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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 AIS 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.
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AL A R RS AR AT A

TET L N AespIE P 2o K oo

V/E‘.’-‘

N
~
ity
EX]

T
WY
R

B PR BRI B O e 1 g (High Frequency Structure Simulator,
HFSS) #rdfie (7 AIS 32 fcsh X MR JEd F R R 614450 9 =
Mg A5 - '—@ﬁ]#ﬁb&m” v AR RS I s
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A48 A A KRR MBS T L@%} LISAFAL S FEFLT fR LR SR
Bigbt S Hcdh o 2 AR A EE L B enipI (R R YR
LA SR EAIS TG ok B F N T U ffor
FoksANErNAE LA AISE AR M-

b3 iws p ol AlS BEjrEg X sz A 5N ‘%T#“ R
FAFT Y A FEELY BRI AIS Tl A A B He 0 T RR R

My AR RRICE R R TR RER A

-~

b i
FHEMowd 356 2 FpE AISTARAREFF  FRdsly
ﬁi@ﬂiﬁ%[ﬁp\ IR AT RO E o s o R AT R E
EHf AIS ey 2 SURERRIA T iR 0 EFIS%E T MK

2L A 2%
S

1.3.3AIS 78 ¢ ﬁ@ﬁ%}:}iﬁ?ﬁ%}

dpdn p Foalknl kAL G - BRI kA TR p A s
& PF 5 E P Foe(Self-Organized Time Division Multiple Access,
SOTDMA) v % #7 ik & & - 48 # 4 7 (GMSK)/ % £748 # 4 7
(GFSK): % > 4pda k5 d AIS * &4z AIS T I 5 38 AIS a3 &
BB ED IR AIS T ff—ﬁﬂi%]ﬂi%ﬁﬁ o griE 3¢ L&l;"?@] B
B AIS FTALE_AIS o K A P #B- ) ko e T AR RN T g
P}mji_;ﬁm;—li v %@ﬁ%];{x% » g Houe ﬁ%@%]#:ﬁtr e a oA
@ﬁ%ﬂ@ﬁo

AIS T @ @ B3R by s By AT 0 ROT B
A FHRS RAL LD FRIEF TS LEHR O AS P o
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4, == AEAIS kAP Mg ks R oo

5. == AIS s it? M gier AIS Ll & o
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HEET AIS AAFAREFFE RS S g AIS F AT
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AlS & RIFESE > 5 d TR FUriE

.J\égmlg Lﬂmf«f;}%/m,?“?;‘;@_} % i
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BT TR B A 0 - B L
PRS2 it p M BT A RABRE RREFLFE R A
e i T el Bl > TG ok R EE i E a4 R A

FE2EDI e FE 3P E 4 &% > 2 Y (International Convention
for the Safety of Life at Sea, SOLAS) % 7 F 47 & > 30 A #7if » # ~ =&
Ay da ey UELT kB R R e B ¢ F 1A ~ dpda pode ok
g Bt b ed 45t AIS FHEHE LIRS Y AR B0 fF
AISE* L ~3F 183 58~ K BUE S ~ R AR s TREENZ2 TR
REFA LB AL 2 FEFERDAPIT RERY oA (ST RHE
AT HEE S S R 2 T AR R TRE o

2.1 454 p B ul b SLBAER

AIS i &% 4~ 5 ClassA~ClassB = #g » # ¢ Class A % % &_F*%
% 2SR (IMO) R ot iv R friB e 2 o R A 0 Bid 3
HRcfrgEes 3R FmE R A ER F 2 EL hff et 2 L0
B A A g 2o 9 34 300 Sh9e 1 B 4asidy 46 ~ 500 3
VRN N U AN b’”r’ﬁ L'y A% % ClassA 2 4p 3% # - @ Class

P EAPRE AT SR p EEELS L REE- BT (Self-
Organized Time Division Multiple Access, SOTDMA) 2 % & & #t.4 %
% & #2~(Carrier Sense Time Division Multiple Access, CSTDMA)#:,?&E:
AN T UERER T AISKF AL 2T 2 2228 IMO M5
& o |TU #1372 _AIS w @ % Hp 4o ™ £ 977 !
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% 211IMO 74§ 2 AIS v i % 3

AIS 3 TLf LR f 0 &

5;};&:?@1& ~ xﬁ'l'gl]a&ﬁl:' %J”I'J%

Class A 4, 4q %% g 4% A TR
TohrR ALY Bug o) 3t 3 3~
Thr RN R AT sk x 3 10 )

#ug 0~14 & 10 )
ik 0~14 & 7 1 rT g Suw 3.33 %)
fniE 14~23 & 6 %)
Srag 14~23 &0 i S 2%
Bug <3 23 & 2 %)
Bug < 3T 23 70 T S 2 %)
CIaSSBJé’“Jiéa‘T% AL A i3 Hp
Hug | a-(SO) 3~
Bug 2~14 EF(SO) 30 %)
g 14~23 % (SO) 15 %)
#aE + 3 23 §+(S0O) 5 %)
g o] 3 2 & (CS) 3 A
i+ 3 2 &(CS) 30 )
T W B
iR e 10 )
syt B 3 A
AlS =k - 10 #;
(F# %k : ITU-R M.1371-5)

C 3 e

%2297 > BP WL EL NS EE AISH B A gk o

7 22AIS 12 K F & R
: Low High

Symbol Parameter name Units setting setting
PH.RFR | Regional frequencies

(range of frequencies

within RR Appendix MHz | 156.025 162.025

18)W
PH.CHS Channgl spacing (encoded KHz o5 o5

according to RR

2-2



Appendix 18 with
footnotes)(

PH.AIS1 | AIS 1 (default channel 1) | MHz | 161.975 | 161.975
PH.AIS2 | AIS 2 (default channel 2) | MHz | 162.025 | 162.025

PH.BR | Bitrate bit/s 9,600 9,600
PH.TS | Training sequence Bits 24 24
PH.TXP | Transmit output power W 1 12.5/5@
(1)ITU-R M.1084, Annex 4.
(2) For Class B “SO”. (F# %R : ITU-R M.1371-5)

moaFy L ClassB F a4k & 51 > H AISE e pr b 1
Bl BB E fdhod 2397 0 B9 L ER R AIS B2 &
AR & KRG AR EL5% R -107dBm 1 b 2 AIS gL o

23ISR AP 51 b FE £

Values
Receiver Packet
parameters Error Wanted signal Unwanted signal
Rate
-107 dBm
Sensitivity 20% -104 dBm
@ 500 HZ
Error at high input 2% -77 dBm
levels 10% -7.dBm
Co-channel -111 dBm
rejection 20% -101 dBm @+1k HZ
Adjacent channel | 550, | 101 dBm 31 dBm
selectivity
Spurious
response 20% -101 dBm -31 dBm
rejection
Intermodulation
response 20% -101 dBm -36 dBm
rejection
Blocking and 23 dBm(<5 MHZ
desensitigation 20% | -101dBm g dBm((>5 MHzg
Spurious -57 dBm @9 kHz ...1 GHz
emissions -47 dBm @1 GHz ...4 GHz

(F# %k : ITU-R M.1371-5)
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poav e 2 &0 AIS A TR EE 3] (Message Type)3 27 fa4e# 2.5
o o A& Big * 3t Class A - Class B @ ﬁx#;@ﬁ%]% @A FRE A

KA AT R & e e N o ik Fap

Message 3 * & ]

2o

v

FORLEEA G
|

=3
b ‘:_'{(

2

T

Class A i 74, dq i % 20 4, w 4F ¥

it A B > 2 Messagel 3

##* > @ Message18 | * kw4 ClassB =% Tt o H ¥ ehdf e £

;9d 256bits i =

v hok 2.4 4o

# 24 AIS & £ 58
Training
Ramp up Start flag Data FCS | End flag | Buffer
sequence
8 bits 24 bits 8 bits 168 bits | 16 bits 8 bits | 24 bits
(F#L %k © ITU-R M.1371-5)
% 25AIS T #E 7
Message _ .. Access | Communication
g Name Description Priority
ID scheme state
Scheduled position report; SOTDMA,
1 Position report Class A shipborne mobile 1 RATDMA, | SOTDMA
equipment ITDMA
Assigned scheduled position
2 Position report report; Class A shipborne 1 SOTDMA | SOTDMA
mobile equipment
Special  position  report,
. response to interrogation;
3 Position report Class A shipborne mobile 1 RATDMA | ITDMA
equipment
Position, UTC, date and
. ’ ’ FATDMA,
4 Base station report curr_ent slot number of base 1 RATDMA SOTDMA
station
Static and voyage Scheduled static and voyage RATDMA.
5 related vessel data report; 4 N/A
related data . . ITDMA
Class A shipborne equipment
. . RATDMA,
6 ig\si;y :ddressed Solnmar:]yunitz(l:aattailonfor addressed 4 FATDMA. | N/A
g ITDMA
7 Binary Acknowledgement of 1 RATDMA, | N/A

2-4




acknowledgement | received addressed binary FATDMA,
data ITDMA
: : RATDMA,
g rlil:;g; :roadcast Eolnmarrnyuni(ilzztt?onfor broadcast FATDMA. | N/A
ITDMA
Standard SAR Position report for airborne SOTDMA,
: . . : : SOTDMA
9 aircraft position stations involved in SAR RATDMA, ITDMA
report operations only ITDMA
Standard SAR RATDMA,
10 aircraft position Request UTC and date FATDMA, | N/A
report ITDMA
Current UTC and date if RATDMA,
11 UTC/date response available ITDMA SOTDMA
RATDMA,
o | 2| PATOUA |
ITDMA
Safety related _Acknowledgement of RATDMA,
13 acknowledgement received addressed safety FATDMA, | N/A
related message ITDMA
RATDMA,
e o ooy | 2| FATONA |
ITDMA
Request for a specific message
i type can result in multiple RATDMA,
15 Interrogation FATDMA, | N/A
responses from one or several ITDMA
stations
Assignment of a specific
16 Assignment mode | report behaviour by RATDMA, N/A
command competent authority using a FATDMA
Base station
17 DGNSS broadcast | DGNSS corrections provided FATDMA, N/A
binary message by a base station RATDMA
Standard position report for
Star_wdard CIaSS.E.; Class B shipborne mobile SOTDMA, SOTDMA,
18 equipment position . . ITDMA,
report equipment to be used instead CSTDMA ITDMA
of Messages 1, 2, 3
No longer required. Extended
Extended Class B position report for Class B
19 equipment position | shipborne mobile equipment; ITDMA N/A
report contains additional
static information
20 Data link Reserve slots for Base FATDMA, | N/A
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management station(s) RATDMA
message
21 Aids-to-navigation | Position and status report for 1 FATDMA, N/A
report aids-to-navigation RATDMA
N e G I TV S A
management . RATDMA
station
Assignment of a specific
23 Group assignment | report behavior by competent 1 FATDMA, N/A
command authority using a Base station RATDMA
to a specific group of mobile
Additional data assigned to an RATDMA,
: MMSI ITDMA,
24 Static data report Part A: Name 4 CSTDMA. N/A
Part B: Static Data FATDMA
) ) Short unscheduled binary data RATDMA,
25 Single slot binary transmission Broadcast or 4 ITDMA, N/A
message addressed CSTDMA,
FATDMA
Multiple slot binary | gcheduled binary  data SOTDMA,
26 message with transmission Broadcast or 4 RATDMA, | SOTDMA,
Communications ITDMA, ITDMA
State addressed FATDMA
Position report for | Class A and Class B "SO"
27 long range shipborne mobile equipment 1 MSSA N/A
applications outside base station coverage
Undefined;
28-63 | Reserved for future | N/A N/A | N/A N/A
use

B flr A 26 FRAREAT LS RESURE § vR

(F#L %k : ITU-R M.1371-5)

BT TR DAIS SEAIRF 2 FF i * ez 4 o

% 2.6 AIS % u] 1t fi 4

B R > Pk
/‘F‘L'iz’gﬁl“

Class A

Class B-SO

Class B-CS

IR R
e

SOTDMA

CSTDMA




161.500 ~
e 156,025 162,025 iz 162025 MH2
‘ (42 % 25kHz)
Digital
Selective o BT TDMA £
Calling
8 g 74 5 125W 5W 2 W

dpda o 3 o kAL

% 2 Internal GNSS 3 Internal GNSS

i Lo
e i
Message 1: : MMSI, Time-stamp, Position, Position Accuracy
flag, RAIM flag, COG, SOG, HDG, ROT, Navigation Status,
=3 T Communication State;
¥ 3 Message 18 : 42 7 ROT ~ Navigation Status ’T 4v: Type
(SO/CS), Operating Mode, and, availability of a Display, DSC
Receiver, Full/Limited Bandwidth, and Channel Management
F 6 A4 B L & 6 & 4aw @ 4 (Message
(Message 5) 24A&B)
Message 5 : MMSI, IMO#, Call-sign, Name, Ship Type,
# & fr#U2 | Dimensions, Static Draft, Destination, ETA, EPFS type, Data
T % 3F | Terminal availability, AIS version;
Message 25A&B ; ﬂ]* 4¢3 Vendor ID # 42 7 IMO#, Static
Draft, Destination, ETA, Data Terminal availability, AIS
version
IH, e
G Rl ERRA DN B
Er
Minimal Keyboard .
: EHEMHER L
Ao fe /i m Display (MKD) ; &%E/f,\ir EH R
5 4 a T g S 2y e
B R 1 IEC 61993-2 IEC 62287-2 IEC 62287-1
USCG
USCG USCG
ApRIr:"a' USCG 165.155/x 165.157/x/x | 165.156/x/x
FE e & A $2,600-4,000 $2,000 $700-1,600

