103-18-7733
MOTC-10T-102-H2DB005a

BEB LRI MARRT AL
B¢ sRBR AT E AR Bt 5 (14)

R EH AT

y

\

X B P E i AT R P
P EX K 103 & 37



103-18-7733
MOTC-I0T-102-H2DB005a

BB BERETRL
% BT S (U4)

& & IE & BT 5T R
¢ A E 103 # 37

5t



103

S Qi

v

GPN: 1010300200
% 150 ~



B R E 400855 7 5 0 (CIP) TR

SEP R MERR T AL S SR Eg PGS
(L4) | B8R F R F, - iR, - A 1P 0 LW INEFFA
#r. % 103.03
® AN

ISBN 978-986-04-0480-7(-L %)

557 103002314

REBEMMMEREENZZEMKEZ|METE(L/4)

% H I SR IR - IR

USRS S
i*’j *ﬁ 10548 B =] # (= 1*5% 240 5
A i Www.ihmt.gov.tw(F[|¢%>F[|@\H#’§Fﬁ#,)
i (0426587176
LSS E] ol S 103 & 3 )|
HI Rl
Bied GGl e | R
o P IR 0 S A v W e |
& 150 &
gl g[ Eﬁ.
g ik i F”rléjp?aiﬂ« ST 1 (02)23496880
@«'}%%{?& AT 10485 2 7 IIL [Eﬁ"ij?ﬁ 209 B F1+5 + (02) 25180207
SUCRAN R 400425 HITl| H'L (461 6 W (04)22260338
GPN : 1010300200 ISBN : 978-986-04-0480-7 (2" 4F)
W E AR S ﬁS«'(I*%&&FE R
i%l‘ﬁlﬁx””ﬁ@ﬂ fEFI= % Jﬁfl%fw HH - PR

S rré;p[}a@



RBEFERMARFTESERRABLHIRABESR

SRS LA B AR i R T2 & S AT B AT £ (1)
ﬂﬁﬁﬁﬁw FOR I e e = Sl | SE AT 3 AT ADR S| 5
ISBN978-986-04-0480-7 (£ ) 1010300200 103-18-7733 102-H2DB005a
AAOTAPEE = D B |BIFFETEE R SBRE L FrHF
aF D ELR S FEAFA I ERE 61025 2
PRI IR AR R R T 2T
GETRN IR NS S \"@% FRE - F 6 g 1Az 1102410
B T FE 0 04-26587120 [+ nk 1 202 A FEH A B EL - 5L
B2 588 1 04-2671329 BI@ %% e - 02-24629225

Mok RS %9 Eh o TR FR > FARER AR

ARG AR b LA~ T ARIE A F RRB T 0 BB AUk

ﬁ%f*ﬁxéﬁﬁﬁf“”%*ﬁﬁﬁm-%wfm.xﬁ*&iﬁzbgﬁf~%%
F%Wﬁiﬁ%ﬁ*@oiﬁﬁﬁé+m$&meﬁ?%WE€;imp A
TR L MB R THET I ARS EFTARL A RS T4 JBE AISE
TR A EER G 0 S IR X 2 PRSI EEF AR E] R

T hR itk U %wﬁﬂﬁﬁﬂﬁAmﬁﬁiﬁﬁﬁnﬁ%ﬁfwﬁﬁﬁ
RRGRALY Btapdedk e o fUpdaE R s 2 AR RE T RO B AR o

T-L

AT R EICF LR T L E AT J’;:F,‘fj—ﬁwgé SE R T T NE

1 ~#3 A4t ﬁi%mE%WWE’?%Qﬁ%ﬁ%%‘ﬁﬂ%‘ﬁ\% % i
%‘Pﬂmﬁwwmeﬁﬁﬁ?ﬁ@?’ﬁﬂ@ﬁii‘ SR L TR
H AR T AR o

2. FRfTE RenF RIS R T R INEE B BTN P AT R
eFend & fF 0 R RIR W BT LB o P g g PRI & skt o

3. ATV R EPN AEAP M BATE REREAR S FE

SEp B | FEc| AW A d R & Bo@ o R

TR R IR A M OB FUABAER 2 2
103 # 3 * | 150 150 FWMBWEFRT IEATLPER PA2 PP BHE
TR R

L% D% Liee s s s
(fampiger :[] & pfEg o [ ?'Fé)?
(i fex & & § ka0 pras o (17 At i
| BE

dpo LR seEsg
PR )

R AT 2 BHEERF A AU LR




PUBLICATION ABSTRACTS OF RESEARCH PROJECTS
INSTITUTE OF TRANSPORTATION
MINISTRY OF TRANSPORTATION AND COMMUNICATIONS

TITLE: Green Routing and Smart Piloting with Ship Dynamics and Environment
Information  (1/4)

ISBN GOVERNMENT PUBLICATIONSNUMBER | IOT SERIAL NUMBER | PROJECTNUMBER

978-986:04-0480-7 (pbk) 1010300200 103-18-7733 102-H2DB005a
DIVISION: Harbor & Marine Technology Center PROJECT PERIOD
DIVISION DIRECTOR: Chiu Yung-Fang
PRINCIPAL INVESTIGATOR: Chiu Yung-Fang FROM February2013
PROJECT STAFF: Chang Fu-Tong, Huang Mao-Hsin TO October 2013
PHONE: (04) 26587115
FAX: (04) 26564418

RESEARCH AGENCY: National Taiwan Ocean University
PRINCIPAL INVESTIGATOR: Chang, Shwu-Jing
PROJECT STAFF:

ADDRESS: 2, PEI-NING RD., KEELUNG 202, TAIWAN, R.0.C
PHONE: (02) 24629225

KEY WORDS:
Intelligent Transportation System, Green Transportation, Data Mining, Decision
Support

This 4-year project is to combine vessel dynamics as well as nautical chart and
meteorological information to develop intelligent application service technologies for
green routes and smart piloting in maritime transportation. Important indicators and
directions for shipping efficiency and safety will be developed, in respects of
monitoring, prevention, and immediate reaction.

Based on the Electronic navigational chart (ENC) database, AlS vessel tracks
database and vessel traffic analysis tools established or developed in previous projects
on ENC, e-navigation and Maritime Intelligent Transportation System (M-ITS), this
first year of the project focus on: (1) the integrated analysis of vessel dynamics and
geospatial environment information;(2) the automatic tools for estimating vessel
emission or fuel consumption; (3) safety and efficiency analyses of vessel traffic service
(VTS).

The research outcome benefits and subsequent applications are as follows:

1. Automated tools for key indicators provide maritime authorities policy/decision
and practical application supports to enhance navigation safety, efficiency,
environment protection, as well as maritime spatial planning.

2. Integrated analysis results on shipping safety and efficiency in harbor and
berthing identify key points for port operation planning and VTS improvement.

3. This research synchronizes domestic maritime technology with international
developments.

CLASSIFICATION

DATE OF PUBLICATION NUMBER OF PAGES PRICE | JRESTRICTED [JCONFIDENTIAL
[ ISECRET [ ITOP SECRET

March 2014 150 150 BUNCLASSIFIED

The views expressed in this publication are not necessarily those of the Ministry of
Transportation and Communications.




1.1 35 5 AT B S 1-1
1.2 B85 AEZA] oo 1-4
L3 M HRE R B oo ssssns 1-5

B T R PR B AP AT TR e 2-1
2.

(IR I o SR 2-1
22 T F A BF ILF M oo 2-4
2.3 FTE 2RI T e 2-7

2.3 145 HAAF I Lo 2-7
2.3.2 iTFEHEAE B (NEeaAr-MiS9 ..ooovevvveeeeeeeeeeeeee e 2-12
233 R Ba BT BT EA O EREITD e 2-13
234 RP BT FFEE 2IpIRAPMAT L 2-16
2.4 BT m kv A E I ;};] B e 2:17
2.4 1507 BABRL L LT R A B R B2 BB e, 2-17

2A2R] BT M HATF TG AR AT T o 2-18



2.5 drda & i BB LB RO E B E s 2-19
25 7P B LT ¢ i a2kl B E A YRS 2-19
2.5.2 11 AIS 3= 4548 % 7 2 € (0 STEAM K24 ... 2-21
2.5.3 JF B g A0 B P 528

254 % BRI L B AR TR 8 o, 2-27

IR A AE T I ABE ET ML AT 3-1
BAH A A T AL A T o 3-1

BLLAIST R B B AT i 3-1
312 P FEB(Hl - PFRFBLAAIS 454050 B v, 3-4
3.27 I #iT AR B e A BRI A T e, 3-5
CRCE IR s g e R ey 3-11
3.3. 1 4y Aa B AR 4 40283 7 FF AP e, 3-11
332440t B2 5 BKIFEFT A E L3RR o, 3-15
R LR A I i s s R 3-17
341 B M EEUTASZ BB MR 3-17

342 BB AR EER2 A7 E R FRRE B 3-19

421 AIS B R AGIHFE P FFEFZH L 23R i, 4-4

A3 AIS BEFFELEFFF 2232 R 4-8



D 2 2E 2R et .5-2
5.3 E 3T E BT (o .5-3

2}*“;?}]?: ........................................................................................

