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ABSTRACT

Taiwan is located in the central of Western Pacific first island chain as well
as the marine transport hub in Northeast Asia. Because the superior geographical
location promotes the marine activities on the surrounding waters frequently.
Therefore, sailing ship density and maritime traffic are classified as high class.

Above all, in order to grasp the dynamic information of the sailing ships
under the jurisdiction of Taiwan effectively, this project carries out two-stage
research on transmission and receiving of the Automatic Identification System
(AIS). The first stage improves the performance of the AIS receiving antenna,
including the design of the antenna, plans of the receiving angle and base station
site to promote AlS antenna effective distance. The second stage is to extend the
communication coverage of AIS in the form of mobile relay transmission
technology through deploying the AIS relay station on navigational ships and
developing the receiving and decoding method of the AIS mobile relay
transmission technology. The AIS information is transmitted back to the coast
station by RF so as to have receiving and forwarding function, thus extending the
monitoring distance of AIS to build a wider communication coverage. Through
this project, we hope to achieve effective monitoring of ship navigation
information, and more clearly and comprehensively grasp the situation of the
navigation environment in the sea area around Taiwan, thus enhancing navigation
safety.

Key Words: Automatic Identification System(AlS); Relay transmission for AlS;
AIS receiving antenna design
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IBPETHE R IRBGS R R R TR B - KI5 B R T - DUHER?
PR TR e R M P G 2 A B T8GR - — B LR R B2 AN R R g R < 1B
RESTA) o EEATAPE AR — BBy rh O A B AR R B ) > AL RALR - 7]
DATEAEER B P v i s P R & K E AR R TP s /KA @ AR - (R - Z a2
R ERIYEER R (Marine intelligent transportation system, M-ITS) B HEEEEHE
007 > DARIFERS SRS P 7 KBRS VMR 2L TR B A R A R - 2
AR EEHEE A RN ~ SRS - EF A - ARt R R - SR R I A T
BEANGRER ~ 7 ~ SR ~ AT B o TN B BhE R R R T R AR
PR HEER I AT LU T 2 I g i i Bl i SR i A RE Ry E I ET THIFSE -
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1.1 HEER

2 AN B 3 A L A E Iy ST | A S AR A TR SR T TS
FABERRIY 23 > EU2 HRifisn 5 EhRkR -2 (Automatic Identification System, AIS) £ffir
JREF#E — - AIS EHRERIMERZ - B01NE - KEEKER AIS FG s RS
EEHERH (CGARIS) BB B ACHARES R - BB BB S HREEN - IR
T BIRHR DU LRSS BIIE T - DUSHEHEERE EhastEr T - 2Rm DIRRS Bt AIS £ffrg i
5 AN AIS G EUE AU B ER) 20 £ 25 ¥gi - FAEIN_EREG EE RS -
FIAART AIS KRR B RIBEARINEE R IRIZE > AIS e BRI A2 EE - AT REfEE S
BE_ b AR A -

Lot > TR — RS AIS R RUREI TRV TENTHEEER SRS - RIS
AlS RS I A FRBHIRDC - B AIS SRHTRE gy 53 - e A LiET %
M AN G - [0S ME (IR B P M R B AN A B R - 0B Ry B ] 5 i
RURE » DU EHRZAY AIS SRl -

=~ fHfH B ENRE R R 3 R IR B S BK [l

RALSNMG 20 2 — E I I SRS BT iR A B R, - AT — 20 SR L R e vk
< AS fisfirEERER R R - fy— R - ARIMAE/KISAGEH R SR T - g LAl
fite JE\ s R FEE VR AT RERE < T - tRIKIEH A0 i O AR FE T man Bl - AT
H—EHRERER T TR LB LR - BB EER - R BRI RS LS > HT e
{EMUITER AN - SEFIERUKESFRE R ~ s {LEmAae ) RIRT T Z =F A #R - H
AT ARSI U520 o FERE S e R & ey e B bR 2 DA BdaR T =0 3 Ty
o BT W fey EEL SRR (A iy » SR I8 B S e Sl T A 3 0 e i e S PR A ]
R o By T AIS SRRUEEE F= IR IR - FMI 2 RE R PRET AIS BERes LI
FLEG > EE T AIS SERIERDC  SEIE G SRISEER - BB - RS AR
FHEGE > FEANIE L BABEEEH M AEAS A - B AT e omBa R < R e T
HEE -