(F# % : U.S. COAST GUARD NAVIGATION CENTER)
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22 BN dpdg p Boasu Ay B g B

po1992 £ 4 R %A F s s B E Sk ts ¢ (International
Association of Lighthouse Authorities, IALA)f-B*%% T 3 B4 B (58 5
SET Y ARG TR Apdap B kRN E RN T o BAF
T A BT B fris b i 8 @Jﬂmg_tJ » AIS jbribr e 8 EE TR
R L FHE o MRS EB AT I OE IS 2 BHE R L 4y e
I PRFE E A(VTS) e dpdg p doahn] & uen & > 1% AIS #F g
L VISeha it FlT g VISH AR - Ft AIS AR B i <
AR 0 AIS i Siergg B Hp AR 40T Arif

2003 f » 54 L4 H G SPHAER A2 2 g f Bk
L KRB LRB YT HE P 20 &S A AIS R ARG
DB RE o Y H BN A (Geographical Information
System, GIS){r & &+ /% B A~ 5k » ¥ 41% MAPINFO # 3 F 3 i 5
e Vertical Mapper 1 & -8 7 7 B4R 4 47 ¥ 12 Line-of-sight #
LR RERDERTEEFF ARG - TN L8AL LA
AIS Fxherid F 2 4740 B 2.1 #7or » EEAA T P B AIS B 5 AR
B j OREERE ALY 20 AL o TE g‘%[kﬂ%%?i”#?ﬁ D F A F R

7o ;
7 2 ”“f\@ﬂ”wtﬂt/a S @ AR G o Bl T L DE P

4

é‘

i
w
hat

._\\
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2007 &> (Focfaa X dads ) Bk T e pdad £ B L B2

AP s aApdap AN LA P RIEBRFREFNBERFRIT

?‘3 BAAg R PRIAY S F B H G 0 A BAISKE L AT E Rk

£e (CGARIS) #cdp &2 440 2 1 PRA: A 58~ T 3 73 Bl{oy AR TN

PIE S G TR AR b i da B de i) g i R B AR (5 o
Flpt AP w2 ffeiE ¥ % 8005 32 AIS et o

2009 &£ % 2011 & » A¢ e S A AKE P B BRE
ek~ FRRE £ %%#ﬁﬁ%‘f%ﬂﬁﬁ%isﬁiﬂ
ETBREPEE SRR B AT REE - BARAFLEABYRS
sy dn p B PR BT E > X A am T A AISF

MEfee T PIREER 485 0ad BTN A e B 22 977 0 &
”F.\ ba
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EAAREFAETRAOBF S IR T oo d L2
ri’JErl%—f Al /5 - iE %J & ,for',a /3'—121&?5‘37*3_;\ [PIP -t A  i :ﬂ Fhe
REEZ-BELFA > m AISFE il § 843045 jd + 4 b% > 3%
BARLFAOE Bk 0§ A IR R 0§ 0N 0 4 P RS
Hipda p o] S FRR R F R NS Ok 2 S A

T2k A T3 FEAME R LA D gy o

o8 P - B AISE K nF s MEEH A 20 3 25 7508 0 iR AR
b 2 5 ARITAp AR P eI 4 F] L
AIS # B I - arifEk @ﬁi%]ié’ i eIk #ﬁi\ I:‘L,Pli@ﬂi%lﬁﬁ,‘%{g‘.ﬁ?“l%lj )
SAT-AIS % t4cfF 2.4 c RN A AR F A A s HR o A
FREHRE | adiiazt e & ol o AIS A 5 Axb9T7 it
F e 2 FiF SAT-AIS 2 ATHjIFe G0 A B T RHoa X T
iR R B P w g 7 34 % (European Space Agency, ESA) & #-
SAT-AISp » R AR B By e  TEFENWEEL 2 5
& ¥4 SAT-AIS i 5t ~ His{opRizx -

] 2.4 SAT-AIS % 117l

(FAL %R ESA T = 43b)
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PAOAIS TR PR LN TR auz g o8
FTALE e T AN R R 2 AR T e 35 MM
BooeR gL Lo f Aol s dpdadgd] s BR R Sud B sue
B E > UT B BAISFTART o
1. MarineTraffic

MarineTraffic 5 P #0 % B # 5 % B
B ieT 5

AIS T kb 2427
BT R AENFSEL > B
‘5:"-%33‘ L%?‘lq’. )

& b0 BT 3 EE
i S $FEELZ B~ SAT-AIS

g ,‘_‘
@ Live Map 2w Vessels ~ s Ports ~ @ Photos

€3 Participate ~

£+ Services ~

HE

B 2.5 MarineTraffic 3 3

(F# %k : MarineTraffic Web)
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3. Vessel Finder
Vessel Finder Ltd. #2011 & = = » #% &4, 4g 3¢ Bz PRAxe AlS
0B PRTE > 1% R & s e AIS Bk ek ] g B9 X JRIE D
Bl pavs 425 BT 2 4oB) 2.7 T o

Mobile Apps | ¥ Real-Time AIS Data | Historical AIS Data | Seafarers | Companies ¢ EN
MAP VESSELS GALLERY PORTS NEWS JOBS CRUISEMAPPER
 10]
Jiuru
7 &Ifuy: ¢ arak
*
< R
B Char
Pingtung City
% o
(o] Linlu
5 A = init
>
S
Wandan
A

ch

Xinyuan
Kanding
Nanzhou

& Donggang

V Township.

Y oo :
o Link
o inbian
(&)
<]

4L

] 2.7 Vessel Finder F 3 & 5

(F#L %k : Vessel Finder Web)

FHFNT L)L - BERET  REBAISFERT L
£p3F R MarineTraffic #] 5 #- SAT-AIS 3 » 5@ 2 7 AIS T3
FHE TG %ﬁﬁfﬂj At ”Lrg*ﬁ:r sdp gl AP R G =

%
1
FoRAFT? U BA G FHFET L AISH s 2 &2 g 4L

AlS 21 B it B dcrc X 5 2 AIS f;b«fﬁj\%% BERS o
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=% AISEjI M2z &

T\

R a2 F @A AIS TR E SR AP TS S
BiEFrr Lo 2 o FIPRAF F N IME AL SHHE R AAIS
Arh X MBI EARY S i e AIS B Tt o2 7 AIS &
Tef X A R R RPFRL AR T FHE TR 2
SBcr Bk EARY B o

N

gggﬁ:}a;@gﬁsw,@ i AIS T A ok B FI N ) 2
B ORE AL AR P G- 0 T BT BE A o
SEE EPF RS TIN5 m&ﬂtf;ﬁcﬁ ip b Sl iF

Taer ERABBEFIZZ MBI L5 6 < £ 2 RKFLH LD

FoS=¢m

AR SR ST J‘\‘%fﬂﬂ#*'ww%«Iﬁ‘f}ﬁtﬂ%'ﬁ’
F LR ALY E A A TIEA A L A RA] 0 AIS i

n

311 = |mPEFH 2k

TR FE AL EFEA LI LEM A
PR ST NSl 1 o f AR iEARY R E R
eSS - AU ®%%Hi%&ﬁ%@ﬂ§%&%%ﬁﬁﬁw%

IR A

L sz 347 2 (Antenna Resonant Frequency)
r’g ’H;EQ /;T‘L;F: ‘/‘JI‘- %?_ET'HZF‘ A /;TL/,,LfrJ 5 %%ﬁ—t P g é‘%gg l;’f’)’%
31



Blprs ML pd L2 v g ST A )8 X bt a0 @ R R
GREA KF 0 F DRASTHERE TR TR AT 0 7

o R AMURS B - SRR R R R R g s o O

2. & (Wavelength)
At Lt FHMFA N REIT > BEFIARKIFE R

M
333
kN

TR A K E R E
A=cl/f (3-1)

He cnkig 5 3x108 m/s> FRIE ® &2 P SHES >
B DT RS TH ARG AL RF o J BRI
Hvavs FHEME R U4 R R BB ZEME RS
R F R SIRFHEY VAR E SN F U2 L hE RE = o

3. 4 » (Feed)
FrTLAFRBETARIRFT PN T LGRS

B > XA TRPET - B RGN ET

FRAFAGERR{r2 R T RNAOAFFPEG D) 5 &

< R % o

4.  rEFyImpedance)
PAME S - BpRE B RER > - 7 F - BRI

FRE ) AARMA VT F R EEAREFRE ST RAEFLT AN

ok b @ LM fLE L & 4 5 5075 % 300 w4t = fE o

Mo AR EARY o R A @t ¢ R EATEAcB 3.1 v RIE

Lo R RETR A TRE S G ie A R E o R B R
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F it 8T =|Tle/® > 2« | |T|% 5 T 83 Flw chpedg > 4p = & 0
RIE RS Rl dhs FR > B E DD gad g > Fpt
Eie kA EIEY X REATRI S DH IR -

B 3.1 £ B2E7HE

5.  F & #(Reflection Coefficient)
Foufls TR B E P @A IiE 7 @ AP T A
denk S5l SEBEEG

- L (3-2)

R SR (VAT SRR (VIN 0
XAPES T OURF S AEO NR R F S R(ZL) g ST R

R pU(Zs) e N BI04 or

7, + Zs (3-3)
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Zs

)
A

Vs |-> 1
| O
r

B 3.2 F &+ i4#c

6. T R = v (Voltage Standing Wave Ratio, VSWR)
TRELA IR TRETAL DT AN EF S oD A
REVAFP > A DTREEETRE B2 TS TR
4ol 3.3 7o 0 RfFE A F 2 BT e BE2Z VSWR E 5 1

RAER R E e e o P BB K S R lcanRE (R 5

[Vmax|  1+|T|
[Vmin| ~ 1-|T|

VSWR = (3-4)

Standing Wave

=
—

Voltage
Amplitude

Distance from Antenna

B 3.3 T BRI

7. & &35 4 (Return Loss)
e erit o TR EFG P G T O AEd R EEE S

Faf  BE MG T L F A B A E S H o AT AL
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2
Rrturn Loss = 10log = 10log = 20log|I"| (3-5)

Pin
Py

Vr
Vin

F oot thdic s §URSLA Y < F SHE 4 8T ek 2 Bl e

% 3.1 #95 :

# 3.1 Return Loss B i% £

VSWR (:1) Return Loss (dB) gj:‘iic:ilg:t Match (EO};f)lmency
1.011 45 0.006 100.00
1.020 40 0.010 99.99
1.036 35 0.018 99.97
1.065 30 0.032 99.90
1.074 29 0.035 99.87

1.08 28 0.040 99.84
1.09 27 0.045 99.80
1.11 26 0.050 99.75
1.12 25 0.056 99.68
1.13 24 0.063 99.60
1.15 23 0.071 99.50
1.17 22 0.079 99.37
1.20 21 0.089 99.21
1.22 20 0.100 99.00
1.25 19 0.112 98.74
1.29 18 0.126 98.42
1.33 17 0.141 98.00
1.38 16 0.158 97.49
1.43 15 0.178 96.84
1.50 14 0.200 96.02
1.58 13 0.224 94.99
1.67 12 0.251 93.69




1.78 11 0.282 92.06
1.92 10 0.316 90.00
2.10 9 0.355 87.41
2.32 8 0.398 84.15
2.61 7 0.447 80.05
3.01 6 0.501 74.88
3.57 S5 0.562 68.38
4.42 4 0.631 60.19
5.85 3 0.708 49.88
# % (Bandwidth)

R SR TEE T R R R X R

5OMARARE o @ MM ok (E R kIR TR R ABAE L & F 5%

0

(==Y
=

Return Loss (dB)
N
(—}

30
| —— Measured

........................

