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support with flexible display.

This research’s benefits and applications include:
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3. Development of AlS-based maritime traffic analysis technique.
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3.1 ip M BRI & g

3.1.1SOLAS = ey 4aK % & &

v %
FoaEAT %@J@ﬁﬁs .&‘ui&»]fcﬁﬁ o fa’; 18 @ e BT R
& fd & KAl L R )50 A e 2 0t IMO fdp B
BRI D o St S A ) R
Recommendation on accuracy standards for navigation (resolution A.529(13)):

Recommendation on Performance Standards for shipborme Loran-C and Chayka receivers
(resolution A.818(19)):

Recommendation on Performance Standards for shipborne global positioning system receiver equipment
(resolution A.819(19)) as amended by resolution MSC.112(73);

Recommendation on Performance Standards for shipborne GLONASS receiver equipment
(resolution MSC.53(66)) as amended by resolution MSC.113(73);

Recommendation on Performance Standards for shipborne DGPS and DGLONASS maritime radio beacon
receiver equipment (resolution MSC.64(67). annex 2) as amended by resolution MSC.114(73):

Recommendation on Performance Standards for combined GPS/GLONASS receiver equipment
(resolution MSC.74(69), annex 1) as amended by resolution MSC.115(73);

¥ o SOLAS 2% 1 % 13 7 & RE R rcfrik 2 il
BRGAER > p AR H BB GRS TR L B s Bk S o
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312 IMO # 27 £ M T Wk Behg &

%‘,J@ﬁj&v]’zﬁﬁ;{ Btk mlzﬁz»ﬁﬂgag BAAEY S T
ks SRR AR ART e T‘ B Tii% a G a4 R EE R
BB R T 0 R BRI k sendpda A AR
» % B_SOLAS = ¥)erfp B & oo B 1 330 T F i Soein v AL
&y IMO = g 3% A.953(23) : World-Wide Radio Navigation System
(WWRNS)!' o ok b 8. d 4% 57 3 (£32 % 5 senf 3 28w IMO
FORTNE £ L d IMO g A9S3(23)eAe R ~ F E L E T E R
AT R TNV AL I ERT R imiez — o

BT R AR AR E LS S da e pRRR Y cha 2T 0 WWRNS
A 2 AR W8 378 WE T Fani 8 o 4ok 3-10

% 3-1 IMO 2T EMRT Fou i B ivd R

iR | RRR | mE | LA | TEF | dadp w2
< FALE | 100m(95%) | 2 4% | 10s/2s [ 30 % 99.8% | - =

M2 & | 10m(95%) | 242 | 10s/2s |2 & 99.5% | 15min. 99.97% | 10s p
R (3hr. 99.85%)

B2 E | 10m(95%) | 242 | 10s/2s |2 & 99.8% | 15min. 99.97% | 10s p
% R & (3hr. 99.97%)

WWRNS = 407 5 & P Bhe ™
(1) #af7 3§ U & F BFR'GE T ~ 1Tk v 200 Aok
(2) #ufF 3t M B AR RO T L BATE T L Ak

(3) * iFsniT o

3-2



WWRNS &1+ 78 i3F (3T a‘ﬁ EhoT

(1) = i=®mAk (Accuracy) ;

(2) % ¥uid E F (Coverage) ;

(3) #T_i=fzE &2k «h{ #7%F (Update Rate ) °

(4) 25w 7 & (Signal Availability ) ;

(5) PRFxeid § 4+ (Service Continuity ) ;

(6) & 57 v F P grprg ) B2 opE r(Time-to-Alarm) e

dtILG A S ¥ d] WWRNS Rz 3 ] pEp s
99.97%:h% $0 3 | BFehE Ro AL ARDFER Ko FlakFER
B i 15 A4pBFHEB A 9997% (ApE -t 3 P Ep g
99.64% ) > i3 T F e > 2010 £ 7 P 0 IMO SniFE 2 AL €
(NAV36) ~ e 12 * chia § % 24 f ¢ (MSC88)id i » & & IMO + ¢
(A2T) 38 o AT o > RAE RE T 2 0FMantb &g
T EATFRIEBINE N0F— & 5 ok E e F A AT AIS - B
AR S AR E R AI R L AT F R E 2 fi- 0 B p W enig
THRED L B HBRL - B R2HPM L

4

fr

She
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313IMO ¥ A k22 EfFEd: A BT rcR & R

iﬁi Fafrh ¢ SL(GNSS) AT Mk ke 2T R REFRF L5
TE R F' ik k% o GNSS #_F #3307 5 WWRNS e
» B d IMO % A.953(23)i43&:e 2 > IMO % 7 ¢ GNSS e B § #
LAt 2 g o 1337 R A860(20)5 43k £ A & GNSS % ¥ 5T L
BE R 3 2001 EEiEBITR AR A915(22): “Revised Maritime
policy and Requirements for a Future Global Navigation Satellite System
(GNSS)” I'*)

&

45 IMO 2% 2 A.915(22)c* “if ¢AIL T GPS % GLONASS 48
Z');‘; \:;\.‘» ,’3 WWRNS E’j”l‘_‘:;"‘:a\: ’ {é’_/ ﬂﬁ T 3 g’é ,J JLJJ #;E‘ l-—,— /’} Z‘d- 5E
E'j’—prgi;vfc—r y W 1E * At X L ART PE B0

$30 A % GNSS &9 B > A9IS(Q2)#k N enié ¥ & F fot Rd4eT

*ﬁﬁ\w#~ﬁﬁ%ra£w¢A~mwk¢i*'%’¢ e
G EAEREE 1I0m P 0 B EA25mo F R 10 F Efﬁ °

P

B ST z’v’va@ﬁ;ﬁ;ﬁ; F3 A T Im P> ER B L 25me e 3-2,3-3 o
% 32 IMOAJ91I5(22)# 4t + H g £

Table of the minimum maritime user l'eguiremeuts for generﬂl usm'galion

System level parameters Service level parameters
Absolute Integrity Availability Continuity | Coverage Fix interval’
Accuracy % per % aver (seconds)
Horizontal Alertlimit | Time to alarm’ Integrity risk 30 days 3 hours
(metres) (metres) (secands) (per 3 hours)
Ocean 10 5 10 10’ %8 NA' Global !
Coastal 10 %3 10 10’ %3 NA' Global !
Port approach 10 Ja) 10 10° 908 9997 Regional 1
and restricted
waters
Port 1 25 10 10° %8 997 Local 1
Inland 10 23 10 10° 938 9997 Regional 1
waterways
Notes: 1: Continuity is not relevant to ocean and coastal navigation.

2- More strngent requirements may be necessary for ships operating above 30 knots.
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IMO A.915(22)4 t ik dp 2 2 i # W ? -3

Tables shom'ng the minimum maritime user 1'guiremems for Ensitinning

System level parameters Service level parameters
Accuracy Integrity Avalability | Contmuty | Coverage Fix terval
Hozontal | Verwcal' | Alerthimit | Timeto | Integntyrsk | %oper30 | “oover3 (seconds)
(metres) (metres) (metres) alam? (per 3 hours) days hours
(seconds)
Operations Relative accuracy
] mggandpushen 1 25 10 10“‘ 998 99.97 Local 1
o cebreakers 1 25 10 10° 998 99.97 Local 1
+  automatic colliston 10 1A 10 lll*' %98 99.97 Global 1
avotdance
Absolute accuracy
*  track control 10 NA JA) 10 10* 98 99.97 Global 1
+  automatic docking 01 025 10 10° %3 9997 Local 1
Traffic man;lgtlmentj Absolute accuracy
o ship-to-ship 10 JA) 10 10 938 99.97 Global 1
co-ordmation
N Ship-IO-ShOIE 10 %5 10 10° 998 99.97 Regioual 1
co-ordmation
¢ shore-to-ship traffic 10 5 10 10° 998 99,97 Regional 1
management

Notes: 1: There may be a requirement for accuracy 1n the vertical plane for some port and restricted water operations.

2: More stringent requirements may be necessary for ships operating above 30 knots.

3: Traffic management applications tn some areas, e g. the Baltsc, may require hugher accuracy.

Table 1: Manoeuvring and traffic management applications.
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32 Hangir ki R bR aEFE

3.2.1 xR (Accuracy)

Q) ' vEAERRE ) & THER AT 2 FaPER
(4) "ApHEgR | R AL R ETTEA SR R D o

bldod 3-3 ArFchp & @AY & Ren Bk T T ahdp i
Booo A 3-1 frrlcn b R & fdp e T R A 0 10m(95%)
] B dn 3£ BEAE-) 4 10m s 5 it 95% o

N

puts]

> R

PEOF RIS U ELIARLERBE P RAT o BT

A= FRA (NG EWEA) Al ﬁﬁﬁ?."“*%;‘%ﬁi
c kg e iﬁ— BEFFRD T 0 lo H¥E 68% 1 B 0 20 ¥
W 95% 4 AR fa@%«’f‘éﬁ;:%%m—ww R FEE 0 P fept T
HEa Pt s BHEE L gsa 7P 7259 95% %k o - Bax By
fhe L 3 F Lt AR BE T ”ﬁ e L o, ¥ 6,0 A, ERIAS R
I AT o RT = BEE R e 95% s & bt’ﬁ—?imfﬁ?”“}fﬁfrﬁ* §Ae o

F A A

i

2

AT G o B R S MR g5S 9L (RMS
Erroror DRMS) % £ 7 KT 2 =3 % » H2+ 5 3 N 4eT

i Error’

i=1
N

DRMS = = J(Errorfist i) + (Errorpufgye y
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v R T -tk (o=0,=c)> RIHFL L GF LI L

FILI AR R B T AT

Rayleigh distribution :

Probability (Error < Distance)= 1- e_[

Tt

SR 4eE 30

GPS =354 » 2 Rk & ph

r2

pa () = (—)e 27
O

-~

Distance

2
DRMS ]

v

R -

95%%% & 4 J& >+ DRMS 1 1.73

2 BEdg -

PUERITA AFTRHET: (il R
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FEBE/RMS_Error
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s

R R F T 2

¥R vk T i B R AR A T 2
DRMS ~ 2DRMS - CEP 12> % &_Circular Error Probable >
¥ AR ¥ 4 CEP & XL sk
B F 50% - @B 3.1 ¥ &t CEP jEd 5 DRMS ¢10.83 & o § % &=
S s S fodk 500 ek 3-4
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% 34 - RIFEEER NE TR

B F. 71 % e

50% Circular Error Probable (CEP) 0.83

63% Distance Root Mean Square (DRMS) | 1

95% 95% confidence level 1.73

98% 2DRMS 2

GNSS ZEHABER & AL DFRIA G - LR £

FRISEREE > M EXRT R 22 e ;]* S
GPS Tif“;’ﬂliauﬁﬁ;i?iiﬁiﬁﬁﬁﬁﬁ - R o

3.2.2 = EF M (Integrity)

R JER Ok WU SIS ‘FA“ Wehiz TR > 4 F 87w
*EOREGE o AT K I E g i

IMO A.915(22)/43K * 1 GNSS ft 1172 JEE
fic: ¥ R Ui (Alarm Limit, AL ) fe3f 8 857 enp i
TTA) - AL &% ;'Lz;i;‘sFmﬁx‘< s2 5 @ 5 TTA B % :fg]itﬂ'. AL B¥ > X@*?
S EeapE N A 2 B o IMOAOIS(22)- ¥ TTA % % 10 4 » AL %
ok TBERE }‘\m 25 ® (324 3-23-3)o

7o E s ik R R FE # (Integrity Monitoring, IM)

BT PRI > M A BR R R AT P S ok & R b

4ol B p A = B £ (Receiver Autonomous Integrity Monitoring,
RAIM)# ks > 12 2 Beacon DGPS e £ 14 5 B

3-8



3.2.3 ¥ 17 & (Availability)

a7

I E—.

=
r

4. 4 2. . >z S8 e s 4 . = .
AR EF & TRATES ) A4y f AR E RSP

BAFTEE (b LA REE )R o

FRMAEE BN R ET PRI 4 ik o

N

TRELT ) PRy AR R R ERRELGT R 5

LRI L R LA 4 0 B B

IMO A.915(22)i4-3% % ¥ ¥t Availability 1 Z_% &_:"The percentage of
time that an aid, or system of aids, is performing a required function under
stated conditions. The non-availability can be caused by scheduled and/or

unscheduled interruptions." o
IALA Recommendation R-121 % y* 3% i 0 Availability 2> 58 40T

MTBO
(MTBO + MTSR)
MTBO = Mean Time Between Outage
MTSR = Mean Time Between Re storation

Availability A=

BEFNBREERE OB AE ST E 6 LR
% MTBF(Mean-Time Between Failure)®_2 # » ® &z 2 & 12 /)
PFo RA EFH PN R 5= iRak PRAE 0 2/5=04 5 T 35E 0.4 & (X 3500
| E) B E JRFE— 0 7 T MTBO=3500 -] P » ¥ fR4p PRAR#T 3 chpF Y
T 39(6x4+12)/5=72 /| FF > 5 MTSR=7.2 /| p > 3 EH TN FHT
18 % Availability A=(3500/(3500+ 7))=99.8% -
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3.2.4 i# ¥ 14 (Continuity)

M | B A ® - Fvrr R (Gldvdpda BB PR ) s

#é*; 'L,f! ,.’%"‘-&"'9:)3[-: mw—{“ ’ 'F):Lfv}: ,f\ .fv"-& &E?#ﬁ? fffé «FAEFB '&r'pé*:ﬂ'\‘: #* m °

IMO A.915(22)i43 <~ ¥ % Continuity #%_% ¥_: " The probability
that, assuming a fault-free receiver, a user will be able to determine
position with specified accuracy and is able to monitor the integrity of the
determined position over the (short) time interval applicable for a particular
operation within a limited part of the coverage area" °

il et S % 0 IALAR-121 duE hae™

B St BAEITRET * > Rl t PRI DR % ey ¢
C=exp(-t/MTBF)* & » 1 gt 2+ & CTI(Continuity Time Interval)pF /& p e
BFHCo Pl MTBF>>CTIPF » 7 f§ i* 5 40F 2o 5% o

CTI
MTBF
CTI = Continuity Time Interval

MTBF = Mean Time Between Failure

Continuity C=1-

HeY MTBF B~ & p chI 35 o Fpt £ CTI B~ 15 » 48 > B| MTBF
IR AMN3S R A EI IS AN B FEE A 099.97% 0 @ 4ok ik
IMO WWRNS p 5 3] BFp i 158+ 99.97%:h& £ 5 p] MTBF
FE T 417 * 5 FER E;Lmié» o P EBEFIEHERL 2T 3] P
SERE: 3= 30 Y

A & R S S LS R R
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3.3 2R WEFE & S8(GNSS)

3311k T irhA A Ry L Fl&

GNSS eh @ = RILA X P LR 8 Fh T HIc o SLR PR - 3%

BEAREdo L d 53 GPS Fh chie B PR 12 E DT T AR o
ot R R AR L F ALY ek E R S RS P - R
WELT BT A SR PG R AP R e BT S SR
o3 LR AR R S e A ) % FR A R GNSS i
B aE & FlF o

GNSS i ien = #pmA v AL G Tt * % % wipliegr £ (User
Equivalent Range Error, UERE) | 27 ' 4 & ﬁr% %]+ (Dilution of Precision,
DOP) ; 7 8> 4p 3k th%5 % © Accuracy=UERExDOP - # # UERE & 4j
BEAEE RIS L PR £ o DOP » £ T & 4 & #- F]+ (Geometric
Dilution of Precision, GDOP) | P| & 42 {c 8 * » 0 f2 8 2 ik S e o
%ok A E A4 endp e DOP A% K £ 57 GNSS € =¥ 5 ik A F i
& REA PR RAF i FER o DOP * # 12 4 & HDOP, VDOP, PDOP
BTDOP Z R & » A5 & 7 kT €% ~3D =% EEF"*mﬁ'E:?fﬁ‘% 5]
F oo Ptz ek A

GDOP =+/PDOP* + TDOP> PDOP =+/HDOP? +VDOP?
T T g8 45 ] UERE B i @R L AT R FL 7 ¥

W R OEE SR Ae T RRA E oDOP RS A A B AT o

<k

3.3.2 ip M g dak i 1R %

p i T ¢ g5+ GNSS: >3k 7_i+ % %(Global positioning System,
GPS)¥* GLONASS 4 4 w|d % s iz % o GPS B s * (i 7 i+
PR7%(GPS-SPS)fr GLONASS 355 & 1996 # jt © 4L IMO s % % > &
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REg®ipr=i WWRNS e o 5% IMO » 372 8¢ 2377 GPS
21 GLONASS gt 1R3> 12 £ & ;¢ GPS (DGPS)#r £ 4 ;¢
GLONASS(DGLONASS) & fc g et ac 8 - % T + it | €
(International Electrotechnical Commission, IEC){ & J5 iz & | 5t $& 837
I B R R R R R4 o 45 48 % SOLAS = ) & R KR i eip e
BAEFEIEC BRI KT o

{945 2000 & i B % 2 > f 2003 & A2if * ¢ GLONASS 42 e 14
i # % MSC.113(73) + GLONASS 4 ' 3 fc # ¢ # & B &
HDOP=4/PDOP=6 :H}-257 £ & 45m (95%) » Fla & 7 & # 3 Jc AgL
DGLONASS F ¢k %5 & H 75 A i 5] 10m(95%) b o

e #2000 # € Fi2 ez o g 2003 & 423§ * 9 GPS E e i &
% MSC.112(73) * GPS 45 §* 2 fc §# 53 f2 & & HDOP=4/PDOP=6 i
A5 7 2R iE 100m (95%) 0 e % R B 4Rt ed® DGPS Tl ek 25 ¢ 2
B EER 5] 10m(95%) P o

3.3.3 GPS #F4 %+ IR PR

95 £ R P02 & 772008 & % 45 T GPS #2382 i+ JRix14
i R > H R e % g B 7 _{+ PRF3(Standard Positioning Service, SPS)
TR R EREAT PRI EREL 2T IEIIM (95%) 5 kA
2R E_<17m (95%) - iz & 3% & GPS H #f C/A code P|§EEZ - T &
Y% GPS &k &~ # 3% 23% 98%1 + 7 17 PDOP =6, v 3 £ crizp i 88% 14
+ ¥ {# PDOP<6- iz 5 {F5|chliciE o