2.1 fafH B ENERIRMARITAR &

AIS T3 a]43 By Class A Jz Class B wii%H » Eirf Class A By & BIRR g EE4H4% (International
Maritime Organization, IMO) R dir 4 REATHE R E R #i . Mydae i - HEERRESRIL
FMEA B E B B R ER B SRV L iR - BIRRE B A dr &2 AR
300 FEmE L B AR ~ 500 HEMALL I B AR 0 S %l - 5 7H%c8E Class A 2
fitydkast i o M Class B Ry mfydkast o » X )53 Re Bk F E RH AR 73 2 B #E B il (self-
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organized time division multiple access, SOTDMA) Kz #5043 15 26 B fEHY (carrier sense
time division multiple access, CSTDMA) #&flupnfEAU= - ] DUEREHEE AIS 2 - 12
AEARSERFFE IMO hREfHE 1

AWFSELA Class B &5 iy dkas ifi by 1= HUEERT AIS BB 3 12 i VR IR EEK
B > Hrpi R BEEAI 2Ry AIS BRI« TERIUE ZK Rhe S A it aRaa E —107dBm 2L
iz AIS ZRBE -

MR IR EE (B Wk DR T E 2879 AIS ZEAUHTHE - H T E A AIS FREERIEAY (message
type) 27 F& - 43 A5#E A Class A F1 Class B 2 B it B - M EE RER TS &Y
RS XA AN XA 225 DL Message 1 % Message 3 Fyfil]» 22 & BRI Ry Class
A SEFTREAIRT B ERE IR FTE A - i Message 18 HIFsK[=1 Class B f7E & 2 - HERH
HyEH % =N 256bits AHEK - 202% 1 Ffs 5 AIS 2R RIIANE 2 Fiow -

&1 AISHEHER

Ramp up Training Start flag Data FCS End flag Buffer
sequence
8 bits 24 bits 8 bits 168 bits 16 bits 8 bits 24 bits

ZERSKE ¢ ITU-R M.1371-5 [ -

2.2 BEIRfERH B SEBIREM T RER

H 1992 FEHEERIEEHEB - B, € (International Association of Lighthouse
Authorities, IALA) FIBIFEEE R AGERZ RAUSCHIE] > EEFT AIS RHAYZERE B
W T RbEE & AR 2 A FAsmEim 2051 - AIS Wl (el S5 e EE
F L8500 - TRIBIFIA AIS RrEh  SEARNASEE BSR4 (vessel traffic service » VTS)
HYLAEHE - SIrfEmE VTS KGR KIEE AIS FAZREIRYZE RS2 =l 5 AIS SRy 28 IR
AT -

2003 4 » YgIHERBATASEE R R 2 2252 T AT B Sl | B e s A A
Wge L Bt B SERk T 2RI R AIS HEREAYHE B BLAHRRGAES - TSR BATAS S i ERR
#% (geographical information system, GIS) F1EE TBEIFERER © FIF MAPINFO i &:
SRy Vertical Mapper T BARRHAE I T 22 iR AT - 191 T 2 AR AIS BRubrvzs
SrMTEiE - (ERKITE AT DUSAIHR AIS FRa EeulEa S s ERT 20 Y - (R HIER
JATSFRERI, » R A 58 B B B P v i i [ - ORAE A £ R & SN E ey
B i T2 i

|2 AISFERILEER
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Class A Class B-SO Class B-CS
I EER BT SOTDMA CSTDMA
161.500 ~ 162.025

156.025 ~ 162.025 MHz

SEER MHz
= (S 25kHz) O 25KH2)
Digital Selective o 1 o [
Calling S TDMA i
iR 125W 5W 2W
o e e s S B e A R T
(i EFERAR Internal GNSS B %1 Internal GNSS

Message 1 : MMSI, Time-stamp, Position, Position Accuracy flag, RAIM flag,
COG, SOG, HDG, ROT, Navigation Status, Communication State;

Message 18 : 4% 7 ROT ~ Navigation Status i1 : Type (SO/CS),
Operating Mode, and, availability of a Display, DSC Receiver, Full/Limited
Bandwidth, and Channel Management