40
500 1000 1500 2000 2500 3000
Frequency (MHz)

Bl 3.4 457 & B

44 i (Gain)

R TR FEECEEEC T L LN 2
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Foo VLG BB E XA g Fa LA fl it 9% 4
R Fd B O A TR KB @R BELa ok 1 dBi iF
SERIHEE KA 2 e X RGB6) AT S s R E
He Qi s e F, z/;)m ERUE: I
Do = o8 = 2R (g, ) ? 36

Uav
10. = #»zx ¥ (Antenna Efficiency)
AP N o EETIRE X REGIH Fhl 5> - BB
AR MG K- L MO E (T 5 0 @ §F 5% I (Radiation

Efficiency)n,. 5 1§ &5 5 (Pr) % ﬁ%] » 7 F(Pin)z v &

Ny = (3'7)

AR e b RAGIPRE BT BRI ST A B ) 2 Bk
G BT AR D R e

e ~ 77r(1—|F|2) (3'8)

11. 45 &+3-7| (Radiation Pattern)
TRFHFI T AW 2 a7 BRSSP RES R
R Athe fg 4 epBlA) 0 2D 33 ihd g ¢ ¢ 4 E-plane ~ H-plane
PRBATEDS 9B R BETA R 2 T g S N IFR I 4o

3.5 #7m » @ 3D FHA|2 45 g 4-B 3.6 “rom -
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|
! Ll . i1 o
1801‘ [ 20 .m(} 10
UES ~ i/ fieo)
210*.\\'—/ /330
240 — 300

B 3.52D -7 &

(F# %k : Cisco Data Sheets and Literature)

i 3.6 3D -7

(F#% %R : Cisco Data Sheets and Literature)
12. 4% i* (Polarization)

SRR AR D RHEESFES > a RHFEEF AT e T 4P

LTE B AS P2 B RvrEHUITEE X T RA AN

it (Linear Polarization) £ ##[f] & i (Elliptical Polarization) o 4% 4+ {&

R MR T R LE R RIS e T e R
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RIEF I T AR ETHEBRRE S T (T30 G BRI R

PRI TR TR A B RS TN E R 0 A
Bt 34072 F A2 HRICTON 0 KA ELT R PR T
3B R H S e R RAEER e 0wl > kT H
Horegd o FUHRAE S AL EETL LR 0 BT
S5 R w i PFASEIERIAL S 2R o Adp bR PR € I
#ht (Axial Ratio, AR) & 4 7 » 7 32 = #FF #ub* £ dhE A (EO)
frigdhE B (ED)2 b 5 1o 104 B 4 57 vt

r= — (3-9)
AR =20log(r) (3-10)

% r=1 2= AR=0dB p*¥ i [fl4& i (Circular Polarization) > %
r=AR=ooP¥ % &UP2AR 1L > 72 b Acif B IR B AR E R MK R
B g g epht o]0 3dB K AT A TR R AL v F A A
T FES e KPS %fﬁfjﬁﬂ g REARR AR > Fla g S
PR R G kel A A R FARL A5 B FRIRL > F A
WHAEVERAFFHOERAF FOPE L2 - BT IRKFFZR
LY EMETACFRIFAR DR S o o



13. X F 4 & 5 (Half Power Beam Width, HPBW)

ARTR ARSI DT R TRE D E RFER 0 Y
Fh e AHT UERAE G

'+

L okT 4k &k B A& (Horizontal Beamwidth )
fed-3 4 & % & (Vertical Beamwidth) » 4[] 3.7 #7771 -
H
______ E_____--» Kk RLE
5 AR
Bl 3.7 {5544 LB
fi}ﬂ’i#ﬁ'{wdm/ﬁ»sba i ﬁ‘qﬁ’—ﬂ’“%’ﬁ‘mg'/-—ﬁ
PR BT s L 3dB AR A A e A R IR R AR
¥ HP BB g S Fooras 2 sk d 5 A4 & (Main Lobe) 0 @ i3
B SoAp i) gk k5 Bk & 2 % 4 & (Side Lobe) > 4ol 3.8 ¥
fr\ o
\{r ;:lrl?ileNuII tt;—tl":ull
g] 3.8 & 14 /ﬁt q\ ?
(F# %k : The Radio Link--Atutorial)
B Sk AR R

EFEIARLYF O X MERype L
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(Directional) g &+ » st pF % A3 £ H4-€ W 4e 0 7 a0 Sa 4 IR
v R FIMHF SR AT R IR MG

3.1.2 = mA ;N

S

WY T T AR ST P

R AKHEARY 0 R A R AN e R 3.9 i 0 g FIH

BEMHIALEAS FE 20227 B A H P x &

1. &332 3

ARG B h 22 m o EY & oE UF 3 UHF 3£ 0 B

FRLAPAAT L e B F R 43 2 E - e

2. dtEAasm

4.

REAMEF S AEE e VER AR SR E - AR B

RS T L TR SN VE T AR VRS
S BIVERAR S PR AR AR HHEEEP o
] B R S
BT B R K- E RS R A RS A e
DB TG MR T EAR T o KA Y AR R F B
i % o
F a3l x s

RN

EEETEY SRS S SN R S 3 5y SN

B TR R £ R o APEOT K O TR R ke
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ANTENNAS

1
1 1 1 1 1 |
End Fires Loops Dipoles Stubs Slots Apertures
1
I 1 1 |
Helices Folded dipoles Arrays Conicals
2 Polyrods Twin lines Patches
M Yagi-Udas
W8JKs Curtains Arrays
M Log-periodics | | |
- Lenses Horns Spirals Reflectors
Conical
i 1
spirals I I 1
Vees Long wires Corner Flat Parabolic
I i I 1 1 |—l
Biconical Beverage Rhombic Hadames FSS

FUSREHELAE SR

B 3.9 X |5

(34 F -

(1) #g1& % s (Dipole Antenna)

SRR X MAANE

e T

R frE R R
B X A ¥ o

IJ\:

Cheng-Hsing Hsu » % % 1 42 ¥ %)

SR BT A 5T A A

SUBCE R s A

,
i

gL B P

R T RES TR S R R
AR AL R REAS AP A BARL LAl - R
B 3.10 #ror > B2 e F 95 20Bi > f5Eredl) i 731 ¥

» fp A G

H

[e]
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1)

lfp— | —
11
e }\./‘2 o

B 3.10 LA Bt WL inA o

(2) H &= s (Monopole Antenna)

Bt REFHA MR- P75 FERI R
gh- Lo § LF % A ARy Ta o 75 &ij(Image) sk i
MrA2 - BRBETI BRI A T FES R4 R D
Yol 311 4T 0 mMINA A RT N TR R AR
ALz - fEERIMR P HE AT L - fEe D
BT fp SRR R M- L W E SRR AA |
(3dBi) » redsy 5 36 ok 0 f5 ) 2 2wt o

T I

A4

l ___’_ | Iz
i

Bl3ll v Az - A EHEBIATAAG
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(3) *£ 3] =x s (Array Antenna)

B BFARIE AL P4 R T LM NS
FRAE - Fhe s ¥ Lai A~ Az e 2 m(Yagi-
Uda Antenna)4c®] 3.12 #7757 o ~ A F o X Ad ¥ L g
Bt SR F LA P PR~ B P - 93 A
&> % (DrivenElement) > & 4% & & 2 Rinip =4 4 ~ & 4 F
(Reflector) = i % (Director) f 4 # & 45 = 2.2 3 5 > 323
PRz BAdh@IEe e rz - hEp > Bauipiigs o
AR EE- FEAW6dB I R FApre it M A R
H g Flpt A A3 o XSGR LR * A HFVHF 4o UHF

(F#* &R : Yagi-Uda antenna — Wikipedia)
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1 BB R R BN L % LY

B 3.13 o> B & F 64 B 8 £ 477 2 5 415

2. F SRR BT S 2 g 5

] 3.14 & & F 22 gl B 4T S 2 i S

3. WRAFEPRE T2 g5
vi

L8]
-

F3.15 Wik e B 417, % 2 ff b33
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é |
=
(\s,

NAF O X MR, L 2 fg bEHT)

i

Bl 3.16 = ~ itz ~AF o X HATAS N 2 F 53T

SRR T EE R 2N

FAAZe ARAREANZ B BB ITRIT L ELF 6
BEZRAZ I w2 HABHEE W R I E DB
& 5B gy AR A E & 2 e B B 4c ] 317 ST
Tl R Benlicp A2t 5 B R F BT T

3

12t
1f
10}
~ 9t
2 sl /e
Z T TC IR 0154,
\@u 6 RERELL 0.0025% ,
5
4
3
2 =
1 L
1 | 1 | | | | 1 1
12345678 910
TCHEL
F13.17 ~ k3o 3 50U 50~ O fies B O
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32AIS BicH X ML inse

Ak gr(Friis) @97 2 S - RS A MApd ZHY B Lo B
BEHE(R) > # ¢ 4 b % A5 (TX) @ el % 45 (RX) > 4o 3.18 #F

T -

R
B 3.18 = fﬂ@ﬁi%]fﬁ % Bl
B g F(PT @ﬁ%]i'léf SR ARG 2w (0mni-
Directional) ® & 4F 4 ¢ @ Bejosd ® MR g 5% MgFP o pprd
FIEE IR I B ARZ TR A HFRAREPT AT 5

Pr
4TTR?

p= (3-10)
ek FH AR R ARL G e By 2 AH E(G) 0 BI(3-10)
FASRSAEE = -
Pt
4TTR?2

p= Ge (3-11)

B S fOH X MG 2R3 E B (ABR) 0 PR O TR 2 7

(PR) 5 :

—— G Agp (3-12)
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x F G ER R Mz f kit B (AT AL A T S
2,2
Ac= —G (3-13)

41
#e(3-4)38F ~ (3-3):N {5 AT F

PrGrGrA?

Pr = (47R)2

(3-14)

d (3-5);V 7 i ardafes T p d 2 P R E4p 42 (Path Loss) -
AR E ok B R B EF FARR o Rm B F(Pr) R gt R
%L@ﬂpﬁﬁPw%%%§7AB&%mf,ﬂm(MAABﬁm

gs% gsv  161.975 2 162.025 MHz 2. ¥ » & £ 5 5 1.8 =
TS bhrE X A Tl X MEER(R)B AT AL dadniT BEA > s ¥t AIS
Arbm T Pty AR T2 Fl o Fleteed AIS gl o g ¢
AEFNREFF TS AIS kiR * S £ (Gr) s a ) £ 8
MR EGZAE FH RN 2 FREFIFH RS
g o ¥ 1%&;MS%M{¢*§LJ% frdpw R P FLw
AlS S fcsh % Mz g3 40 8 a 4 X R F o T AIS T A

F ol g BN S i SRR -

AP O ILFFER TR Y 2 X RACH 3.19 rF 0 S - HLEAT
Pk 2 Rt 2 e X s (Dipole Antenna) c BEiE X A K d 2 &%
ﬁiéﬁrﬁ BApf it X > T Ad A2 Y BB oinioakd L
PN L LR IR Y A BAEE L e A2 - kK4 33
o1 0 H f & 3-73] (Radiation Pattern) & > v 7 & % 3 Z (Gain) 4 5
3dB -
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B 319 A7 CIMFFE TR * 2 R A

\1

d 2 ##E"r@m—l S EAIS AR X AW F (G s 27 it
2 EB AW AETHRP LG B e F(Gain)L * MA N EFK
*—L”’Lmiﬁiw#ﬂr“ﬁ* AARFT ARPETHEFEERETE AFTY
AlS Ffref X g * > g AP AN A F 0 TR R FR -

3 AIS BEolrsh X R AT BT Ansoft o 3 d g AR
#1582 % (High Frequency Structural Simulator, HFSS):& {7 AIS Z =k %
M2t o HFSS 4 £ R 2B B 4k d ~ 1% e aﬁ,@w;—g»ﬁrg
WEORREA P TR AT AEARE T RUECEER KRB IE
#7732 % & 47 (Finite Element Method, FEM) ~ 4&& ;* (Method of
Moments, MOM) ~ i 4 > #2frB %R & > 2 FHF Rz g o= &

SHIES B* FRTEE I R e 70 BARaT
FHREAFRD>EHETRBEIRE F G H}é?ﬁi”@; ’I} Moig Rfz
B Bcdy 0 bl4eiS Solic s RSB ~ f R HrH 2D 2 3D &
Fop AR TR RATR CRE - S e hE s F]pt HFSS 4%
Roiy fo s Wl - B4 A HFSS & T
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Lofl% &304 A% 44952 1217 3D 2R RS RfE 0 R Y X
TP SYZ Sodc o R 3D REH L 4 A AR RGER
WL @RS S T R F 28 R R 6 -

257 B AW EREISHRT T FT S E S
By FRERE SR O U B R A A o

3B RBE X bzaﬁﬁ%fﬁfﬁﬁ%ﬁs} BEEL T AT

-\

)

N frg—;xﬁ?ﬁﬁ % HFSS ot gt % 40§ 3.20 ¥ fad G &
(License) {s #-:&— ) sxiF3k 3t % ﬁm;z—ﬁmﬁ% o

HFSS™ vi2

VIEW RELEASE NOTES

* INSTALL HFSS

INSTALL REMOTE SIMULATION
MANAGER

INSTALL LIBRARIES
EXIT
Choose this option to install HFSS Software. This CD &
contains HFSS version 12.0.
ANSOFT

A sbuiary of ANETR. e

] 3.20 HFSS ikt s %8 % %

(F 4L % R : HFSS Ho 448

3-20



i ITU-RM.1371-5 e 4 %% AlSchannel 1~2 i@ 47 % 3% &
161.975 2 162.025 MHz » # P~ 162MHz 5 % 57 & #f F & 73k 35 o
D) EE AR (A)R 18518 F ok o A G HER R M 4o A
Fr g R Bl R e R ST dp (folded) = 5 7k 7 (loop) - 35 > @
A2 RE G TR

1o grje 45 A2 WA 2R £ DT B3 8 a2 R- &

BiTreie

2. M- BRI FE AT NEFR - BLRAE R A
LRSS e de 0 ¥ - H R QA RS e S o

oI X+ 2RV ERAGHES T wiTA 2 SRS
AR S o

4. Tp )% B8 FAR R S T 1 4o b BTk ) X AU S
RARIE AR > g A IR BT R o B
3.21 #t77 :

M4

+++
++
+

B 3.21 BRI X AT MR

A2

%%'E’ -l @A A F e X SR BRI 2 ik > TF & HESS
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FEEN OAIS Ak MRS HEAR 322 A o B¢ R R
L=800mm > D=50mm ~ r=5mm -

>

B 3.22 AIS 3 % sUfpa) B4k

FEUR MY TREZEASF O LA SR REEE R
FTRIE L FE o bl WS Ak £ BE 4T R R R
BREE R E ALY o SR AIS s MR R T ARIT

A R S ﬁﬁf%xﬁh‘amf%ﬂ R AN =0 BIERT
Foe @ Ak T F 7 fek (Perfectly matched layer, PML) sk % 2% ¢

7n i AE B Sk R0 PML % 5t g = A28 ¢ ch X e jo 0 PML €
BT R p R R P IO A T R S 3 L Y
W E A T UE SR AU Y R 0 PML gk B Slicde
% 32977 0 K E B 5 40B] 3.23 A7 0 X AAR » 4o[B] 3.24 Hor !