B F ®> 2000 # B P &, 51383 £ ¢ SA(Selective Availability)#
1218 » GPS A AFLREET - ondk ) B E R E T 4k ik o 3¢
TAAERBBE B a3l - A AETRAF R - F
WAAFEBF R A ELR BT ROIBL I AR BE L B
PETHA > 4Rl 3.2 (http:/www.swpc.noaa.gov/SolarCycle/) » i&m ¥
ik = g e GPS v A o
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I5ES Selar Cycle Sunspot Number Progression
Chserved data through Aug 20117
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Figure A-5-14. Single-Frequency 95% Horizontal Errors over 10 meters — 8 June 2000

B 3.3 H4g GPS kT % 3£ 42:F 10M(95%)ch% 3 (#EEE)

Z g5 2001 & 5% GPS 3 T2 PRI iy 528 213k B enRl(B) 3.3)
LY GPS Zimokar B L nEH B o 1L H 4E GPS $cis > s # AR
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R g A 4 10m (95%) 0 £ & REAR G E A F R

GPS 4 4% 2004 % 15 1 p 18:30 UTC %1% %5t PRN23 chipr
5 ”'ﬁ”"é'trﬂ#lmﬂﬁ’GPS sk bonp G T i) E 7 21:18UTC
4 B EE e 4 ¢ ohiFEs Unhealthy #1457 2 PRN23 fFh % it * o
FRPrRBFERHE L 2am e £ 2R > Jh e 22 0 L}
i * DGPS % % % PS4 & #ﬂf ) S AR E 1S
Hixd A2 9Eda? i BE 24 51 83F 4;%%?%%—,&&;?]]%
FlE RS AT 0 2 4 0 Lk A5 g bl - o 4 D DGNSS

GPS 7€_1995 £ ¢ & » 2% s EIFIFHE > 1 5 ° 3
e o EROGPS { AT EPN B eI KRB AT G o ATEE
FATH 4 BEHCAEL P 5 3B g o wE 0 L2C, L5 & LIC
MEL ¥ - B EY v M-code - L2C ¢ iv % ° 1| 2014 £ 12 > LS
G ITY FE XD 2016 &0 o EEARE I 2009 £ 40 2R
FURE LR IERT R BE GPS B F P 24 30 F T e 5V A 'R T
80% - ¥ GPS JRir+it & & < 5

3.3.4 23k FanfEh k suendd 3k 5L (GNSS Augmentation)

GNSS s 4f 5k 4tk 7 % B GNSS sha a2 *h { £ &
E_% & = B E Pl(Integrity Monitor) o

GNSS #{ 3 4 stk B A LA rh B2 G dna A 5
SBAS (Satellite Based Augmentation Systems)¥?! GBAS(Ground Based
Augmentation System)¥? & < #f > 4o 3.4 + RIS < & X o [B] 3.4 4 &
A 2009 # &% 7 JALA World-wide Radio Navigation Plan Ed.1%% 7 @&
7|4 ¢ B+ Heh Compass/Beidou, 1% F 4% # % 3@ ¥ chp & QZSS
Fe&r & e IRNSS o
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WWRNS

Augmentation Systems

‘ PosmonmgSystems ‘

Satellite based Terrestrial Satellite Ba_sed Ground Based
e e Augmentation L e
Positioning Systems Positioning Systems Systems Augmentation Systems
GPS eLoran(LF) EGNOS* DGNSS (MF)
(USA) {International) (Europe) (International)
GLONASS Rulllode WAAS* DGNSS (AIS)
(Russia) '(—}— (USA) (International)
{International) !
N S — ——— _—
(Europe) AlS (Japan) e
(International) International)

W 3.4 I1ALA >z & R T FwutF HWWRNS 3% & 5L
B> SBAS 03 & 3 & 2 EE p e EGNOS, WAAS, MSAS

% W WAAS(Wide Area Augmentation System)&_5 7 £ 3 GPS &
FR - AT R A RET KT BRI LB LT P
R FH 3 o WAAS @ % chf A B EF < Fe 5 T X AOR-W
22 POR = % INMARSAT f#% - KT BELIABIIRFEIY > BB
A RV 2R 0h 3 - GPS RIEEZLEL - WAAS » 3% & Integrity 7o -
#LZ 2 Error Bound s775 %% & > p B @ 5 1 * P iﬁﬁﬁéﬁtéﬁ—é(User
Differential Error, UDRE) £2 % . % &t & £ & 2% £ (Grid Ionospheric
Vertical Error, GIVE) » # 3+ 8-k T rd-v g X % % 2% § 2
REE P EMARE R (R 2T ER)-

N
Ri

& M e EGNOS(European Geostationary Navigation Overlay System)
A BN BRI PRE e ﬁv’i‘&ﬂf TRELAT AR T ER
#77 INMARSAT AOR-E 2 IOR-W &7 3g e 9 &k 11 ¢k > B3 % = 4
ARTEMIS ##F% > 2 P i gk 3% ik L1 4B SBAS JRI% > ¥ -
SR RS MEPRERE L o
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p A& 1 MSAS(MTSAT Satellite-Based Augmentation System)s -&_
SBAS JR i+ o & * A 3 H B 2§ % Tk BiFEE
MTSAT (Multi-functional Transport Satellite)! Fr # f#F % 485 3% & L1 47
e SBAS JRFF 0 $4€ 2007 B 418 0F o

B>t GBAS hiif 36 & S4B R B 957 auid M E A 4 A L 1 MF
% T ST A B @ 3% 50 RB-DGNSS~ 12 VHF #5 £ AIS & 518 i% o
DGNSS ~ 4ri% i LF #f £ e-Loran % 4t &% e DGNSS -

3.3.5 DGNSS gk £3& 1F

IﬁN%rﬂé*@ﬂqﬁgﬂa41*dfﬂﬁM>JFméiwu

E 18 ﬁ?&rﬁ F_FEFER oI * - ¢ o ¥ LRSI GNSS RlEE A 2 ko
TrhEiEsE TRI R EE 2 8 S b2 Bl o Bt

%@%k*$wﬂwnﬁ%wijmmgmgﬁﬂ L’ﬁd%
#\JQ@”@;J%ﬁﬁﬁ%w%ﬁiﬂHMW%ﬂd#%Eﬁmﬁ%ﬁi
k&@ogﬁﬁ%%ﬁxﬁkﬁ’mﬁs%%m%ﬂﬁM$i@ﬁ@%
B S ARITRE 0 H O SREEAL DGR PR AR ~ Tk P c TR A & - HN
%mﬂi}i»wﬁ’ﬂw?u??%%%éim&&%@d )
BRI o d RIS S GRABD Frehk g £ Flt itk
9 DGNSS ~ # 5 Local Area DGNSS -

P DGNSS =B rr & chF % ¢ 35 1 Beezb 2 23 shanped - dic
TR BEPERE R F BT A ¥ o f DGNSS #icdy B 9 10
FimE o A 100 SRR3R DGNSS T =4 + RV & 5Sm P 0 250 2 jEdt
i DGNSS =34 7 & 10m P » % 3% 250 2 fEd4E 55 100 ;23 4c 2.5m
WA o

%£u¢$ﬁﬁj¢%%D®%Sﬁ?¥Wﬁ%%’ W FREE A
Pl B AR (Dl AR EE) A I R ST TR
ﬁpﬁui£xj¢%&m*%%&ﬂ§imo%b%xfé%&
BrEAEL RIS EAE - e E o HE AT LR, R AR o
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PR RIS A F R R R TR S B R PR B

3o R B AUT  HNE R RGNS TR RF o 3 E Mo
Je &+ v LADGNSS & #13F 5 o 3 4 ditin § enit * F o B & S A
PRE- B

P
s F B RREET R R R B AP A R
s

3.3.6 DGNSS 7 RTCM & RSIM #-#

2% DGNSS JR723 & 3 ik Jﬁmﬁli@ 2d AT ERTHMIL R £
(Radio Technical Commission for Maritime Services, RTCM) 3% & £ R
¢ RTCM SC-104 # & %%  "RTCM Recommended Standards for
Differential GNSS Service" ( fj £ RTCM - ) | 3.5 4 4§ RTCM
2 v.2.3 e DGNSS JRI&5% @ 7 & B o

. RTCM & # &9 DGNSS 2 i+ 21 4 & — %‘_‘J}a’ﬁ%‘”ﬁ DR by
B e Rty (12 Modified Z-count % 77 ) ~ 34 B v
5]

%% zh e B i R (Station Health) % F 4 > 11 2 )’I*u 2wl GNSS #F % #% &
m FREESE 2 ¢ & (Pseudorange Correction, PRC) ~ & R FEAE 12 & & %
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i 4 (Range Rate of Correction, RRC) ~ & * 4 & 4 jE#t % 4 (User
Differential Range Error, UDRE) ~ GPS %453 #L %% =t (Issue of Data, IOD)

o

% X

§ it e a2

H A tip £ 5 en
e FREEHL i & @ PRC(Y) > & (2 :

PRC(t) = PRC(t,) + RRC o [t —t, ]

= 1 HAL 0pF
7L N 2 ¥k - UDRE £ B 4sEdi & ¥ 7 /2 22
lcﬁﬁi’{éfi%”’%Eﬁ@‘ﬁﬁ“ﬁﬁwﬁ%mﬁgg%
2% ;10D ng,g% FERAr S Y g r Bt i - eiEk BRI
P 2 PRk Sl Statlon Health 7] £ DGNSS P74+ @ if 45 1 * ¥ e fF
tE Rt

DGPS/DGNSS fRi%#75 &
% k3w 78 (Station ID) 2 3% =k i

[EX

# RTCM 3 A e 3 B word —‘,‘;K = g ’ﬁ 9;@

+ & ;# ;= (Station Health) » 48] 3.6 o

First word of cach message
MSB LSB  MSB LSB
. Message type . . .
Preamble ._”\ £ type Reference station identity Parity
(frame identity)
Order of 01 | 1 ‘1! ‘U ‘ 1 ‘ 1 ‘1] ‘ ‘ | | |
bits in each

1 2 6 7
word as
received

I O B B O
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2§ 29 30

Second word ol each message
MSB L.SB MSB LSB
Modified Z-count qu?:w_c Length Station
numoer

. Parity
of frame health ’

a4

HEEEEEEEEEEE
1 2 3 5 6 7 8 9 1011 1213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29

30
MSB: most significant bit
LSB: least significant bit

W 36DGNSS % B L% F R %

Station Health 2 3

~ $F R  0~7 h#iciE (N5 4 5+ - Station
Health=7 % 7w ©

i# T2 % (unhealthy) ; Station Health=6
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% 51 T 3% #k e DGNSS TL’%%@%?]/;" A % ) (unmonitored ) ;> H 4 6
P AL P E_RTCM v2.1 A= B 22 8 & 5idh & p FE & Aok 350

2R £ AP 6 BR A TE 5 UDRE(User Differential
Range Error): Scale Factor 2 # % UDRE f%47 & > i unhealthy

unmonitored kT > R w ETTT ] UDRE scale factor=1 -

% 3-5 DGPS = % Station Health == % 8 2_%

Station Health | ITU/TALA DGNSS % | % 4c;3 ¥ DGPS  # & #&
111 (7) 2 % (unhealthy ) 2 % (unhealthy )

110 (6) #& ¢ (unmonitored) | #& % /f] (unmonitored )
101 (5) * 3 li’—ﬁ BT UDRE Scale Factor=0.10
100 (4) s S UDRE Scale Factor=0.20
011 (3) E® 1 u—b—fﬁ e UDRE Scale Factor=0.30
010 (2) * 3 li’—ﬁ BT UDRE Scale Factor=0.50
001 (1) i ik I—*——*ﬁ BT UDRE Scale Factor=0.75
000 (0) 1 u—b—fﬁ B3 UDRE Scale Factor=1.00

RTCM SC-104 #t+*t DGPS JRFx = BT P& F  "RTCM
Standard 10401.2 for Differential NAVSTAR GPS Reference Stations and
Integrity Monitors" ( f§ £ RSIM &2 ) » P % 375 £33 2006 £ 12 7
AR RSIM B2 4350 6 i% § & T B47 7% MF 4 £ chiicdp st §
Fru 445 8 & o MSK(Minimum Shift Keying) % 4p b 5 e 42 82
a5 bk R ARET T SR U R MG AR
48 e DGPS &t o

FERSIM = 2k & 5 - DGPS JR7% 61,5 SL3E Hd 3 &% (Transmitter,
TX) » %3 #k(Reference Station, RS) ~ % |zt (Integrity Monitor, IM) ~ 35
#]#k(Control Station, CS)#T5 = » e 3.7 « ZER/EF Y FEX & > 1>
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He g h UEBIRFEHT F M UE RE DS T H o

Vi

K7 R [RSIM:’J’T‘ETE%H ]

) i ! (option 1)

g ™
CPSEE | RSIM AP EIE4E T
T T | _foption2) [
ToRS ToM | Transmitter )
1

§

LRIERE I MSKEZes | mipwma

| i) |

B 3.7 DGPS MRsh £ % 5.3 #.(RSIM)

CS eni®® i & F 3 kB ¥ odf 2RIl R B T fa s 3§ § o
T B 0% Gldetr ik RS S o448 s £33 # 28, -CS» HiFE % H
S~ BAR R VR 2 P RTCM R 3 L 242~ TR e8I s
32 DGNSS PR 7% e85 iF o

VN

]
B3

e
p
=

DGPS iz B | Ed IM 2 RS 2 ff2 410 RS 1 v‘h
WAL KEMSKARE - FHP - T RAHNL T IM B
WP ORAAR AT I RS R i3 1 18 & pg_ﬁ’?&fs TR
FEPN T T RHME B AT AL L RSEATFEITL R A IARE
BlP o ek g AR FFE RN B IM gﬁi%iﬁﬁ@RS’ RN i
PR A iR BRIEAE S T BiEA 2 G hE R o RS 4ok i e d] IM 2
Bizen s sow g 4 o frug # RTCM =t 4 ¢ & Station Health %7 =
Unmonitored ; 4e% Jz 3] IM «n&4F | ¥ /3% g4 Station Health %71 =
Unhealthy > {ﬁ» 23 l%?‘k#&ﬂ{tﬁ%.ﬁx%?,ﬁ ME o B E B
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A5 KA R E 8 e
o R 2

NS

N
oo
e i

1 PRC ¥ RRC % 5 #w| e ;822

T

o

M~ §- B srpe Brgiz ¥ arGPS Plak> ¥ K dedp bl g
FHAELEH @ DGNSS 8 I {4 chh SREES A A L fo 2 230 4 ¥ 4
B] DGNSS th= i o gt RS FI A LR &7 fL3
Post-broadcast Integrity Monitor 372k BV FH/HHF* AR HFD R 7
11 Pre-broadcast Integrity Monitor > i # 3= & " ¥ 33 e B3 L e

X o,

A
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3.4 DGNSS % ¥ R {8

3.4.1 417 # ¥ ® RT3 # 9 |1ALA RB-DGNSS

,

Ba 2 ir ARG #FREDDGNSS PRI A REHE* ¥ 1 & #
e WA A @ AT AR MF A @30 JALA Radio
Beacon DGNSS ( 7= # Beacon DGNSS & RB-DGNSS ) - §] 3.8 #_ix 3
2007 # e JALA b TR ™ E B DGNSS K #h#ic g 53t > 23k e
4 426 50 W £ 400 4kl H ¥ p oA F 27 1 2004 F’“%q;éiﬁl}%%

oE £ = > K e V) s ~
AE R TR P W21 R EE ik E 0 3 2002/1/1 & 3ViE T o
90
REEFHEEDCNSSEHEY
30
70
60
50
40
30
20
10 "» ‘!»
0 S I Y= = P P U HHHH ﬁHI'IH B Y = Y .|'|.I'I‘|-|._.. .n..—..H. Al ..-.‘.-..H.H.n‘ .
TS E Y ENESHE S S E e g E C T F I ST O T eSS OE Sy oET
BEEESEC 230 S FESeEn50s52 8 50 S50 0F 8835882 E583Y
DS EI RS PEm s UG = E s EE e B3 E 085 2o 382523825558 < 57
= = = ==
ﬂig}:ﬁﬂimﬁﬁ‘b =57 = HiTwr®d s Lo e ﬁgmmﬁvzm&ogﬁi’f o P -:(%El—'_:)t’g
=T m in} — == o (ol cEs = T
= jus] T =0 g =g z 90_)83 o =
= E T @ =] =
= 5 =2 &5 o0 g
O w 5

B 3.8 % B} E DGNSS #k3u3* (i 45 2007 # IALA TR F2)

A B RN 2000 E R T RAINPEBAER AT AR
¥ B (A I4)K ¥ 18 17 Beacon-DGPS JRIMR i85k ok 2K T 5
BRS~1 M IM~2 B4 5448 ~ 1 1 MF B 45 % 4 > 53§ CS #2474 »
¥ &3 - ¢ & Z s (Control Monitor, CM)¥ &4 % b 4= BLih 5
DGPS B 2k (4 BF 2 5 0% ~ 2k ) ° 2000 & pF L3 chd 580% 12 DGPS FR
Fr4c ) 3.9%0 ) 3.10 B% £ =:3% & ] ¥ o DGPS/GPS %= B AE B v i
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1/ NEFEC 3
10 f
:E: 5 ’ltl
s oMl ]
Prgsg a0 s 9 s w0 i 1
>, [ 3 5 ] 2000/7/28 GPS
= 10 . GPS ‘ \ﬁ /|
= ) DGPS AJ ‘u,.. 1
o B Il
g: Longitude Error(m}) . f LJ%J
LTy e
2 "
o 3 y | &le .A(
= mll’*l ﬁq.lgﬂ‘*r* [ e wd“ b ! |2000m2? DGPS
— 0

0 10000 20000 30000 40000 50000 60000 70000  80C

Bl 3.10 Beacon-DGPS & GPS &z i 3% 4 b § (7% ~ DGPS k)
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RB-DGNSS & * 283.5-325kHz 1+ #F (MF)4f £ » 45 B 1§
0.5kHz > ¥ #:iF IALA & ITU {23 %3 P & xb97% cnf AR S o 220
A&y a kB a5 BaRpc] o Fp s ol

Vi AMRE P23 I»j o ¥ R K M A H DGPS :&;&;&E@ﬁ‘fj'&
K Z_% 300km o

RB-DGNSS &1 §F 4% {6 3% & i i # 1 R % R ¢ £ ITUR
M.823-31 5 g gx ehoak a2 T Bl Bl 4 TALA 3T % 0 "IALA
Recommendation R-121'""4.4 - & DGNSS #F 58+ 4 » ITU-R
M823 4 * RTCM {2 ; TALA R-121 i & &4k hd £ RTCM &3
# RSIM £ 3% o