6 53§ EI{HER S (Message 5) 6 s> EIEHERE. (Message 24A&B)
RS Message 5 : MMSI, IMO#, Call-sign, Name, Ship Type, Dimensions, Static
= EE ~ """ |Draft, Destination, ETA, EPFS type, Data Terminal availability, AIS version;

Message 25A&B ; Zsfin 7 Vendor ID 451 T IMO#, Static Draft, Destination,
ETA, Data Terminal availability, AIS version

(ANl
[l

JE AT Z 2 & KR ey SRR - AEE (i
Minimal Keyboard Display i o L n
BRI (MKD) : RIS L LN e
fi
ZENH
IS v IEC 61993-2 IEC 62287-2 IEC 62287-1
USCGI\fppm"a' USCG 165.155/x/x USCG 165.157/x/x | USCG 165.156/x/x
R.
TEERA $2,600-4,000 $2,000 $700-1,600

BERIFRIE ¢ U.S. Coast Guard Navigation Center 21 -

2009 4 2011 4F - AG@EESEEIT SO BB EAT e L (LU GRS T s R s
Bl ) JeRRSEREERENE ~ Bl ~ EREE  fOEE - AR - 210 - FEARIE K
BRSNS 8 (M EZE > DU AT - RAEACH ~ PRI ~ R 155
4 fEEE ST AIS RS E - IR AINAAEIREEDR - FIIH AIS BERHHIRING H Ak it
BRI ANERE A AR - SR U T AP AN MPHEE M AnEhRE s AR

"SRR ARG L T EERE BRI T TR L T S B A A G T
Mo~ TREEAEREEE R ARG, SR PR B
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IRFE AR AR ST -

2L
ggii

T EREIEA I E B REE (AIS) 2SR
BAHTHFFEHR L AT R AIS FREHGS » 7E AIS M a e A 7T - 5 BErT o Bl S AR A Bl
FELLO AT B A T T RSB I s AR R 1 B AR R > T2
Tefta R LR - SR TR MR A R PO BT - DI TSR
FPSEERA B (TR~ BB AIS R Akih

g2 o SOk B> ZAPTR] LS AT Ry i

AR TAF T

{37 B B A s AR RIAEE 1 s -

LT, | eseew
- Z ':vvu;".'
exnan
'\"isr.’
. ‘/‘Ikg" CER L 13 LLEL A0
" AMARER
trman :
. J ARARaR
"..",
Y
A L LT
. i o L1 1N
i
.'b w)mcn
Radey |
LT
\
Rawnay
LT
smdzER
B o B 2, AIS BRIk st i B

BRI ¢ [5] -

AR HRTEIR AIS (25 BE RSB P 5253 - (B A2 BIHBREh =R K R PR AR

HEFHT 70 2 ELEYERAE T - AIS BRIBHYABCEEREEEEA 2 ¥ AF 20 £ 25 Yl » SERIRFH AIS

1 EBIAIS &

TomEn

Ll L L
.

; EARsu

.
L LR L1

MAnanag
o

»
RERANER
-

LTS AIS Bk R A

HUhZR

BRI I T B R AR e s B AT AR R &

i QSR ERE 5
Bt~ WPRRER A, ~

A~

AR ~
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=~ AlS Bim KI5 2 X BE =525
31 MERAE

TERTEEIFHRARR ISR > BEARY AIS FEE Rl Sulc HgE iRy 20 2 25 i - 25
I ERFEEIERIRERE ~ MR AIS REREFE RRIEIRIE R 2R > AIS B Hub s
R AT R RS B e T S AR A A © BL0t > AWTFEIERITR D 2 FHEST AIS Rtk
HRZISCRRESES BB EHaAT AIS R E RGO KRGt #E LR L ~ O AIS
AT RCRHE - FHLRHIETT AIS 1TEf g i Bl - DSEIk sz e AIS
AR IR o DL EWFFERR A NG B T —/ R T -

3.2 RIRFLETIEER

TEBR SRR - FEFRBE AIS B ERAE A 50 o8y i 2] P05 B i R RIS > T A
WFEEZEHIE — » KR EE BRI SRR iR i ARl dn - HEE BRI
FCSERIAHR 2 BEL BT - AN S AEERIE IR R SRR - SRS SRR RARERE T
DUk tE /T2 > AARER AR RAR AL ~ KA A NEU R s B BRI - B EAENTSE
R T ECHTHEEL S AT B N 3 o RELUSESEE— 25 BT AIS Bl RARSERIZERE -