% 32PML & 13k & ¥k

PML ¢ + %4 WE S
PML £ & 2X( A4+ RFEERE B
PML % & 2*(L14)+= MEWE R
PML & & 2%(A/A)+= SERWF R
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B 3.23 PML % &

B 3.24 4 ~ 3K B
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#7T kK & Frequency Sweep T (T ﬁ:%g@;g; i 4 %%
Hor@ in S ergs] 3.25 #¢7F o

Driven Element

SO
SS
60
80
RS
JU)
3
24
24
25

w— 0B(S(1,1)) 0 - ="0mm'

dB(S{1,1)) [ -a='5mm' « -dB(S(1,1)) 0 - a="'10mm’

dB(S{1,1)) [] - 3="15mm" s dB(S(1,1)) [] - 3='20mm’

F3.25 o B L &R 2 S $HdF+

d B 3.26 ¥ J‘z—g- 3Rk e BT end? S FE & 164MHZ
Jw ,;g:)ﬁv‘?@;w;tﬁéc 10mm pF 5 2% ¢ ,\;J};E%f’g'
B AIS i TAE S B 2 Return Loss A&7 >0-27dB > Flut A8 3 ¢ R
ES

SH €& 5 L=810mm » D=500mm - r=5mm -

i

-

m

W
:&‘:

&

o1

3

Cm\:L

1 <
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Frd AIS 780 ORI

pE-FEOTRA Y v 7 F A AIS Ak B
WG 205 254 1% FRENI-ARE T AT R
FAR SRS BOR AT E 0 A F H RN AIS 78 B
BTk S AIS B IERL R 1 W AR mws;r,wgsgjenﬁi AlS 3t
BRI R F e Pl R da TS L2 R SE R

AT AT L T AT AR B R
?%@%ﬁ“’?ﬁéﬁiﬁﬂi%gé_;?@% mAAEART A P F AR

TABEI LB AR IR R Ml BEER REERL

411 BAT R BB R

PIEAERTAAA B Y A PTEY g 8T HF R &
5 8 BB e 3 (On/Off)i (7 S sg m i D)3 33 S v @ 1548 kb
o 5 A2t (Morse Code) » 3% 8 % @ T Lk @ix > i
¥ AR fE il 4 (Continuous Wave, CW) » A @ fid 30 B jivengd B
T o ME A B2 AR En D hTA Db blde
Aty B 3% (Amplitude Modulation, AM) %2 # #F B 3% (Fequency
Modulation, FM) - & s % E T £ > g F T Mkt @ 2
THOF WK~ FAZ 0 Gt > AT iR e
RAF R P ad > AERNTEIFEARZFEIERY RIL4eT™ 7971
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B RS B AT Beph e An 0 % B hn e BB (g 5
WEL S P BfES N d 7 kK (R)E(B)NEE L A ST B
Mo R iR BEARG RD R AT PRI L g B £

P U R B AR s MAEESIRE Y B o p T R L T R
B I B M E A M 0 R RAE B AR
it d 3 RAIHE A F R GHEFF T A H v
ZERAFSEOEIFSE G B R 2o 00T £ iR p e e
¥ A BT A R e K H R K
{ Aot o

NS

ARGy B EOC B2 (50 5 0 A p B AR L AT
* ek 5-bits #2 % #5 (Baudot Code) e & A5 = 32 B Ag » o 3t 4L ih
32 BAEZ Bxit * py P ¥R BAREAIE o B Rk 32 B
B#or: 60 B o RTTY {%d4%if CW i U3t e 2he 4 4 o
f % % 45 Baud & 75 Baud - o Tix W42 haE i 0 STILEH
W AFELIRERE G ok RTTY X FIEZREBE R €=

2HRATHF I RTTY p 7 o

AMTOR 4 # B LS4y n B A SR hE * g T B4 F 4
Boo BRI KRR FARMT Rl R Y o e 5 CCIRATG-
4 2 CCIR625 ¢ % % » ¢ RTTY - # » & #7¢7 AMTOR i 2 *
H 30170 Hz 48 5 0 # 3 % > # 5 5 100 Baud - AMTOR 4 I+
B BiE > H g TR S b AR RID 0 @ fE %A
1e AMTOR 7 4e ™ 4 #777 o
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# 4.1 g % ¥ AMTOR #5

& 515 11000 10111 01110 10010 10000
rNirz A B C D E
2 B - ? : 3
/\ngC)R 1110001 | 0100111 | 1011100 | 1100101 | 0110101
10110 01011 00101 01100 11010 11110
F G H I J K
8 BELL (
1101100 | 1010110 001011 1011001 | 1110100 | 0111100
01001 00111 00110 00011 01101 11101
L M N 0 p 0
) | | 9 0 1
1010011 | 1001110 | 1001101 | 1000111 | 1011010 | O111010
01010 10100 00001 11100 01111 11001
R S T U V W
4 / 5 7 - 2
1010101 | 1101001 | 0010111 | 0111001 | 0011110 | 1110010
10111 10101 10001 00010 01000 11111
X Y Z CARRIAG | LINE
1 6 T ERETURN | FEED | SETTERS
0101110 | 1001010 | 1100011 | 0001111 | 0011011 | 0101102
11011 00100 00000
FIGURES | SPACE NIL RQ BETE | ALPHA
0110110 | 0011101 | 0101011 | 0110011 | 1100110 | 1111000
CONTROL1 | CONTROL?2 | CONTROL 3
1010011 0101011 1001101
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e U PP R L ARTEHRUEUAF K- X234 @R
A - B iR fES 3N i T4t e (Data Packet) - #* 7 ASCI #5 >
FBEHe e 33 5 ms o i%?f;é_féiif R TREEA
v MR BiE Ra R B B G 3R - Bk AR
(Cyclic Redunoancy Check, CRC)# & #5 > #{c 8 B~ 8 Tl 4 & 2 15>
€ R P TR E N CRCH 4/ » T 2T 4te p cHCRC
WABEFEPH kA FT - REATFTAHF Fo

Fle He @k 7§k iR 5 £ 35 (Carrier Sense Multiple
Access, CSMA)Hji » » ;‘]&{ﬁ EN @;ﬁi%lia“fs & FHCER D Ae kil i
+ e gL i}ug%‘r; @ﬁiﬁiﬁ T BRHEZHT R T

Pite VR AR - S g it e Mo B

it
<

H
(Very High Frequency, VHF) cnficdpid 3 P B L g % Tl e =
;i 0 R BELL 202 2 -2 4& B 48 4+ ¢ i 3 4% * 1200 Baud =i
W R BIBrE E S EB AN A B AT 5 2400 Baud @ iE % 4p i
T #% 4=~ (Phase Shift Keying, PSK)# g et e (741 & d 3 > @ #ik
i3 5L 32 (Digital Signal Process, DSP)#Ljisern= 34 2 & R T #F 4§
FERILS VHF @@ &% ¢ %2 1 9600 Baud 2+ o

NXDN™&_Ilcom Incorporated ¥* JVC KENWOOD Corporation 2
RIS s ko A R PR G- BRAFIERE Nl Fe AR
TR L BAT K1 2005 E B S IP H K E REARG LR
¢ (Federal Communications Commission, FCC) & #7& ¥ ¥ #f
(Narrowband) & 4 » & 125 kHz #7 3% @ g L kiR ™ » & K
3 VHF fr UHF #f fL e #dm 7 22005 & 1 7 1 p 2 @
TS FAER A o PPRFR S 6.25 KHz 2 oo B4k iF 5 i
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47;@@?] R - Baw RAKagpiike & K> L Pini F IR 6.25kHz
HMET FREERFTRIDECTEL- BE < PP o Ra o
B sl P ol £ G G ol 8 HpeE g B A RO R
EBAEE L el 00 5 ¥ oA 0 NXDN™ME 24 2 i@ m = 0 353
WP EE * 6.25/12.5KHZ FDMA Hjlren i 45tk - 27 &R T
FE- BPAOEE R FERBAEAT A STRFLHEF > P 7
§ % R P G HATE R A E o B 412 £ 42 5 NXDN

i 2 bE T R A o

Conventional peer-to-peer Conventional via repeater
(6.25kHz/12.5kHz FDMA) (6.25kHz/12.5kHz FDMA)
NXDN"™ Type-C NXDN™ trunking

(Dedicated control channel type)
Single-site trunking
Multi-site trunking
(6.25kHz/12.5kHz FDMA)

Type-D NXDN™ trunking

{No dedicated control channel type)
Single-site trunking

Multi-site trunking

(6.25kHz FDMA)

B 4.1 NXDNM:d 2 #2 %_

(F 4L &R : NXDN™ -Forum)
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F. 4.2 NXDN™F 21 1% 2k &

Access Method FDMA
Modulation 4-level FSK
\ocoder AMBEA+2™
Channel Spacing 6.25 kHz 12.5 kHz
Transmission Rate 4800 bps 9600 bps
Codec Rate 3600bps 7200bps
Conventional Yes
Trunking Operation ij;e- C and Type-D ?;:e- C
Digital Scrambling Yes (15-bit/32,000 keys)
Encryption Yes (AES/DES)

412 RAT R BES S QREER

F_&
‘7‘\7
e‘%

» PRAANBIES NG EBA A Lo
EPANRE AL F g FAE(HF) T 2k it ¢ @R

MR G P BT MBAE 0 fL G AR S BIE(Line of Sight

(s

Propagation) s¢ 7 ¥ & (Space Waves)- i+ 5 4 & [ e & [f] sE-
Hend F B AA L # 6 4 (Ground Waves) 2 £ & 4 (Surface
Waves) - % %E%B%]F\ TR F R T P B LG R
A (Sky-Wave) » izdt & 5t F b e Ik o T SR 2

ookl Eom LB
BOieF Lﬁﬁ?ﬁﬁféﬂ?&@ﬁ%ﬁr%} 42 #t o om P AL T
S £ T?;ﬁi%lifpg ROAFESE @ﬁi%lf;‘, BEAF S A 2MHz 1T o i3dh
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\:

e

AR BAAR BRI PR R ATE AR FERER > T
&k # (wave front)s T AL A BT E B TR ehd F AR o ¥ — B F)
% _gesg(diffraction) » 2L P B AT Kmdy 2 4 - B G o

F i A AT T BT 0 TR R E T AR

._1.1
I
2
/\‘
Hy
-
(=

FAF S EOLAMEEL > do? # (MF) 2T 0 % 5 B TRk s
ﬁﬁﬁ%%ﬁﬂﬁﬁ%ﬁw4${AM£5?°?%Wﬁﬁﬂ’
B TEEEHL(R)Z P o LS R MLEEALS X AR R G e R

Ae R SRR e N MR R R 0 BB A RT

lﬂl;r/ﬁ;‘l‘ l‘{i ' R; ’f‘-"% "-‘Elrg B Hree HRer jd £ e 3840 ™ 9107

_ 4H.Hy

misin bl

W E R ME R Hy AmEFRiRE

mavive

antema 151X % B A HR

Bl 42 ¥ 6 kB3

(F# %k : Radio Wave Propagation)

2. TR eniB g
B F R DR AT RF TR H A ahBiga T LR
A 6 b R SO S - BELE BT A A 2 ATHHCW 4.3 47
ERBEITHEAHE R > T B e g g BB

&~



EF wE G oI R TR AT AL o A2 B R MR e
LIRSS 0 R AR T R R & et ehi g e
BN R o GE R G BE AR R E kG > REF
J%gﬁﬁﬁﬁﬁﬁ%i°%%ﬁ®ﬁ?%%%ﬁﬁ?’%%ﬁ
RMETUERRHF>PBBO) I E Mz 5 2 FhRER 54

lransuli i FrRive
ELUS LT 3 EE S IR

B 4.3 %t @i
(F#L %% : Radio Wave Propagation)
3. ARAMiBI

4238 30 MHz =i 5L /2 ;;‘gd I A S s a1 EL JERA
B LR DAL B P RA R e W] 44 4T o

oo b e g o FEBRITE S B AR M- LR R
FORLELEE o TR AR MrdR T R SR SR 20 sARM R 0 R
LRI FIL A F AR RN ATE s F Y iR R
S Bt b2 TRB 0 (e FAT ¥ ML R A chd g 5 a1y
B STALA RS kAR o H B4 (VHF) a2 B 47 (UHF)E 2
AF# Y SEARMBIE o LR F AR R ALY
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(Rmax )fo 3 X ME X RenF B Hr & Hr B bl %5 ¢
Rmax = 3.57 (VHr + JHz) (km)
TR F AT AT T > EUE REEREZ L S

Rpmax = 412 (JHr + /Hz) (km)