M= B P B AR AL e i 1-1
Wk Y FE R AR LT A i 2-1
Hdk= B R AR TR i 3-1

fitdr WAL FEIL LT A it 4-1



¥ 3 S ¥ H ¥$§ ¥ 5 F FHF F F H F FH F F H F H

1.1 Virtual Arrival 7t & Bl .oooeee oo 1-2
2.1 p A5 Fujii ¥ 4 3 D i S04 AL 2-8
2.2 ® W?i Goodwint M e 4aAE B Al e, 2-8
2.3 JE_AIS FTAL 53 CPAE M 0285 i, 2-9
2.4 JE_AIS FALELIHE ey AR - A AR 2-10
2.5 FE_AIS TR bt 7 I endpda AR B - AR T L, 2-11
2.6 FE_AIS TP 7 I ey da AR B -2 1 38 L, 2-11
2.7 EfficienSeat ** 1 ;| near-collisions4, 4a 48 3 1 & B ......... 2-15
2.8 KAy B B K FA T RAFBEILEL T T B, 2-15
2.9% 228 VTS § BRI 2. HUP Bl oo 18-
2.10:8 S ipdpF FH I TR T R, 2-17
2.11 = #bd; 2007 2 # 2 Y HEE G HE EFL Eant i ... 2-22
2.12 12 580004, 7 e ROPax2% s ij 4= £ v # el 2-23
2.13 STEAM MOAEETWH & /2 .ovviiiiee e eeeeens 2-24
214 BBz B~ TAEZ HB %o, 2-26

2.15 MARIN#: & AIS FAL@E F > 27 LBl 2-26

218F WA/ EF* 2 Wes s HFR%TE 5 H i 2-29

2.19% Eﬁ]/ ’f E%" ‘F»/é’/i‘q_/l Fp J"‘m#]ﬁ"h’ﬁmﬁx ................... 2-30

Vi



2.20%k - F 3t F R F A AR E P B TR ARR 2-33

2.21% R E - H PR AN 2k 0t 20 R 4p da AT R AK TR 2-34

B1 £ BB BT M AT 3-1
B2 AISH; g HLFR 2 IR B H 152 e 3-3

33AISH; ek B ¥ T (P PR 7 FHE) oo 3-3

34 5F B 3P 873 PALAGEEHA (L) i 3-5
35 5@ i 3-10iL 4 ] 8 % Ay A EEAA T (). 3-6
3.6 o7 B3z 3-1052 8 apdasE B R FER ... 3-6
3.7 2¥ B 30z 3-1072 8 2 (#4pAaFE T I9E i, 3-7

¥ 5 5 ®H H F$ 5 FH F H

3.8 &7 & 3P dpdafEHs iF (# ",f Ay B A B LR <2 & 4p 1)

....................................................................................................... 3-8
Bl 3.9 5 ¢ F 3 Fuig >2 67 45 B BEAE<500mME 4 =% ..., 3-8
Bl 3.10 [ ¢ % ¢h 358 8 g | BEAEA (F (B B4 G iF) s 3-9
Bl 3.11 ;¢ % ¢k 3-1072 8 % g | BEYEA 7 (4 fEdy i #:%) ... 3-9
Bl 3.2 5@ B oh Bim N 2 Lodz g 5 fpldp da g BEAR(CPA §i%)..3-10

Bl 3.13 5 ¢ 38 3-105L ) 2 4 4299 15 )4y 4a B | BE3R(CPA §:%).3-10

B 3.14 Zdup dgw B P R T A 4 4040 B P BIERAER L 3-12
Bl 3.15% =5 518045 5 X i LA RK B, (UEBEET ) e 3-13
B 3.16 & 7 Bp o H p crdpdg® e (MR T ) o, 3-14
Bl 317 = =5 55 2 S4ap R4 B (s A 2 2 Apdath B AR B

....................................................................................................... 3-14
Bl A8 F ey had#H L FHE LIFFTM R APl 3-16

Vi



Bl 3.19F & 2 2k o b hlh b B SUEE P § IS, 3-17

B] 3.20:& 1) 5 ¢ jBdndafait 2 imdn B SOk B P, 3-18
B 3.21% &) S P B2 dnda it 3 seik b AR ST 3-18

Bl 3.22 A F4 ik i b i B T F] 15 7L R LT R B e, 3-20
B 323 A B BB BEF B R FIBBEFU e 3-21
B 32457 BESPE R FEBESIF e, 3-22
B 3.25 %% <~ AL 102 S ¥ B R F BAEFU oo 3-23
B 32657 B R FBBHWERE B ITEER e 3-23
Bl 4. 14548 0 51 F R B 30 o A e A5

Bl 424, 4 B5 5T EF AT E 4 B IR AR e A2

Bl 4.3 % g 5P s L ME S (AR E S ) 4-4

Bl 4.4 % §=% 530 iF A P 0k 10/15/207% 2 5 2 S BRI R] ... 4-5

Bl 457 fada i > 382 V- X 25 BLE Bl 4-8
Bl 4.6= f=%5.2010% 10" 16 p # 2 &~ 43 FEHU B ., 4-11
Bl 4.7 % =% 5. 2010# 10" 16 P 5 R £ 5 5 E..ccvcriene, 4-12
B 4.8% it g2 j7 7 Steam modek /| FFid 42 5 B B, 4-12
Bl 49% 4% 5.2009# Q" B & Pd 25 5 B, 4-13
B 4.10% v 2 = fF Steammodelr p g 42 % B Eoveieiiiiieeee, 4-13
Bl 4114, 40 20 B3 E B2 T A T el 4

Bl 412 A 5 B h a3 B4 E B2 TR A T oo, 4-14

VIiI



# P&

2-LABAIS TALP F B RIB oo 2-2
2-2A% AIS # 4y R 2 M L B E R IR oo 2-3
2-3 B AIS & fidp 4R 4 3 L ehiBEE AP FE Lo 2-3

2-7T dpféb * dpid 2 1 518 E 4 FRA
BAGIF AP RIFEDNE L BB 38-
2-QiF F 440 3 3 FREATAICE oo 2-37
2-10 551 E et 3 2§ FIREHE e 2-37
2-11 BB G i 2 i B T3 (B 2-38
2-12 B Ay dadf B4 3 R ABCE (e 2-39

2-13 spiddpdaff Bo g lp R R BcE 2-39

2-14% 77 ¢ o 101 # 32 F 3% 2 33 4,40 28R E[24] e, 2-39
3-1 A TA B BB U LT FEHEA 1T oo 3-20
32 2% BH D R LT R P A T s 3-24
A-17 R E PR fEEBLE Bl R FFEEHFERY 4-5
425 B3 2t Jg R - R RE B Bl 4-9



_“q":
11 3+ 4 422 B th

|4

ERIRLECS ob ik & o o=
l.d8d 2 &

P
-~ /J‘
-
S

£ R 99 & 127 16 P facke s 3226 % g kifrra (¢ 2
RALE prs A3 (AR 100 &3 103%) ) ¢ % wemid
AR LR PR S AT

Fjo
2. P AEe 35

- 2020 #
w‘ﬁ'f?/—%#ﬁ i%—l

s ?fgﬁ ;f“sa/ﬁ\‘ﬁ}l\-»
2.5 1 23

g it

W Ae8 gy B AR
BAHUR 2 W B Tk sud 2 2 8] e g AR
B %éf@@?],ﬁ Sk 2ER IR R TR B AT
G R R A BHAA
RSP EE S R 1 IS SRS PN L
fERAEF 22 A REPIZRELIFRERTF T O
fiod 2B 0R F AEILE TR LR
D. 48 F WA FM T RARFIEAT Y > BTy 4 LT A2 p ILPRAE
ATRT ’?#315;/?/4 e da e f ok st
2 A @Y PRE 0 HT Al pIﬁi%‘fﬂb’:ﬁﬁ’?
AR
B eita

A RERIA AL SR

U(Ubiquitous)i* &2 F & it » & i 1|
7 PRIR T € TR
ad A

;o
PR WIS °
A P E T 0 B gt 4R E

hITZ"
SNESUERS & T

WALH R adads E_E (Electromc)lL » M(Mobile)

ERRNL

3o A E T wp%’fﬁf‘a@?fiﬁ* LI E R E

/4 % 2% (International Maritime Organization, IMO)
Mo -

> K}i}%@? {=
T i

o

«u’PJf%—“/f’—F‘m % > 8 T

1-1



BgsE e ﬁﬁ%ﬁ:}ﬁ% Me—fu4mf7 | » © B0k ¥ 3% %
32013 ERAFAVE KA FRIFE[L] TEFABET
# F o & % (Electronic Chart Display and Information
System, ECDIS) | #2012 & A=k 3 » rﬁ P4 b > R o K (Safety
of Life at Sea Convention, SOLAS) EAN R A R R T L g
H2] #bus TR AARBEHS IR I AR &7 RIF R e nfT
B AES - ) c AP BIPE R E R T I'F?Xﬁf cE e P iR
PR R TR AR T HER AR (ARG
e- it T e % g ATAT K [3,4] -

¥ - 20 0 SRR XD PR BRI BEFER
5 B R Bh:fﬁ % > 5|4 011 Companies International Marine
Forum(OCIMF)# International Association of Independent Tanker
Owners (INTERTANKO) % 4& ! Virtual Arrival she 4 » e & ik #r |
=k T R S F % l'»"’ﬁmrrj:”lfF'&mﬁ' RN o PR B = M & i Fug
Rl & Rm[b] o e 1.1

CO, Emitted @ OCIMI
(tonnes) INTERTANKO —

150

CO, Emissions:
120 1

[T Full speed

Reduced speed
90 1

60 1

30

Start Virtual Arrival
Voyage  Decision Port |

Virtual Arrival  Actual Time
Time of Arrival

® 1.1Virtual Arrival =+ & ®[5]

&

*ro RHP RS FFEH R, £

1-2



BATEAAE A et AT G 0 B RARE A Ras R
vt 4 EfficienSea *+ % [3]2 & » » 2011 # ¢ fx# Mona Lisa
(Motorways & Electronic Navigation by Intelligence at Sea):*
H[6]c PIRESFESRF O IMF LR MaF S R RENAE
TR B G — I Bt e 1 IFIE P A& = 0 ouE D BN R R
LA LR B E A Y CRPANE SRS B FE Eae b
.B?—Lf’?}f‘%? 'Ef.?T/?J’a _B?—LLE o

d&?%’ﬁ&%%&ﬁﬁéﬁée4wﬁ?v?%ﬂﬁ§
VIR %S RiEHRE B *%ﬁ‘iﬁﬂpz“%é o Tt d |~ Tawgs
TAL > TEufeiesr ) RAET K

WA SR BB A B F LK o f&*v:“ Cdndg p o3 % St(Automatic
Identification System, AIS) | e " &8s i dado iy k5 ) 2 2 3

et RELTH B L B E L AT R (7 Bt AR

VoakenziA e Lo
EHPT AR e FEEAE g ¢ [T-10]
SR T ARTHELEAPM LY R 4 © gicds p BrRE s
g TS WEEG AL TR TR A 4T - i B 8 T g R R TR B
i
TRLELS oF Lk

v amae EARPERNT LT ER LR

Epf T REP P #G e AREE > A7 ERS
TIAREAF RRBTN 0 F B RS T R B UNS S A
FE R PRISF o

i
@ LA de iy &

1-3



1.2 7= 3 #2484

2. 4540 LU PRIF2. X 2T F M E 2 o T BT
S ALIE ~ BN~ SR AP E R R R E R RN
4. BIEFORE A 47808 T & 3 b BN PRGE

0. #r 12 R B HUAR T PRI

o BAZFEMBETHRET I SRR RTREL A 4TH
GRS IR IR s R St S R R
RALY Brrdpdadk o chiplap b R R TR SR L S
G PRAEZ T 2B RS P AT REL R E B F R M