3.3 AIS EIImRIRELETRAZ

JRAkET (Friis) (A =UHEE - BUERTRIMAE B B2 e — Bl (R) > Hfasy
KRRy (TX) MRt AR R (RX) - 4016 2 A -

-

r 3

R

2 RiRBaTEE

BEMTIR (Pr) PEEEIRES IR AR - R R ZAME (omni-directional) HEHEX
Y TR RARRLAE B RAES T UK FR S i AR A BB R AR ST ey
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SR (p) FTHTR

Pr
4T R?

p:

ARSI I RARAE MO R AR R EA R ERERE (G) - JIEG (1) "I Ry

Pt
= Lfrg
P= ymrz Ut

TR U KA A LRy (Aer) » BLIRFRZIUmFT L DI (Pr) Ty -

Pr= —L G,Agg

47R?

NIRRT R AL (Ae) AIHERR S ¢

— /12
Ae - E
R @) BARK () BT -

PrGrGRA?
(4mR)?

PR:

)

(@)

3)

(4)

Q)

ARIMAEHR (Pr) DUR SR I KAt (Gr) i ERAnATfEEis AIS BT
BR (1) 32 AlS Bl BiHisR=RE R (£ 161.975MHz ¢ 162.025 MHz (2] » #GsRAI Ty
1.8 AR5 it KRR BB RAREEEE (R) MR AR TEREE - S8 AIS Bhibin =

S Ry N AT AR -

FETE BRI o LB BT P o RARANER 3 Ffras > Ry s P i AR o e o Bz (o
Fi BER AR (dipole antenna) - BEAORKHE H FH A SRRV R (EMAH RDTARATRELR - AERT
TRl NSEEN R T > HEA 57 (radiation pattern) RyZxfgtE HG At (gain) #7%

3dB -

3 BRI
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AR PRI i A S ALS ZRBERA R KRGS (Gr) R AW < HEL - AR
ANFEERAFBIAGE TR R > AT KT KRR & _ L AR bl - sl S E R AT
AIS 2T RARBEF > BARWTFER DL R F IR TG TR T - AIS BRIb KARBEE A
fEAntE 4 Fis -

4 AIS B RIRBER S

9 ~ AIS 178) s RSB Ead i 38
4.1 HRFGE

FHER —/ NIRRT B SCRRIEIRE T 15 AIS SRk St S i (4 20 22 25 g
PSR B iR i - R A e R E ERB PR - SR it - A
g2 DL AIS 178D i e ity - DIBETH AIS iR - i AE (kB Fr i ek i ]
Z AIS FHERIZICHEIE - ARCERMANBIREE AN A DT TEREGIRDLS B B 2 2 B

4.2 AIS ITENPHESHIRE

AW A o TR R B - B IR — MRS (wireless sensor
networks, WSNs) » WSNs [ e ]2 FR S B MHAERARSE A AR AR 2ok BE (smart dust)
FTEATIEH o ARFFERTIGRER AIS BB MAa - iR B SRR RS P R B RG
(sensor node) - &K AIS BANIEIE bl RLut - M B EL LS RIS i B H fiT R (manager
node)Ay {1 B ET RO A ISR AR - FRASTRERR (i & —E (e MR A e f
FEHLETEDL T - RGHIETRE A R e e IR ] - SRAR B B R R (2 B RS
D] R SRR R S A A — R P RBRY A, - 58— B 2 i B ThRE Ry B RITRG (relay
node) - JRFREHIETREEYRGHIEDRL - DU (e 7 (s 22 B RS - 18 A A AR
JEHHERS 7 R - AIS TREEERBA S A0 5 Fror -

- 229 -



gzt EF Fwtts F=H RBE-OtFAA

A AGATLS TF 3R FLA1495 7 X @ 1§
s ! 5
HAAIS T+ K7 Ky | .' e
= = | e i
i .' I i : : o arRmae
1 ..' : ..'- :' I das i 2
r.nm i | ® oAl L &
, = e %o
i D A
' (e et |
e Lo 5 : P
S -\ /
@: Asnn | { !. o vi
W ovmns | ."'. | i et D
e 4
At 5 2AY ¥ 35 4
@: #HHMAIST HP Rk ACHEREE