R L S T R O R FORAR e %R

AFES Re X 5 &' 2 ALFEH Rnax 0.7 &2 o

slgmal
prruprigraliog

recelw

tramanil . o
untensa 151C % B E R Hr

bR MF AR Hr anbi@ng

B 4.4 ARk 35

(F#* %R : Radio Wave Propagation)
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4.2 AIS 1= %ﬂﬁ%éﬁyhh

WEZFEOTHESA T Prr Y T 0@ AIS kG ok
BRI 20 2 25 R (E* S RIETIE A RS T AF £ R D
i E AR AT AR OR AL o EON 0 AR SR Y i ek

FAAIS BEEY A 4 0 A RIS B R AIS LB
Fl> 5 »cid B F MApda TP 5 & 08 L ST IR BRI E PR 2

42.1AIS FFte ¥ B L AR

rMEF P TR A2 P %%@é‘lg.l;}i,{itrm#b,ﬁ T F T E - R AR R
k52 (Wireless Sensor Networks, WSNSs) » WSNs s 4 &4~ 4_d %
Bl 4e % B 4p 50 A KA £ A (Smart Dust):t & % 41 o 33
FLHETARNEFRESHRFTRIE IR DRAR P L
fFEARPCEfC B R 1 otV S BRSO

1AEBREER - FrTE RIS R PS8 NFE ERR
P A m}i%’i*oF'Kli_-élz/{ﬂgta}ﬁﬁ'%ﬁ'f&\ﬁzﬁ%‘_&x}{_‘;})\)\—\}im;}ilﬁm

o RMAAIF R RIE NG ] TR R ARE ARE
PR R PR AT ERIRNEYARB AT E IR
SRR R RRPLE AR NS AP AR R B E 2 R E

Bl EBEE S RE A B QAP E AT Y P
RIF -5 Y AIS Ffetb2 4o dadil 5 B = SUR R B 7 el BRI &
2L(SensorNode) » § # #-AIS Faw @3 @ Bk @ ¢ @il bp)
AP iF LK & BH(Manager Node)z’v’ﬂi § o f F AT BRI SR
A e d TR B G ¥ - LRI DI B B R
TGRS BT BRI R - PRI BT P
F o Fl m A R D - Y Ml - LA R
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Yoz g 7 i e 4d gk (Relay Node) » #-5 ip) &5 ZE e B 3R 12
LR SR B RS GRS R VSRS
j{%]ﬁ o AIS ¥ _?:'&-T?iﬁ%];}ij,{tﬁ%ﬁ_grgl 45 i

B 4.5 ¢ s peieie £

¢ .%féﬁs?]:}ijﬁ?i JZE e 4.6 4Tor 0 H Y AIS ¢ kY b
AlS et | F 420 2 345 i dpdaz AIS T3 BB H Bt
FAIS TR TEBFEZ2EFTAAIL £ f)* ¢ %l
KA HAIS TRE @D R b s @ (SR SR B
S SAIS TR A 3 AIS FHRER o
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AIS % %A A ¥ 40 )

AASABAIS T3

B#s A8 AIS 7 3R

CHsABAIS 7 31

AIS & 435 A7 B i $ir d B

AIS ¥ 435 )
g AISIEdOI

TR R

L G2 Ed

e

B 4.6 ° Léé-@%]:}i,{h‘ ML

42.2AI1S 3t FHH N

do bt ST PR P R ALS ¢ s g G R
Beode ) PR RIGFE Y MRk 2 AIS Bl i foasin A G B e g
Agende fE TR T RE T AIS AR E AU R &Y syl s
e BE® Arduino ik 41 Fd AIS 32T Rags-ATa e 3] ey
g AIS 3 -

Arduino & - 1 B 3 R 4045 chE 5 P4 BB 4.7 Ao o
#* Atmel AVR H & ¥ o 3 2 * S E A s el BT Lo 2
A0 ﬁg?]ﬂzlﬁs?] ~ (Simple /O) /i & 4 » & 5 # * g Java~ C 33
;ﬁWm&W@WMm@%%ﬁ Fls K F R BRI o
EF AR LR T Arduino R LK R D RdR A R R
eFg Wl BHEWOEEFRE - R UL R A RR T

—\
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B 4.7 Arduino fcr ) B

Arduino B3 ff 8 ~ S 2 R E AR TR S o R Y F T T

R+ DM AT rv il £ 8 ¢ Arduino 4p B T #

EE OB oS e G 5T % 0 Arduino k) g g I8

N pe 1

Boo o B ag & oagug ¥ 43 v ¥ 22 Macromedia Flash ~ Processing ~
Max/MSP-~Pure Data % ##8 it 3 &> H F > £ & B 3 7k 5 (Integrated
Development Environment, IDE)4- ] 4.8 #t5+ » ¥ 12 & Windows ~

Mac OS X ~ Linux % % %F 9;\3: % o

N Wwo

B s zepois | cdams e DN =
iBEE £E ERE TE #=EH

sketch_seplla

wvold setupl ) E

A put your setup code here, to run once:
1l

wold loopl) |

A oput your main code here, to run repeatedly:

Arduing Mano, ATmeg

B] 4.8 Arduino IDE
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AlIS FHLF B R edh o > KT 7 S ] B AR B ey g
AlS TiERFH 2R A& *%éx;ﬁ;si%l REL S RFRETILER
¢ (International Electrotechnical Commission, IEC) #r 4

IEC61162-1 #:- 5 @ » L 3% = 4] T 4f ¢ @5 > IEC61162-1 1%
Be a0 FADRA  REIRH R AIS TN T S

P2 R34 F %7 ITU-R MU1371 s stge? ar» st & 2.1 7
¥ 2P T RDAIS L F AL E A (Message Type) 7 27 & & @
LEEA it e £ Rd4cd 4.3 #5704 Blif * 3t Class A 4r Class B
AR @R Y oA F TR AR R RS e B
x5 #r£ B > 12 Message 1 & Message 3 k 2 4% 4.4 #7570 3%

Tt 5 Class AE{7dpda B 3 4 w3 o7g * o

# A3AISH A F A Eite £ R
Mels [s)age Name of Message Description Number of bits
1 Position report Sc_heduled p05|_t|on report; Class A 168
shipborne mobile equipment
. Assigned scheduled position report;
2 P n repor . . . 1
osition report Class A shipborne mobile equipment 68
Special position report, response to
3 Position report interrogation; Class A shipborne 168
mobile equipment
Base station Position, UTC, date and current slot
4 . 168
report number of base station
Static and vovade Scheduled static and voyage related
5 yag vessel data report; Class A 424
related data . .
shipborne equipment
5 Binary addressed | Binary d'f1ta for addressed Max 1,008
message communication
. Binary Acknowledgement of received 79.168
acknowledgement | addressed binary data
g Binary broadcast | Binary di-ita for broadcast Max 1,008
message communication
Standard SAR . . )
. .. Position report for airborne stations
9 aircraft position . . . 168
report involved in SAR operations only
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Standard SAR

10 aircraft position Request UTC and date 72
report
T : .
11 UTC/date Current UTC and date if available 168
response
12 Addressed safety | Safety re'late'd data for addressed Max 1,008
related message communication
Safety related Acknowledgement of received
13 72-168
acknowledgement | addressed safety related message
Safety related
f I f
14 broadcast Safety re_ ate_d data for broadcast Max 1,008
communication
message
Request for a specific message type
15 Interrogation can result in multiple responses from 88-160
one or several stations
. Assignment of a specific report
16 Assignment mode behaviour by competent authority 96 or 144
command . .
using a Base station
DGNSS . :
. DGN
17 broadicast binary GNSS _correctlons provided by a 80-816
base station
message
Standard Class B | Standard position report for Class B
18 equipment shipborne mobile equipment to be 168
position report used instead of Messages 1, 2, 3
No longer required. Extended
Extended Class B | position report for Class B shipborne
19 equipment mobile equipment; contains 312
position report additional
static information
Data link
20 management Reserve slots for Base station(s) 72-160
message
1 Ald_s-to_- Posmo_n ar_1d status report for aids- 972-360
navigation report | to-navigation
27 Channel Management of channels and 168
management transceiver modes by a Base station
Assignment of a specific report
Group . .
. behavior by competent authority
23 assignment . . e 160
using a Base station to a specific
command .
group of mobile
. Additional data assigned to an Part A: 160
24 Static data report MMSI Part B: 168
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Part A: Name
Part B: Static Data
o5 Single slot binary | Short u_nss:heduled binary data Max 168
message transmission Broadcast or addressed
Multiple slot
bi.nary message Scheduled binary data transmission
26 with Max 1,064
Communications | Broadcast or addressed
State
Position report Class A and Class B "SO" shipborne
27 for long range mobile equipment outside base 96
applications station coverage
Undefined,
28-63 | Reserved for N/A
future use
# 44CLASSAAIS AR % (4 1,2, % 3)
Parameter Bits Description
Message ID 6 Identifier for this message 1, 2 or 3
Used by the repeater to indicate how many times a message
Repeatindicator 2 has been repeated. See Section 4.6.1, Annex 2; 0-3; 0 =
default; 3 = do not repeat any more
User ID 30 MMSI number
0 = under way using engine, 1 = at anchor, 2 = not under
command, 3 = restricted maneuverability, 4 = constrained by
her draught, 5 = moored, 6 = aground, 7 = engaged in fishing,
8 = under way sailing, 9 = reserved for future amendment of
navigational status for ships carrying DG, HS, or MP, or IMO
hazard or pollutant category C, high speed craft (HSC), 10 =
o reserved for future amendment of navigational status for
Navigational status 4 _ )
ships carrying dangerous goods (DG), harmful substances
(HS) or marine pollutants (MP), or IMO hazard or pollutant
category A, wing in ground (WIG); 11 = power-driven vessel
towing astern (regional use); 12 = power-driven vessel
pushing ahead or towing alongside (regional use);
13 = reserved for future use,
14 = AIS-SART (active), MOB-AIS, EPIRB-AIS
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15 = undefined = default (also used by AIS-SART, MOB-AIS
and EPIRB-AIS under test)

Rate of turn
ROTals

0 to +126 = turning right at up to 708 deg per min or higher

0 to -126 = turning left at up to 708 deg per min or higher
Values between 0 and 708 deg per min coded by ROTais=
4.733 SQRT(ROT sensor) degrees per min

where ROTsensor is the Rate of Turn as input by an external
Rate of Turn Indicator (T1). ROTais is rounded to the nearest
integer value.

+127 = turning right at more than 5 deg per 30 s (No TI
available)

-127 = turning left at more than 5 deg per 30 s (No TI
available)

-128 (80 hex) indicates no turn information available
(default).

ROT data should not be derived from COG information.

SOG

10

Speed over ground in 1/10 knot steps (0-102.2 knots)
1 023 = not available, 1 022 = 102.2 knots or higher

Position accuracy

The position accuracy (PA) flag should be determined in
accordance with the table below:

1=high(<=10m)

0=low (>10m)

0 = default

Longitude

28

Longitude in 1/10 000 min (+/-180 deg, East = positive (as
per 2's complement), West = negative (as per 2's
complement).

181= (6791ACO0h) = not available = default)

Latitude

27

Latitude in 1/10 000 min (+/-90 deg, North = positive (as per
2's complement), South = negative (as per 2's complement).

91deg (3412140h) = not available = default)

COG

12

Course over ground in 1/10 = (0-3599). 3600 (E10h) = not
available = default. 3 601-4 095 should not be used

True heading

Degrees (0-359) (511 indicates not available = default)

Time stamp

UTC second when the report was generated by the electronic
position system (EPFS) (0-59, or 60 if time stamp is not
available, which should also be the default value, or 61 if
positioning system is in manual input mode, or 62 if

electronic position fixing system operates in estimated (dead
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http://www.navcen.uscg.gov/?pageName=AISMessagesA#RAIM

reckoning) mode, or 63 if the positioning system is

inoperative)

Special maneuvre

0 = not available = default

L 2 1 = not engaged in special maneuver
indicator i _
2 = engaged in special maneuver
Spare 3 Not used. Should be set to zero. Reserved for future use.
Receiver autonomous integrity monitoring (RAIM) flag of
electronic position fixing device; 0 = RAIM not in use =
RAIM-flag 1
default;
1 =RAIM in use. See Table
Communication state 19 See Rec. ITU-R M.1371-5 Table 49
Number of bits 168

R d e
6 Bits ASCII %45 %

h’-r#PE7\7 AIS -‘*\*‘JL VA2 ;I ‘,”_ﬁi%‘l e i]‘—'v 7?'\'}

AT ERA LT ST

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

1--VDO,x1,x2,x3,a,5--S,X*hh<CR><LF>
»  x1 =Total number of sentences needed to transfer the message , 1 to 9

» X3 = Sequential message identifier, 0 to 9

* s--s=Encapsulated ITU-R M.1371 radio message 4

2. VDO Message Format
. X2 = Sentence number, 1 to 9
. a = AlS Channel, "A" or "B"
. x = Number of fill-bits ,0to 5
3.  ACA Message Format

$--ACA X, IHLILayyyyy.yy,a llilLiLal,ylylylyly.ylyl a2 x1,
X2 ,X3,X4,X5,x6,x7,a3,x8,hhmmss.ss*hh <CR><LF>