* = ﬁfz’f@ﬁ{;ﬁéﬁ%:ﬁ‘?%ﬁﬁél-ﬁiﬁ% BT R Y
PRSI B E R ECER BRI FE > & A LR B~ S
LU~ AERE AR F GRRES G OB D ARTHELE

FZENTAES KL AH e AP M TR (5 B RS
APEERUFEHATAE > T FRS BTN AN BIRBE BT
Reig g R TR BR%RE R 0 R Rk AU R IR
FUAR IR G PRARA A H “w;;ﬁ;- Hlz2_ e pFiF (T o

I

P E LR TESEEIRY UL S dad R - R 35 E

1-4



AF PR BT ko R E AE IR ufIH s LAl
GESRIRIFPABRREY S IR PTELAEFH T L KLEE B MR
HIRIEB4eF Moe- M SLF A 2 dp ALy & 17 o

L3 FLFER - HEaP G

102 & B emmy poF e g Edapiat i TRE T3 5 B
TEF KR 2 AT T 4 47% AISE & 7R 2 F g 47 Hities i o
FI¥ Z B R AT S B 0 KB B A S R EGRAL Y Bt ey

fadf TG gy B PR E T 1" pds it By L dpdg i PRARZ

T r RS Mo ATRET K EF PR ik

1 iEIE P 4o

2. :agdadk 1T 2 S FAT AL B 1 B e

U IS SRR URER 5 3 PR CEEE- 8 R AL

| IS R TR (F 3 R SN R ol = R L N R P

1-5



F-o% 2EF oML ES

2.1 4,48 p B FEE K 5L

o dpdg T A A & kR AT dpdg p o yEE % 5L (Automatic
Identification System, AI$ | - AIS»> 2002&# 4=+ ;A& 5 T/a F & &
% >F% 29 (SOLAS) | & feendpdge B2 & > 20 ARPIHRE
BOAAK S BT B dpdadR 2 o FR0 F BN B EIRFE o 1 2008#
B0 A1 R~ R bR 3 B S 300 deEos o~ B s 500 4
MRS R RE R e ik SOLAS & % %X AlS class Ady & % % [17] > =
R FIFE T N P R ITE 2 Ay dg ~ 100 W0 T AT SR A 4
SO0 .M 11 T 2B ey 46 ~ iy g da Rl FORpR L E g g

Ke po 2

Pae F 2 Sy A AL afi e aa p XK BT RS
A en /8 B o AIS % #[18] - el ~ ¢ B~ M~ 2R E e F
¥4 % % AIS % % & w% i’**v?ié\ﬁ;’@%;&éwf%iﬁ Wildd
RN RS L5 ’%LCIassBJi“ ; o?%;** be F AR S
cPsde Jhdr % TG AIS chE i FE A p RS &zﬁﬁééﬁ’f\AIS B

fc4% ~ Class Bf| Class A#t 5 - %frm@?/&'{&iﬁ- et ORI AR K
AIS AtoN;ws A Wt TR R A~ W AIS it

GELIRESREYE IS NS S e R

Fek KA B AIS IR i ehipdad 5 0 i AIS R § iy dadn
B 2 TR ARSI AR s E RS (LAY
12,3) M2 & 64 ki- Lo jidRd (UL W 5) FFEHR L A
Bt 2 B RGP TR BAEN B8 R Racd 2-1
O @ F 7 IE4r £ 2-20 [29]

Jek B s AIS shipdan o 0 J4p e 7 0 EGUL ] 1882 19
PR o A I8 W Ay md LT o 7 2 35 D MMSIL B fue ~

2-1



g ﬁ;’i,f‘g‘_éé‘)i AR SRR o X 604 - g g 19
A “,$ TApmE R R oA L Jé“ﬁéyfézsﬁﬁ’ N AN CE LR o -
M=y - B &AIS Bew o 2L 24@ % MMSI £45 &~ dpdafdsg
-‘i’%ﬂu?“‘ég‘ééﬂ'%—'ﬁ{'“ M EFEL T e WA 18 g B IR &
B & AIS Jé;,:;‘g;: B B i P SO(Self-Organized TDMAg:
CS(Carrier-Sense TDMA&) £ [29] » 4r# 2-3-

302-1 AmAIS TP 528 kiR

Fagg p ER R

KB E LR 20 A AIS AT L LA & anRng o
5 (MMSI) %“%tAISE%%J%,#’#a%% RE T i R

# 5 (Call Sign)|5 ﬂef’;"“*AISEﬁ*f%J/\ yApda b AT R R it
iz, 5 %“;‘»tAISE%@?J%,J@'#M XA i R
IMO 575 5 % % AIS ﬁ%éi%]» SRR R I N A sk -
TR S 5 % % AIS FE?%J% B A R P E R

ABCD & ; &% 4,358 5 A T 404
¥B>1z8F C1+828 D> Eff_?;rs{
m > dydg% £ L=A+B > 45 5 =C+D - = 7|

Tir R MY

dnda X BT R ey dg > F oag b p
ERE S
dpdafaag 2 5 FE_AIS FE K _'rh-;;‘-ﬁf E P FrEE AT
- - ’ \ T ’ Lk z ot
oo § (R » o FERLAE KT AIE e 4 1 DG (5

f) \HS<" THFE) ~MP(AE5E%
)

Boav B~ #F fi v |9 R R AR s S S 32

g [

P e B9 f»;ap%5 %xjmgiaﬁrpéulxwgl ,Tﬁp},{ﬁ%

Z FR(ETA)

iR 1,2,3 |H i+~ :1/10000%4 ; & 2 K% P& iriep &
g A7 5

R (UTC) 1,23 UTCH) e ; M Z =R P E R ATE AL f B

2-2



A7

e e (COG)L23 [Hix:01A KA EBEEAFTALP
il A

e #ug (SO0G)1,23 [Him:01& ) IR EAEREFEITTN o

A o 123 |Hix:1 R KMo RPIAEPFBEITT AP
B AT

BT R AL 1,2,3 dﬂmgIBAﬁﬁiﬁﬁrﬁpﬁ%‘i

#e i 5 (ROT)1,23 |Hix: &/4F ; E ROT RBIEE AT RRGE
FEAMFAIpFLAT L F 7 i &35
L

2 22 ABAISH R HFLRLOBERE

Ay dade gk 3K+ I

Grp R iRpY > P HBBERTAREIS 3448

Gripeiizip? o ¥ BdiE BRAZE 3 & 10 %)

s 0-14 & 10%)

Fug 0-14 5 ¢ e ¢ 3%@

fiE 14-23 64

ik 14-234 0 b o 24)

g >23 & 2%

Bug >23 5 F fw ¢ 2 %)

% 2-3 BB AISH fid, 4F 2 L N F IR

B %"SO" AIS ﬁ;?;{ % B &"CS" AIS ﬁg;“;{ %

4 Ag B f kR FE R (Hpdade kR 3F2 g

Boig R FALE 24 344 B R AE 2T 304

frag 2-14 & 304 Fag >2 & 30%)

st 14-23 154

Bk >23 & S

2-3




22 RFAREEFTN
B dg hs b AT o ke T2 IR B F'j(;% K& F 5B o &us B
FTRPMFT S EAFEE RRRERP LS S4RE B RRE

# 2-4 AWB2ZAP

v dod 2-4 0

| ETFIE P R r— 2

PR (BPREPNE

£3 C B R R
i D A2 dn
3 E [EEa
2, —

F o
1 G [ER A
% H I EGIY s

o

i J |AARAT
£ K |EF -4k~ Hgd
L L 2
M FLA - B
N T B S ;IL%Q
0 AR
s P =
% Q e 2R ()
& R %5
s S |FEAMTTFACiL
i* T b
U o) BERR E

2-4



P FEA T B aded et ST end - ﬁi}u—ﬁl g Ak Bl
LRI AR R TR a;w TR FARETE TR LR
( Electronic Chart Display and Information System[#E) ;| & ;5] >
SOLAS = ¥jeidpdai i & fo % > ECDIS @ e AR 5 & 3 #ua B2 &
PR FARC AL LR CUTFEFARBENEFT X B ER
= “7‘; S-57 1 & 1 Electronic Nawgatlonal Chart (ENC - S-574%
Bapr fr 2w N £ TREEA 0 0% X 17544 2 - 1954 F 1~ 2
ZEmg EZF AP ae s o s ]%]'fr',srﬁ ko REREL e
ZAp B s T 4 ':"ﬁj?’:‘%\f%p\ TG AR o M P aE By B AR

(~ ’I}’““ Topology) - #&|m 3 > 7 e%@é’rcf% ﬁﬂrﬁ@w N2y Rt
WA e SR b 2 s B Y T oA g A Bt # &7 o
TR TR A RSN R B R mxrﬁmrﬁ%n SRR

%ﬁ‘\bti/gr i~z F’gmﬁgg// g o Jr¥ o ENC#”’ LRF'V'J'@)"“M?"EWFKF
& si(Geographic Information System,GIS)E # B4t 6 = f Bt € £ 4%
R S EF L ENCHE ~ 4B A 2 300 5 & GIS B i) o

ENC ripEd ~KiFH® ~ API® S L7 % NPE 1 /3—7}% iy

SHEef it BEREF L WARLY TRBIFAT It.u-fm,rﬁ*;i? }4‘297?

