,286,000

TEU/m 289

TEU/ 0.5

표< 2-18 년 부산 신항 생산성 단위면적당 항만생산> 2007 ( )

: , PORT-MIS, 2007 , 2008.

2003 2004 2005 2006 2007

(TEU) - - - 237,710 579,168

(H) - - - 6,114 7,019

(THU/H) 38.9 82.5

표< 2-19 년 부산 신항 생산성 시간당 항만생산> 2007 ( )

: , PORT-MIS, 2007 , 2008.
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BICT, BGCT

5 4

1 1
5 5 5 4

5 2

5 1

2 1

5 2

C/C

14

(13 1

15 3

18 3

20 7 )

15

(16 4

18 3

20 6

22 2 )

15

(18 11

22 4 )

7

(18 4

22 3 )

5

(13 5 )

T/C 36 32 42 17 13

T/H 13 12 1 - -

R/S 5 9 11 3 2

Y/T 74 79 84 36 24

F/L 8 10 6 1 2

249 200 222 64 50

표< 3-1 부산항 컨테이너터미널 하역 장비 현황>
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Q/C Auto-Swag

RTGC

TRANSPONDER - -

× × × ×

AUTO STEERING GEAR × ×

T/C TOUCH SCREEN

T/C WEIGHING × × ×

RF IDENTITY TAG

BAR CODE

표< 3-2 부산항 컨테이너 터미널 장비 자동화 요소기술 현황>

: , ×
:
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- 1,400m, 14 Q/C(22 ), double trolley, double hoist
- shipside trolley , landside trolley
- elevated platform
- 45 box/

AGV System

- 55 to 60 AGV
- 4 - 5 m/s
- transponder dead reckogning
- positioning 20 mm
- 10 box/h

- 30,000 TEU(19 blocks, 37 stacks, 10 wide, 4 high)
-
- 2 RMG

RMG

- RMG RMG 1
- 3.5 m/s (210 m/min.)
-
- 20 bx/

표< 3-3 시스템 사양> DRMG

: HHLA
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그림< 3-1 대형 및 소형 배치도> RMG
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(AGV)
- ,

(Navigation System)

(ATC)

- AGV AGV

(Automatic Landing

System)

-

(Simulator)

- ,

,

표< 3-4 세부 기술개발내용>
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KAMAG GOTTWALD MES

( ) 50 40 50

(Box) 2x20 ,1x40/45 1x20 ,1x40/45 2x20 ,1x40/45

(m/sec) 5.5 4.5 6.9

(m/sec) 5.0 4.0 5.0

(m) 11.5 9.0 9.0

Positioning (mm) ±20 ±20 ±20

표< 4-1 주요 사양비교> AGV

: , 1999.
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그림< 4-1 이송장비 종류>
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Shuttle Carrier Y.T AGV

Good Good bad

Under 3 Vans Under 6 Vans Under 3 Vans

Low High Very High

Low Very High Low

Good Good bad

표< 4-2 이송장비 성능 비교>

:

4) 자체 자료Kalmar (Press Release, Karmar makes waves with the launch of its

fully-automated Shuttle Carrier, 30, January 2008.
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그림< 4-2 항만 위치도> Brisbane
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그림< 4-3 자동화 컨테이너터미널 전경> Patrick



- 32 -

Wharf No. 7 Wharf No. 8 Wharf No. 9

(m) 210 210 317

(m) 13 13 13

(TGS) 3,105

1,120

18 Automated SC

4 GC

표< 4-3 터미널 시설 현황> Patrick

: Patrick

그림< 4-4 항만 컨테이너물동량 추이 및 전망> Brisbane

그림< 4-5 사의 무인> Patrick

Straddle Carrier



- 33 -

그림< 4-6 전경> APM Terminals Virginia
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(m) 1,200

(m) 15

RMGC 30

RTGC 2

20 Automated SC

6 GC

표< 4-4 시설 현황> APM Terminals Virginia

: APM Terminals Virginia

(m) ( ) ( TEU)

(Euromax)
1,500 770,000 2,000 2008 9

(2-1 )
1,100 688,938 2,000 2009 1

600 400,000 1,150 2009 4/4

1,200 292,000 1,500 2010 7

750 687,978 1,000 2011

표< 4-5 한진해운 터미널 확보 계획>

: EBN , “ , ´ ´ ”, 2008 2 13
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그림< 4-7 수평형 장치장 배치 터미널 모형>

그림< 4-8 수직형 장치장 배치 터미널 모형>
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- -

- -

- -

-
-APM Terminals Virginia

- Algeciras

- -Patrick

- -Patrick

-
-APM Terminals Virginia

- Algeciras

- -Patrick

-
-APM Terminals Virginia

- Algeciras

- -

- ( ) -

표< 4-6 자동화 시스템 도입 시 고려점>

: (2000)
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