« X =Sequence Number,0t09

« LI, a=Region Northeast corner latitude — N/S
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*  yyyyy.yy,a = Region Northeast corner longitude — E/W
« 1llIl.Il,al = Region Southwest corner latitude — N/S

*  ylylylylyl.ylyl,a2? = Region Southwest corner longitude — E/W
* X1 =Transition Zone Size

« x2=Channel A

*  x3 = Channel A bandwidth

* x4 =Channel B

« x5 =Channel B bandwidth

* X6 = Tx/Rx mode control

» X7 =Power level control

* a3 = Information source

* x8=1In-Use Flag

*  hhmmss.ss = Time of "in-use" change

Channel Management Information Source Messages (NMEA 0183 ACYS)
$--ACS, X, XXXXXXXXX, hhmmss.ss,x1,X2,X3*hh <CR><LF>

» X =Sequence Number,0to 9

o XXXXXXXXX = MMSI of originator

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

« x1=UTC Day, 01 -31

« x2=UTC Month, 01 -12

« Xx3=UTC Year

AIS Alarm Messages (NMEA 0183 ALR, Text)
$--ALR,hhmmss.ss,xxx,A,A,c--c*hh<CR><LF>
*  hhmmss.ss = Time of alarm (UTC)

*  xxx = Unique alarm number

*  A=Alarm condition

« A= Alarm acknowledge state

»  C--c = Alarm description, text

L L AIS FREERE £ § OAIS UL TR
LK R R RS P*éi“fﬁ*i’l“* PR - I T AL AILR % 25 AIS
T BRI L# AIS T AR D FAEE L3¢ @i
@?ﬁk BT RS S AIS T P g s e

3§@ﬁ¢g§§o
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423AIS 78 ¢ BOEK §

voeig ﬁ];{ Hoengie o ARy g NX-700 Series & 40 T 4T3
P4eB 4.9 277 0 5 KENWOOD #74a 1 7 22 # & NXDN #c i %
Tk S A F B FM A o R o B AR g%
= AIS FHF D L 0 T BB A SRR BT SRR A
R hie T gD 0 it KPG-111DM £25% 4] 4.10 *7

N A L U R R e

KENWOOD' #

B 4.9 NX-700 Series

;J Zone Information [ Zone - 1 Channel -5] E@I
Zone Type Signaling Type Zone Name

Zone |1 _|::‘ |Cunven2mnal Group L] IFIeelSync 1
Ch | RX Frequency | TX Frequency Ch Type TX Mode QT/DQT Dec | QT/DQT Enc RAN Dec RAN Enc Channel Name Ch Spacing (Analog) | Ch Spacing (NXDN) AI
1 157.425000 162.025000 Analog Analog DO23N DO23N — — CH 1 Narrow -

2 157.500000 157.700000 Analog Analog D023N D023N — — CH 2 Narrow —

3 153.100000 153.100000 Analog Analog DO23N DO23N —] - CH 3 Narrow —

4 153.500000 153.500000 Analog Analog None None — = CH 4 Narrow —

5

6

7

8

9

10

1

12

13

14

15

16

17 ~|
Free Area = 40640 bytes Zone Up | Zone Down | Zone Edit | Channel Edit Close Help |

B 4.10 KPG-111DM ## ;¢
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AR S SRR LESE A R S R
PR IRT R g A S S RS R
ERFRGHERPS P RRT 2 VHF RS
156.0MHz 3 174.0MHz » & @ ##Fif 4o & 4.5 #7775 > 224 NX-700
Series #& -7 88 Bl FMAFIE L& F FHk 1T > FlU R FAG 2

B g 2 2 GRS 2 #Brﬁgﬁlﬁ*&%f%ﬁéﬁ?*ﬁ?q&
i%%ﬂ%’%%ﬂﬁ?%ﬂ%@ﬁﬁﬁﬁﬁaﬁﬁo

4 A5 VHF /3 } i ffu@ﬁﬁﬁﬁiﬁ

Transmitting Port Operations and
Channel Notes Frequencies (MHz) Ship Movement Public
Designator Ship Coast Single Two correspondence
Stations | Stations | frequency | frequency

60 m X X X
01 m 156.050 X X X
1001 X

61 m X X X
02 m X X X

62 m X X X
03 m X X X

63 m 156.175 X X X
1063 X
04 m X X X

64 m X X X
05 m 156.250 X X X
1005 156.250 X

65 m 156.275 X X X
1065 156.275 | 156.275 X
06 f 156.300

2006 r

66 m 156.325 X X X
1066 156.325 | 156.325 X
07 m 156.350 X X X
1007 156.350 | 156.350 X

67 h 156.375 | 156.375 X
08 156.400

68 156.425 | 156.425 X
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09 [ 156.450 | 156.450 X
69 156.475 | 156.475 X
10 h,q 156.500 | 156.500 X
70 £ 156525 | 156.525 digital selective calling.for distress,
safety and calling
11 q 156.500 | 156.550 X
71 156.575 | 156.575 X
12 156.600 | 156.600 X
72 [ 156.625
13 k 156.650 | 156.650 X
73 h,i 156.675 | 156.675 X
14 156.700 | 156.700 X
74 156.725 | 156.725 X
15 g 156.750 X
75 n,s 156.775 | 156.775 X
16 f 156.800 | 156.800 distress, safety and calling
76 n,s 156.825 | 156.825 X
17 g 156.850 | 155.850 X
77 156.875
18 m 156.900 X X X
1018 156.700 | 156.900 X
78 m 156.925 X X X
1078 156.925 | 156.925 X
2078 mm X
19 m 156.950 X X X
1019 156.950 | 156.950 X
2019 mm X
79 m 156.975 X X X
1079 156.975 | 156.975 X
2079 mm X
20 m 157.000 | 161.600 X X X
1020 157.000 | 157.000 X
2020 mm 161.600 X
80 157.025 X X X
1080 157.025 | 157.025 X
21 y,wa 157.050 X X X
1021 157.050 | 157.050 X X
81 y,wa 157.075 X X X
1081 157.075 | 157.075 X
22 y,wa 157.100 X X X
1022 157.100 | 157.100 X
82 y,wa 157.125 X X X
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1082 157.125 | 157.125 X
23 y,wa 157.150 | 161.750 X X X
1023 157.150 | 157.150 X
83 y,wa 157.175 | 161.775 X X X
1083 157.175 | 157.175 X
24 W,WX,X,Xx | 157.200 | 161.800 X X X
1024 W,WX,X,XX | 157.200
2024 | w,wx,X,xx | 61.800 161.800
84 | wwx, X, xx | 157.225 | 161.825 X X X
1084 W,WX,X,XX | 157.225
2084 | w,wx X, xx | 161.825 | 161.825 X
25 W,WX,X,XX | 157.250 | 161.850 X X
1025 W,WX,X,XX | 157.250
2025 | w,wx,x,xx | 161.850 | 161.850
85 | wwx,x,xx | 157.275 | 161.875 X X X
1085 W,WX, X, XX | 157.275
2085 | w,wx,x,xx | 161.875 | 161.875
26 W,WW, X 157.300 | 161.900 X X X
1026 W,WW, X 157.300
2026 | w,ww,X 161.900
86 | w,ww,X 157.325 | 161.925 X X X
1086 W,WW,X 157.325
2086 | w,ww,Xx 161.925
27 Z,ZX 157.350 | 161.950 X X
1027 Z,ZX 157.350 | 157.350
232/;)2 z 161.950 | 161.950
87 Z,ZX 157.375 | 157.375 X
28 Z,ZX 157.400 | 162.000 X X
1028 Z,ZX 157.350 | 157.350 X
é(S)I;/IS)Z z 162.000 | 162.000
88 Z,ZX 157.425 | 157.425 X
AlS1 f.lp 161.975 | 161.975
AlS2 flp 162.025 | 162.025

fv :s%@ﬁi%lﬁﬂﬁﬁ_v‘ & ﬁ? e SRR A 3%2&@@?];&
R S R S AR L EY P e T
3 F 2 GRS 13 58 181 éis?l(Peer to Peer, P2P) » A m & s 7 @ﬁi%] 511

R#IF>FerFpddgt 2284879 .?:%%@ﬁ%l,]% B2 T ko FlptE &
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SUEH Y R A 0 ID R FR R # A a4y 2 B ) (Indivudual)
By 3o sl b AIS TR A E S AT ARG
PR SRR LA LRSS el e
KPG-111DM :i& {7 & TAe R 4.11 #1777 o

=] Optional Features 1 ==[E=E <

Common Page 1 | Common Page 2 3 l Common Page 4
Battery LEDs
Battery Saver [Off [V Transmi LED
Battery Indicator [LCD & LED ¥ Busy LED
Battery Warning |,-:-\I'.‘.'ay5
- COM port Priority | Serial Data
PC Interface Protocol |Ver5iun 1
COK port Number Function Polarity Stop Bit Baud Rate
COM port 0| None MNormal 2 8500
COM port 1| Transparent Normal 2 9500
COM port 2| None Normal 2 5500
CW D Expansion Switch
Close Help

Bl 4.11 KPG-111DM %k Z g &
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$IF FHBEFELH

B DR S ARGREOERT P ARRFT L 2HUD
AlS Hejoaf 2 ST 108 17 % Soona 12 4p M Sodic Hik > 8@
R SUR AR B 4 E A 4 ALS B el % UG S 8 By &
EFREAAE B PR T AR O F R R AT Aok
FAMER YA - R DA FUE T KLk R

o RREHES FETHEMT  TRBITRDIZ XSRS
fie (T is A AIS ey M S 0 2 AIS Hjey R P WA F

B pERAr g AIS BB et o @ A AIS (Fd ¢
%] R L VA AR ﬁ%@ﬁi;]’ % z@,%]ﬁf’,ﬁ;gm,?]’é N
i f:'&‘@ﬁa?],ﬁ AT F il AR m AT R T Y el

b
R
‘3’3
fisu

q;;

ii%],f BN BN Tt ¥ 2 AISApda B T E PR E T 5%
EANFTTFY AT o

5.1 AIS Hix=8 X M2 sy s d K3

FASHEIHAATHA T AL Z Y EAMLF 2 GiviERE
TAS 2 WA O FALHIRAWEFTHFE SRR S TR
v B RR ST RERAF IR S S Sl E X Ml £ ?‘J’* [

B mF 5 E R ARG ESEAH 2 S T iy BFQ
oA M2 BRI M R ARER D ARLF B AH T AR E
BiEFET T TR 0 3 NEEAISE i mEkE S % %7 AIS

o

Pt o B R TR U iR oc g o

|k
L

\\

511AIS Bz x AP T3 %

BAd BIS512A515RAISHETHTART FRE -
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Bl 5.1 AIS gk % 80 (v %
% 5.LAIS sk % SUBH2 1AM S

Value(mm) | 1060 | 810 | 700 | 700 | 660 _

Value(mm) 180 50 200 300 30
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R ERGEATRG 2 AIS BT A AV A TR v B RRA
17 RACB D2 T BT X M LB ER o v ERRA TR PR
THE SRS AL BB AR RSB A P T
BRI ROERSITIFERE- BN 5 S SficoS Sl AR

g\
9

|k
fal
-
-
s
H

EEHFI LGN G5 A7 5 Sxy o B¢ X % R

Ry RS B ST UBL AR DRI g~ 3 S Sl

7

§ % K E 4Bl 5.3 77 0 Sliche T hi

B 5.2 & & RpA {7k

5-3



Sy |
Port One ! & o

(DUT)

Port Two

S22 (P2)

Stz

B 53S S#cif » A%

(F# %k - NATIONAL INSTRUMENTS $jir= i)

S11

IR

Pl & s e P1 enfd gt &)
S 15 P27 FR e RE PL eni gL B
Sap P2 F e R P2 eni i s Rt
S FHEFR~EM E IR PL g heE P2 b el gt b
d 3> S 87 Sy A B HoiE 0 H A EEie Kk p o>t PL ansiAR B R o
Flpt 3o A A e S S¥co F 2 Sp# Sy it S Sk
MR AT E S Slc(dr Su) BB E B AN RRAPR I
# & 540 S Ffic(de Su) PV HE G R RS (VSWR) ~ F SHE 4
BF BB S Sl E R His iREL, Foe 5 SHE R PATR LR
d % 5.2 975 Lt AR AR SHF A F ORI o e R 0 2 Y HOR
g d HFSS #7i& 8 > F PlEcdp L% * » & % B A 47 & (Vector
Network Analyzers)ie (7 £ BT ## 7 5 I F RlE ke 455
PR LER P AR MahE A o



% 52AIS b Mz F SHIF A FRIEHERES VR

Return Loss

0

-5

-10

-15

-20

-25

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

——Simulation —@— Measurement
SR F e B RE AT RD R ATE 2 1R fdo B 5.4 #1F $21T 50

wiriE o m VSWR 4cR] 5.5 #777 Q31730 1 Flet 7 20t 30X &
2 B D] AT e o

P S11 smith (R+3x) Scale 1.0000 [F1]