Eﬂéﬁiﬁiﬁiﬂ?ﬁwﬂﬁ@+AEWiW& 1 it %% ECDIS
1@ %

HBepe TR L Aeng B PGB R S o B EA el fE
ERERRBITN > FHEABE TS T A AR AT S RE]
PLE >R T ‘ﬁiﬁi“ﬁ%ﬁﬁ fe 0 R REESUS A R a BlITE L F o
{aE e A 2 EE o

IMO 7 ECDISK i B (- &5 ECDIS PS & f27f
Kt A & ECDIS ¥ % 1 mﬁgd\&p—r REEFR AR (FHR) ~ 7

A
I PEFER (NP TEZTDREB) S IFR)EIEIERY AZ >
KER IR KT B g s & DR SEaz pgd (Blde B RS

2-5



ﬁ\sﬁagy@goﬁ§4aﬁﬁﬁﬁiﬁw&* FRAE

LT 5 @A A f‘mﬂiif’é“ﬁﬁw AENCE S S
MR XD B - 46 S-HTENCH 245w » @ E 4R - Bl
fgoﬁby'g’ECMSPS'$nﬂr'ﬁ BRI I+ B S

Py~ A B R PR BB R T AR R
"R RS oA A Y SR (B

K,éft 7 ofdn b % ECDIS# &t d] ~ 1% ~ F AR Sufgiedk 2
b B C mpraH B e H 30 ARE o ardg i PR (Vessel
Traffic Service, VTS | i %@ 51:8 ENC # 5 2 5 &g o7 454 R i @)
G ® BT o doi o F4E ENC & 3 B T3 Bt 4y 2 0 ECDIS
B EH VIS BIE_IMO P o f# feded e-it sf7 o 3 € 8 o

2-6



2.3.1 4; 404 3

Tdpda (3 5 PR A R A dgda 7 5 ¢ 2D ¥ dus o
LS R R T AT RS 3 SIS LR R
57
Py

,.r
K B
“k
(=

—_\
4
Kl

8
4

o dpdg LM RF|E F T BT ORE DL
R N B By daz B en® > IRERSL 0 SR % 2R
Ay B Tasdaspss | o Tapdgspls | B i

;ﬁ_, =% _# m,f!» A
ﬁiiﬁﬁi%%%%%%ﬁiﬁ%ﬁ%@°

W} a
|k

3

gl

7‘_.
=1
‘\

E -+ = E};g a2

™ & O B R

ChsdaAf i P A B % Fd p K Fujii 0 (322 Y.Fujii &
K. Tanaka,Traffic CapaC|ty Marine Traffic Enginesgi J.of Navigation,
Vol.24, No.4, Oct.197] - iz £ v 72 73 A & D xrendpdasf b R34 0

F
AN B TR IPE SNt I 1) éﬂﬁfﬂ%ﬁm st et s R EwmE o 2
#Fﬁm~%ma~ PR A3 G e @ R R A o
T RS AT Bt AR LR AR e Y

ﬁﬂﬁﬁ%éé&e
Fujii & 4§ LT E R Y A3t b 2w 407 iy da 21w 4y ehp 4
2R PR NGB T o @ D b 2 e B RIG D e A
w & 8Lpp £ 3.2Lpp- Lpp {ﬁﬁéi’fﬁi 7 £ &2 (length between
perpendicularg > 5 7 % 42 & > — dkc* 4549 > £ (Length overall, 12
Loa# L &7+ ) - Loaww " Lpp> ’Th [ 4pm 7~ 40 £ 10%> = 45 1)
XX ZE 5% (8 REFT VBEL B RR #Bﬂii iR ts 0 (B ) ey Ag AR
B 2 i3l i@ B (20 00 ) o % el
WA ONF LR R F R E NI 4-8 H B R AT R PR o Fujii &
Afkyp pt AvAa AR B A M E R e 0V R R ST andpds > T R
TEadr: P 8LV R AR b REAT IR 6LV
GaEE P R UL S S E R

2-7



at Navigation Speed

X

at Harbor Speed

8 L L 6 L

< 3.2L —> = 1.6L =
B 21 p * ¥ Fujii ¥ < & enipdadgs 53

W 22 #F R F Goodwin 4 ! iy da4E )

His #HEE  Goodwin et s B RRIE G ERRLEFA L 2
BAE s IR BV e U ERIR AT SRR 0 AU
Foondpr ALY L BRI A Ay daAE e (35 Elisabeth M. Goodwin, A
Statistical Study of Ship Domains, J.of Navigatioml.28, No.3, pp
328-344,Jul.197% o 4 35 PLARE R PIRE A O EFRLARLP] R R
V) ﬁ:}ygﬁgﬁa%ﬁﬁfb% Bl (3 RIenZF ok B ) f= 404048 38 4035 > v U 2
B i L L 1I25R 5 ARA R > AR BHUER > AulE 4 R0
B ~112.5%)0.85/5:2 ~ % ](247.5% ~360 %)0.70;5;~ ~ {& p|(112.5

2-8



B ~247.55)0.45% 2 -

-n\q.
=

Fujii B zdpdatganh Pl 0P wdgdaigiTinda R RE D A
Bot WABEAE L B (AR Y cdp - R pEE 2 A
) 5 GoodwinR|zn s /s LA AT A ol AUE B PR IR
WFERL R IR E S B FIPM R T B L Tl MfeT B0 Tl AR
R BEG  o — ERG 0 FUjii e ECR v GE & F YRR R il B
T HH(T X > 0 Goodwin i) i & F TR R R iR dy
Lo e Goodwin f-A e 52 B A 0 A B F 3T At B B s
“rE FE K Davis %= Ba fEF A - o ff 30 50
AR R R AR AT RS R E A N B
A5 0% miE ot ) (2 P.V. Davis, M.J. Dove, C.T. Stockel, A computer

simulation of marine traffic with Romains and Arenalournal of
Navigation, 1999)

-,

i

A Sector 000-045

gy

) di D
‘- Sector 045-090

f(D) m » V"‘ ‘
a2 o>

Sector 090-135

Al

U d3

.,_CJ

f(D)

W 2.3 K _AIS T szt CPA 1 2 dydasi[19]

T kB AT AT T B AR e im SAIS TR A 45 B 18 4 44 AR
¥ 4o g 2009/11 2012/1 "BalticMaster 1B+ % [19] % 7 B3K -
BEH LA EgPE > s AR ERER S AP I RIFEES > - B
i R AL 5 "CPA(Closest Point of Approach)"f€_AIS 7+ 12 s+
dpda 2 RPN ¥ L b CPA B > d S Magda iR o 4ol

|~

2-9



23 d B ¥ iﬁﬁ”ﬁééﬁﬁi;’%?n‘ﬁ&%’ﬁtﬁﬂ * R BT Fujii Bk 385
< B R R Ef%“—"p\»&mgﬁ?z.s‘;@;ﬂ;»WE;%%?GOm SRS ]

A2 Geendpdn (R0 pda s R A A ) o PR IR B AT 3 S
PR ETRA A  AER > P Rz AR Aa 2 LR 4pig
(Crossing ~ if 4% (Overtaking) ~ #¥git 8 (Head on = f& ¢ @ i
B st e

IFEIHEBER DT A LRI & AIS e FTRSPLEA

COGZ

vugr i 0 ACOGA 1702 7 190k 2. F

i AX ACOG<67.5% &« ACOG>292.5%

2R 4p8 . (ACOG>67.4R ¥ ACOG<170.1% ) &

( ACOG>189.9% ¥ ACOG<292.6% )

AT R HmAL FAE BB AR B Ak 7 Ay dasE s
FRELR AR R L RS 3 % A REA Y
SRR Bl 0 BA L 0 W HE o WARARE B % FIL o R
AR L2 e FREERLET 2 a0 At ek Adpdpda ) R R
.

B 0.81NM
Crossing 73%
q . 0.66NM
Crossing .

) 0.76NM
Crossing 73%

0.45NM
33%

0. 48N’\f[

0.49NM
8.6%
0.53NM
5.5%
0.53NM | .-~
12.4%

"'liéisser;igerl‘-.yVessél“'-

0.55NM

0.88NM
5.8%

12.6%

Bl 2.4 £ AIS TR 2317 ) chipdadi -2 2 4pgkim[19]

2-10



Overtaking

1 0.73NM =
Overtaking bl Overtaking 0.71NM 0.62NM
- ‘o 5 & GIJ hl
0.62NM 57% 52% 0.56NR
5.5% [ A 4%

0.61NM
52%

0.32NM

0.35NM ; 039NM  034NM
P .15.6% 4.5% ~15.3%

6.4%

iﬂfS’NM p Ao 0.28NM 32
0.43NM N assenger 4% 3.2% 4.9%
12% 10% Vessel ™,
0 6380 31% 0.73NM 5% 0.64NM 0.62NM
2.8% 5.9% 6.4% o
222 = il 24+ 2L 48 [Py .
Bl 25 F_AIS FH 53 9 31 chipdadi B —ig AR [ 19
1.2NM 1.0NM L.02NM
Head on 5% Head on 53% Head on 11.1%
! 0.31NM
0.0 0.78NM 14%
16% 3 10%
0.47NM 0.44NM . . 043NM 5 0.32NM
62% 4% 0.29NM 133% 38y R A32%
7.6% e W
0.2NM 0 28NM 0 39NM

L] 042NM 4.9% 5.2%

54%

Cafgoﬂ
@ésselﬂ

0.40NM
4.2%

Passenger )
Yessel

Iénké_r

J 0.44NM - 0.48NM B
0.61NM 8.5% e 8.1% 0.56NM
5% 5.9% 26%

B 2.6 & AIS FR 1318 ) chdsdadf -1 8 [19]

TapdaAgsd ) R AT VTS K3~ Suf i) TR AR &
& Tipppapwr ® (near-miss | 9% 2 #ic o

2-11



2.3.2 i7pe3 R (Near-miss)

2008 # WA T e XA EX 2L R ¢ XA AR FELR ¢ &
e & B " GUIDANCE ON NEAR-MISS REPORTING &
(MSC MEPC.7/Circ.7y # 3% ,fﬁ d B-dF £ near-missE A E & >

c3Zdpadp T A near-missAF L 4 2 F I T T 8

g
£ %o
IMO %%?"near-miss'ﬁﬂfi;% o Tvagadpda-4e %
AT R F R @%1¢*%£m¢ %ﬁilﬁiJowE
R %4mﬁﬁi#i’*ﬂ“* B - A ¥

¥ % %Bﬂf ua‘% YoM g G RLR pk R e 756. EY "near—coII|S|on s m A g i
FEE N KRR BEEIAFF AR R AL FRIRT B #

% @ L4 R gk R R 4L 5 "near-grounding®

IMO 2 3k snear-miss3 425 £ 0 RE T~ AT 4R
Fl~#H T FIRAPMERER o

2-12



233 A RhA RFPFF R LR GITR

A Beaja R B oah EfficenSEAR & £8.2008 # 10 * & 2012 # 1
Vo A A2B P ETRRRGE > P2 8008w (N 3iw6
g ) auk Bas R T E 0 > ¢ 47 Efficient, Safe and Sustainable
TrafficatSea” » 3+ F i dhz - L TH LR GF L | > PRI BHFL
SERSIECI < i1 ) W 2 = RN g i B = A SR TR GRS TR 19 SR U]
B DR A~ B EARROE RR  dpdadk G - SBT B RIFAR - 2
AF RETR O DREFECARIES IR Rl o 7
RABHECRB R G

i EfficienSeasnt %> #HAGITFLFA 7 RiEAFE T

F |~

%&%§%ﬁ&%%9%&%@ﬂﬂ%w$ﬁmﬁ*%ﬂ%iﬁfﬁ

At
BertkdEz 0 A A AR R AT ARESEL > LAk RRT
BILT SRR IR R

EfficienSea to# f& b & # 7L 5 hp7 3 A2 § Hjir s F
GateHouse» @ 33 &0 SSPAX 2 11 2 g Hpker= 3 ¢ < (VTT Technical