ITU-R M823 # 3k ik % F45 * ot & faf4c 4 3-6 -

% 3-6 /% ¥ DGNSS JRF3:E 2k et 4 55 5]

DGPS if * 3t 4, DGLONASS if # 2t 4

5w WP 3 ) B

1 2{RenfEh B TR 31 2NNl B R

9 ek B R 34 TR chfEk g TR

3 TR RIS 3 32 P S

4 S b AR AR 4 5 AR AR

7 B sk S 35 B3 sk 28

16 FARUL (2 F) 36 PR L (2 3)

6 ERUR 6 R R

27 R 45 5ok 27 B 363k 5 Boohdp
ijfa MF #f £ e MSK Bcdp 4dife m 2 0 bk rse sl enl 38T > Wik

*EA 3 BEE S - s s e Type 9 4 (fL2 5 RTCM
Typ€9 S3) BiE gk %ﬁ"ﬂ&—i"’fi@?& o ‘ﬁ‘iuﬁ.‘ Typelv"i%%,a )
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i Beacon DGPS # * Type 9-3 - Type 16/36 1 & *
SR RE R R A F R ESRFPME R F B L
257390 ASCIH 3 ~ > H B X B If B4 3 4 48 ITU-R M.823

2% DGPS 2t 4 R 4o T

A

=

%

&

=
Wl

=y G

Type Rate

9orl Should be broadcast as often as possible
3 Should be broadeast at least twice every hour and after any change in reference station location
5 Should be broadcast at 5 min past the hour and every 15 min thereafter
6 Should be broadcast as required

Should be broadcast at 15 min intervals and after any change in broadcast station data. The message
should include data on adjacent beacons

16 Should be broadcast as required

27 Should be broadcast at 5 min intervals and after any change in broadcast station data. The message
should include data from a network of beacons

DGNSS % %+ w2 B b ot bhd IALA §137dpfe = 440

Bleﬂ(‘lCﬂSTillg Geographical Area Refe'renre
Station ID = Station ID
000-099 Russian Federation, Commonwealth of Independent States. 000-199
100-199 Indian Ocean 400-599
200-299 Africa 200-329
300-399 Mediterranean/North Africa 400-599
400-539 Northern Europe/Baltic 600-899
600-699 China, Japan, Korea 600-799
600-629 China 600-659
630-659 Japan 660-719
660-674 Korea 720-749
700-749 Australia, New Zealand, South East Asia 000-299
700-729 Australia 000-059
730-739 New Zealand 060-119
740-749 South East Asia 120-199
750-899 USA 000-299
900-949 Canada 300-399
950-999 Caribbean, Mexico, Central and South America 400-559
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1000-1023 Pacific Ocean 300-399
540-599 Spares

Europe, Africa 900-1023

Americas 560-949

Asia, Australia, Pacific Ocean 800-1023

%y IALA 32k % 2> 7% DGNSS PRF+I% (2011 # 5 % 30 p
%3452 % ) 12 Radio beacon # 3% i2 it 2 4 pF &% o0 AF’KQJ%? Type 9 > #
Bk Type 1 &2 Type 9> » 3 ER R (B4 D ¥R ~ T F ~ 46 ) ¥
#* Type 1 #i% > ?#il;ﬁﬁiﬁi W% 100bps 2% 200bps > ¥ + % #&
DGNSS #h2% ¢ 5 Integrity Monitor ° 3% # DGLONASS FR73£0R] 7 2L §
7o eh3 1B DGNSS # > i 3 330 pF i DGPS3U 4 o ¥ B < i
A~ beacon DGPS b 8 i% e 4, £_Type 9 ¥ Type 16 ©

% B < DGNSS 28 % 1995-2000 £ FiE ¥ 510 6 §23K & 75
He R’ %\" TRES B ERIIFE - JALA FIH & 2006 £ 12 7 H3T
7 ”Strategy for the Future of IALA DGNSS” » 24 g #m Kk ~ & E &
Bl 7B Ed gl kg ER Y Fos s LF S ATHRESRF
% 18305 " JALA beacon DGNSS e 372 & v AR5 F R * S iE o
2008 # B d v 5 B F © gk L A7E U JALA 357 24 DGNSS FR7%
NSFF B TSR BREFEF /R ETELF GNSS g B { A7
P PRF% o ik 3% IALA Guideline No.1060 on Recapitalization of DGNSS
( 2011 & B RT3 3745%) > % ik DGNSS PRI® IR Rl FFH 4 ? > b
volAR s 3T 2008 £ B 4e4 PRAR ¢ BT 2008 & L ATHE 3 xb 0 B Ok
B 3. L ATIRAE Fﬁiﬁi feebdc o FEREE BARR R o 15 B oS
RSIM f2i&-= % - PP #FH & F RmR 57 s o

3.4.2 41#* AIS #& i DGNSS PRi%

B 2004 & AIS = 5 SOLAS #ydasa#|% KX H 18> & 5 37F 5 B 7
LA FRB R TL A P o AIS r R £ R
(VHF) » >3k * 0 AIS #F i £_161.975MHz ¥ 162.025MHz » & B #E

3-26



G B A E A48 2250 B PEH 0 2 4500 PR AR B @ L AL o B
AR R EIF LML R R - II%E%%E cd W RPN 2 OAIS 4 o
poiT E“F“ F @i (f5 Self-Organized Time-Division Multiple Access,
SOTDMA ) -

AIS #h =k e B % ﬁmm% P32 41 AIS %r’% AR
(VHF Data Link, VDL)3t & Type 17 A # DGNSS 3 & % AIS 45§ 4 oh

A APRIE o JIRAE R AN EE 2 - o © 2 AIS zi\**‘ %‘WP # IR
i+ e B 44003 2 % IALARB-DGNSS i suen®8a S 4% £ & o

K,ért" B E R AIS B St AIS i 50 2 MR
AIS K AU AR LF TG R ¥ P22 GPS et > 2x 7 4
el @Akt GPS Lt LoREHRF L R A & AIS 4§ ¢ 4R 4 cndy
PARKER Y AR Y DR RIEE M TR KRR Rdok AIS &
5 p 2 GNSS et i ehz = kR T A 56 DGNSS 2 & > @
¥ AIS 4y % & ¥ 11 j&_ IALA RB-DGNSS # AIS VDL 3~ {# DGNSS it
WA 0 R AIS ey 4R 2 ek * gt - poi2 GNSS e i DGNSS
e o TR HEPFILBLA S PARE TR E AN DB IR R E
Fovipie- ook FIRARPRRLG AR L £ 23T -
97 AIS 45§t 548 ¢ i@ * DGNSS -

prsA ﬂ* AIS 45 4838 % 09 DGNSS # 3¢ 4p B B 3 fm il PP 4o T

SOLAS dydaip * ¢ A & AIS 45§ 5 o3| N nE e % -8 1EC
6199325 & 55 4] & R 22 GNSS #2c s > i —u&#‘; IALA 733 % >
A5 L AIS KA RF TR @ 9 AIS gre paE GPS e (1
GPS % AIS if 2 & ehfe #5 22 UTC % ik )oig * 2t SOLAS 45450 B &
AIS 45 % 5 3% % 4.4 (IEC 62287-1, Ed.1.0/2006, Ed.2.0/2010) p = 4%
£ 2= GNSS £t o F]pt > §1% AIS VDL j£_AIS A = B 3% DGNSS
LFEALAT AISH B 5o 37 1@ ALS by da s 7 8245 - R R
EJ DGNSS % % » 12 7% & IMO Resolution A.915 (22) & F o g2 #&
B4 Ay dn % B AIS 3K & PFX L F do JELAIS #4251 DGNSS £ 4

)
—
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Fihdp el 6 ERR R 0 URT R R P PR R ST B
M PRAET D W Ay dgen ALS dp 4R A  BRET Ao 3 a4
iE IR R dpda poE R

440 F 45 * Beacon & AIS iz 7 f8 DGNSS PRI -2 4 fo vt ?

R 5 AR R RAH S A2 % TALA DGNSS MF Beacon 4 5t »

dORIA AL AL 1120 5 A5 % RE Y F 4f i@ F 1 DGPS PRI o & £
DGNSS beacon £ Jc#8 % A48 7] = SOLAS 454 &K & - dyd04 &
¥ % %X Beacon #jc s 0 F]t T it & Beacon DGNSS &k F 4 I
B AR S bl ey v E_ KA K DGNSS 2 & e kg B8 R 2007
aAEE ¥ A2 HELCOM £ f ¢ 3% o) 5 St. Petersburg port i& % ¥ 3T iRl
#4424 (http://meeting.helcom.fi/) » ¥ § 15%-18%: SOLAS 4y 4a% %

¥ ¥ )z Beacon DGNSS 3 55 5 DGNSS i:r”]{i# %3 class A AIS ey
da2_ 7 40%4 2 2 AIS R o B DGNSS A 13 ¢+ H OAIS 4, i+ 4F
2 5 AIS A Sz 3% DGNSS 3 4 {6 » AIS 45 i 30407f/P\ €
w B R &2 1 e GNSS Zim il o

AIS Typel7 B A% & &% chiBEa & » Gl AT H ¥ dpfefic
P —ELL;Q %Rt o R d e & ALS Type 20 L 4ais F 12
AL R F LB ER g > dy TRV PR B ¥ 8 [42ch DGNSS
L )fz‘?-\;m AIS 1 DGNSS 4 & ~ + &4 * FATDMA(Fixed
Allocation Time-Division Multiple Access) @ e & & pFy 7 12 % % g 30
TDMA(Incremental TDMA, ITDMA): %% 5 TDMA(Random Access
TDMA, RATDMA) 1% € B~ gty 3% - Typel7 3 L A B30 % 2 4p M b
PR Lo BARAG B D 0 WA AR L o

r1 AIS #& & DGNSS pRi%07> 38 5. d AIS A 5 ig 45 DGNSS 7
RE AR Type 17 BIBA4 AIS 45 S 80c FHP Z M‘% ITU-R
Recommendation M.823-2 » it 2 ¢ 7 preamble ¥ parity » 3 4, $2 ;% 4o 2
3-7 22 3-8 -
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% 3-7 AIS Typel7 DGNSS 2t & p % 2250

PR S [ S P
Message ID 6 ML g7 5 - BRA17
Repeat indicator 2 5 ifb %;);i % IQ;;\:;% Q 2 repeat
Source ID 30 AIS A 2k eja F {7 65 38 20 3 W] 5 MMSI
Spare 2 W REEO
Longitude 18 DGNSS %% =g & =% g B (H +:0.14)
Latitude 17 DGNSS %% =hip| £ =% ehie 2 (H +:0.14 )
Spare 5 HEHEEEKEO
Data 0-736 Al FH (0T %)
KNS 4 80 -816 FN=0R]7 80~ ; FN=29/]75 8167~

% 3-8 AISTypel7 : 4 ¢ £ 433 FHP ap FEEN
3 [LAE 3 it

Message type 6 Recommendation ITU-R M.823

Station ID 10 Recommendation ITU-R M.823 station identifier

Z count 13 Time value in 0.6 s (0-3599.4)

Sequence number 3 Message sequence number (cyclic 0-7)

N 5 Number of DGNSS data words following the two
word header, up to a maximum of 29

Health 3 Reference station health (specified in
Recommendation ITU-R M.823)

DGNSS data word N 24 DGNSS message data words excluding parity

Total number of bits 736 Assuming N 29 (the maximum value)
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12 AIS # = DGNSS FR7+:B 3 T A8 BRI F 5 ¢

(1) Je3|eniz & 2 4B & F 245 ITU-R M.823 14k preamble £
parity 4 s * ** DGNSS Z_ix- o

(2) 4% KA kiR (B4c 5 B AIS gvsq) Yz 3] DGNSS 2t 4 »
& A E* 537 DGNSS %4 =k > # 4 g Station Health {v
Z-count(7* T %3 PERF) o

(3) #h:kBi% Typel7DGNSS 2 Z 2 L P BTN 5 .38
PEILE AT IR DGNSS Brr B hf 8 o @ ¥ Rz R4
4% DGNSS e g & 5 R P> FLER B § BiEg = AlS
VDL 7 & & enid 2§ =7 o

\

B>t AIS A 5 4% % DGNSS PR#% > JALA & ik euz ik > Z4c B
311 i DGNSS F# #3022 kA 2 A-B-C= 44!

% A ¥_*% MF Beacon ¥z 4z Beacon DGPS ¥ MF & 5 7 &

:}'%mDGNSS WA > % B A EERRR G R _Beacon DGNSS %

3 xhB~8 DGNSS 2 4 5 > & C R E A AIS AAxbA B p (7&K E 23 2
A4 DGNSS 2 4, -

% A& BaFH 7\/)%1‘]5’3{ Beacon DGPS » # £ 4>t MF
Beacon B # #cdp @ G REPE > BE G E T e % Beacon
DGPS 7 Integrity Monitor & B] » = & @] A 5 £ 416 AIS VDL R #%
T AIS 4y 5 iz 5 4 &t Beacon DGPS 1 IM ¥ ipl§ B » 97 r4 3%
£ * AIS #c#sE = AIS AL IM o 330 IM 4@ i iF > JALA T
EEREEER o APRE DR ES IM E R SE B i Typel7 34
¢ Station Health » & & p#rs AIS % 230 48 I &4 o

RIAp & > AIS i 2 % s =

az%ffrim EE ST

L DGPS PR7% > JE p
» VIR RG E

o m

ar
b
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MF Reference Inregri’y
transimitter < station monitor

MF

Data Comumu-
nication Network /
AIS Data Transfer
Network

MF Beacon Local
receiver reference
station

A o C

Alternative design solutions

Corr 6

AIS Shore
. station data 0/
VH «
AIS receiver Integrity

monitor

>

@B 3.11 12 AIS 3% i DGNSS FR#3-e1 IALA 23 2 %
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3.5 # @ DGNSS 47 M 7 i#

351 P FIMEL BE T TR

PECIRE] L R Y vt ZHEMR MR T T O 2L YRR i
s S Te-GPS s f 2 i kAt Thf#*v?.‘qk“’%é}tﬁxﬁ ME &
ﬁ&%@ﬁ&wﬁmm%%@ﬂi'f»oﬁﬁﬁfm%ﬁw Fi
AL T PRFR e 35

()2 & oo B 458 2 3 5 pF # f 212 (VBS-RTK)
(2)=t = ' B R R T L A RS i T+ (Networked DGPS)

e-GPS i s Gk LA R il i v BE R Y FiE
ZrHAES o fFh ARSI ?’iﬂ«fé‘ﬁ_meGPS Fh L
i T GPS BLBIF L > T3 35 1 4 % B B (Internet) ¥ GPS 4L
SIS SRR Sl VR PTE P o pomoaaE B R R Ao B 3,12
(2011/10/5 $#2~ p http://www.egps.nlsc.gov.tw/index.html ) -

B 3 FAREERRIEE N
Y FEEREENHAIEE
B ssszeschike

O e i L B35 (T84)

B 3.12 R 2 Rl < e-GPS fiFk = A E k4 vk §
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AR e F e GPS BT HL S8 ~ i ~ T
BRME i% FrEA4 %R @v;—é.} FH A BEAE
R A RERITH 5 fe & RTCM 7% e bt @ 4530 30 E T (Networked
Transport of RTCM via Internet Protocol © NTRIP ) #-j i AL 2k 5k
BB F A (RTCM #3534 ) @ 3 # o o & % chd % ® Trimble
Navigation = & #7473 11 GPSNet Z_i+ % Sfic kg o

Boxk g * FRIIR LT B 82k GPS b e R BRLRI ORI 3 A
2 %w 5 4 {7 8 5B fo NTRIP 2 %4t %942 - (NMEA #
A BEIEAI Y e e B BRI TS R RER T
7 RTK Z_i>f25 & 4% g DGPS i3 & 2_i o

“,f 7 e-GPS . ¢k o popr It R 4 Pl g LN N LR
Beacon-DGPS 4 %t » ey R I N $Fob 22 o

m¢

EHAE QR FTRSAEE AT 0 MLT T LB ER

% 4B B RTCM Tt > B0 i ﬁ’ ¥ i * Ntrip &%

3.5.2 RTCM e s g p, @%]ﬁeiﬁ Ntrip £2 2 & {245

Nirip 4% # % B 2 25 RTCM it @ 9 R 229
RTCM ‘e sizm % » B &~ > ¢ 5 "Networked Transport of RTCM via
Internet Protocol" = 2004 & d13x7 Version 1.0 %»%. RTCM Standard
10410.0; 2009 & ! 5% 0 Version 2.0 5. %_RTCM Standard 10410.1 - #%
BN gt e e-GPS Jk 3k * 18 Ntrip Version 1.0 °

Ntrip %5 F B i 8 i GNSS FAR B * Kl s 2o 1Y
HTTP(Hypertext Transfer Protocol)¥? RTSP(Real Time Streaming Protocol)
% 2h# > & HTTP/TCP/IP # #_RTSP/TCP/IP &2 RTP/UDP/IP i# % } i&
73 3 > Fp K 7 TCP @ﬁi%liﬁ%i{ﬂm o Ntrip 822X 2 HTTP % A # >
Fr & HTTP R# w5 L8 it R E AT EARM € R AT
* e P B R o
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NtripClient 1 NtripClient N
I HTTP Streams I Admunistration
NtripCaster
<+“—>
T HTTP Streams T HTTP/Telnet
NtripServer 1 ‘ NtripServer M
NtripSource | NtripSource L

B 3.13 Ntrip #7,% S

Ntrip 7,4 sv % & 4o B 3.13 » 2 NtripClient, NtripServer £

7

NtripCaster i& 3 £ #4754 F i% o ifu HTTP if 2 +% %@ 2 > NtripCaster
H_E & co HTTP Server » NtripClient ¥2 NtripServer JF"S % HTTP Client
#2358 . RTCM F AL 8 7iid & = cia NtripSource( ™" GNSS %% 3k &% JL 2 =L)
A 24 {¢ > i%:iF NtripServer ﬁ%]{: NtripCaster » & NtripCaster 4 ¥ % %
& f 748 Jneh NtripClient o # * e NTRIP # it ¢ GPS £4ci -
o5 n 2 4& b Internet 0 if ¥ OUBSE B T 5L KA EE { B GPS
AT o

NtripServer » & & NtripSource (R #L 8 i 2 & - B S T# g“ 13
(mount point) £k k28 %] 48 > NtripClient )’I&J'l 1% I #%) 55 » NtripCaster
ip T& AP NtripSource P~ ¥ Tk ¢ /it o NtripCaster ¢ #:& -
Source-Table » Table ® 3cdr¥ FAL R e /hid ~ FTAL B LRy ~ &
NtripCaster 1% #c o 4% NtripClient ¥ ) ehf §* & R & g 22 e
NtripCaster € ™ # &7 source-table = % + % NtripClient - Source-Table
P STR B 8f ik &8 4 it T4 B Ji(data STReam) » H AR £ =7 &
TP e 3-9
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% 3-9 Ntrip Source-table 3 #L ¢ ik o8 ff P