1 163.15400 MHz 50.887 0 -396.8% mQ

1 Start 50 MHz IFEW 1 kHz Stop 250 MHz EE RN

B 5.4 AlS F& e = ML

5-5



POE s11 swr 1.000/ Ref 1.000 [F1]
11. 00

1 16BE.15300 erZ 1.0214

10,00
G. 000
8.000

7.000

6,000

5,000

4.000

3.000

2.000 b

b d
1.000p >

41
1 Start 50 MHz IFEW 1 kHz Stop 250 MHz EE El

B 5.5 AlS #z=% * 5t VSWR

5.1.2 AIS H1cy = Mif S3-1 & LM

0 AIS fhb3 8a 3 0% 7 4R S Sk 47 i (Bandwidth)

EPEAAT e 0 fE T RBLA O o AR AR 2t L R E S

HE2 e RA AL AP SEBE LY T BF R
5]

x
FF B E L R RN R AR

5-6




E{.g.
k=
=
3
M
(w

S
=

RinA FAcR] 5.6 “r » 4 % 5 162MHz
*ﬁf@\’l é—_%: %Lr)igg__ Eﬂ;:h‘ﬁ&géﬁ,’%gg ?.;/;;’_q:]y“‘

1]

-

)
%
W OR

"o

it

(-

|

A

S

=

W
[
At}
NN
&4
**1

A
Fq\
E\?\t
[
&
i

R
S
beits
=
2
M
fut
(w

%
f
4
=

A

3

S
=

JsurflA_per_nm]

1.0000¢+000
9.2857¢-001
8.5714e-001
7.8571e-001

7.1429¢-001
6.4286e-001
S.7143e-001
5.0000¢-001
4.2857e-001
3.5714e-001
2.8571e-001
2.1429e-001
1.4286e-001
7.1%29¢-002
©. 0000 +000

BIS.6AISE ML e 2 s T @162MHz
bt i AIS fhh 3 SASAH £ 5B BRI ok SiE &
ﬁ%’aﬁﬁﬁﬁﬁaﬁwﬁﬁ%ﬂé%gﬁyﬁag-é e
SrEHE SR B A % S L2 B o AIS S % SUF
Al4c B 5.7 #17

S-7



-

L e THEES

dB(GainTotal)

5. bBBBe+000
7.8714%e+000
6. 1429e+000

. 2143e+000
. 2857e+B68
. 3571e+000
. 4286e+008
. 5000 +008
5. 7143e-0E1
-3.5714%e-001
-1.2857e+000
-2.2143e+000
-3. 1429e+080
-4.8714%e+000
-5, 6880e+008

B NowF

B 5.7 AlS 4 J =4 = S 5-7]

BADBEFHE e SEARARFIH E DR > TR
FEHELRMAFLARINS LS SEE AR 2 AT A X
e HE Y X e R E R o AT ARG SR 4cdoF) 5.8 (9)47 T
Foz oo F S EERGFERS i 5 T 50 oBl 5.8(0) 7T o

k4

A 2z
e Thets
| Thets

(a)Lg = 1160mm (b) Lgr = 960mm
B 5.8 Lr 2 AIS Hizzh x AHFAIM %

5-8



ST ORREFEAE L Lo Loz SR e RS Aol £ i o
VRN EAEL AN X e R A AT A 5
FAcB 5.9 @) T 5 F 2 A BERFER S o HFE TP T Fio
B 5.9(b)#7% o

(a)L1=L,=L3 = 800mm (b) Li=L,=L3 =600mm
B 5.9 Li=Lo=Ls 2 AlS 2 cs8 % S8 M %
B s FA By - HAEDER D2 i&%%ﬁ%ﬂ#
HENRL T U 5 FRELTS - FRAFF  HHP X
AT WA X D e BB LT R G B AcdeB] 4.10(@) %7 5 F 2
o EABgEE S e i E TR 4oRl 5.10(0) 1T -

2
o Theta
| Theta

(@)D2 = 200mm (b) D2 = 400mm
B 5.10 D, 22 AIS =k = 2357 i %

5-9



FE VAR AT TR N2 AIS Sk X MR £ he
+ 345 > A EH £ < 15 (Frontto Back Ratio, F/B Ratio) + i % -
BZE T AR A RERE L - LA S B 5.7 25T e

1

5.1.3 AIS B fadzit | R

Erop AFT g iR g2 AIS Bfeid R M EE S AIS s
JoRTAy o p Rt A B A Y CILPF R 2 A REFF S E R
o S £¥kc 4ok 5.3 AT 0 T U '%‘ I N 52”""?#{5‘—1 /A\|Szt$ié':R

B 162MHz 08 AR RS S0 2 T AT 5 S AR RGO
R SIE SR SN AN F R Mﬁf—‘* SECR N

IR

% 53AIS Efea = Rz F SHp 4 i
0 0-0-0
0SS
-10
-15
-20
-25

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

MHz
dB

—@— Original —@—Proposed

B s 4R * £ 3F 748 3 & 47 & (Handheld Spectrum Analyzer, HSA)
4o 5.1 om0 AR A R RET AISH SARZ LR AT
/EIJ o

5-10



Bl 5.11 £ 3 ;S AE A 47

w30 27T p v 'Gii???%%fﬁé)iiiﬁ'l BN w1 2 g R
L@%ﬁﬁ%ﬁAB%%ﬂﬁﬂﬁﬁL SO U 1R
5 PN BTMELEPACB] 5.12 Hror o B PIER 2B +@ @»%J‘fﬁ&a
S AEAL 0 FI 2 B RIEE T T AIS T g F F R D R R 0 £
B 5L % 2 9% 5 (Peak) ) % -60dBm e[ 5.13 #751 o @ {8 #plipse Bhig
FI A STERIEFTAEERACR 5.14 2t 0 FlS LT ;‘%’érﬁ,@ﬁs?]é'ﬂ
if 42 0 Rl % 2 % B X) 5 -40dBm 4o ) 5.15 A o ELE AR X 5
RAMBLA100 20 d Bh @ies AFET R A AT 0 T RFHE 2
FAL R AT SUBL B g ST IE A ARUBLE A

5*\*\
R
&
)
?‘.
ArS
¢

5-11



Ref Lvi
30.0 dBm

Input Atten
0.0 dB

Detection
Peak
#RBW

300 Hz

#*VBW
300 Hz

#Sweep Time

Sweep
Continuous

Freq Ref
Int Std Accy

B 512 ¢ <5 p s E R

161.950 MHz

-60.74 dBm
161.975 090 MHz

5-12



Ref Lvi
30.0 dBm

Input Atten
0 iB

Detection
Peak

#RBW

300 Hz

#VBW

300 Hz
#Sweep Time
417 ms

Traces

Sweep
Continuous

-41.56 dBm
161.974 909 MHz

B 515 ¢ o T RASLE RIS F

Freq Ref

5-13



W6 I3 P O FETARRYARIMARE FABFHHAE
R R S RS B AT 22 AT L ik
SITAL AR R 0 X fRA BRI d F 22k andndg AT 2 4o B) 5.16
S o M FFRFERIN G A B A4 0 4B E & 161.975MHz
162.025MHz = AlSchannel 1 ~ channel 2 :& S A4 & 8L > @ A9 S IRFE

BoRRr 20X AEL AR R T] AL A 5 -94.97dBm 4 B] 5.17(a) T or
AT SRR d 20 ALS B frih % AT R RI ) e B & 5 -78.56dBm
bo@] 5.17(b) 77 > B A AP AL 43.7 1 > F ug A et d X MU F

B 516 M= gz X Ek A FERESE

5-14



Ceysight Technologies: N9936A, SN: MY56071358
33% () Tue, 13 Jun 2017 6:30:45 PM
S&  Ref0.00dBm Atten 10 dB M1i: 162.02500 MHz -94.97 dBm

Lo g

10.0
db/

] . o hha ot A oa ! .-
-L-‘-J,;.-.,;\- YA ~.,~.,.-.,a~_~.,_.4._‘.-"" WA S Ly i et et N and s A W,

Start 161.9500 MHz Stop 162.0500 MHz
#Res BW 300.0 Hz VBW 300.0 Hz Swp 24.00 ms (401 pts)

(a) 7 SRIFEH? 2 %8

<eysight Technologies: N9936A, SN: MY56071358
29% {___J] Tue, 13 Jun 2017 6:38:39 PM
Sa Ref 0.00 dBm Atten 10 dB Mi: 162

>

02500 MHz -78.56 dBm

Lo g

10.0
de/

Start 161.9500 MHz Stop 162.0500 MHz
#Res BW 300.0 Hz Swp 24.00 ms (401 pts)

(b) A% 74k 1z AIS B < |
B 5.17 A RIS E (R F a2 Xpqg+ )




W6 200 FFTARRYARIMAAY CTEMHEFTARE
BF 4ol 5.18 ~ B 5.19 #7170 FZE P BB C f 4B 5.20 #1
o MtiTA da e R B § o F AT R ORI 2 ELY $  & AlSchannel 1~
channel 2 SHFF 8- 3 @ BHEEAZ 2 @ A ¢ SIRFFEFHF 22
MM EL AT R PP UL B 4 -94.97dBm 4o B 5.21(a)#7m 0 AATF T
2 AISHEfcsy X S 8Pl er g3 B 5 -78.56dBm 4 §] 5.21(b)

-

B 5.18 A7 SHFFEREY 2 X RE P

5-16



o L]
R
m 3
ARE ,
P9 AEE
9 -
0
3) HAE £
i ERE
é - AKE ..‘»
G 1] -
AP 54
@R BERMSR o
. D E [
> g 1k T
0 SRE )
@ ARE ¥
RHE i
D T @
3
0 3 L 12} "—v::‘%e
P ATE ’“
9 9 g
) MEE =P
@ Ee BN AR
%8 wa ARG
. =N
o A 3 BHE  xma
wEr \
g i @
9 g @ P men Bt 2 @
o ‘
4
ET
e EAH i d ~
-
" 34 s
B D3 5Ee
37T D @
- 37 o 1% “
J W A8 ] >

B 5.20 ¢ < TEHLE P

5-17



{eysight Technologies: N9936A, SN: MYS6071358

‘& (BEEH1] Tue, 20 Jun 2017 8:4
M1i: 162.02500 MHz -46

Sa Ref 20.00 dBm Atten 30 dB

Lo g

10.0

FFT Start 161.9500 MHz

Stop 162.0500 MHz
Res BW 750.0 Hz #VBW 1,000 kHz

Swp (401 pts)

(@&7° SIHIFFFEY 2. X M
eysight Technologies: N9936A, SN: MYS6071358
E Tue, 20 Jun 2017 8:50:10 PM

V1 162.02500 MHz -14.67 dBm

SA Ref 20.00 dBm Atten 30 dB

Lo g

10.0
de/

Nt AR .
A A A AV |

Start 161.9500 MHz
#Res BW 1.000 kHz

Stop 162.0500 MHz
Swp (401 pts)

(D) *#= 7 74k 12 AIS f2jcsh < &

B 521 AFLERIEE(AY “TEH)

5-18



Foobo i 7 AIS ST L F L AIS G BL K R ki (7RI
Tt 20 2 % th2E A AR A KGRIIRE S AIS BB OT 0 AdE
Fra B § s B @ (Peak) 2 2 > A % & 161.975MHz &

v

162.025MHz % AlSchannel 1 ~2 i ZH4FF 8 > @ & F S IRFFERFE Y

i}

2R S BT R PP e BL3 B 4 -43.23dBm 4o B 5.22(a) % T 0 A AT
7 ord A2 AIS A TR0 LR R 5 -30.18dBm e
5.22(0) 77 » ¥ 0 F N hre d X AU F R 5 B L AIS B

rf")iév’ﬂﬁﬂ EeSUE 0 SLE-E R LN S PR TR

4, SN: MYS6071358
3% {___ 1]Mon, 28 Aug 2017 7
M1: 162.02425 MHz -43.23 C

Ref 0.00 dBm Atten 10 dB

Log

10.0
dB/

Stop 162.0500 MHz
VBW 1.000 kHz (401 pts)

B 5.22 HZ_AIS T 5. Rz M EPRER

5-19



B AL AR - BRI ZAPR ZRIERERE LT A B[R Y A I
TR AIS Tk s AIS AL S A HRiE T3 N4z AIS gL
FAF AP AR 2 T F A RIIRIAE T AL > L S KA T T
iy A T 0 KR % HEAc ] 5.23 r T

lasge B

] 5.23 AlS i & SRR 4

""7

B AR AT AIS BRI SiE AIS Bl fadr o 1 fEis A2
WLt 2 B o] 5.24 SEw 0 JE b BT

45%?%%%??7 o
#EP\':' IL%;U‘ I)/%I’r;] :’iﬁiﬂ_&léi}%v]( %‘%’{ &iﬂét’}%’j\ﬁkﬁg

7 AIS 2B AT 3 ok d120 AIS BEjesh = M

Mo EA R X R

"

PIGEY JEE 0 oW 5.24(b) ¢ #f ¢ 1T ATF o ARV H¥TY @
ﬁﬁ@&%ﬁ%ﬁiAma%~iﬁ&m%?¢ﬁ%m%%@
5.24(b) ~5.25(b)® ¢ & #7o7 0 & &2 AIS kSt £ @ﬁ

BEE -

5-20



(8) &¢ SRIFEHE? 2 8

(b) #7772 AIS HEjTsh 2 &
B 5.24 1% % )% S RO H(ERIRE D A R)

5-21



zmaETL ]
 HeAAEENR
\

FEmEE 2373322 BEFREWE - FE 122 F 54561381 4, 3688 22 F 24302763 4

(@ ~7 CIFFEEY 22 1R

SEmEE® 250691 % WEFEOE : WE 120 X 18760522 4, 363 20 & 55.200838 &

(b) *F 3 #1120 AIS £z = &

B 5.25 1% 3 @) s i FRO S H(ZRIRE AR F)