Research Center of Finlardl)i* s BaSSy(Baltic Sea Safet§) IWRIS
(Intelligent Waterborne Risk Indicator System 3 -

VTT eds i b " i 8 2 LA 3 /) 25 % R4eT
(DAIS FHlemn B Fae
()#F T T 7 1] 2 4

(3)IALS FHLG B & e 52t » i & B fodpdafs 62
s O

(D= 2R i duifih ' 0 - $RF - PFF NG 3 abdsdh
s 5

(B) & i B # feinz iR

2-13



(6)R3E 7 FF S8
(7)1 25 e AIS Fatplz
(8% -

BaSSy ehigf #4718 @ LR F A R B R AT e
g U R B e o GlAe A AR S ] - B PN e
Yo tring ~ Bk s S s K EA T 0 MR B RERESOR 9/ E

‘/nl '?" /‘/H‘LL °

IWRIS % * Markov chain % = ,3&‘%%T%%s‘:%€§_iﬁ’“ﬁé$wﬁ P Lo
Bayesian Statistics- BayesignATiw & 2 j& 4y 4o fuic BRI ik T 3 A
Wx o AgBaghizny &7

EfficienSea- % A 5 B K - 3% Fuji & £ 30 1971 & 3% )
SRR A4 daAR s 0 ol 2.7 chi Bl EE L £ a=4l sl &
b=1.6L-> L &4, 4a:ch& & - 4,40 € 38 52,7 £ % & & crossing, head on,
overtaking® = & > S % #F R Ao P &7 A uph A4 3F 5 0§ AR
A543 2] 5 near-collisiory 5 f#;4-p¢ £® 42 > EfficienSea & i & f& k%
RN T P HE TIOE o s AR RDT EFE > F R E AR
B i AasE s R B & 1251

EfficienSea =2 & /4% (AR 5 X *UREB) Pl3* T g 2 F
[F] (Dynamic Safety Ellipse, DSE | i R @ 4= 45 cnfpplR] 8- 4L &
B P~05L fdpts> > 25L ddpm > > RN R4 * 5B B £45 5 o
£ A e Bl Ik - B TS A ARt R v B 0 gt B
B F A 045 1.22 F o i * ** near-collisionz. i jp|pF » & I~4; = 4p
BE AL 70 g o A4 K dpandndgAE i o dpendp dadh B B R A D
X —EL@"}S £ 2 &£ PR 5 near collisiorn 4@ 2.7 0+ B - & {8 £
rl & 3% 0] 2 e near-collisionfeiw » % mmd B3 T8 # 317
ek ik 31/432=7.2% ¥ L4, daip s 1 F *“;1:7:%5 TIE LA J-4F /i 2

H ROy g N N BlEr e 0 L L EF R K EE

2-14



near-collisione

a=4L
b=1.6L
L=gs 2 R &

B 2.7 EfficienSea * *t 1§ jp| near-collision ;4438 7+ & B

EfficienSea & & ¢ VTS Apff &2 B R] & 45 @ BAs &~ 4o R
W ngy s AP S EIE RARE S CAISE T ECE BYL - dpiade by

& near-grounding® & - BalticMasterll-Z_f| # 4 4g = ¥ o & '& -k
SEEL2 ¥ crpedt d B KGR D 2 dndars ok T el @ (DIT) i Rl 4s e 48 5%
BT E 4B 28 A4 DITE di | B2 dpdak Rl F 0 2 H

ELREA AT I

D=water depth
T=vessel draught
d=distance (NM)

W 28 by pra-RiFA TR L BF LG T LW

2-15



234 AP B EE 2PN

PR 2B F Wi dg Rl JRI* A 52 22T A 47 | % 2
B0 MApdg Ut iR RE ~ X 2 gtk B B AE TR F AR 4 e
RO OPRFE k ez man [21] o H P Ay dg S i R E R F endy dg St
B> ®H L VISRE D &R E i G SRR .4 34 % Dyp
BE > PR R E kS o Bl 2983547 5 95 % 6 7 11§ b A

il

&

B 29 B ik VTS § 2 iRl 2 #yr §[21]

Frdpl=F iR Tl ak R Y fpdaiEE £

R N A d SR RE D P Y R e SRS A RS

BEAERT R BT e K BB A daE B

Bl e bR R RApdgaep B B B B 5 i5INA A

B % - */JE“"*E"FH chpdade fy P s~ AR A PR AL

TAL S R BB e X R eria A 2 ol b G P 3R 4

0% F RS> NBEI 5 p 15 p % 25 p = X updad i A
¥

2-16



)

2.4 #nf7 o chip v S P dp iR

e Tt i AR R R

Tk AIS Hpda PR & T X G Ap B DR T RAD > M p
RERM e FUA AT E 2N LR - o FHR T ERLE R
MUSDOTF 1 2 £IATHFEF(RITA) = 2 - B B #my ¢
CFIRE ( & %"National Center for Freight and Infrastructure &ash and
Education”) p = & i£ 7 & % "Mining AIS Data for Improved Vessel Trip
Analysis Capabilities AIS FLdg## 77 3 [20] 3+ 4% P R4 3T
PEAJEB-f 5 sz AlIS TRl 2 I BFLES T PIT R AP

ﬂ\
31
o
)ﬁﬂ.\
4;&
A1
4
Yoy
Az
w5
s
o
ﬂi
5y
(4
4
A4
-_m "
ey
5=
it
<k
(=
gn’\
o
SF
I
S
o
-
4

Dock Polygon

US Docks

A1S 100m

W 210 i % ieds % 2B R =ehf A7 3 (CFIRE)

2-17



x\”i

TN 2 el T R g ;éJV%%§&$%%ﬁ§%
Rk 0 2 B R RER BT RPN g iRl TR & W R (Bl
FSAL S BERE ) o A drdpdg it £ E T angs &ligg;‘p(Nawgational Point
Of Interest, NPOI)2. F eafg % % - 41 * ArcMap GIS#x %8 j£_Google Map
Fgp R PP it Bedl e AT AR R T E 2 R ER e § g%ﬂ; » 3 AIS 3%
2 g o) 3 0.1 émﬁ,; NigdpE 2 | P H R FE B {oBE R
Zghiat AT :w&s J6]F B FAGEE > 4oB] 2.10° 3334 WA 17 45 b
BACE > BARBLR ¢ 45 D FBER G p B BH R o

F

242 Fp BT H Bk TG MY

PR e g Wiy dg U JRIF A 2 2 F e A4 | e 2 5
B ARURE S E 2R SR 221 g ¢ Ll oty o L
FAESBRITE A R PE 0 G Ao LW RTE LR R 0 A &Y e
FEFEE O LERERTRL S PR E e NEEIIER S
L N Rk I B VR R LR o R TS
CPE R AR LT n‘i»Pﬁﬁﬂ*Mn‘%*B"“i**ﬁi

/

;}5 5:;‘;‘%#& R 2. =t #c o 154',§#kfrfﬁrm§ ] i Lﬁ’”ﬁ%%ﬁ/gifﬁ%&{
BHRGERFTY FERF AN ESFTY GER > BB T FIE
Pk EPER > &N A EAde R BB JWEEF” £ E5KA G EAR
3OHR e

E A LN LR LR b e R D L S e

2-18



2.5 &5 dg &

RO R

2

5

2oIBEBMET T ¥ wdpda i B Y 22

w7 B B 74¥_2008-2009£ A B 4 4

g 7 7 3R 4 [11-16] -

VIR AIS B g iardsdg g Tt

W E & 7 ¢ < (Joint Research Center, JRCPO10# 1< — i»
Z. =" Regulating air emissions from ships - The statethe art on
methodologies, technologies and policy optiafis)+ 3¢ £ [14]- 48 & ¢ 45
o Tapda o g 5 B 2 B 4E T £ EUS P il Hdpdaqp b 0
M- B Ty 22 R 2R A el A T g i B
e PlETEBER P b (2D ér_-’“%ﬁﬁfi DRIV AL
PP REAFIIRIE (WA R EE X - B2 g BT b
FREPRE O BEE AT E T0%) | o FIFEL AN G E A
WEATE F o Ar Ak 2-5¢
% 2-5 G ERipdapg g Fall4]
B PNF e
Ship type/category/length/GT | 4y dg H i g 2
2 Power(kW) of the ship's malir; g H i 3
and auxilliary engines
3 Age of the main engines By da BLEE A
4 Ship's service speed A dg PR I~ A e B E
5 Engine consumptions (g/kWh) | sm38 g3+ % > Bop fL5 < ;I;Je
6 Engine running hours Ay dg s B F
7 Engine load SR LR SN
8 Fuel type g P T 2
9 Emission factors (Guan{One)Or | miR G 3% » Bop fL15 2 )gJe
(9 pollutanf KWH)

2-19




10 Routes covered by maritime* & 4,458 97 F ehg B ik
traffic

A Ag TR KR 6 0 JRC 4R 40 D AR L T
3 Lloyd's Register Fairplayk &2 World Merchant Fleet Database*
Lloyd's Marine Intelligent Unit (LMIU) databasg = # 34L& -

Bdndgsd e b2 =2 Am > g 0 JRCILE CAIS H Gy &
HE AL KR AIS 3 T g e B o & T O* UGG Apdg g
B oo dpda FTALE ¢ chservice speed 4y da 3@“?—,‘ LT 2dp g o B3
B dndgeryd 28 P g “,f 7 service speeek 7 & operational speed

.
Flpt AIS TR TR F LA P AU P RE P2 E o

JRCA 4p 81 4% AIS ehh '3 & GimE 5 > & JEdpdaaia F 5
B G R e SRR e T L B TR R RSO R > Bl4eik BE

w2 i Bk $i(Long Range Identification and Tracking, LRIT)

2-20




252 r1 AIS#F & 4pda 7 = 3% g 0 STEAM #-3)

W %A g o1 J.P. Jalkaner 4 2 University of Turku & &%
2009 & # 1 Ship Traffic Emission Assessment Modeli # STEAM
model) » 1% AIS =i 1 Ll i f #0051 A TR S
Bgr s BoA 2 oh o B r il o BB E i ) 42 B frdp A3t
Hee g VR E R /T*u/f'f % % & # (Roll on-Roll off cargo/passenger
ship,RoPax)n& 4= & @ 3 » %4 & 6% p o