# ¥ A& # o
1 STR PrEsl T AL STR
2 # NtripCaster mountpoint LEIIO
3 = KREE] > Hdois B Frankfurt
4 5 F 4 54 (RTCM ~ RAW) RTCM 2.3
5 Homfs N RTCM & 5] & R4 T4 1(1),3(30)
A FEELN A B 2 LAT | MBEN(T)
¥ I
6 FabS PR RALE 7 AR 0
0=No ; 1=L1; 2=L1&L2 2
7 Wk s HaLh K GPS+
GLONASS
8 PR £ 23 IGS
9 Bl e ISO 3166 & 3% 7 DEU
10 | && [EAENE gk 27 -12.14
11 |&r PRk B PR 10.12
12 | NMEA Client ¥.% /£ ¥ NMEAGGA 2L 4 |0 ¥ No; 1 &
iz o s (0§ YES
13 % PUnpoRAEd H- SRS |0 R E ] A
Sk A A B
14 A2 R A4 FALR SRRl R 2 ol GPSNet
15 R g5 % % PR AE e R R 2 none
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16 | ¥4z FP-h g nanuEidk 0 NL& [N

R RIBAAMRE DAY

Digest
17| % NE7 et ;Y L84
18 | At TR B g 5 (bps) 5000

SOURCETABLE 200 OK

Server: Trimble-iGate/1.0

Date: Sat, 02 Jul 2011 16:00:50 ®x&_& 5=@
Content-Type: text/plain

Content-Length: 1898

STR;Hualien/RTK ;Hualien/RTE;RTCH 2.2;1(1),3(10),18(1),19(1);2;GPS;NLSC; TWN;0.00;0.00;1;1;Trimble GPSNet;none;B;N;0;

STR; K inmen/DGPS;;Kinmen/DGPS;RTCH 2.3;1(1),3(10),18(1),19(1);0;GPS;NLSC; TWN;0.00;0.00;1;1;Trinble GPSNet;none;B;N;0;
STR;Kinmen/RTE; Kinmen/RTK;RTCH 2.3;1(1),3(10), 18( 1), 19(1);2;GPS;NLSC;TWN;0.00;0.00; 1; 1;Trinble GPSNet;none;B;N;0;
STR;Lienchiang/DGPS;L ienchiang/DGPS;RTCH 2.3;1(1),3(10),18(1),19(1);0;GPS;NLSC;TVN;0.00;0.00;1;1;Trinble GPSNet;none;B;N;0;
STR;Lienchiang/RTK;Lienchiang/RTE;RTCM 2.3; 1(13,3(10),18(1),19(1);2;GPS;NLSC;TWN ;0.00;0.00;1;1;Trimble GPSNet;none;B;N;0;
STR:Middle/RTK:Hidd1e/RTE;RTCM 2.3:1(1),3(10%,18(1),19(1);2:GPS; HLSC TWN:0.00:0.00;:1:1;Trinble GPSNet:none:B:N:0;
STR;North/RTE ;North/RTE;RTCH 2.3;1(1),3(10),18(1),19(1);2;GPS;NLSC;TWN;0.00;0.00;1; I;Trimble GPSNet;none;B;N;0;
STR;Penghu97/RTK ; Penghu97/RTE;RTCH 2.3;1(1),3(10),18(1),19(1);0;GPS;NLSC;TWN;0.00;0.00;1; 1;Trimble GPSNet none;B;N;0;
STR;Penghu/RTK ;Penghu /RTE;RTCH 2.3;1(1),3(10),18(1),19(1);2;GPS;NLSC;TWN;0.00;0.00; 1;1;Trinble GPSNet;none;B;N;0;
STR:Seuth/RTE :Seuth/RTE:RTCM 2.3:1(1),3(10),18(1),19( 1) 2:GPS;NLSC:TVN:0.00;0.00:1; 1:Trinble GPSHNet:none:B:N:0:
STR:Taitung/RTE ;Taitung /RTE;RTCH 2.3;1(1),3(10), 18(1},19(1);2;GPS;NLSC;TWN;0.00; 0 00;1;1;Trimble GPSNet;none;B:N;0;

|STP Taivan/DGPS;Taivan/DGPS;RTCH 2.3;1(1),3(10),18(1),19(1);2;GP5,NLSC; TWN;0.00; 0 00;1;1;Trimble GPSNet;none;B;N; 0:|

STR; Y1 lan/RTK;Yilan/RTK,RTCH 2.3, 1010, 30100, 18( D), 19(1);2;GF; :Nfﬁ:ﬁ‘ﬂ:[] 00;0.00;1; [;Trinble GPSNet;none;B;N;0;

STR:West/RTK ;West/RTE ;RTCH 2.3:1(1),3(10), 18(1),19(1);2:GPS;NLSC;TUN:0.00:0.00;1 Trlmb]e GPSNet;none;B;N;0;
STR;RBN_HL ;RBN_HL;RTCHM 2.3;;0;GPS;NLSC;TWN;0.00;0.00;1;0;Charisna;none;B;N; 0‘|

STR; WADGPS,; WADGPS ;RTCA ; ; 0;GPS;NLSC,; TWN; 0.00;0.00; 1;1;THS ;none ;B;N;0;

STR;TEST, TEST;RTCH 2.3;1(1),3(10),18(1),19(1);2;GPS;NLSC;TWN;0.00;0.00; 1;1;Trimble GPSNet;none;N;N;0;
ENDSOURCETABLE

Bl 3.14 j_e-GPS e NtripCaster 2~ 1¥ 53 Source Table

iP5 Fe3® e-GPS % =k (NtripCaster)B~ i ¢ source-table » 48]
3.14> %+ B8 Ntrip 1% 2 ¥ 17 3% Source Table #745 if cH 8 /it JR7#$%/% 1 e-GPS
£3 15 xw“a;\ﬂh # % DGPS & RTK & & pR7%: T4 84 * RTCM
23 ’f%%‘—?‘ 30 LA 1R) 2 1(1),3(10),18(1),19(1): % 7 RBN_HL 12 ¢k »
ST H BT P iR & d Trimble GPSNet & 2 ° NtripCaster /734 %]
78 &_Trimble-iGate » # * 3 Ntrip %< & ¥_1.0 °

#ciE = NTRIP :@ s ¥ 2 3] BKG’s GNSS Data Center & #b
(http://igs.bkg.bund.de/ntrip/ntriphomepage) ¢ 7 2~ ¥ NTRIP Client #x 4%
GNSS Internet Radio - ZkiE Broadcaster s 3K T_ift 2«7 [P ~ port ~ i *
'ﬁ’i’g SRR Jﬁ B BRFR IS BRSEENE S N ERIT ORI
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source table ¥ J' %% # > ¥ &z RTCM B &3t 4 o

S FHEERMRN S N s @ HTTP ¢ GET =% > % Caster
# P18 source table » £ i5iE HTTP ¢ GET = ;2 @:i# ;i 7B 4
Y bR AT R i -‘ﬁ ID % %75 X base64 Mg w%ﬁd e B 3%
BEFE LR TE it RTCM 2 3 4, -

F B HEACH I RTCM 48 (73 3 a8 &% RN 3§ A 75835
P ZE K3 RTCM 1278 4758 - BKG’s GNSS Data Center 3 + »
L #ft i RTCM f2#B 4ctl > 5 X % ¢ 8o bdr— Lami g o &a,ﬁ e
el B3 ArE o Rfep FEB RN HJREAT LA o

RTCM 2t i d word 2= » =* F word ”)é 30 B i~ > wa i word
Wl 3.6 57 A 8-bit IR Y B 0 4R "6-0f8" 5 - Tjﬁiﬁ 6
BERAFREA > et d BFEA (FTBEREZ 1 % 8BEE0)
- B Byte> #71 Byte #ici® 3% t 2°=64 ¥ 27-1=127 2_ fF¥ - j&_Byte
B 6 BEF WAL FEE6BE N A g s A
U] 1S fRAS S LR gk o 00t 0 37 Bk bi-phase Hedf @
W RPEFGT § B FE T4 RTCM ehparity i & /2 83K 35 = 4% word
WA et B & kypa - B oword ¥ 30 B A (2 d730 £ 57)E_0 B
A1 AT A F Rword p RF im0 dl~d24 £ o7 )BAT Bl o Fpt o
RTCM F i 2 25 a2 i A2 4o §) 3.15 -
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F R

7 & | S ——

T B B A

18 RTOCM

*

= D AR byte (i

Byte=63

Byte<128

P e D

T+ A Fp 3

<o >

dl~d2410 N L

| N

[0 £ i GIE -

B 3.15 RTCM # 4 c1f2 5 a2 in 42
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3.6 13 DGNSS Fih3=f

3.6.1 12 Beacon DGPS #:jc 3= 15 45 DGPS =t

v

-

% 7 f#14 47 Beacon-DGPS U ELR 3 e7F Sk m » 12 2 MF Beacon
MEBHEIEAB T F A5 Fpt 12 Beacon-DGPS E e (2 K
Starlink = # 7 DNAV-212 | 853k & ) ¥ 5e3RzL % 0w & Bhis 30 4ien
DGPS B 3k it 7 42 < jp) 22

- XPERpER e EEE 12011 & 3% 10 P T = 16:20-18:50 7
AEABUE TS RAART I AR Y o T o K Rl
Eeh? St iE igEb At 2.5 ) pFp DGPS 2 &+ 34 ¢ Station Health

7 % "Unhealthy" et 5] 5 0%, e §" Unmonitored" st & 3 i 45% >
% 3% RS F ¥ 2D IM enw 4820 4, o

§ = SR cnpE R EL R 2011/08/23 12:50-15:20 (4 2.5 | F¥) &
AEFAF T 1 BT S k2 (3 B IS AL
)0 BEHLIS Y DGPS 2% 133km > F BRI H TR BT & & 4oFl 3.16 -
FORIPEK T T TR T * i (Age of Data Limit, AOD limit) 5 30
o AR PO A T DIRTE ORI S GPS #5500 B R 99.7%:h
i~ 24 & DGPS #-5% o s PF R P 0 Station Health & 0.03% &_
unmonitored » ;X § unhealthy {25 o #714j%_DGPS = * GPS i i

& B F i & g Beacon JTi A L TR o

d 34k D PR Y A Jﬁéﬁﬁ’ﬁﬁdﬂﬂﬂzgwﬁliﬂ
B LA A R 3.1 = 5 e BE(1E 0.3%)
W £ _DGPS # = GPS #i-5¢ Zizp+ 3 DGPS z_i> T 35
A) o F R F FZ AL 3-10 ¢
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ETARLINK DNAU-212(8) DBPS Nav: qau.n ﬂmltoll nEion 3.

DGPS Ref er e-r'u:e Dat a Scr eén
L tiom LAT m Rmal
Nessage . 45—_-—&‘

ORE PR

B 3.16 12 Beacon-DGPS :p|i& 14 45 DGPS ke gl 35

HL_BeaconDGPS
2011/08/23 12:50-15:20@NTOU_TEC_11F (133km)

=4

o

dN(m) >

DGPS Radial Error 4 a .

|
1.23m(95%)
0.55m(50%)
N

IE]

GPS Radial Error

+ DGPS
m GPS

dE (m)

V¥

B 3.17 12 Beacon-DGPS p|:#{s 45 DGPS #enz > % %
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{4 45 Beacon DGPS == § Bl% %

BIE ST i

W

0079

2t 1D %+ 4 fie % Russia, New
Zealand, USA 4= [F] » Asia/Australia/
Pacific Ocean ¥ * 1 Spare ID ¢

3£:800~1023

o

by

(RTCM Type#3
BiEp )

ECEF ¢4 &
x=-02967844.67 ;
y=1+04983722.79 ;

z=1+02643537.05 ;

5 WGS84 S lg i
24.6464063 N, 120.7741188 E
S AR TR KPR B/ FRYE

241°/71.9 &

B ¥:k ID 0078 B~ i RTCM Type#7 @i p %
Righi- ¥ # R 24.948254 N, B i RTCM Type#7 &% p %
&R 121230510 E

RARME ¥ 320kHz B WL pEAER A ERAE S, @ 4R
7% & ¥h =3 24 16N, 118 08E, #p§FE
9 300km, Ref ID=632/633 7 &+ & =k
¥ e s s & T AR 3 R0 AT o

Tkl 200 bps B1E » I RTCM Type#7 @iz p %

R EABEEE B 45.0dBuV/m - &2 50 dBuV/m 5 i F A

R R 6~10dB

YT A AR #3, #6, #7, #9, #16 #3 B %d sb Sl #6 B2 4

#9 £_DGPS 2t 4 ; #1620 &, > F &_

"NLSC HLOI DGPS Service"
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pLek s d g f]_:‘ Blig P s n g i AP S99 DGPS B8
FﬁmﬂmIM T iplse by B L R L A 4o 3,18 R 3.17-18
SN 5 PSv&.RS,ZLﬂ‘m 3L 3 133km iR R * K R
Wo HLAAT g PR A de b IM B 4r e 2 R 3 % o
HL_BeaconDGPS IM Position Error

2011/08/23 12:50-15:20 Proclog

dN (m

-1.5 -1

.
oy
Radial Error [m}/
95% <0.83m s .
average=0.36m .
Sigma= 0.21m
-5

@ 3.18 Beacon B[ I FF £ chfs 45 DGPS #: IM 2z k%

£ 35 PR F 18499 DGPS #k3z4%k 0 Unmonitored ;xR % H ¥/
7 Time to Alarm iE4% > % I F IM & $F post-broadcast IM e73fZ >
RS ¥ &3 ¢ € #+ RTCM 3t & #&7 = "Unmonitored" > @ § IM ** 3 §
S 5 é.;ziu— P F RS BFLELHIFIE ﬁkiﬂ Station Health #z w
¥ E o ¢ 2 & TimetoAlarm # 10 ) p & F o

—\

G

=

3.6.2 #iF P N e-GPS i 1845 DGPS #

A g {73k 3 20 Ntrip Client 22 f2 78 2545475 » &_e-GPS ek
s %= RB-DGPS # i\‘ BLER T T A 735k @i 0 RTCM 3 4, 0 F R 9718
RB-DGPS #b3n 4, #4482 » 1 22 ITU/TALA suE 2k finde & 3-11 -

‘%

o

m\1r
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% 3-11 3 Bl e-GPS 2 {4 % Beacon DGPS #b31 4, £ f2

21 4, Py ITU/IALA 3%

Type#3 BEPE 14 30 f)42 0 BR300 44 | I 30 4 45
s S

Type #5 PE AL 304 BFFIR IS 248 | p & PS4
BEFE 15 & 45

Type#6 | 7 &P o & pF

Type#7 | B =5 P64 30f4 FIE 1044 | IR 15424 R4
B L PF (7 4EH85)

Type #9 B9l 4§ AV an s

Type#16 | A % [ P94 40 fjd=» IR 12 248 | 3 & pF

StationHealth: NLSC_HLO1 RB-DGPS via e-GPS, 2011/06/11 24hr.

S5 UDRE 7 Unhealthy 0 UDRE
ScaleFactor=0.10 0% ScaleFactor=1.0

0% 4%,
4 UDRE 1 UDRE
ScaleFactor=0 ScaleFactor=0.75
8%

6%

M 0 UDRE ScaleFactor=1.0
B 1 UDRE ScaleFactor=0.75
M 2 UDRE ScaleFactor=0.50
M 3 UDRE ScaleFactor=0.30
M 4 UDRE ScaleFactor=0.20
M 5 UDRE ScaleFactor=0.10
M 6 Unmonitored

7 Unhealthy

B 3.19 i%5:iF e-GPS &t ts 4 DGPS = & ik jm 33t (24 /] p%)
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B 3.19 £33 2011 &# 6 * 11 p j8ia i3~ BH iR @4’3— e-GPS

LR AL e FE s 24 ) FF oo uiti%sk & RTCM 34 p &0 Station

Health ;% & 33t > % % ) 30 unmonitored R ;R e IEPFRF B & 9 5 6 /)
¥ > unmonitored KR T b 4 X FFAZE]L ] PF o

LR P HBEEL F RPN B s
[ . ’i? i IM & Beacon A #5387 79Tk o FiZ 42
8T RS R P H %u‘fu;”',f)’%«lirgl320’——" 8/27-29 &_
FHr = 2T aE s 8 2 3V E 07 Type9 3 4 0 Station Health<6(7*
&>t monitored & healthy)et G- 8 o kjwe pagecl v 5 > 2 ¥
Fo BT E D REREDE Ko

HL_DGPS Station Health Statistics
(Ntrip RTCM Type9 log & decode)
100%
0%
B30%
E 70%
= 0%
-  50%
Alg
E oa0%
l:' 30%
20%
10%
0%
el R R B R R e B R B B R O SRR B I e B -
g Nl o e e g g g gy
s e s s s s = = = = = s s s = s s = = = = = s = = s s = = R = = =
FERRRERREREEETTNNNMNOERARRRERERAENTTNNEERREREEREERER
2011/6/11 | 2011/8/23 | 2011/8/24 | 2011/8/25 | 2011/8/26 | 2011/8/27 | 2011/8/28 | 2011/8/29 | 2011/8/30
|IEIJ5FI[:t‘§U 76% 96.68% | 96.68% | 96.68% | 99.49% | 99.69% 99.69% | 99.69% 100%

B 3.20 # 45 DGPS ¥ # 2 4 v (] 303 (35 i R B )
IALA R-121 $f>% Availability § { t¥ima & 888 2> Wi &
W AT o A E LY Uy R E 2358 5 4R 5 Unavailable thif
e dE R FEMELA B D LA 4§ PI(Tr Station Health=6) » 2 F 3%
REINT AR sl Ak =N Y LT R ;J’f’“,% S AMELLBOCEFES T 4dB )
MELZ 4B (T Station Health=7) ; i EL > 4o b F 7 * pFRF 7 4248
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20 Fy 0 Pl * BRFARL AT (F 2 o ok pl izt i
5% AZE 21 ) o ;z’s‘:%ﬁb&ﬁﬂf'““’ r1 7 33+ % unavailable ) e