5 HESmRNES

chls (R < SRBRZRARANIE] 6 B > Hrr AIS Hafubraity AIS B2t - &sieiiose
RTINS AIS B GRS ST AIS BERHEIL » MR R ERE TER R
B 3 AR P s s AIS BoRtiE 2 bt Ryl Rbih - Tt DU MR
Ti3 0 G AIS BRI A AIS BRHEA -
AlS 7 #4721 4§ )

A#SABAIS 7 R

BAs A6 AIS 37 31

AIS ¥ 4t 35 47 2 AR 45 3 1)

CAsAEAIS 7 i

AIS ¥ @35

WA

A I e

6 HESHRITREZRE
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42.1 AIS #HBERIKER

AN _Est g SRR i < MR EEERE A - i AIS R LR RGHIETTES - VP R L RRE
et B AIS Beliehs o b HAA IR BIREE AN - 8 NAGHETT AIS ERHEE R
fo FL B A R AR S PR Arduino fiFEHIZRER AIS Bt sk FE P I R oA
AIS &l -

ABTEEt BRIz S AT RN AIS EENEE R B A H B th R R s S K
BEKE TZEd (International Electrotechnical Commission, 1EC) FirlER) IEC61162-1
e > S8 TSR B AL e =X 0 IEC61162-1 BEHERLES 1 & RIIIHRAS - MRS AIAS S -
L AIS BRSNS - BRI A2 ITU-R M.1371 ARSI - i/ N
HHEREk HRTEE Y AIS FUEEREHRY (message type) 7 27 fi > 35!l % Class A I
Class B Fh#ug St Fl - At E R A T E RS S R AR A B SCE T2 -

PR R AT iR AIS EEH - DUFS R H 2 B E1Z L 6 Bits ASCI fRi R » X
AR Ry N YRR
1. VDM Message Format

1--VVDM,x1,x2,x3,a,5--5,Xx*hh<CR><LF>
e x1 = Total number of sentences needed to transfer the message , 1t0 9
e X2 = Sentence number, 1to 9
e x3 = Sequential message identifier, 0 to 9
e a=AIS Channel, "A" or "B"
e s--s=Encapsulated ITU-R M.1371 radio message
e x = Number of fill-bits, 0 to 5

2. VDO Message Format

1--VDO,x1,x2,x3,a,5--5,x*hh<CR><LF>
e x1 = Total number of sentences needed to transfer the message , 1 t0 9
e X2 =Sentence number, 1t0 9
e X3 = Sequential message identifier, 0 to 9
e a=AIS Channel, "A" or "B"
e s--s=Encapsulated ITU-R M.1371 radio message 4
e X = Number of fill-bits, 0 to 5

3. ACA Message Format

$--ACA X ILILa,yyyyy.yy,a il al,ylylylyly.ylyl,a2,x1,

X2,X3,x4,x5,x6,x7,a3,x8,hhmmss.ss*hh <CR><LF>
e X = Sequence Number,0to 9
e IlILI1, a = Region Northeast corner latitude — N/S
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¢ yyyyy.yy,a = Region Northeast corner longitude — E/W

o [lll.11,a1l = Region Southwest corner latitude — N/S

e ylylylylyl.ylyl a2 = Region Southwest corner longitude — E/W

e x1 = Transition Zone Size

e X2 =Channel A

¢ X3 = Channel A bandwidth

e x4 =Channel B

¢ x5 = Channel B bandwidth

e X6 = Tx/Rx maode control

e X7 = Power level control

¢ a3 = Information source

e x8=1In-Use Flag

e hhmmss.ss = Time of “in-use" change
4. Channel Management Information Source Messages (NMEA 0183 ACS)

$--ACS, X, XXXXxXxxxX, hhmmss.ss,x1,x2,x3*hh <CR><LF>

e X = Sequence Number,0to 9

o XXXXXXXXX = MMSI of originator

e hhmmss.ss = UTC of receipt of channel management information

e x1=UTC Day, 01 -31

e x2 =UTC Month, 01 -12

e x3=UTC Year
5. AIS Alarm Messages (NMEA 0183 ALR, Text)