STEAM modeljrhﬁ%] » Fo e

Identification Physical properties  Main engine properties Auxiliary engine properties
Ship name Length ME, Fuel sulphur content ~AE. mstalled kW
IMO registry number  Breadth ME, abatement technique  Number of AE
MMSI code Draught ME, SFOC AE, Fuel type
Ship type Buld year ME, design AE. Fuel sulphur content
Gross tonnage Design speed ME, model AE, SFOC
Deadweight toormage  Number of cabins ME, stroke type AFE. abatement techmique
Hull type ME, rpm
Number of ME

ME. installed KW
ME, Fuel typel
ME, Fuel type2
Measured EFs

H? MMSI=-k} 78 ¥ 5339 5; ME=1 #(Main Engine); AE=
# 1 (Auxiliary Engine) ; SFOC= %t ¢ i 42 5 (Specific Fuel Oil
Comsumption}y EF=NQ,SQ, CO, PM % =t 3z i #i(Emission Factor);

STEAM models% & /i 424 ] 2.13-

STEAM modelf B e 7 F 893 B enfd G 3 cho V4o T

173 ’ ; »
B — k Viansient r=0.514% % P* Pinstalled
transient — = .3 s . 3
0.514° ( Vdesjgn + Vgafery)

gp LB b X 88 4 (MCR)FFchf 5 B3R 5 0.8> 7% g
I:’installed:wICR (—E‘i [hai kW) VdeS|gn-‘ VsafetyAV\ J 3 )IL )‘L ‘ﬁ )?. C i‘%ﬂ ’
¥ =& m/se STEAM modelF® 7 ¥ 4= #7% 45487 Vgarerysk » 0.257m/s

2-21



(A& 05 %) o Vyansen® B AIS 3R 2 cnirig » 4o% ¥ B 29mk
P12 E g BB AIS SR 2 dn g o

7% STEAM model+ 12 i¢ * 4p % L‘mmﬁs«p FTAE R P ER
FEF G FREEORN I BEER Y ARF FOIER B E o bl
Hipgeli & £02 IMO %I*J,%ELFE‘M' RS F‘ FORE > 4% it IMO 5.4 R
Bep AISSRZ > @2 @uRIAR S ] 4y (A5 2380kW) 5 1% 2
FLen B g F A v IR ; 1.5%: #’%}‘5’«’%% N E R A VIR
0.5%; i i 4= 3733k 2 200g/kWhe

?,\x‘i N

= FUk AIS UELm FFF T 0§ 4 v eDR AL > 4y da bt & v
WA P AIS ELITMRMIP 36 > 4ok @ F A 4L AIS 45 ndp 2 2
raww 721 P BIGZEPER N B 2 3 3 o dp e p ERES g 1

FTAy3pd 2 FFenjedpr T2 Rig 48 621 o 2§ F_ton/grid
cell 38 5 /PRI » & BaRefisshr £ 0.084 (5 9km)-

40000

o

35000 . Main engine, reported
B Main engine, predicted
30000
0 Aux. engine, reported
£ 25000 |Aux. engine & bioler,
|~ .
S predicted
a
E 20000 |
3
7]
c
(=]
2 15000
a
3
L
10000
: — | -
5000 D D ;
0 T 3 = o T =
RoPax1 RoPax2 RoPax3 RoPax4 RoPax5 RoPax6
Ship
Bl 201 » iy 2007 2 &% FHE R R E B L B i
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100 Z
B Real consumplion
-—| B Predicted, wave effect included
M Predicted, no waves

Fuel (tons)
o
o

0 - A W
= amm s BRe G TR RE R RS R R EERNREE S
Day
5000
4500
o 4000
% E H With waves
g il B Without waves

Hourly fuel consumpti

Local time

B 2.12 12 58000 4,8 e ROPax2 %4 id i 4£ B 1 % e fiy

STEAM Model=7 NO, # *x 2 #ic &_8 &3 * IMO >t 2008+# 2 372
Marpol B *% 2 ¥ (International Convention for the Prevention of Biidin
from Ships) Annex VI 4;4a4% NO, £ 2 & 4] ¥ &0 Tierl 27_- Tierl
A 2000 12 1p 2 2011&F 12 1p 2 FaEadz dpdat 2 5
3 5h 51 8 (>130kW) - 2011 & 1% 1 p 2 {44-2016% 1 7 1 p 2 1557
@Ayt 51 F (GL30kW)R & =] ig * Tierll &2 Tier lll 0% 2 40T

Regulation NO; limit (revolution per minute)
17 g/kWh n<130
Tier I 45 x n*? g/kWh 130 <n <2000
9.8 g/kWh n > 2000
14.4 g/kWh n <130
Tier I 44 x 1" g/kWh 130 <n <2000
7.7 g/kWh n > 2000
3.4 g/kWh n <130
Tier III 9 x 1™ g/kWh 130 <n <2000
2 g/kWh n > 2000
s B P EEd 2 2R BEE R ITH] NOX #c B dock por 4
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J& ° |4 @ Carlo Trozzi[Emission estimate methodology for riane
navigation, 2010k 4; 4031 &F & 8 25 % > 45 5 (85 & x4 4% 24
£ 4 NOX 38 ek 9 5 17%> B 2005 # e NO 4 3 i ol 3% v
2000+ "% % 5x4%x17%=3.4% -

‘ Receive, decode and check validity of AIS transioiss

o Ship not in DB
Shipin DB Collect MMSI/IMO code pairs ; ,
Lloyds register web servic

Update Ship DB with current MMSI/IMO pair | Add new entry to ship D

L{ Find technical details of each sﬂiﬁ—‘

| Insufficient data

{ v
Determine ship type Use AIS info. and /or type specific averages
1stship DB entry for ship type, physical dimensions and
2n¢:| loyds Register main & aux. engine power
3d:Use shiptype in Al
Last: small craft Determine main engine stroke type and rpm

Primary: Ship DB/Lloyds data

Determine wave ‘
height & direction i iNOtfound

Calculate instantaneous propelling power .| Assume medium speed
Estimate performance penalty due to waves (opfiopal | diesel @500rpm

—

l—{ Estimate auxiliary engine use (incl. boiler"sqV

. . Other ships:
Passenger, RoPax, Cruise ships: -Cruising (>5knots): 750kW
400kW regardless of operation mode -Manoeuvering (1-5knots):1250kW
Do not exceed max. installed aux -Hotelling (<1 knot):1000kW
engine power -Do not exceed max. installed aux engine poyer

| |
v

Apply measured emission values or emission abatemen
If neither is present, take NOx emission factor fidA® curve

l

Calculate NOx emission and fuel comsumption (kg/sec
Calculate SOx emission based on fuel S-%, consumptjo

}

‘ Sum up emissions by grid cell during selected fimervals ‘

‘ Plot ships’ route at selected time intervalifs

| Assign emission to grid cells by interpolation aedumulate emission surds

B 2.13 STEAM Model % % /% (J.P. Jalkanen et al, 2009)
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2.5.3 7 fF erdy da g g Fp

7 i <1 Emission Reglstelfe ir A R 7 ﬂ? ~ 2 t%‘{r }\m
35044 ;™ 4 4 eh#icdy - & Emission Register* 4 ¢ - 7 i~ Ml A &
T b da o & & 4 MARIN(Maritime Research Instltute Netherlands)
# 7[15-16]- MARIN F_d j rgya’zf‘j—*’ii“ R o= a3 84 - 2008
# MARIN % & B2 552007 & 2 = 2 7> B4 AIS T 4
®A#HR f”Ha?; AR E AT Y 0 2009 & B DR R
(NCS)» = Bimfgie v ~ 122 OSPAR region Ik [15-16]

¥ MARIN 2012 # 1 Sea Shippings Emission 20304 > # 7= 3
AN CBIpE s RS T Apdafisg e <) B0 2ERE Y
R ZERr g~ 122 27 120 ¢ R Bt o (B ﬁ??i}ii{AIS ~ g g
F 7 2 (Lloyd's List Intelligence 3 s &) &2 £ 2x  #c o

MARIN 2 & #4328 cfg A 4o§) 2.14> d T 7)1 (535 p o
(IFEALS Tt = & e RBIPIT) g dase s

(2) e da FF TR A 4 P Tl

(I AIS Tl erdpda i TR A A 4 dpdamhn] ;
(A)dag L THEA L LR g -

FEAIS FTARFLA 2 & R BB TP EE 2 & 48 2T L 4y T
— Hedt > BoH AU iE BHCE A R 0 tedk L dpen MMSI S 5 s R
AT E] o B T B~ 500MK500m g+ 5 B # F 55 B B~ Skmwbkm g4 o 15 5
PhRd Bﬂ%lﬁ;l?k’/#’ A PR Rl - R AR - ER -

PSR B enpac 8 @R D] AIS Joikn s TR A R
Bt h AIS A¥ LB TSR he B BpEs o 33 mm
i3 o ¥4 > MARIN 7 Sea Shippings Emission 20304 7 & & 3

e 2 e de  E A - R AT ERERP m%ﬁit—'fi’ﬁ

-

L *“(L mh;@

o
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A

T3onL B Wik F S RAL DR 2 N 8 E Y Sehdp il
Rk A 4 g 3}\& » 4 @) 2.15¢
FOREBLLE S A AIS KL g RPN ERERE o W

B gl & K 15miu } jhds % % AIS -

BAEEEHE

MMSIE 2 ~ IMOE & ~ =f58 ~
B2 ~ fuhadE

MMSIH 5 - IMOR & ~
Lk A 1 A

G R R (GT. type, size, Service speed,

installed power)

BAD A8

MMSIE: 2 ~ IMOSRE -
IR ALE - ARG
(GT.tvpe, size, Service
speed, installed power)

process, substance, Emission
factors, Factor per nm for
forward speed, Factor per
GT -hour for at berth

MMSIEE 2 -

#HE
BHE-#HEF

|
THE GRS
|

L'

£

& E R FRE

W 214 & g e R ~ FTHEZ H B RMARIN, 2012)

B (VI R A O B

/T VT R T T | 1

S T I VA 135/ A | | .\ . . L -

WmoE W os Bow 3 AR M 5 o e R g =t ik

B TR | L A T TR N i%*
BB M WM om0 oMW M 9 o8m oD M, : ¢ R 11

% 6 03 0 B @ K2 oW o4 TF oo ok LOE yaLs i e R e, e

6 F ) 01 M B 25 ME 40 MO % ; o W SREL gy

&9 488 F1YD 0 45 ASHEN A2 & _ e e 0 N e L
R LR O T .- e e s o & ]
T O O T~ i ndd | T
oW W) N bW R ouou izt £ 1‘6..'__

T T A 11 = o, Vst ~
T a3 8o 40 Line 2

i LTRRETR O 7

o lo| & w & J = =4
BEALE S S | F | Line7 |
MRBRENBRE = .