3.6.3 ] #c 2% e-GPS i DGPS 22 15 45 DGPS b i3 1 #

i Fe3R e-GPS e g DGPS =k H_ 1 RTCM Typel #% i3 & Fifd -
me e p R P B4R ) {84 Beacon-DGPS k& 14 Type9-3
BEZEFTHE 7T AFLEDEE TRASA23IENLY - ZRFED
BEMAEKRRDLE NP R B REA B GRS 8  $ 2 (7 DGPS
T o T GPS wiRk Rt fie o PERFE_2011/7/22 17:00 42 ;5 2_i=p]3#
“7% 2% % E_ublox 4 Tty 5 BRI R A% X< R DGPS #1 IM
(e rmplE Lk ) 4B 3.21 % & m&%' ATERE R 0 & IM
TG L2 d ) £ DGPSRTCM 3 4, & 2 3G (7 F e > @ % p
72k 3 e Ntrip S0t 2] 15 3% B 56 ublox » & =t P32 10 4 48 -
I —

B 3.21 Rl3# R F b DGPS FAl ke % - %

BlE v ReeniE S Ao @) 3.22 0 fipliEea @iy 10 /,,\/fpx O s AT
DGPS % i3 i@ * ¥ bR, DGPS 2 i 2 L 87 % 5 & H ¥
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GPS T i BE ZRIFA KT 02 o] 0 AP — RS DR £ o SR ITEE 103 B
3.10 /4 = Becaon-DGPS - c7 DGPS ¥2 GPS Z_i> 3% % ¢ fid o

DGPS/GPSEL#S (ublox) 2011/07/22 17:00 4 10min.
A E RIS ADGPSIIM KRR

I

Ad
2 O
[ [ ]
Ad
b A
3 || [ T 7
I 4 * FYYYvYvYy
1 L2 22 FYYYTYYYYYY
Faye | B 220 223 [ Y P T T
S 64 4TRG 44 Ak A
— N OG0 '
£ A e s & [ 1 m HL_DGPS
— 'l s sssssasleds Ad
= L | W6 WEEEEI4e Add + GPS
- o Tl + EEsENsE % F 3

[Rrssssss | + TWN_DGPS
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World Wide Radionavigation System (WWRNS) of IMO, including
GNSS, GNSS augmentation and terrestrial backup

based .. Operators)

i Application-to- applications)
Ship lcat |
. application | |
environment UMDM functional connection

L}
| | v : -
- INS Transceiver station Physical ' 1
: Link (e.g. \WA .
" radio link) " :
a? [ [ % Shore-based .
ip’ i technical oy
: Ship’s Shipboard : e o b &) Shore. based
™ L— sensors Applications i . g " Lsers
n ships g services ]
n I u| (= shore- m || (eg. VTS
| | | ]
n -
| ]
| ]
| ]
| ]
| ]
| ]

Shore
environment
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Link technology
encapsulation
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521 AEXEFHAFMTENKE EZ Jsuenlei /i ¢ 8
"LE e MARFOURE > A HA R T WK E &k Sl
NG opTis LA BT/ o T AR E g R 1R PSS R
IEC 61162 i 7R £t B o= /i 6 il I DBIF g 0 A& 1 40
AHEERHE* 7 NMEA 8/ 372 0 3% 4 748 > % % "Maritime
navigation and radiocommunication equipment and systems - Digital

interfaces" » 4 7] % = 4k 5-2:

4 52 1EC61162 % & W e id 2k & &7 J stz i 5 L8

61162-1 ed4.0 (2010-11) Single talker and multiple listeners

61162-2 ed1.0 (1998-09) Single talker and multiple listeners,
high-speed transmission

61162-3 ed1.1(2010-11) Serial data instrument network

61162-4 ed1.0 (2001-11) Multiple talkers and multiple listeners-

Ship systems interconnection

IEC 61162-1 # /&> NMEAQ183 V4.0 Fo>o 8 & # 71 T4 By =
9047 42iB 79 3 < (printable ASCII) > 5 45 4B 1 2314 <47 $
MR L o b A B HTLL » AR AL B LB 2T

FER (blde P AISVDL UL ) -

IEC 61162-2 %} & NMEAO183 V23> + £ & ¢ 7| F L @45 > 7
25 20ms @i 1 ¥ L F LA A TI B ASCI F &

EERF L L MAE R B 0 IEC 61162-1 £7 61162-2 ¢ &2 % &
AER S 4P A I g R F IEC HENEY B RE
4§ (Controller Area Network, CAN)#: #5579 NMEA2000 & & » #4370
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IEC 61162-3 P| ¥ i@ R A2t & 4| p Frziiz i - & |[EC 61162-3 <9
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H e g (Ethernet) 2 400 i 5 R cnSfi > & W g - LR P
B &~ BB S 0 400 5 FIHRIE S 480 8 g 4 2001 &
11 * ¢hedl.0 -

5.22 AR B g MT MK G kuehe X pRiER

£ #(2011) 6 * BiTid e IEC 61162-450: Multiple talkers and
multiple listeners-Ethernet interconnection & 2857, g #% i 42 & g ge v
4 % Hp IEC 61162-4 0400 4 7] » fe £ AR chp 5 4 7 Bl 24 4
o 400 % 7|4 2_ & IEC 61162-450 *FL# R R (RSB iR
BRI E - o X eETE R 7 IEC 61162-1 2 IEC 61162-2 % 45
Bl 2 TR RE(FEFFENER - AFTHEETE- 32 IEC
61162-3 -

P IEC 61162-450 Hdpdqf sl 2R & A G R8¢ vii— 7 4 3%
G R R ORI o Pt A R E A L R
A F 2K T E R g IEC 61162-450 $130 3K & /1 5 chAL#E o

Bl 5.4 %_IEC 61162-450 ﬁﬂ%}iﬁ&ﬁa‘gﬁ%&u - 2 % IEC 61162-1 # 7]
A G R FALS A A S H(4-@ 5-4 h SF1SF2) 5 5B
SNGF 1 i # it #- IEC 61162-1 31 4, # 4% 2 & 1EC 61162-450> £ %
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PRSEEFPERES B o0k Sr i 4o 5.4 99 SFA~SF5 22 NF3 -
T A ST T rfiE IEC 61162-450 s ALk o BT 0L fTis e g )

2 |EC 61162-450 18 i F 4L » 4§ 5.4 1 SF6 ~ NF4 22 ONFL - % &_
Jzi¥ |[EC 61162-450 Fsflenzk B » 1 & & & |EC 61162-450 ra4p % 12 &

Fo 2w - BARE o 4B 5.4 590NF2 -

[EC61162-1 [EC61162-1

-------------- SF3 SF4 SF5

NF1 NF2 NF3

Ethernet
NF4

OFN1 OFN2
SF6

SF=% & it 7 3 SNGF=# 2] 4% 49 3% 19 18 o) fie 7 3k
NF=#43% o) it 7 3. ONF =31t 4938 5 fiE 77 3

Bl 5.4 IEC61162-450 e B 47 3% § ]

. IEC 61162-450 s ¥ id i & 2 A 2 e A#H LK F =
% iy * Router » 7 s¢ * repeater hub » & * ¢ switch 4-% £ 3 multicast
filtering # it » )4 IGMP(Internet Group Management Protocol) snooping
g2« CGMP(Cisco Group Management Protocol) » B« 7 B BF o* & # i >
PLE ] h R A S ELR Y 1 IGMP KK A A o oid 2 B 4E o IEC
61162-450 g2 4 * IPv4 » 3 5 7 £ & ARP(Address Resolution
Protocol) ~ IP(Internet Protocol) - UDP(User Datagram Protocol) -~
ICMP(Internet Control Message Protocol) 3 i 3042 % K # 7 4p fie
chizak 3 172.16.0.1 $| 172.31.255.254 # ] > fptigY 16 =~ 0 B
class B # 4 e i=ut o 239.192.0.1 1 239.192.0.64 < multicast =4+ i
FERY Kina it o ,f’g}%-ﬁ%.fg?ﬁ%]éi i * UDP multicast ¥ 2_> #-F iz
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BHEr=s 3B fé;ﬁig?]%i:sg & B edgpe— B multicast IP i-ak 273 5L
(port no.) -

IEC 61162-1 3 & 2 a B F ~eh T3 38 % %15 (talker
identifier) | zv %)% & Fd vRAE K E % I eh 1& mz @zl HA
75 (sentence formatter) , % ‘“+>7}€i MU ZEZAL B EH L & o

“& HRAR R AR L kA i & FIt IEC 61162-450 i
o sirt i nlAg SFI FE3k IEC 61162-1 % G «h M3 i % 48
(Talker ID) | ¥5 SFl e B3~ HES L R4 BHITF Ao ¢ 5
i SF ffe — 4dy el ¥ 88 § v — 2 SF o

T 24 IEC 61162-1 31 & feesit ¥ e - IEC 61162-450 417
NMEAO0183 % # ¢ " @ #i; ;17 & # ##(Transport Annotate and Group,
TAG) | TR FH > & IEC 61162-1 3 & 5 6 3 4r — & o8 > TAG *
S BEL A 2 H f’@“%m«&r—f :

d:p e 8w SSRREGEE tpd 2 F

gt A i N:SF &% ch % B2 4 hiE 5
e IEC61162-4505H & -~ —mmmmmmmm e e
TAGE R I[EC61161-15H &

\S: GPOOOZ d: ’SIOOOI d: 810005 23*21 @

Source destinations Sequence No.

$GNGNS = 6 = $\&#\2 FrE_ TAG R FTH > Hp F 278w
$GNGNS ® gp 0 [EC 61162-1 3 4, 2 _&_SFI=GP0002 7 GPS # T % &
¥ SFI=SI0001 22 SFI=SI0005 iz B & » B 5. 23 a3 4 o

7L ATk F PR %'uxﬁ‘&\ 2 % ¢ IEC61162-1 31 4 @i% » @ 422
“:UEIJ ,E% Ii‘i—’]{ rv lv‘d YLe ﬁ%’%ﬁ fé?& ’ :LE'#}:“P_; ,uﬁ-é rsm

4, (Multi-sentence Message, MSM  » AIS 3, )I; IR
MSM Lupz,a,jh? W TAG BHehg flicr 4= A5 50 AIS 2 5
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(LAIVDM) & # it » bl4e™ & &3 4 ) » g:1-2-08 4 7 IAIVDM 3 & &
#_SFI=AI0002 i AIS 2% #% i% 4y e % 98 2% % 21;%,3;1\ 1% 15 .
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IEC 61162-450 #>+4nik3k % 2 B e ¥ # % 38 3 §%- |EC 61162-1

g A ik I’J?;é.%z g A I m@ﬁgli; o @—? | % & B @ﬁﬁ%;“i‘

7 Fenmulticast IP =4t 23858 % = e e B B3k & (SF)RR & & B30
T B e A A L E @ﬁﬂaﬁm P 2 35 o
P SF ¥ 3% L& e fomal @ e bRt TR (12 0 3] RS R A )
SR 0 AR HH T @B g multicast 1P ik & 5L SR T

o % 5-3¥15-4 % 1% ﬁiﬂ%; WA B N o B AR R E TR o
% 5-31EC 61162-450 il iy 3 fo fF 4+ 3¢
BeEe B BEE L SRR A
TGTD AIS &2 3 p 7
SATD [ AT B ehig e 815 i T
NAVD TGTD g SATD ¢ chaifiruii o)
RCOM B KB
VDRD IEC 61996 & & VDR iz 4t
TIME 3% PR ek &
MISC H i
PROP BT
USR1-USR8 | i¢ * & fi 37
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e | FiEE N | KK AN
TGTD Al AlS 4;da p & 3588 % 3
RA AR LR
SATD HE,HN 7 RiE
T o AT F
NAVD |GAGP,GN | Galileo,GPS,GNSS 2 Ik # swiiFh & 5
EC,EI w5 B4 s ECDIS
wi Fak
sD Bl R
VD,VM,VW —_—
RCOM EP # &4 =& M E 17 (EPIRB)
CD #ei+i% 4% ¢ =1 (DSC)
CS L
CT.CV MF/HF, VHF & % 7 3%
VDRD | BN S g B R L
TIME ZAZC,ZQZV | - » R/ p #p
MISC VR VDR #ufg T ie 45 B
SI

SNGF (IEC61162-450 7734 crtk 78)
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EIPE A de bR RIE D RET R

£ ¥ &
&7 BpTA iR s % FF AT AR Tep
&R e A

fﬁ%ﬁﬁﬂp\ ; F A P o Fal S DR A jéj_ﬁ_
B 8 Atk R F TR R IR ¢
E—QW$ﬁ%ﬁ?&%ﬁ&kﬁ~&+@\%ﬂ$~ﬁ;
B TR o drk F RARGE R EAH R IRV IR
T AP RERIH R Bo|deT
i/::étr}iﬁj% %f'k}—f;f /EIJ? 1 «?]J’}r ‘ff’,—}, = l@? oy 3 L'——/J" A Q’KL N
GNSS 7 RAIM 7 3¢ ~ Jr i ffum f/i@ PN T U L R R T Kﬁz
e ¥ - SR SR I A 1 Fe COG +t o o ¥Fbe Frak ¥ e
okt g RIE RPN R Bl 2 T O ofRE Rk B e
ﬁ’rbﬂ L f{ ° j\-ﬁ;:’](—"‘ ékz’g?‘;}-'.? 1l 'fr'E' — B 7%@5 pL ﬁ‘i Y. 'fr'”;'j:r
B BN kR o
65D T

x/%”l glj‘_l:]‘:}_\”ﬁ Pelb s REEM 2 s A
@ i ~ ECDIS ~ AIS & 547 %

2k “fu?ﬁr}—" Rits pg €& o bjdr: §iE
IR R KRB AT R AR - R Akl - B Rk
S AL KEEZ B A B P AR IR i 4 AR 4
?Lofﬁ,&,\‘;—,l]é}_;é,ﬂa;';‘ R EL - 2 R UiE (pldcd iE ~ ECDIS
AIS % z_=n CPA/TCPA JT\' B) ek A oo A kKL A R
%’i%m%%°

5.3.2 B inehE 2
LE - SRR SR 8 S IRl SOV ) LR S
Alarm, Warning, Caution i&= B % 2 & 7 3 L 4 1R B > 1Rk fE Bl



> V& 57 4@ 5.5-5.7 -

Caution

Caution Caution
Condition — - —
detected Do/ Steady visual indication

Condition O
rectified .
provide condition details

Bl 5.5 Caution % = ¥%

,
E

=1
F

g

mnacknowledged Warning\

Warning Do/ Initiate momentarily

. Condition audio signal &
detected

flashing visual alarm,

Unacknowledged Alarm

Do/ Initiate Audio signal
Flashing visual alarm
provide condition details Provide condition details
(optional speech output) (optional speech output)

\ Set Timer /

acknowledge
Warning

Acknowledged Warning
Condition

Do/ Stop timer rectified @
Steady visual indication

Bl 5.6 Warning £ s ¥ 77

B’ .) 55

R E

Unacknowledged Alarm I (r

Alarm

Silenced
e Unacknowledged Alarm
Condition Do/ Initiate Audio signal silence | —— —
detected Flashing visual alarm Do/ Flashing visual alarm

Provide condition details , Provide condition details
(optional speech output) J Time up

\_ Set timer (30 sec.)

acknowledge
Acknowledged Alarm 1

acknowledge

Alarm

Condition @
Do/ Stop timer rectified
Steady visual indication

B 5.7 Alarm % & ¥ 57 3 4 e

e

eg I

5-16



l,i\: Jﬁiﬁixﬁx—% FE]’T & % \&p—r » 18 —‘ﬁﬁn}{? A
CRANCI izﬁ%ﬁ’ CERRIEY > FEF R R AIS F kT
&% o Furuno = 70t & S 4H 4t enE 2 X SOLAS AR ge ey dg o 3 # 3%
SOLAS dydaenp] 3 Transas = & e & %t-ﬂmp;}@ RIS T

ECDIS~ 3 if ~#dpdfnd ~ BHER 4 0% 5 oF59-

Lo~
\'ﬂ

B 5.8 Furuno NavNet 3D % # it 8¢ Befir 3 7

5-17



O Input

5-18



R L u AALEE B P h B AR TRE
im?ﬂfiéé’ﬂ&ﬁﬂﬁﬁ{%%%&%@%¢?%ﬁ§$ﬁ
HADPREE - PRT RLDFeLL AR FHRY pRK
%»%@ﬁ«ﬁ?b%ﬁ%xﬁuﬁ;wﬁﬁ’fﬁ%%ﬂ&ﬁﬁm

SREERL AP LT FL AR B AP R EH LD
K3 ERICFERE o hizP e o IEC iy da RS m R MKF ¢ =
PrLT i m R (IEC61162-450) ¥ i s ES R B R B X F 5 T

4 et iR -

ﬁa&(%9%;%;&@1—%?%ﬁfﬁﬁmm%ﬂﬁiﬁ’ﬁ
MAA B VA dgh? a3 BALETRE ~ WA L R RR S SRR

R 2 g 4zirﬁ%ﬁ’&ép%%%ﬂ?ﬁﬂiéﬁ<ﬁoi
)
. BT

¢
.ﬁﬁﬁéﬁ?ﬂimaé@,ﬁﬁﬁg IR R E RS e
TRE AT e 0 B E AR 5.10

BTl R 3
R T S *=Aﬁ#@-fﬂu#$ﬂk]
i ——
:[ﬁﬁﬁ:ﬁﬂ&s% t:&tfi]- G

& e

[%%ﬁ%ﬁﬂ] [E%ﬁﬁﬁi]
A S BORE

B NALEEES

e oo e o e e o e o o e e e o e

B 500 FEAUHLHFTERT SAFEHT LW

5-19



FURBHET S A Go4cB) 541 Q)R] A dpdy s dpid s S s
Ronie iniE ~ GPS TV ER L S E SR A A SR w0 B Y
B S A L ORE SRk S ok Sl B T ES Ed A2
ApEike ARV - 2 D)MAHERS GPS TR 1 B
Bl REXA A S ﬂmxiqﬁga] LA R 5 (C)BER Pl s A F
thEks&E Al RN SN (R S o5 LRl SN IR
Ao BB AR FEKX T ()] F ~ AL EL{s 1 p B AT
Beid 2 f ik dpan i Goo

FEWMEE

Latitude: 25 |plo  [sl2 (¢ Od4is Oms

Longitude: 121 |pr[30 |50 ¢ Ow@E Opmg@

Y BT
U] sikniaem: 0 mEmes0:0 |
WEE: 0 RERGRE: ¢
O] spuriE: o #plas(mk |
wEBias(m): |
FHUVE(E: 0
O] kim0
KinigE: 0
LHBRF3
GPS mode:‘ﬂ - Autonomous.(Non-Diff) | x |
Diff, Stn ID:

Diff corr age: 1sec v H[)OP:il.l] v
(a)
® GPGGA ® GPGLL (® GPRMC ® GPZDA (® HEHDT ® VDVHW @ GPVTG

$GPGGA215754.187,2520.19999099999996,N,12130.833333333333144.E.1.3,, M M0.0.0
FGPGLL, 2520.19999999939096 N,12130.833333333333144 E,215754.187 A*03
$GPRMC, 215754107 A,2520.19999993989996 N 12130.833333333333144,E,0.0,0.0, 1907
$GPVTG, T M0.0N0.0K4E
$HEHDT,0.0,T*2F

$GPZDA215754.187 19,07 2011,00,00%55
$VDVHW,0.0,T M,0.0N,0.0K22

(b)

5-20



ComPort Setting

U o I:B BiFTE0
SR O BEso | BEsO
WHTTEO)
FHIWE P
BLEms: 1 v
AREERE
EiEP: 192.168.0.255
spe | I e
Log
) Sentence Write in Txt

() Lat,Long Write in Txt

— (©)

Throttle RATE OF TURN

0% Ahead
Port StarBoard
Anhead : .
— 100%
FlaWmetnE
Max Rate of Turn{deg/min)0 |
NadER T
B _—
Full Ahead: 19|  Knots
Half Ahead:10.2| Knots
Slow Ahead:78 | Knots
Dead Slow Aheads 2 | Knots
— %Full Ahead SFEBIRE 240 | secs
Astern
(d)
BEWTR
£BRIV TR L] = AE ST R % FEIR a5 3%

B 5.11 skimEE# 0 Mo & o

B 5.10 ¢ ek fidgor o g v K F B RR Y TR - B T
PFefEs > #* F¥ H&iﬁ&&‘g‘fr F*’*réa%un}la_’rﬁ/?\i%ﬁ

l\“‘

5-21



TR T o B 512 £+ &%%TM@&WW%E*Eﬁ’
LB EE T % GPS s #ch K i 2P 5 GPS B~ 18 chidy i 5
R84 p e Bl SR T AL R R fiﬁi%]ﬂzvﬁfkﬁ%évﬁﬁi A
HAMr 4 AfREREGE - PV ER R KRE > ST

#0E 0 4oB 5130 4§ 425N &ET e'm\ FoR O sk iR R F
) Bl 5.14 P
BB T DL @wﬁ%mﬁ$a%%ﬁm L

0%
2
N
.
Pt
E
~
(ﬂd\

%\‘1

(Sh

&

(=

0%
2
\

£+

At

4.
H

R

-

FITR

=

§¥
|
°

Latitude: Longitude: Longitude:

25° 20" 46.5065" N 121° 31" 13.7216" E

Speed Through Water: Course Through Water: d Course Through Water:
15.0 20.0° : J 35.89

Speed Over Ground: H H Course Over Ground:

18.61

Water Flow Speed: Water Flow Couse: : Water Flow Couse:

70.0°

B 512 kT Ao EER T EFEE LA kR
T

[ 388 | Pagel | Page2 | Page3 |
SRR kNI

FHbGE FibAiE

5-22



&0 2

A ZEEFE v MF
FERRS-2011/1011 150
(] Evren [7] Wave ] Wind R L
FIE 0478 (mfs)

FLA:277.1 (deg)

iR

FrAiaRE201141041 15:00
A 058 (m)

FRiFEER 683 (sec)
PR A 6011 (deg)

EA
FElrERR 20111011 16:00

EE2.5 (mfs)
[EFER:158 ([deg)

WAL

EEIRERR:2011/10411 16:00
HESHE1 4 (m)

W 514 B¢ < F G TREERRI TR T

i TS RN R SR TS T UEFEAN LB S
HEE R A EP-E BT o 4ol 5.15 -

® 5.15 ?%i‘li#‘mﬁ’c BT A B

GAES T B R BB AT TR S 6 a0 o
BA P RRRREARE B ARERIETE > A L LS

VB B 4 B K30 WAVE/DSRC # B4l sk & (1 A e ff AL 5
IWCU ik & )> ©iE 5 1 & B3 GPS A L &ia g o TS pH

5-23



% 234 o0 DGNSS JRi% 5 bIiE 17385 » %4 5.16 o AL 5 g4y ¢

4 w11 WAVE/DSRC ¢ T % @] B = (Road Side Unit, RSU ) , &2 T & 1t

¥ = (On Board Unit, OBU) ; % o d i 4 RSU eh7 "% i NTRIP
Client #r %8 & 57230 e-GPS 2k B /i B~ ¥ {5 4 2k beacon-DGPS g & #
e jt DGPS #57RTCM F 4 » 12 WAVE/DSRC £ 30 15 2.4% B PRIE 16
EERUEAFFPN 0BU - £ 4 3% OBU 2 WSMP i 31 %¢ /1 R # %
¥ - 1% OBU» ¢ iz% B OBU =1 GPS i%-’lfcﬁﬁi"ié‘é F1# g RTCM F
27 DGPS @i F RTCM F#e 3 3§ e L% 2L 5 ¥l
FERT R o BIFE B ;'3;1 g+ F> 5 OBU 2 B e "% 54 20m
TEB- 10 4T 0, R init * HIDGPS B X AR R ARL 14)

7 OBU 22 FFenid Mat &V 5 14> avp b B3 0 a9 5 £ 4
ehd 20X REFBIED :M\ L3 * 9 RTCM Type9-3 &7 Typel #73%

27 8 2oLl
L B e

B EE (n) EX10)) Average Correction Age

& F2-DGPS 19. 62 -0. 38 4} 32 Sec. / #&lF 33 Sec.
4114 Sec. /iEIE 15 Sec.

TAIWAN-DGPS 22.42 +2.42
W 5.16 % & FAFE A ~ B T TR T TR OERR

5-24




SRR L LIS RIS PR Y S )
B A RS R AR TR L
}f{&é/&%ﬁrgﬂg#ﬁ/ﬁ ‘f"‘r‘f”]—g““]x/ﬁ‘%#ﬁ-“k’_’ﬂ I}ﬁf %"ﬂ ‘;’ié%r’?};é—lf;r_;;io

hi

W g S L Bk s LB - BT AL S AL
/""’\7‘}‘3'. ~ %_ﬁ’@%iﬁ?l}'&ﬁ—r ~ g"‘]‘?,,i%ﬂmliz}, é‘i'g%
— U SRL(T T R G M ARRL BT B G 4R 0 T dndg IR R B L

Rt p AR 2 RPIF/ NFEL
ﬁ‘é/‘?fﬁ—,ﬁi’ﬁfﬂ%i’ Ea g o ;“’uffé'l“i iE'Jﬁ@-%%T’F%
MET AR ERRAES E

“‘m}&

gL Fr e i}wwa POFRELR R ~ Ay R A daE (BEREERR
FAF RTERRT AR TREREELE T 16 % ‘
TR

._\\

5-25



x}v';
M E
A
ik
-%*\7.
%
Iy
:ﬂ‘\«

6.1 %3

%

A F A BT AR RS eT

1. B ®SiT A B4 %ﬂ + PR A

2012 E4=d § 3 /5 Blcd che- 1 ST R AB R #f GNSS T~ o @R T
B R PRI S BEB R R R A 4 A Rl 50 DONSS PR
%5 A o R MAAR T A L Beacon-DGPS ¥ AIS-DGPS = #& -

A5 s i 4 AP A A Jk  Beacon-DGPS PRFH » 16 e i+ &
i :fiém BB RARAFES R F R et A dadiniT i 4 A B
giE T R GARHEF

Jo 42 % Beacon-DGPS»> ¥ £ 12 AIS-DGPS # &k % h15 £ B ¥ -
£fFd AIS % 2L L7 i # % GNSS/DGNSS 49 b ¢ s 8731 4, -

e B IR e e

bR R e ST S PN A B AR AL T T R B AT R
ﬁ”Aﬁ“f?”i?ﬁ%@@@?ﬁﬂ%ﬁi@ﬁﬁﬁ%%ﬁ%
DK R B 0 B R o

A b ke AP BRI AT AR BT E R AR
Flo AT FAFE 2 A MRS~ PP FER R - A AR
BB BEREHE ~ SRR R AT RGP TR R AL
B BN AT 8 BUE TR B R ARGEaE o

- S

RETEEE F A N P

- - I\

Py fapi 4R 5 48 0 RITE E 2 a0 o 20 0 4 AIS dpda i St iR T

kg ek s AIS &1 dd iy da T LB B 2 ERT

6-1



2. 4 s

PriFd o 2 g ia R ARETHEE S TR EE R ARTT
B T 7

B4 2 ¥ 5 2%

- HEF Y FHE AIS fidad L AL RENRE S BAET
,g,;;@wzgzigmu@ﬁ*’v'zjﬁﬁwﬂwﬂwhhihk}ﬁL A

BLook e ,T‘pwg;jé NIRELR R S A AP AR (BEREERRRT
ﬁ%%%%ﬁw?ﬂmﬁ)‘%ﬂﬁkﬁﬁéﬁﬁiﬁ*’%**

B IR o

6-2



%p—‘-ﬁlﬁﬁ:@:@ é‘a“?ﬁvﬁﬁﬂf’;\"‘;‘ s 4T ;,Jg_ﬁ,@fgz
(De-i* 4xf7 54 F 17 6 S kfprennis 48 BB G 35 5 R &
piiﬂ%%%lﬂ\ﬁpﬁﬁﬁgﬁ\%MQLm@ﬁg$

G e e & S R N Sk

(2)41* e-GPS 7k - 12 Beacon-DGPS 3 2 - AIS 5 4

ViECER
BUTRRELS B B G T 0 ST 4 B IR -

)1 * *p2 g oraE 2 eh il

A AT B EE B B 0 2 L B R B
CRLNPE

En LS 2eki ~ 4 F %2 BB E

Fr B KE\.f‘l‘—Emj_’El
FRFIE TR AR AL AE

jodn B s o
(DY e » AEREA R REEFFATL 2
O)FF2 aFEL B A AISRE D3 BiER L
(6) A A7 B4 2 A

WEAGATERT 52 L HRIEE S T AR

_\J_E,\r %éﬁ—%iﬁﬁ ;\#l'- e—fL %7 “'T%gﬁr 7 J;;?}%Lr:g l'n% 2 ﬁ %C??"
oo

L )% _é,d—;% Ae ©

6-3



6.3 1 =T EH

SERE T R B E A A ST B S EHRIT P 4T
LoATE % e b #i7 TR 2 B A H T 3

ATE e AT TR e B AR R BRI R e 0 2010 £ i

@ﬁiwﬁﬂﬁﬁﬁgﬂmSN@%%@géﬁ@%y%%%g

(TALAMD)F £ 7 end * 5 F e 303 (UMDM) o pt 38 1 v i § B |

?;Fé&?\ﬂ""’f%—-’g i 1 ‘r];' FLE ~ Fujs T AU Vs R ;\ A

?ﬁ%@ﬁmﬁﬁfi%&£@W” Lrfi e R AT A E )
Sor F b AT o

yREUSTEFISE SERE B0 B0

el AT iz fpdaF BA AR TR IHE S 6 f]"jf’%;‘féi:éﬁf%‘(IMO)
e%?mwﬁzsEﬁ@é%@%i*iéﬁr%iﬁﬁﬂé
(Application-Specific Message) ; > % FFE L 5 E R 5 fALIAT
et PRIZB € > R 2 A wBE TN RPN BEINE > ik
MR @SR A R 0 S B ORAY o 2R 1 (R RST R AR R
*opL F;Jf;‘,—r‘i}‘@.’#gm'HJ \é‘,g\./f’%‘ﬁﬁmﬁl\ﬂﬁy? ‘gvfnﬁ";ﬁ.\
B 4 E s E e A EHFE T T AMERKF BRI T FOR
%

N

bl BE e B THFE a8 i nE 22y | 2 L AHAY
% ’}g:‘.%.% ?bl\a’ }3',}:3_].‘?: 4.?5"-»(’



340

. IMO Maritime Safety Committee's Sub-committee of Navigation Safety
(NAV), Development of an e-Navigation Strategy Implementation Plan,
NAV 56th session report, 2010.

. Christos Pipitsoulis, EU e-Maritime initiative and Maritime ITS, 16"
ITS World Conference Special Interest Session: A common approach to
Maritime ITS, 2009.

. IMO Maritime Safety Committee (MSC), Strategy for the development
and implementation of e-Navigation, MSC 85th session report, Dec.
2008.

. IMO Maritime Safety Committee's Sub-committee of Navigation Safety
(NAV), Development of an e-Navigation Strategy Implementation Plan,
NAV 57th session report, April 2011.

. Shankar Pathmasuntharam, J.; Peng-Yong Kong; Ming-Tuo Zhou; Yu
Ge; Haiguang Wang; Chee-Wei Ang; Wen Su; Harada, H.; , TRITON:
High speed maritime mesh networks, IEEE 19th International
Symposium on Personal, Indoor and Mobile Radio Communications
(PIMRC 2008), vol., no., pp.1-5, Sept. 2008.

CRRGRGE s dpda p BB AR R LA ERBIZFY L IV HAE
MEE2Ey3HE2L o 4 %% ¢ MOTC-SATO-91-020 » 2003.

CERACE S BEkGE R A A RN RE A RER 2T
(2/4) > 2L EHGE L 474 > ISBN: 9789860271645 > Apr. 2011,

CBRRESFREELE SRR g e e i L BRG] ()
T FRFLPAER F L2877 3F 2 > Dec. 1999 o

. E-Kﬂ\':;‘ > agﬁli—a;{ v+ e- IL'Emf1 mt&]l‘/ **‘#‘Tﬁlﬁa;&q%ﬂll/q J wu
(1/4) > < FR:F E%J/FH’" #r e > ISBN: 9789860236101 » May 2011.

R-1



10.International Association of Marine Aids to Navigation and Lighthouse
Authorities, IALA world wide radio navigation plan, ed.1, , 2009.

1156 E » ja b dpda T mF I L P P B B > Frcfus gl ¥ 432
My R 0 -4 %% - CGA-DCEI-090-001 » Dec.2001.

12.International Telecommunication Union, Report ITU-R M.2202:
Maritime broadband wireless mesh networks, Geneva, Nov. 2010.

13. Triton & =k http://sites.google.com/site/mingtuozhou/research/triton.

14.Simon Saunders and Alejandro Aragon-Zavala, Antennas and
Propagation for Wireless Communication Systems, 2nd ed. ,Wiley,
ISBN: 978-0-470-84879-1, May 2007.

15.Howard H. Xia, Henry L. Bertoni, Leandro R. Maciel,Andrew
Lindsay-Stewart, and Robert Rowe, Radio Propagation Characteristics
for Line-of -Sight Microcellular and Personal Communications, IEEE
Trans. on Antennas and Propagation, Vol. 41, No. 10, Oct. 1993,
pp.1439-1447.

16.M Ester.,, H-P Kiriegel., J Sander. and X Xu., A Density-Based
Algorithm for Discovering Clusters in Large Spatial Databases with
Noise, Proc. 2nd Int. Conf. on Knowledge Discovery and Data Mining,
Portland, pp.226-231, 1996.

17.International Maritime Organization, World-Wide Radio Navigation
System (WWRNS), Resolution A.953(23), 23™ Session of IMO
Assembly, 2002.

18.International Maritime Organization, Resolution A.915(22) :Revised
maritime policy and requirements for a future Global Navigation
Satellite System (GNSS), 22" Session of IMO Assembly, 2001.

19.International Association of Marine Aids to Navigation and Lighthouse
Authorities, Recommendation R-121 on the performance and
monitoring of DGNSS services in the frequency band 283.5-325kHz,
Ed.1.1, IALA, Dec.2004.

R-2



20.International Association of Marine Aids to Navigation and Lighthouse
Authorities, IALA world wide radio navigation plan, ed.1, 20009.

21.RTCM Recommended standards for differential GNSS (Global
Navigation Satellite Systems) service, version 2.3, RTCM, Aug.2001.

22.RTCM Standard 10401.2 for differential NAVSTAR GPS reference
stations and integrity monitors (RSIM), RTCM, Dec.2006.

23.ITU, Recommendation ITU-R M.823-3: "Technical characteristics of
differential transmissions for global navigation satellite systems from
maritime radio beacons in the frequency band 283.5-315 kHz in Region
1 and 285-325 kHz in Regions 2 and 3", 2006.

24.1TU, Recommendation ITU-R M.1371-4: Technical characteristics for
an automatic identification system using time-division multiple access
in the VHF maritime mobile band, April 2010.

25.1EC, IEC 61993-2: Class A shipborne equipment of the universal
automatic identification system (AIS) —Operational and performance
requirements, methods of test and required test results, 2001.

26.RTCM, Networked transport of RTCM via Internet Protocol (Ntrip) -
Version 2.0, June 2009.

27.1EC, IEC-62388: Maritime navigation and radiocommunication
equipment and systems - Shipborne radar - Performance requirements,
methods of testing and required test results, Dec.2007.

28.SML Technologies Ltd., Association of AIS and Radar Data, UK
Martime & Coastguard Agency Research Project Report 456, 2002.

29.T. Stupak and R. Wawruch, Fusion of Data Received FM-CW Radar
and AIS-Analysis of Functionality, 2010 11th International Radar
Symposium (IRS), pp.1-3, 2010.

30.J.Garcia, J.L.Guerrero, A.Luis, and J. Molina, Robust Sensor Fusion in
Real Maritime Surveillance Scenarios, 13th International Conference on
Information Fusion, pp.1-8, 2010.

R-3



31.S.J.Chang, Satellite-Based Vessel Tracking and Monitoring as the long
range mode of AIS, Proceedings of MTS/IEEE Oceans 2005
Conference, Washington D.C., USA, 2005.

32.Z. Li, J.G. Lee, X. Li, and J. Han, Incremental Clustering for
Trajectories, Proc. 2010 Int. Conf. on Database Systems for Advanced
Applications (DASFAA'10) , 2010.

33.IALA, Recommendation e-NAV-140 on the e-Navigation architecture-
the initial shore-based perspective, Ed.1, Dec.2009.

34.International Maritime Organization, Resolution MSC.252(83)
Adoption of the revised performance standards for Integrated
Navigation Systems (INS) , 2007.

35.International  Maritime  Organization, Resolution A.953(23)
World-Wide Radio Navigation System (WWRNS), 23" Session of
IMO Assembly, 2002.

36.Internation Hydrographic Organization S-53: Joint IHO/IMO/WMO
manual on maritime safety informatopn (MSI), Jul. 2009.