$--ALR,hhmmss.ss,xxx,A,A,c--c*hh<CR><LF>

e hhmmss.ss = Time of alarm (UTC)

e xxx = Unique alarm number

e A = Alarm condition

e A = Alarm acknowledge state

e c--c = Alarm description, text

ARIE I AIS ZETARHERH - B AIS BHE BRI SRS R DU AT =0

el o BT — BRI B BRI AIS FEEIESEERENE. - 6 AIS BEHEES e 8 R Ik
il 18 2 PR (B st i A T - T LR AIS AR B TRHE (i R A aAE A - [RIRRRE
K& R 2 -
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4.22 AIS T8 EB IR

chg s oy > AWTFEERA] NX-700 Series JERRFEIKZERS - L (R KENWOOD
AN FIFTHEHEAELE NXDN Bfiish e FIYERCRTE - REFTHCA [T FM slan - dieft 7 88
(EERNSEIEAG B RAE - SER Py B ke e 22 i st it - AR TP
A - WZEBEFHAHIERY KPG-111DM 23X, - S+ (i e TAHRRE -

TEAREAE I L > 5 BAPR ISR IR 0% - (Esh MM B AU T fiRllim ik
DU EEAEZ IR - JRRIEIS AR, - FIRE L B RE (S A i IR
i VHF JHE¢ Ry 156.0MHz £ 174.0MHz » KIS TARIE < SR » ARIB DL ERE R
TRTSSCR R 1 BOAHBE S SR 1 Rosd2 PSR Bt 2 2275 R - AR HASEE A o (R ey s A
SEGH

P AR o > (o A5 ADRERE B A L o e e sse i B P A b Ry 1k
2ot - R B TR ARG o FIRE LR YRS BIEL{HE (peer to peer, P2P) »
17 SR P (e 2 U R G G TR RHEGE - WA & Tl MRl TR L E R
Hrpig e ey 1D MEITEGE - (EHAEFI LU ! (individual) (gAY 5=t - Ay rh g R G L
% AIS B > DUERRANT SR A Hhid iR s -

5~ BEEERASH

A/ NETRARIR AT < ARSI TR A AIS Bl RRRELR - 58 AIS #etin K
AR E BRI RE - MCEESHEME AIS FHEREZIBCHEE - TAE AIS fTEIFHE SRR
73 e gt B R i T R R A - AT T B R R T RE M E Y
AR > SN AT T TB e RS A FTREAE (2. ALS AL B ah R
TR - 2ERIBREE AT IR HAY -

5.1 AIS FRaREURE B

FREREARDIFEATIR L AIS Sl REE SSRESETT AIS BRERIZICHRE » HURFH R AREL
RIS SIS E T LB B R i R T E S B L - 20 7 s - T LU AT SE
FipghZ AIS B RFAE 162MHz BERE IR IFORER > A S8 R IR RIFH 44
R IO AERCR S _ L RS B 2 e AV E T

& TMERATFFRESARETER (handheld spectrum analyzer, HSA) » 53 Al RRR
FREETT AIS SE{ESHEL L ARG TR S -

EILRIR 2017 5 3 H 27 HAEAESHhFE U TR R R PR H AR
FAFITE EHmAREREES AIS FHERRVZERLRE - AWIFEE B BT - OB L B A T
WK R HRATER ST S - bbbl Ui o AP (T RS - RIS RIS ELRB AIS 522
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dBm

1
ol

-10
-15
-20
-25 Return Loss

-30
50 70 90 110 130 150 170 190 210 230 250

—@— Original —@— Proposed

7 AIS IR KIRZ REH AR LR

Wb BRI BN - BRIRERCIG(E (Peak) #Fs—60dBm (4N 8 Fii7r) - FRAF
TGSt R RS 22 THREET TN ] - (KR A AN R AR A 1RRE » B SR M (B Ty
—40dBm (411lE 9 Fir) - FRERGREEH R AHEREY 100 5 o lIAERAHT - BEFIF /AT HR AR
R R - SRR RN R TS R ARk -

-41.56 dBm
161.974 909 MHz

B8 HWEANMRENER B9 TRIEAERERRER

4 2017 4.6 1 20 H + P2 A Bl PRk K e v ST 7 b L T TR
€% 4018 10 Fir -
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