B 215MARIN # & AIS F#ia ¥ & ch3 2 57 ], FI[L6]
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254 $ AR FFHE L Enu e G ¥

B g g el B 22 > £ MR ¥ (USEPA)T 2009 # 4 *
# I AT engisaR £ [25] © "Current Methodologies in Preparing Mobile
Source Port-Related Emission InventoriedISEPA 2009 & 4. 4g 3t 2%
AT TR KRR S 2 e R] 2169757 o

] Marine Exchapgel Lloyd’s Register
Pilot Data Port Authority of Ships
« Distance between = Ship-name R iebeuickhtey > + Ship name
docks » IMO number €--somoois >+ |MO Number
+ Average speeds for » Vessel type LR LR > * Ship-type
each time-in-mode « DWT “-mmmmmmos > + DWT
» Tug assist speeds * Flag of Registry ~ <--------- » * Flag of Registry
and behavior * Vessel Speed * Vessel Speed
= Date of Arrival * Engine Type
= Time of Armival * Engine Power
» Date of Departure * Engine Speed
= Time of Departure * Build Date
Calculated Average Average Vessel
Vessel Movements Characteristics
« Calls + Ship-type
* Shifts » Engine Type
* Time-in-Mode « DWT
* Cruise + Engine Power
+ Reduced Speed Zone + Vessel Speed
* Maneuvering + Engine Speed
* Hotelling + Build Date

W 216 F MEFF o Eada g2 FH RRZ 2 2[25
F

USEPA 20093t itr3R 2 F= dpda— X2 B Sufr iz d £235 8 F &
% s b aes(cruise)~ FiE F (reduced speed zone}k % (maneuver)
ip A (hotelling) % w B #E5% » & w38 & & N p e B (45
"time-in-mode") - » # | time-in- modeg RIhpdg i m s BT s
FRoBm R ARRERE AR LG T
EEE RGO P B2 ERTRSENE P e TS
173 N EIE 2 o £ 2-6 #_US EPA 2009 3R 2 3% * g 4, 4 28k
TR B o
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4 2-6 % FBRFF 2009 & PR 2 5 e 2 EER &

Main , Total Auxilliary Engine Load Factor
Engine Cruise AUX. Assumptions
Ship Type Speed Au>.<. Engine
(kW) Engine _
(knots) Speed | Cruise|RSZ| Maneuver Hotel
Power

Auto Carrier | 10700| 18.7 2850 | Medium 0.15 | 0.3] 0.45 0.26

Bulk 8000 | 14.5 1776| Medium 0.17 | 0.27 0.45 0.1

Container Shif 30900| 21.6 6800 | Medium 0.13 | 0.25 0.48 0.19

Cruise Ship | 39600| 20.9 | 11000| Medium 0.8 | 0.8 0.8 0.64

General Cargq 9300 | 15.2 1776 | Medium 0.17 | 0.27 0.45 0.22

Miscellaneous 13 0.17 | 0.27 0.45 0.22

OG Tug 14.5 0.17 | 0.297 0.45 0.22

RORO 11000 16.8 2850 | Medium 0.15 | 0.3 0.45 0.26

Reefer 9600 19.5 3900 Medium0.2 |0.34 0.67 0.32

Tanker 9400| 14.8 1985 Medium0.24 | 0.28 0.33 0.26

rﬁ;\‘._@:‘]—?J F i@ * sl 84 bl & T ,ﬁﬁ;@»}; B oo — S
RS TR L R R 4% A s FF A
83%- Mt i R P AN F I R hz 2 f N F]S

IV -
A }\ﬂ‘\'

LF = (AS/MS)®

B LR L5+ (FA) "ASER R (B &) o
MS E B <drid (Hiw: &) o

US EPA 20092 3% #t 2 582 8 e LF 5] 3 2% » Bk 5 2%

P i EF fo g % 20%0 FARAR 3 A RE > f 0 K 20%48 -
hEcE A gMF LRSS R FIY ML EARFFEAD

-
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‘J—
!I"

i
i A

> 4 Se o1 Jb 24 B o3 ) ]
HP\#BF&:F z;hijOLA F 7 #—ﬁijl_/ ‘Pﬁiff‘ﬁ 2007
pa 7 ~ Ve i
27~ H 2 EE}‘: = ) _ sk BY PR s
ZOOSE#E’IQE_F‘PI m%i;26 = L B —'—’I__lp-%
B 4o B 2.17% 2.18-
Lioyd's Vessel Speed Technical o . )
Data Reduction Data Literature MarEx Data Pilot Data
Y l r 4 L
Speed (actual) Speed (mazimum) Dustance / |Actual Speed, knots
Trip duration *
A J
Power, KW | X Load Factor X | Activity Hours| I
I I Lioyd's Data |Power, masimum speed, actual cruising speed
9 ¥ (Validated by VBP swrvey data)
| EW-hrs I X | Emission Factor I Vessel Speed  |Actual speed (knots)
I I Reduction Dara
T -
lech.mc a Emission factors
y Literature
Emission Estimate MarEx Data | Travel distances, number of calls, vessel ID
Pilot Data | Trip duration for maneuvering
2 2 I 7 R < -~ V] FaA X K
B 217 F Mz sHT 2 L 5 ig[260]
Lloyd’s Survey Data Tlechmcal MarEx Data Pilot Data|
Data - Literature
L v
Distance / | Actual Speed, knot
Trip or dwell
v duration
Power, EW | X Load Factor X | Activity Hours |
| Lioyd's Data |Kilowatts, number of engines/vessel, speeds
v I (if available)
‘ EW-hrs X | Enussion Factor Swrvey Data  |Aux. Eng power (W), Load Factor, speed (knots)

Emussion Estimate

W 218 Rt s L Wi

Survey data is from Vessel Boarding Program (VEP)

Technical
Literature

Emission factors

MarEx Data

Number of calls, vessel ID, dwell time, travel distances

Pilot Data

Maneuvering Time
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& ,"
) Port of
LONG BEACH \\\‘J
uuuuu &

# & %% POLA % POLB ffr & en% i= $#3% i » 3‘? [26-28] & »
iﬂ?’%*?ﬁwamyéﬁvi v HUIRA AT N T S TS F T35
B o A & TR RIRE MarEx sk £ ¢ andsid 3R s Bop EA oz
T4pdg ki 3+ 4 (Vessel Speed Reduction Program, VISR i % o

et MarEx & 4y Marine Exchangey_f%‘zk:’ US Coast Guard,POLA, POLB
L (v 17 eh VTS

SO HE TapdaRaE et d 0 MarEx L 2001 B 4 irlid % 4y 4
bk o d B FLR b ohdp i 0 BT 2 F BLL P L s B
10,15,20,25,30,35,4Q et cnfe & F] & & Sk e R BE G S B tT s
Spda il i £ SR BRI B o R BR O e J2 80 ) 2 S Ao ) 2,190

- B MarEx ® 5 p[5] 2072 - 2008+# 4 % s 4w 3 4058 o
# % MarEx4p:i# Fflm » LijpP-z9 ~ FE -~ 1% iz:': 40 5 % %
TF iy FEOBCE o RIS L RE RYpHE B AL EET Ty KA R o
B|4e 2007 & 34 -0 e 25-4052 453 > 12 Lloyd's & &2. B~ 4y i 67 94%
L5 20087 B 4y 0 P02 25-4072 453k A 4 AR Gl @ 4072 iy ik S
LB ik ¥R TR A o Lloyd's B < dpik o & S BRendnik Al > {8 o
& BB B RE S BB aRE R T35 o

FRB T ZF SRR CFP D A 2006 4 AR B
BNk E V- BT 3T - B AR P o
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255 RPN i AT g

NROTEBFAY o T A SR B & RARILIRE A kP E R
FAEANFT AN ERE-FG BE TR REFC F et
DB RITHIH Y AR B PR A k20 8 2 e FRE D 12
Fo gl S R R hipda e - ERER o T LERE R
HOER Mg B LT R o

%R 99-1004 47 ¢ w2 TR B E N AMAHTHEE S 222
TR R B ER A BB AN KBRS BRI
WOAS B A R A R S T g BB T 0 B AR
J\mq_;!“, _j'l‘&’”-i"f“%ﬁ#E%I’@ }\iviﬁ*bizfﬁﬁ* IS TR AR TN S F.
L3 ST 7R AT R R R E TR LR EF A E T
AEA e S ARRE S o Au g B2 i 4E0F e H HROTIEE S DA
Bip AR EdrdaE 2 s B Rk RA B oo

—=

ﬁﬁaﬁ%%ﬁai%@ﬁp*%%%@ﬁﬂ%%ﬂ@%rﬁﬁ
m@%ﬁﬁawﬂﬁaépio (7 rc Tk % 98 & B R 1

TERLF AR ERGE EEE FH R AR 0 ﬁﬂﬂ’li[ZZ] ;
B PR ARNE 100 #h T E BB S LRI /LAY
(1/4) 3+ £ [23]34 se i i dpda & Jp % 4540 % B I 6 B R 2 E D
AfeE o B aa B R AN 20 L FF G RA -

RYRTR R AT G At TR A S A B KA
C BRI B 2 ﬁgéﬁg@% o R FAL A RER R AT A K

TR BIAER AE L RE S TR AR B RN B
LR AR E P LR B FROINA ¥ D A .uwaal%if
ﬁr%Jé‘ﬁ;Pi%’j_.ﬁg\jaﬁ_l%/pfﬁhﬁ;’er_,..FF'F’&F’%)iﬁ’}ﬁvEf% 7]%,?"%

FAABEEPE ok B o A IR Ay ddniT b 4 o 1§ AR e
(Residual Oil Fuel} 3 & %l » Fdpdasnfm i & a2z kiho 2
ToRAed AT T CBEEITY TEH R W  FIBN
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A F e APy Menf o e PR RBEP AR T G R A
HEFHDAE D oo TR PV A iR R
AR ORE N EFEAN S ARFFEERAL T A PIRBRERE
B BPARSBAEFEL Y o) W MRRIE -

BB kA S L B R B3 R R )

FEERT o A S s e Es B0 R dpda A7 P BT RFERR

FRFFEBERER > BT AN ABER S b

E =EnergyxEFxFCF ; Energy= MCRxLFxAct

HY AR L ALH 40T
E : Emission’ 31 & enptacg (H = 23)
MCR : Maximum Continuous Rating Powers + 51 & # 4 (kW)
LF : Load Factor f §* %]+ (i * chsl&fde4 vt b g H =)
Act @ Activity » F#E (H = hrs)
EF : Emission Factor £ < # (H = @ g/kW-hrs)