37.IEC 61162-450: Maritime navigation and radiocommunication
equipment and systems-digital interfaces- Part 450: multiple talkers and
multiple listeners- Ethernet interconnection, Ed.1, IEC, Jun.2011.

38.International Maritime Organization, Resolution MSC.191(79)
Performance standards for the presentation of navigation-related
information on shipborne navigational displays, 2004.

39.International  Maritime  Organization, Resolution  SN/Circ.243
Guidelines for the presentation of navigation-related symbols, terms and
abbreviations , 2004.

R-4



ek - P L E AR R A
3+ 4 %4 1 MOTC-10T-100-H2DB006a
IE YA E k suE 2 2 57 7 (3/4)

HEFEZ R 28T ans a8 %

LT SR - LA R SRS il W
<

TR PR , A
#ach AL 2 Eeghil

CEEEEY B LR T =X

S NHFAY BALE AR xlgl_szb_lg*#—r iR opdl 53 _%?Falzgp@iﬁ%
?mr%r%ma@’,&é L ’é:';i%avﬁ&*ﬁ"fﬁf/;?iﬁ*
A EWE B % 3 ESS FETg S
_.._q__q_q" ?T"Q# i 1.,1.5 BFFxﬁ’-ﬂ’é‘%%gépb
16,14,1.2,1.7,18, ... &% p3 &|c L%pgyagg o

p7-'|—-F1~/ Eif- e

SRR AHEY 2P R A ER XL
Foe fAERY G- RO 2R
- 5N TR IR A HE ?ul
mo% 4o opl BOE A E

(International Maritime
Organization, IMO) - 4-p39, p44
GNSS... -

S BHRRAETEA RRTHIAE
1 v d o

s p. 27, B0 45 4a i i 65 0 B B

BiEG L

f~4

~p. 30, 2. 3. 3 Two-Ray Model = ;% i&
I Q)EJ( ) o

it 1-1




9

TIRS T

Herdkz R B

+p3b, 2.4 51

= ~p37-38 ® 2-11, 2-12

AN

—,272‘33}7%23 AR

ki o
l’f}_? P\ #\%iiio

“pdl BFFERRELTE S [(u-a)
e, (uta)el

‘;_.%45 ﬂ412p\/’f’1‘7“4@;
\4“)‘;& Eﬁﬁko

NS SR

S N A 4

e ok

CH Y ARL R PRI -

N ;J—’/"j—l;;EE] E' 'E‘%L’.PL1+ E] EIJVI‘L%ﬁ

SFawryaire

& PR FHL

© kpL B R
LIS e SLU

Jui

4

RV AR ST AL

R R W GPS AAZKE AT Y

ooF G ALHER?

b b

D
=~y
= ~i5

e xpEL AR

DIEZE, I8

it 1-2




Sz A AR ZHerg2 30 CRLZ R B -3l R AL ol S
2 a K 5 HEr3aid
gﬁ%p;%;};«pﬂ N S =R T =

- ~ kP EE 2 AIS dpdade A

e s B ERER R

2

B W E A4 A A A B

%ﬁri}im.ﬁ_
iﬁ.f'ﬁ AISF“f'E.Av\*‘?%‘/%/" '5' 44
L o R ERAITEATRY o
EX > - 5= > 5 N 25%" 356% s s .
SRS AN EE RN SN T e A 1S

A RHLF TR by e DRRA

o 7 . = P2 8
PapHog s dpd b kg B RLLE
2 3% F o £ o ek 2

= .3 ¥ EY Y
#—L"\?i"r}{vi

N
kg

Ay
(
(E{a

o

PR B 2
R
B ere i 18
B RIS o

it 1-3




" 4 =

VR

pa ARERY % >
EAE L2 2 7

5 7 8

PrAFLF LI L L

MOTC-IO0T-100-H2DB006a

7 (3/4)

IRz EBEE AT IS ES 8

FH AR ETRZAA

LTy H ik
70 25

*
H

h

\“f

ok e
émb 'w

9\:\]‘_‘1"

= 3

BB Y (e 3k) keI E !

AR AR TR A

T E
5 ARZE o B AR A T 0 0 (TR MR
W REEHE B

S NEERREE SRS RAT R S i s B

BHGRA 0 P B A DR T e
l“‘véﬁﬂ*”*w’éﬁﬁfxgéi%iiﬁz@
AL AP L IMOe i EaiT g

¥ CaE

W
il
=

o

A

2T R RMET R
ﬂig\;;4”(§ %FQE;?%%

- W RFLHBHERE S HHAERETL

P a4 7
ﬁup%i[—_

2 pEIm o

- RHE T
IIFR Fe 2 WP RE B ER L -

v BRI -

= ~Fp AIS &

LR

VRS ET Sorin g o et E R foxb powad
7J‘»°Fm3i°§’v:_q. %Efﬁi—n—\?i‘aﬁ B 2 A 5 B
Tl - F e A H/RERPN AIS £t otidT o
%Bﬁ@ﬁiﬁm%°
Pz d8 5 Fegk:
- ARM AL TRER R T ERFRLIPEAER
B ’ I T o
BN L R % =R
‘;"o
S AR R LY ,
LR RETnE N LT
TPy RRE LR VT Pl Fan o i PR

it 2-1




L 17 7o 1 T B2l 3¢
S h 4 RE R ARLA D R Tt I Al
27 7~ —~ 2 I8 B
i 1§35 Hrx% 88
T z
- - = 5o = S 4 4L = 2RO S04
1 FZF N FTFTEFRT RBA|H Z A AL R
. Y sLaN 7 2 u 5B
- 6-1}'@'%‘%?45?? ;‘4' e J,.‘
- - Y T];] sL & ) r-rr?ﬁ_;
- ~®k v FA oL — ;L,ggfgg%
NSO R AT A EH e RN
B 4o AR -

Jui

:E:.‘;— 775
¢4 & 3¢
SEf A4
FFLER TR
SEEILT TR §
LiaiE2 3§

C R e
‘%%ﬁﬁo

R ATR R

Ju

~F R

w ?’PEI?)"[:%’% o

W

R P
< PR

CEREY T

1157 &
* o

EAAT R Y S
- SRR RPN PFR R T

- ERST S HAE & 3 Beacon DGPS 2 £
lri o

e

1

&

G E & o

N

7

AR

C R e
‘%%ﬁﬁo




k= B¢ AR TR

FRILBEAKEIZHE
(3/4)

2 R
b i$
B ERE¥ASARRSSI AL A

CFREmET
2011/07/12

B3 E AR E X

m 248 H 42

e fbAATHEAMSEHRT  RHEEH "F 1L
o A HMITS) , XA

m Rk AT

m A A B LA BA B AT B WO R AL M ALAT MALE R
LR F

s FLEARAFa SRR FEATRESETY FiR
R EaAE

s BB ETARSRERLIESRE

= 4 A dn e WRME &1

it 3-1



BREFamy " eAbhfT R%

n e bfiifr  B9EHK
= LR &9% i @feit b
AR E - 4 - #
A AT 940 MR FRIR 5 :ﬁ:J:.
W R -
Me fbfLfT R % |
 KaAENETARATEE
s A ETENTERAA &
A ERRLRRE L AR O RESHTERE
REBEL K
S HEN RIFARSEAEMR

AT (BT - e - 258 - S|

RS
B
AT
{EP(SAR)

it 3-2



LR ERRRRAMAR

AR EANERHENE L

A FHHESHR]I-2FC TR

= 383§ ] 98 MR & 4 (LRIT)> H M %

= k7 B B & M (ALS)Z & A6 B4 AT EL
= FHLEE A S BT R LR

s LSRR & WHANEELINMHE

s BT FRERART Ko RAER 8%
= EAAHE A RIBYO)Y 4 Wil -F & o 8A 8
#mRATF 22T

HBRIAEE RS

HlEiR - R

D R - Mn R -
Il AT - R WAL .

E - ety ]
Rl . e = &
- g Tamrasariel

E Mesh Nebworking | : ot
f 3 - B
ﬁ ; Iﬁ’ » IWNE

.

Wabibe Mult-hop Redry MMR)

it 3-3



ik TRITON £ 2 445 1L 8

m Fhmd R R 0% 252 e Ay F il SIEAR
P #F E Y 15km, #4#4 fa] £ Y 8km
= B E T BT HE 0% 8F 2 £1hop

= s A FXGA A » A2 AR
X & * & breakpoint ¥ B two-ray ground i {#
5% FERE FERE A R @A K 6915 7 © Breakpoint
FE & 1% P b R T 40 3 308 i M 3 R 0 R
BMERE - BAFSRABAXRBGHIELE
ARG EEHERBRE -

Pl 20 I, —
L=l — 1 1-cof F—= R
I | 4Ty r 2 : - -
m "'-‘.‘ L Lj
e Two-Ray Model
48 %, ————ni=2
# W , ——- n2=4
4,
® ok
.&; 15 | _
Es
—_— h""th
q !
o 1 2 &
10 10 10 1w

Ao B 6925 & (m) |rp~dh hyS A

it 3-4




Min. Antenna Height [m)

20 4

18 Vessel-to-Vessel
16 . Same Antenna Height
id

12

2. 3GHz - 10ma%

-
—4—7.3GHz_N6Z0ne
[ —8—5.BGHz_DETone
4 4 == 3. 2GHz_(1520m
2 5.8GHz_0.52ore
|:| i
L SO0 10000 15000 20000
Total Distance (m)
Fregaene] Gk
18 =
=% Shore-to-Vessel 1 :
£ | BaseStation Helght 25m i
E 1+
u -
E- 12 + |
] T B 1P
£ 1 i
5 ——1,35Hs
L
E B =5 G
g 6 —4=1.36H1_0.5%0ne
> 4. 5. BiHz_058ene
£
2 2
.:| !
0 SO0 L0000 15000 20000 P L

Total Distance {m)

4 3-5




% B AUAT P B I A2 AL AR TS

= BPEAE AR Y

= 25 E R T4 A KWWRNS) : £k
<10m (95%) * # #$>05Hz » MWTH £>
99.8% » 154 4 P i 814 >99.97%

= IMO#GNSSH# & B # & #BE AT - MR ETE -
AL - BEFECEO VIS Bt/ EHEE)H
TR ERERD I 1ImA » FRMAT
25m » 10§97 8 1 $48 -

AA B RiT4E-14 # Beacon DGPS

m 531D /§ 745 B2 #4Russia, New Zealand,
USA#y ¥

m RS FE Y BAEMEA R, s
5 A 48 #E #300km ° ii@tﬁ,aﬁﬁﬁ%&

= 24% % & )]

it 3-6



RA K iRFE e-GPS
GNSS# By & 3 s a1 8

MmipClient | MtripClient W

TP Strear I L
I HTTP Streams Administiation
< >

e
T HTTP Streams T HTTP Telnet

MiipCastes

NiripServer 1 NiripServer M

T A

NmpSourge | NimpSource L

; :i",';’_"ﬁl Lr L EX L g
r

b 1G 1
(B2 G e 1 O

W
T

o 06 s

B I I
G

LT

R b

SEEENENET R BRI

it 3-7



£ HiDGPS-DATA

FIorH. ™0

RTCM Type 8-3

R RERE - 719 &

L
=
"

[RE 1§

Lo T
o En L:?:.MPE-
H i
K —y L
ik ik
| 155

it 3-8



ERIMMTERTEMA

m PEAARERTAELET
* AR MBELD KT HTEM
S AIS/THEBRTRES
» THSEHAE, FHORRERA N X
P A EREEERG T RALT RN
F BEaREAELFRMNLE & Hgatingfl
> AIS§#Radar &4 4% & & W 697 F)
F ERAREEROEZRBGRELESEE
= EMARRELNEFE
m BEFEEHEORALIHREES

£ 4584 & 8.(IBS)

SHIF CONTROL NETWORH (MITS]

\Fire & - : \
Safety || Cargo |Propulsionl [GMDSS, 'iNlEEIaltd Mavigation Sysiem |
Manag ||Central | central [inmareat, {E)

Hearing ann Trsek Contmol

En:ﬂi:mn ord Grounding

] ] W A r . D.:‘
Saeed ! Rate of " -] LT
A ELRNCa LTI Echa M sEnsMs

. SCH N
Incic2lor s Ly

it 3-9



A & RS A R X

+ Target#hil
-=-Targetksl

Sl
636011275

416317000

Latitude (degree)

12182 12183 12184 12165 12186 12187
Longituda [degrea)

AISREZRBERES

BPEITNE , 53

it 3-10



A LT L& 0 k JF AL & . h 3 B
Fragg= 8 allangrvy  —e "::"‘“ =
. & it B H R
; i
TR
i B LG kR T 1 v
s " L T=f ] J i S5k 0 i 1 frdlonrin 1 d
- f } oo Beeai g bk TR F B ]
1 T
= ' 1 y
M E B E W AElsi el TN R H N
0 NE L EE RN N } i RO 5 [T B ] |
1 k k|
BAl5H B i TLLTAN b F.
IR T el T I ] LA 4
1 | ~
{ISEE 1 . = . §
[RcY | I 2 .
. 'uln-l*l | o
L= Eidn Y
. F .
[ERT
Lol il oo
' e :
LA s
r 1 b r
e i T |
¥ - -
i i
TR MitiE | T LTI ;
¢ 17 | peprerore | o B
=]
'
Y o 5 L]
e | R o ; o : ) T -
L i
L Eibd A - - -1 .
stEsiai O prEcS TR g BRI osesane e
T 1™ K

|F|'-'|.Fi‘! IECE1153-1 |

st 3-11



i 3-12



FERER0.58. WEESTTHSMO32-50
o gle s — LLSOG=20 08 TSN 5 8:56:40

WERHUTRHNIFS12:10:30 - FERERS210.883§

LR EERER 21857 15 - SR A FTACEkYSOG=18HE NTHIN I 12:08:34

it 3-13



it 3-14



ERILEBEERAKE I ZHE
(3/4)

2 R FA 7R
R
B 8 BRI BT A

CTFHREMALT
2011/11/15

g Rk AR

n e fbAATHBREEET - REAR "HE
b i€ & HM-ITS) | 9K R

s D efbfifT, HREH
UEF@FEASL - FEHESFZ N
BETAARE -E4H-THh - 2785
¥ BACALAT A MRFR AL 24 -
PR 4 LA A BROIR 04T R -

it 4-1



ERHEREREAHARR

n A EFEwEHHESNE=F

n AAFE M EAHR]I-2FT DA
= 5 36§ %) 9 38 B & S (LRIT)= B a5
m A7 A BFE R S (ALS)Z &5 Ah 3 I8R5 A H i
s BEETFREETHES KA RER 8%
R ETAN A RERARATE2ET
m 4 406K & S BHUE R R AR
EF IS ERE P ERT SN ]

AFEMTEMRE N

= BT AR T 8 AU MR F
m A% LA A 6] AT 8 30 80 3 SUIRF

m AL fa S E FARA MR R Lk
= FEUBBTENTE &1 -

it 4-2



% B AAT FE B B B AU AL AR B

# d-1 N0 2§ WAL R # oy E 15 & &

FiTHEE  S8EE Al FEWE  TEE i | -]
AAEMIT | 100nd95%) | 23] | 10s2s | 30K 99.5% | - iz
EZER | 10m 050 | 222 | 1042s | |22 0050, 10s 73
WiERE (3ha. 99.85%)

EEES | 10m (95 | 23 | L0825 || 2 8 90.8% |1 5min. 99.97% | 10s /A |
iy L P (3l 99 97%0)

IMO&GNSSH R E & - B EHT - AR FE - i - 204
ERoVIS: R/ R FR S TENTLRAERRE I 1o
P BAMA25m » 1088 LS4 -

| WINRENS

Paositioning Sysbems
B=ys Bugmertatian Systems
Sateline Based

Saselliie hased Terruatrial Garmmnd Based

Peaitianisg Syéems FosHioning Sysbems l-u:;n:rﬂmlm Amgmendatian Sosbems

[4]

¥

GPFS a DGX%S (AF)

TELT] (ELDs Elrereml

u"\ CEEE VT

Errerz =]

DONSS (LFY

al e .

berrraansd)

it 4-3



RB-DGPS R &9 % # % # (RSIM)

[ FAMIEIEES ] (RSIM"]-E k| 3
: 7 {option 1)

-
RSIM - HEEE
[option 2)

Transmitter
- I.r;l—"‘\
B R MSKSEEE 23
L S HITE(IM) | SFIh(RS)

.

W

e, 'E\.
_:EEI{--";-:-E D,

——

FEaliG(CS)

.

,.
L bt Errerm

e

W o200 &4 5 (L0 T A
- o a8 L _L WL GO A
Sgcond

L :IJU.hJj Usad |elpey

it 4-4



BAA FiRiP4E-14 E Beacon DGPS

A RANE A 8 35 F) A R (320kHz)
ﬂﬁ%@ﬁ*in;maﬁ ;w J

/
HELE
;e

BEAGLL MK DHAU-212080 I:lﬂ! Hniﬂilmm‘.mn"l .

D[ PSS Ref er rn:. D.t ;_.:'_:"‘-:r !EH’ =

focation LA ' .' : '.1 Bear i An

LT -_.—.

— E#"Hillﬂ#x&?‘u ﬂ%ﬁnh

5 LR

B 3.16 &4 Beacon-DGPS B[ 3% 4 #§ DGPS #5 o9 % W 4§ &

K 4-5



Radio Beacon DGPSR|EF /L & F

HL_BestonDGEFS
2001 08/ 3% 1250-15:200FNTOU_TEC _11F |155km)]

ammp
DGFS Radial Error !
1.23mi{B5%) ;
0.55m{50%)

GFS Radial Emmor
Average=581m

dE [m|

[RIFRF B AR BEIMBE AR

HL_BeaconGEPS IM Position Error
2011/08/23 12:50-15:20 Proclog

i
dNim)

g

-
Raclial Erroe [m)

5ol < [E3m
awerage- 03hm
Sigma= 0Lx1lm

it 4-6



3.3 M #)Unmonitored ik iR,
B R Time to AlarmiS#2 ({6 #8 IME Rk v dF)

m [11/08/23 13:06:42525] & Rok & & £ AR
s M Unmonitored: No Becent Post-Broadeast IM Solution
Diata
m [11/08/23 13:06:45.879] & 33k EigOK
m ThS Sol - 9 5Vs dN= 0693m dE=0501m dH=1110m
m [11/08/23 13:06:46.332] $F BT " EH
= RTCM Header Station Health—6 (znmonitored)
3 s A AR LSRR
m [11/08/23 13:06:49.015] S5+ FEH4™
s BTCM Header Station Health=0
= {2 A 093k M MAE R SLAFE WA

£ DGPS™ A 3 8 tb ) 831 (88 35)

HL_DGPS Station Health Statistics
[Mtrip RTCM Typed log & decoda)

o] HIGH LA

I0LLEd'1] EI'.:I.IE-\,I'H LR | GOLLE S | 20013016 20018027 | SDLLIE S | 2001805 | 2001800
s M 1% 93,065 | BOOE% | MOEY | maek | sam¥ | mass | sk 1%

it 4-7



RA TR

e-GPS

GINSS# 8 & 3. 4948 E‘ﬁi&ﬁﬁ

NiripC Tient 1 | NirapCliemit N
| I
1 ar
T AR Siresms Adminisiraion
MirapCaster
4+
b HrTe Swews HTTP Telner
NnipServer 1 NinpServer M
' ' &
NmpSource | Mrip&omres L

LA

P eGPS 8 Edu B sk

NTRIP#E % DGPSH| X ¥

w E S )RR R

3 £ 5

DGPS & 4 + ®GPS & 4ir 3k JLH: #F » Llublox
Heolo s &R 10448

w b EE EA K TR ERAKEC (R

HE R 3EIM)

it 4-8




DGPS/EPEH#F | ublox) 20110722 17:00 4 10min
i TR A DGPSIGIM g

. | IEFEDGPS .; ¥ EDGFS

NTRIP | AP | AFRS
PP RS EHE ch {ir
EEEDGPS L.05 m 2.01 M 2.68 m 3,35 m
B EDGPS 2.4 m 2.75m .40 M 3.75 M
1t GPS) H.22m .27 m 8.66 m B.g3m

B 3.22 NTRIP #iE DGPS &0k f GPS & {oif £ 4

LA AIS{ i% DGPS

| fﬁﬂ ix a RS i’iiﬂiﬂﬂ B8 i W 45 A ATS
Type 17 DGPS#H. 2. &% i£ rith
m 35 5, % #F L RTCM Type 1 F =& Type?-3
m L2 5 1 Re 1% 32 Typel 9] $§99.9% DGPSE {ir
m R X egR SR
= AISk iEDGPS : 4 & & {38 % 16-23m(95%)
= AIS{EEDGPS : A% & T4tk #3-4m (95%)
ERTRALS S ADGNSSIRE

A B REREE S S AIS T il Il 1 A R CEAIS ER I P DGNSS R 7
SREEAALATI WAUE 20 - DB A FR M TR

it 4-9



- T
B - W B -
t| am w W FERERN
',:.H 1] o
L% I
o

™ "

# = i gFoogm o

& *!“'” q*“ &F q.““ ,;r L f r cﬁ'ufxd‘-’r
W32y MR E A DGPS GE A 8 DGRS TR

% B ALAT FE B Bh -0 AL IR TS
&
= e ALAATIE A RIAGNSS A » & 4 B3 BAR
BRA A Fl FHE S R R R A & E BN

WP HDGNSSIRMA S £ » kL BN T T 5
Beacon-DGPS#AIS-DGPSH #§ -

m {§ #Beacon DGPS3E BT E & o & R HIRFE -
m e GPSAMERTHAEHARR T LR -

m % # ¥Beacon DGPS » 7T & LLATS-DGPSIE
BEGIERE EBRHANELNEAHERE
GNSS /DGNSSHa M A %8704 -

it 4-10



R BRBEAMEL GBS

Bl s« e
SRR - AR IEH
VST ~ VBT

#hoik TRITONH £ = 48545 10

m e R O0%o SR 3R 4E Ay T GRS IE &K C A
i %E b 15km, fit s 5] £ 2V 8km
= HRBRESTBFTH 0% BT R E1hop

s A EH BRI En g R

m f& breakpomnt # B two-ray ground {# 7§ B ki 35 8k 4
e K G

= Breakpoint JE&EE Eib s LB @M R Fk B
) 1 1. E g

" BAFELRMBEAARSEERARKELHER
i -

i 4-11



(dP) = o 5% = % ar

R OHx B th 5 8 (m) [r~dh hy 2

Min. Vessel Antenna Helght {m)

10

o am

A

Ped

Shore-to-Vessel
BaseStation Height 25m

=i=1,3GH
=5 Bk
=1 3GH_0L5700e
5 Bik_058ne
/{ [ 15kmgiss

5000

Fregamerynd aiio

Hryh b

-

L0000 15000 000D 25000
Total Distance |m)

i 4-12




20

18 Vessel-to-Vesse|
E 16 Same Antenna Height
E 14 _‘__..I
T ¥ 2 3GHZ B 10mE
B in
]
g ——2.3G5Hz_0.670r
g & =8~ 5.BGH_06Z0ne
E q =1 BGHz_ 0.5 2ore
2 5.85Hr_0.52ore
]
i} LO00 10000 15000 20000

Total Distance (m)

o B 12 T 38 WIS A 9

_P0M0_0R_DR_TF by Hapill
e
e 1 ®-o
F e @0 i

£ 25 48R 12 EHWEREEEE2000 506 B ) .
J= R F i | hop 3 hops M Ha i adn
L] 1963 BT S0t 29 35%% 5.0
( 18 19463 238 45% I S 5.4
19 1963 B9.158% 00.62% a1

O | Y

naudical mibes

it 4-13



BREAAHTIAMEK M
?J"h j’é;

m R S M AR AR A FER -
LEE LB A AR EEL LD &
4% W6 SR TR T R SR TE AR A5 PR B
BEREHEFERE -

m B Wk BEMBMI AR - B
LN X TR 1

m A EMER L 7RI EHC TR
MR ¥ g b AT &) AR AT MAUE F AR
Z B A8 )k S A

A AL B BE ARSI R X 4%

S

==636011275
=4 16317000

1218 120 E1 12182 12183 121E4 12165 12186 12187
Longltuda [degrea)

i 4-14



BHRES

Timetl © Radar Target #50 and I nearby AlStargens

Timet? ¢ Associate AlS 636011275
with Radar Target 150

Timet3 © Acquired
Radar target #53
[no course/speed yet)

A A6 2610 5 AR R 7

&
! & -
:fé? 3() o © . * > Al5Reported Position
AT S Sy % * Detectad ships atrisk
;}%-.:-.%Q @ o - (Labeled with COG)
' I [ e e e b ]

- ﬁﬁ}*g = o o i

- 1&@ VPR A R I B
SERES L #% - CPATED.5~0.8 iy |
f?f* | TCPARIZ19~49%5 o

B~ 1 I & o

S 5.4 * ¢

& ff:?j; s ’ .;} | :ql,(;sr *:fj“
p“l"!'-::-::- _.'I_ -.:fl : l::‘ :
e : :

E-:_:”r : ) ﬁlf-? |
Yo, IR — .

it 4-15



s ' i _ '
a Pkl by HI5f =1 hr)
LR ) i

% Poinl L 1SRRI~ 2 i

LI T 2

#
r ) e f i Y
o o Pomt
) S - - W= A

AEI s M

- nautical miles o T ol o e ST GFLE

5 Ah SUIF B B R R X &
A R :

m HASH A #) & & S a9 A BA L L i
TS iEsy » I AN A BB TR -

= Ed PR ARABETHELE B
B A5 6 7T REALAT S9LAE L ALAT By ]

 EFHBRAANERE > Bk W) ER
EHRRMATEEHMAR

it 4-16



L L
0

(wfrmEita sl
.48 - 0 0.99 - n

T -
N
=y " .l'.

DS,

Generalization
E=1MKM

\\ Clustering
dhax= 0.5 MM

= W 20100001 ~06.30 #4
Bhiset b r SESE A AYE

KR8 R R AT RS

ﬁ%m-;

. .' Hy i
=H!=‘

B 4.28 kil i weit 4R (2011 5 6 1 )

.
|

é——“l-lf.-ﬂ'q-—}

-

B?Iﬂ HERRE (L R BT

i 4-17



F A2 B ] 15 B

& 4-5 A1 B 1 A BT g 4a Pp SR80 B 0 N T i o ) e

B R {2

cn e
ALk (i

5 4 0 1]

Rl

W TR Rk

& E

(& 3 IE&p
o

6 2 I 1]

T |

(m; ss )

= N k]

12:19:30

219, 884

218.571

12:08:34

10:56

f_ Ié; S0 9

09:32:59

188. 407

| 8. 944

0&:5G:40

d6:19

HEIE 19,5

49,324

it 4-18

N2+31-44

16:04




ERAARMTEART &R

m TALASE 73R B EE3 & the b AiT SR 1
m Fig TREHERSEE
w sk 0 TASAE LS
wigF T 8586 FHKOBS)
w ol CiSdcEs, RADRANLRORS  RiER

ROEMNRASRERN 24 T RAASATET ML
Witk TERS RS TR -

m 258 T B Ak SN B e AL AT R 695 38
B BT SEERH AR R

w ot THFESFASTHEDY (UMDM) | 5
i FRAMOEAER @

£ 445 4% & 8.(1BS)

SHF CowTRoL NETWORH (MT3)

O Fire &y f ¢ ")
Safety | Cargo Inteprated Navigation Sysiem
Manag | Central . {INE)

Heaing and Track Conimal

rr:_cﬂiwn ard Grounding

it 4-19



FRABMTAMRTES

m FFIBSHE  E4oHpmmdad i
= B4 5 TRLFMAKING, AR

w AT - SLEEEE A - Sk - H AR EH - R
EERTHET DA STFEESRAH

= B S LAATAT T B A S Ak
= % 4 AP 3 S R A AR
= B B R
= PR EA A R EF - B - BHBE
¥ WA A - BPREM
L LESESE > 25 o8 2 LR 2

# 5-3 IEC 6116

Witiin | B EmE | @B
mEm g ' o .
L TG TD ALS dndih g Bhomis &8

16T s %

WERTEREEL

SA
— | KAVD A, GF, GN Galileo, GPS, GNSS &3 G40 E &
NA

EC. EI &R E &8, ECDIS
KC _

WI

el

VI, WM, v

it 4-20



%ﬁﬂ%ﬁﬁﬁﬁ%bm&#ﬁ

F TS

:[ WA B H W A, 1 1 J

Fomiisd | [ amamamt
AaEEE

i 4-21



BHT P o R S PP SE LR TR BT

(FPRHEE)

3 g kg ]

~ERIA

f
iﬁi‘-.i“;tllﬂ:i'.l 15100
TR0 ATE (el
RLRITIL i)

]

Wil L AGn L 180
56
R G )
RS0 1) deg)

L Bl

EER 0L LA L LEDD
MR TS nki)

HEFR 152 ideg)

oL
RN 208110011 16 00
N 1 4 )

m FIR A3 AT SRR H AT 0 BAATSE
8~ A REUBRIE T MR ATALE A
FEAE > XAFSsERHER

m #|H e-GPSH ik » LARB-DGPSE £ + AISE
¥ 0 # & T B AUE A RER

w A FAISHIEI 2 A ShAE

s i ABBRNES  RESFELLTA
g RA R R T HARHT IR

it 4-22




eI B Y o AISE sk g

= _ 5 - r" .

it 5-1



it B RWHREZ
AIS Automatic Identification System
AL Alarm Limit
AOR-W Inmarsat Atlantic Ocean Region -West Satellite
ARP Address Resolution Protocol
ARPA Automatic Radar Plotting Aid
BGAN Broadband Global Area Network
CAN Controller Area Network
CEP Circular Error Probable
CGMP Cisco Group Management Protocol
CIR Committed Information Rate
CM Control Monitor
COG Course Over Ground
CPA Closest Point of Approach distance
CRC Cyclic Redundancy Check
CS Control Station
CSMA/CA |Carrier Sense Multiple Access with Collision Avoidance
CTI Continuity Time Interval
CTW Course Through Water
DBSCAN Depsity-Based _Spatial Clustering of Applications with
Noise, an algorithm
DDP Data Distribution Plan
DGLONASS |Differenial GLONASS
DGNSS Differential Global Navigation Satellite System
DGPS Differential Global Positioning System
DHCP Dynamic Host Configuration Protocol
DNS Domain Name System
DOP Dilution of Precision
DRMS Distance Root Mean Square
DSC Digital Selective Calling
DSC Digital Selective Calling
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DSRC Dedicated Short Range Communications
Digital Video Broadcasting - Return Channel via Satellite, a
DVB-RCS [standard specification for interactive satellite
communication
ECDIS Electronic Chart Display and Information System
ECEF Earth Centered Earth Fixed, a coordinate system
ECS Electronic Chart System
EDGE Enhanced Data rates for GSM Evolution
EGNOS European Geostationary Navigation Overlay System
6-GPS a sygtem v_vh?ch provides VBS-RTK and network DGPS
services via internet
EIRP Effective Isotropic Radiated Power
enhanced LOng RANge Navigation system, , a radio
eLORAN navigation systgem usi%g LF ’ ’
EMSA European Maritime Safety Agency
N IMQ's strategy and implementation plan for electronic and
e-Navigation ..
enhanced navigation
ENC Electronic Navigational Chart
EPFS Electronic Position-Fixing System
EPIRB Emergency Position Indicating Radio Beacon
ETA Estimated Time of Arrival
FATDMA  |Fixed Allocation Time-Division Multiple Access
GAN Global Area Network
GBAS Ground Based Augmentation System
GDOP Geometric Dilution of Precision
GIVE Grid lonospheric Vertical Error
GMDSS Global Maritime Distress ans Safety System
GNSS Global Navigation Satellite System
GPS Global Positioning System
GSM Global System for Mobile Communications
Gyro Gyrocompass
HCS Heading Control System
HDOP Horizontal Dilution of Precision
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HTTP Hypertext Transfer Protocol

IALA In_ternational Assocfigtion of Marine Aids to Navigation and
Lighthouse Authorities

IBS Integrated Bridge System

IBS Integrated Bridge System

ICMP Internet Control Message Protocol

IDE International Data Exchange

IEC International Electrotechnical Commission

IGMP Internet Group Management Protocol

IHO International Hydrographic Organization

IM Integrity Monitoring

IMO International Maritime Organization

IMS IP Multimedia Subsystem

INMARSAT |International Maritime/Mobile Satellite (Organization)

INS Integrated Navigation System

10D Issue of Data

IP Internet Protocol

ridium Iridium s_atel_lite constellation for voice and data
communication

INHS)I?? Iridium's next-generation satellite constellation

IRNSS Indian Regional Navigational Satellite System

ITDMA Incremental Time-Division Multiple Access

ITS Intelligent Transportation System

ITU International Telecommunication Union

L2C a civilian-use signal broadcast on GPS L2 frequency

L5 (?ivilian, safety of life signal planned to be available with
first GPS IIF launch

LADGNSS [Local Area Differential Global Navigation Satellite System

LEO Low Earth orbiting satellites

LOS Line of Sight

LRIT Long-Range Identification and Tracking

LTE Long-Term Evolution
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MAC Media Access Control

MarNIS EU P_roject named Maritime Navigation Information
Service

MARPOL Internati(_)nal Convention for the Prevention of Pollution
From Ships

MCS Monitoring, Control and Surveillance

MF Medium Frequency

M-ITS Maritime ITS

MOS Maritime Operational Services

MPDS Inmarsat Mobile Packet Data Service

MSAS MTSAT Satellite-Based Augmentation System

MSC IMO Maritime Safety Committee

MSI Maritime Safety Information

MSK Minimum Shift Keying modulation

MSM Multi-sentence Message

MTBF Mean-Time Between Failure

MTNet Maritime Transport Network

MTNet Maritime Transport Network of Taiwan

MTSAT Multi-functional Transport Satellite

NAT Network Address Translation

NAV IMO Subcommittee on Safety of Navigation
Navigational Telex to broadcast Maritime Safet

NAVTEX Infor?nation in 518kHz ’

NAVTEX Navigatignal Telex to broadcast Maritime Safety
Information

NDC National Data Center

NMEA National Marine Electronics Association

NMEA National Marine Electronics Association

Ntrip Networked Transport of RTCM via Internet Protocol

OBU On Board Unit

OFDMA Orthogonal Frequency Division Multiple Access

POR Inmarsat Pacific Ocean Region Satellite

PRC Pseudorange Correction
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PRN Pseudo Random Number

QoS Quality of Service

QZSS Quasi-Zenith Satellite System

RACON Radar Transponder Beacon

RAIM Receiver Autonomous Integrity Monitoring

RATDMA  |Random Access TDMA

RB-DGNSS |Radio-Beacon Differential GNSS

RDC Regional Data Center

RS Reference Station

RSIM Differ_ential NAVSTAR GPS Reference Stations and
Integrity Monitors

RSU Road Side Unit

RTCM Radio Technical Commission for Maritime Services

RTCM Radio Technical Commission for Maritime Services

RTP Real Time Protocol

RTSP Real Time Streaming Protocol

S-100 IHO Universal Hydrographic Data Model

S-57 IHO Transfer Standard for Digital Hydrographic Data

SA Selective Availability

SAR Search and Rescue

SBAS Satellite Based Augmentation Systems

SBD Iridium Short Burst Data

SDME Speed and Distance Measuring Equipment

SMTP Simple Network Management Protocol

SOG Speed Over Ground

SOLAS Safety of Life at Sea Convention

SOTDMA  |Self- Organized Time Division Multiple Access

SPS Standard Positioning Service

SSAS Ship Security Alert System

STCW Inter_n_atio_nal Convention on _Standards of Training,
Certification and Watchkeeping for Seafarers

STW Speed Through Water
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TCP

Transmission Control Protocol

TCPA Time to the Closest Point of Approach

TCS Track Control System

TDMA Time Division Multiple Access

TRITON TRI-media Telematic Oceanographic Network project
TTA Time To Alarm

UDP User Datagram Protocol

UDRE User Differential Error

UERE User Equivalent Range Error

UMDM Universal Maritime Data Model

UMTS Universal Mobile Telecommunications System
UMTS Universal Mobile Telecommunications System
UTC Coordinated Universal Time

VBS-RTK  |Virtual Base Station for Real Time Kinematic positioning
VDL VHF Data Link

VDR Voyage Data Recorder

VHF Very High Frequency

VMS Vessel Monitoring Systems

VSAT Very Small Aperture Terminal

VSAT Very Small Aperture Terminal

VTS Vessel Traffic Service

WAAS Wide Area Augmentation System

WAVE Wireless Access in Vehicular Environments
WGS84 World Geodetic System 1984

WIMAX Worldwide Interoperability for Microwave Access
WLAN Wilireless Local Area Network

WMO World Meteorological Organization

WWNWS World-wide Navigational Warning Service
WWRNS World-Wide RadioNavigation System
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