FCF : Fuel Correction Factor %4 & it % -

A e de B A da AT o it o B B i 31 HF il
Eip o~ A FAIN A R G M sy TR (342 Y RR
dpd o) BB T Ldpdaz oA g 31 B RS S SIFEREF
B g PR S S R ek e

W e d B A R A L B R r L AR
FATIFRIF RS 2 e B - dpda s 5 B ek T o

k% F B R A da g ary TR E S 28 R R
2.20-
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k% F gt K R B ang i Fis4a3R 2 g\f E R R Al A
RSB A - b s R - B BB - FEREERR R
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B RIT DR T RAE A S - #05F FI TR S

dpdg > MTHET A4 D g da TARE F A 0 L RAAN A B TS
FERE - RFF I HENHEET @ % A S i 2 A R H 4 X

WA hdpdazip B L FEEGIE D 2¢ > FPL BTG AR

SRR R R TR S B Adpdaiip TR o T n g w é)]?%fﬁ

ke HE B RPN MG - F ¢ 5B Puget Sound 2007 § #74x *

B4 2 PR E > AW RRpL AR EREFRXR T A
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SR L Puget Sound Maritime Air Forum, 2007
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% 2-T 4, fEB K dpik 2 3

infa Boxdpid (&) 14d 4 (kw)

Ep Ay 24 2060

Z Ay 22 42717.8
Rt xR 19.5 14515
5 ik 4 19 14124
b R4y 19 15785
bRy 18.5 7900
B 18.2 9829.6

E N R 18 10549.1

N 18 11401.4
by (3 E1E) 16.3 5600
B+ BTy 15.5 3883
R 15 3494
RHE A 14.9 9626.4
Gl Easielh 14.8 8572.8

T Ay 14.6 10973.3
FOEH 14.4 7987.3
ThE) Ay 14.3 8275.3
Bk A 14.2 8365
5 4y 14 5884

b Ay 13.8 5341.7

Fe 13.8 5098.6
T4y 13.8 6105
5ok dy 13.7 4087.3
ek A 13.5 4148.5
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KR B A 13.4 4428.4
AR 13.3 3003.4
b ey 13.3 3354
a4 feir 13 5296

¥4y 12.8 3589.6
TR H 4 12.8 1765
¥k Ay 12.3 5300

2 28 iARAMEGE fs ik

iy 1

5 o fh » ik =
)19

1 74 2 4 (Auto Carrier) | 0.04 0.06

T 747 (Bulk) 0.04 0.05

2
3 b 1 45 (Containeship) | 0.03 0.03
4 % 4 (Cruise) 0.03 0.04

- 4 b 4y (General

5 Cargo) 0.03 0.04
6 $# 4 (ITB) 0.04 0.06
7 H i (Misc) 0.03 0.04
8 % &4 (Reefer) 0.02 0.03
9 % + % T 4 (RoR0) 0.02 0.02
10 4 (Tanker) 0.03 0.05

7k kR © Pugest Sound Maritime Air Forum, 2007
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F 2-9 i FApAa i P ik

Year typg Engine NQVOC| CO | SO, |PM1o|PM2 s DPM|CO,| N2O|CH4
Slow speed diese|18.1) 0.6 | 1.4|10.5 1 | 0.8| 1 |620 0.03/0.06
Medium speed die§ 14 | 0.5 1.1|115 1 | 0.8| 1 |670 0.03/0.04

<1999
Gas turbine 6.10.1|0.2(16.5 05| 04| 0 |970 0.08/0.02
Steam turbine 210.1/0.2(16.5 08| 0.2 | 0 |970 0.08(0.02
Slow speed diese| 17 | 0.6 | 1.4|10.5 1 | 0.8 1 |620 0.03|0.06

=2000
Medium speed dies 13 | 0.5|1.1|11.5 1 | 0.8| 1 |677 0.03|0.04

7R %R - Pugest Sound Maritime Air Forum, 200°& i-: g/kW-h

% 2-10 #igend 4 2 f PEXE

X R TR (%) R (kW)
i Z:\;,) ar | BT L s mran | e

/i @ 4y (Auto_Carrier) | 2,850 | 15% | 45% | 26%| 428 1,283 741

T 747 (Bulk) 2,850| 17% | 45% 10%| 485 1,283 285

b #% 4, (Container-1000)| 2,090 | 13% | 50% 18%| 272 1,045 376
b 1% 45 (Container-2000)| 4,925 | 13% | 43% 22%| 640 2,118 | 1,084
b 1% 45 (Container-3000)| 5,931 | 13% | 43% 22%| 771 2,550 | 1,30b
b 1% 45 (Container-4000)| 7,121 | 13% | 50% 18%| 926 3,561 | 1,282
b 1% 45 (Container-5000)| 11,360 13% | 49% 16%)| 1,477 5,566 | 1,81§
b 1% 45 (Container-6000)| 13,501| 13% | 50% 15%) 1,755| 6,751 | 2,025
b 1% 45 (Container-7000)| 13,501| 13% | 50% 15% 1,755/ 6,751 | 2,025
b 1% 4, (Container-8000)| 13,501 13% | 50% | 15%| 1,755/ 6,751 | 2,025
% 45 (Cruise) 3,900 | 15% | 45% | 32%| 585 1,755 | 1,248

- 4 b 45 (General Cargo| 1,776 | 17% | 45% | 22%| 302 799 396
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g ¥4 4;(Ocean Tug) | 600 | 17%| 45% | 22%| 102 270 134

H 5 (Miscellaneous) | 1776 | 17%| 45% | 22%| 302 799 396

% w4y (Reefer) 3,900 | 15% | 45% | 32%| 585 1,755 | 1,24

& + @74 (Ro/Ro) | 2,850 | 15% | 45% | 26%| 428 1,283 741

# 4s (TankersAll_Small) | 1,911 | 24% | 33% | 26%| 459 631 497

45 (Tankers-Panamax) 2,520 | 24% | 33% 26%)| 605 832 655

 4u (Tankers-Afranax) | 2,544 | 24% | 33% | 26%| 611 840 661

2 4 (Tankers-Suezmax) 2,865 | 24% | 33% | 26%| 688 945 745

2 45 (Tankers-VLCC) | 3,388 | 24% | 33% | 26%| 813 1,118 881

2 45 (Tankers-ULCC) | 3,667 | 24% | 33% | 26%| 880 1,210 953

I

1,985| 24% | 33% | 26%| 476 655 516

(Tankers-ElectricDrive)

# 2-11 wWesppiyELEREX
Wi a2 RE (KW)
Ao 4 %
e, ENHRAR i%p
74 B 4y (Auto Carrier) 0 371 371
7 # 45 (Bulk) 0 109 109
b 1% 45 (Container) 0 506 506
% 4 (Cruise) 0 1,000 1,000
- 4 b 4;(General Cargo) 0 106 106
1% #4354 (Ocean Tug) 0 0 0
H 5 (Miscellaneous) 0 371 371
% #4n (Reefer) 0 464 464
&+ % T 4 (Ro/Ro) 0 109 109
7% 45 (Tankers) 0 371 3,000
# 45 (Tankers-ElectricDrive) 0 346 346
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32-12 BuEdpdadd i8Rk kA

Year typg Engine NQ|VOC|CO SO, |PM;ygPM25DPM| CO,| N2O| CHy
Medium speed diese
<1999 _ _ 14.7 0.4 11.1]12.3 15| 1.2 | 1.5 | 683 |0.0310.008
Residual oll
Medium speed diese
2000+ . _ 13(0.41.1j12.3 15| 1.2 | 1.5| 683|0.0310.008
Residual oll
?‘#i Xk POLA, 2009 H i~: g/kW-h
202-13 R dpdadf e g ik
Engine NQ VOC | CO SOZ PMio | PM2s| DPM COZ Nzo CH4
Steam boilen 2.1 | 0.1 | 0.2| 165 0.8 | 0.6 0 970| 0.08 | 0.002
?‘#i Xk POLA, 2009 H i~: g/kW-h
%0214 B0 o 101 34T 2 B da 2R ©[24]
bR I ol PR Wi |
-1 e fa & < 3% B ! e
#(5) | F(kw)
(rpm) | (kW)
1 7= 2 4y (AutoCarrier) | 112 13,042 19 3,161 | 51,756
2 7% 47 (Bulk) 123 8,373 14 1,486 31,027
3 b 1% 4; (Containership] 107 32,082 21 6,100 | 40,942
4 % 4 (Cruise) 174 21,848 19 6,752 | 35,915
- A %T i
5 178 4,540 13 1,195 10,966
(GeneralCargo)
6 $#4;(ITB) 240 5,195 14 823 1,202
7 H i (Misc) 171 4,934 12 1,455 9,022
8 4 w4y (Reefer) 202 3,843 16 1,382 4,703
9 &+ % T 42 (RoRo) 159 8,805 19 1,175 12,407
10 45 (Tanker) 156 7,055 14 2,179 20,052
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POLA) 22 long Beach( fj £ POLB) # & © 4 {7 et 2c g 4 o
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W 3.2 AlSdpdafusn 2 384 B ¥ 535(H 5 9rdn &)

Longitude
120.578002929688
120.574996948242
120.571998596191
120.569000244141
120.56600189209
120.564002990723
120.559997558594
120.556999206543
120.553001403809
120.551002502441
120.543998718262
120.546897070313
120.541999816895

Latitude
24.6154003143311
24.6116008758545
24.6079006195068
24.6042003631592
24.6009006500244
24.5981006622314
24.5937995910645
24.5900993347168
24.5862998962402
24.5834999084473
24.576000213623
24.5792999267578
24.5732002258301

CoG
219
2188
2191
2187
2178
2189
2183
2188
2183
218
218
2188
2177

S0G
129
129
127
128
12.7
129
12.8
129
129
12.8
129
129
129

Record_Time Time_Stamp
2009-09-28 17:34:57 35
2009-09-28 17:36:17 55
2009-09-28 17:37:37 16
2009-09-28 17:38:55 35
2009-09-28 17:41:54 45
2009-09-28 17:41:54 45
2009-09-28 17:42:38 16
2009-09-28 17:43:56 36
2009-09-28 17:45:16 56
2009-09-28 17:46:17 56
35
:49: 26
2009-09-28 17:49:55 35

B 33AISH; iR ¥ (s P T 7 I 8ciE)
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15 10 |2009/9/27 11:03|2009/9/27 11:20| 1052 17.6 42%
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