5-22



514AIS B s F & R ERRY

AR 7 A% HFSS #die 7 AIS s = o, FHE D 3D
15 553 B4 5.1.2 & 97 0 42T iﬁzﬁéﬁt’&”’-ﬁ“@lﬂi 2D i5 35
A54e Bl 5.26 “r7+ 0 4R E-plane - H-plane % .ﬁafig,?uﬁm
WEERZEBERE L T4AB M E A 6dB i E AR G S 88
AR F A 20B 2 nE ARG L 128 ¢

8 iR e
1 S
8|@|2|¢(3|8|2
*g §§§§
;| |88
£ §":° |
HEUEEHC
o~
E
@
-
a 3
5 )
o
8
3
1 4
=1 iy
g o .."§ :.'"%
g *IE 25 2
§ §38 538
? LBl B
EHIEH

] 5.26 AlS 42z % & 2D 33| Bl

5-23



FERLAISE T A M E 4 R2 18 AX R > v & R o] 2
wm b AIS Bl A MEFHE I v BB AREIRLE 3 BRH4cR
5.27 #77% » hopt #i s FlE % 5 T %:%%]'u%J%ﬁf ¥
R B AIS BT ISR FFEFOMT A A RARFE A L
* AR 5 E i (Multiple-Input) 2} 32 17 2838 0 T F S 4ol F &
B A AIS TR -

o

% 4 Peak Gain » +

A |
& BRAR

Bl 527 =5 % & B 2 41

BT OREHE AIS T SR E R B
x

ﬁ;é’)&t‘igs\l@ﬁ;ﬁ, LI b e 2~ 5 b
Yoo MBI i o T3 AL IR B HE Ay FHAF L

g X
MU T MUER L E AT SCE L BPA L TR
B TR P % MU S L] AIS Rfcn R M2
e d > A B SN deT o

_ tan-1cHN LB ]
a=tan"'(5) +5 (5-1)

G-1):% »a 3 Mé HEIAMEXRZA DIRELE B,
L8 LA h o gttt B X RER AT F TR B W%p T
€0 L MTIE R S RS F R R TRAY T
FERAT 0 R ER T A AR R EAB A I ERY 24

TR

5-24



52 AIS fv# ¢ ﬂ&-nﬁﬁ%ﬁji,{dﬁﬂ%é

AIS (78 ¢ i@y & 5o & 45 AIS T3P~ AIS LR B AL »
,ﬁﬂﬁ®%~ﬂ%®ﬁiﬁﬁp%ﬁﬁ°ﬂ B AIS ¢ s BT R A
TR T L F B E B AIS TR N T A S R AR e

)

AY

B F e AIS TAAIL > FI i AE s B A8 R
B P PR R AIS P S S o e P M%J?{ %

=

521AIS THRFE m2 % %

45 4.2 & orak > AFE T EH Arduino o dl Bl AIS i #E
B~ AIS T30 0 A A FI R T34 528 om0 W U P
R Y k3 Bt AP 2 GPS T A 583 R AISF

P COM3 - PuTTY - a X

B 528 ¢ AIS £ e 5 51 AlS F i

5-25



G AL TR L TR RILF B 2EAIS T g
JadE R L Ae @) 5.29 fror o BT R W E R F|RHE- AIS F i@%i

%@% %,?azﬂafﬂ‘éﬁ.mw@ﬁ o Hekrd| Bz
So $ :B-4& (Transistor-Transistor Logic, TTL)# 4 5 # # @ @3k i & 7
2. DB-25 /i g o d St ¢ @Rk A 02 P sk e g MR
i’#ﬁﬂ%@ﬁ&%iﬁﬁﬁﬂﬁi?%ﬁ%%*é@ﬁ?ﬂﬁ
Fo0om P A s B en AIS T4 4c B 5.30 #75F > 22 8] 5.29 & i
T g L AIS TR e g 3 ¢ Al sk o

4
&

£ COMS (Arduno Mega ADK) - (m] *
i EEN

e Ve Ty TS TP INT, T, 1 1 T T TIO0 T Y TS T8¢ 7 3 W TORS [0
recervel]Siata= |AIVIM, L 1, B 1615 CF0L0WMN] @< rpeZiasp0D3) 0460
recervel 13dete= | ALVIN, T, B, 17ASAE0F0ZBVR] < xgod1vrpONEP 0952
ceceiven 1 2de te=1ALVIN, 2,1 7 4 SOREAATE pIrt Q- 20 0L =0 . 0HLBEAE | 222221 60p “BLASL D) wip) 2333333 U3
recelven ] 3date=1A0VIN, 1,1, 4 FO3TEZEPR-bE " THQPRR0000D (453
receiveh]Sdate-lATVIM, D1, B, 16«00 R VF22 «gBul2 3040050 %08
receiveAlSdatoe | ATVIM, D 1, B 16«5 p 00000 a PRt 33-25§T2531 0428
receivel]1Sistaa | AIVIM, L 1 B IS8FHECOLG V1B <pul dEREOD4T 0414
receirvel]Sdata= |AIVIM, L, 1, B 3770771002 VT :FevealQrt :0703,047C
recelvel ] Zdate=|ALVIN, DT, B, 1NREOPOZEYR ] < xgnilensy 08w 0¢10
cecelyved I 2ie te=1ALVIM, D1, B, 300 Lo P LO0IBYBnp <uuRbey 0000 O%45
Jreceivesl3date=1ALVIM, 2,1, B 10 2500a8UN0 vy =5 58021 0%58
receivel ] Sdata=lALVIN, 1,7, A 165 trPROSYTAL <t GUR0G0 -0-4C 0420
received]Sdate=lATFIM, D 1, A 16«5 trPPOORVTA L GVR0C0 058P 0434
received]Sdatoa | AIVIM, L 1, A 16«5k hPO0™VY; B tARDO7WF2000 0410
recervel]Sistas |AIVIM, L 1, B, 131 [VFOO0SOVAD®:uDTSSEETOSIP 0453
recervellPdata=z|AIVIN, L 1, & 36<5ckhFOL VY, B<tAENCTHRS5b] ,0¢38
recevel 2le te=1A0VIN, 1 1, B, 10= AR0UCD UeNE=15Lel (o b0 -9 023
Jreceivan 134 ta=1A0VIN, 1,1, B 168 (FOUIRSV=G <L DC35 508 0¥ 74
recelwar ] Sdata=ALVIN, 1,1, B 1OKECTHO0T " VPIH «x= 7707 T0BIG (454
roceivweA]Sdato=lATTTIM, 1, B, 16«F cSpPO0 VaBa «tdPqh?wIRRAe O*1F
recetved]Siatan |AIVIM, L 1 B B6«FclOF29V0H37 <304 ;oeNEPDS O45F
recetvel]Siatas |AIVIM, L 1, B, 16:1d0000 Vppd<gPi(ET7H0<4D 0454
recervel]Ziataz|AIVIM, L 1, B 16<fp0000Vaf @t IZTAC n2D4] 04560
< >

B 5.29 5 d Arduino sy 4] B iE 7 F A L (s AIS T

5-26




B15.30 ¢ #4h sk Sr3Bcn AlS B

4

522N8ﬁﬁwﬂﬁﬂﬁmﬁ?ﬁ

AlS {78 7 .?:%@ii%] & SLF BB 5.31 om0 IR B AT B

B RS TRRIL B 0 AIS TR R G Mg g2 AIS TR
PC st (70t 41 F %Rl AIS T BH % % « AL AIS T BT
FEALIT 150 RIM-AIS (78 ¢ s g 1 sehiB iz sl doag & B R
3 kB 5.31 - B) 5.32 % B 5.33 fror 0 T EF B ?‘@ﬁ @ﬁi%] )
Tl ez AIS FTRE I A B F LT3 AR kKRR
NS%%{@?ﬁﬁﬂﬁﬁﬁﬁoﬂﬁé%éABF%ﬂ%@%Eﬁ

)

ic 59 I Fa e (F o

5-27



IE RO |

=
£
.
®

3
.

L
1

g

2
s
&
a
2

i"’ a
pe=y | - —=y
-,-“-, < p . S
4 N Z - =

 J s 2 4 = - _7‘ =

{ “."«\“\\V‘“Zra—, —
.\

- o> - —
“ h-:
»,

N "
lv‘
~

.,\_

B 53LAIS (79 ¢ sl s 5 WF
“N”’ 1 m— O\ 7’<;§ E

< -

B 5.32 AIS {7 ¢ il fiy 4 5218 %

5-28



¢
Floshsad o WP R2ZRE MW I e L 15 F -
ﬂ%@ﬁ%:ﬂ%@ﬁa%~ﬂ%®%%ﬁ TR EREE iy
F ' gmﬁfbfgﬁﬁ@\a B 7| iﬁ@ﬁs:]..
VMR Ty ¢ ﬁ%@ﬁi%];{n% . :s%@ﬁ%]% M wRERE S My
TIE %R%fu@ﬁ%]fsﬂi ﬁf'Jiﬁfé‘iﬁiﬁfﬁ

523AIS {78 ¢ M 5 socit Bl

PAIS s ¢ Ml k Es L R B e 7 B
CHREEEALORIE > AT (78 Y MR L ST S F i 3
FHCERLAIS (T8¢ il BB R A R L 2 A 4 | RAIS
i ﬁ%—l@ﬁg‘l AAZ BEBEXLONRR ) FEFEY AT TR

5-29



AlS Fjzzg 2 MR AISHEL T30 2 B F s ipfhe 2 PR R~

Folog A~ kg s M LEE S e BRIGEE BhacE] 5.34 from 0 A

G2 AIS (78 ¥ SRS SRR T BRI LA s
,::F’

W2 TS B AIS T A R AIS (7850 sl i A

B 5.34 AIS 7 * .?é%filﬁa?] S SRR S B

R ot AIS (76 2 g ks o AETE SRR (03 85 BCLOD
et X R4cB] 5.35 477 0 P wHE S 1IBBMHz A A% > R 4
ot £ R Y S 1,130mm e

@ 5.35 BC100 2 » 4+ % &

5-30



B 5.36 ~ B] 5.37 5 =3I F ) B2 AIS & ¢ %%@ﬁi%] Lk
Z_ BiFsgdE i, B 538 F R A FHE -

5-31



] 5.38 AIS {78 ¥ My ik S BiEh R WE(5 kB

- BRERE BN F R R 2 s R BE 23.09 2 2
12.48 578 > i5d ¥ ﬁ%%@ﬂis?] B~ 3%+ s Bl AIS F ek 5.39
7ok o AIS (78 ¢ .?:Léé@ﬁi%l ST R Ao B 5.40 Aor o

‘ Auig, 22205314, 208%0
HAT, 1208225306, 16827
=~ #ii% S0G© 0.00 &
fiIE COG : 000,00 &
OREIE AIS SN SEEEH
@
&
» L4
I\
: 4
,‘b WS R UER
— & difEIA0R 0377
aesanz 0.3
L LF5IA03 081
@ FRE 0 | FEEER, W@
A

LI
/

|
2 017118108 11:56:14
FERSE 15067 8 BEHEUS - FE 120 & 27661250 %, 35 22 & 20876325 4

Bl 5.39 AIS ¢ #F AR 5( % ®))

5-32



5-33



¥ OBRIER B L g A T EdEB iz 3034 22 Y
16.4 iz > fgd ¢ BT E 3254 B2 AIS TR 541 4
T oo AIS {789 s b S ol F AR 542 S1F -

K4z, 20E204314. 1543
FAL, 1208224306, 1028
3 06 B
#AE COG : 000,00 &

HEREERRI ATS FEMERE, SEFEEW.

HHST 2 B
418576502 0,37 2
418576503 0.382 2
349300002 0.382 2
FFEIE o 1 SRR, SEET.
i RIS FRRIHRENSE. B, .

2017511108 12:55:02

EREE 20939 BEHFENS  FE 12031275357 %, 358 22 £ 13238542 4

Bl 5.41 AIS ¥ #F AL i (1 L § 48)

5-34



B 5.42 AIS {78 7 il gy k sdi il AW (b L g 4)

5-35



¥ = BRI BB RS o R X 5) 36.97 22 %) 19.98
AL g ¢ SR R 1T AR AIS TR 543 4T -
AIS 785 ¥ sy b statfosd § Ao B 5.44 577 -

o EFWOESE 2 S ks =]
EEEREE SEEEEN SEWTM: SETAEH BETWME WASEHES) R

Jkiz, 20E205314. 15435
FAE, 120822506, 8251
fifii# S06:  0.00 B
fifrE COG : 000,00 B

BRARERRI ALS JEMRRE, SEPEEW.

MHET 2 FERE
ﬁﬁﬁ?\iﬁ 416576905 0.377 2
36.163 :E 416576901 0.381 2

345300002 0.381 2
FFIE oM | EEFER. .
U ALS FFIBENSE, SR,

20174 11510H 13:34:27

EmmE 145402 BERENE - |E 120 £ 22602930 4, 365 22 £ 26.597529 4

B 5.43 AIS ¢ #F R BT B b iB)

5-36



5-37



Fow e Bt B LR SRR E 55 5491 2 2 4 29.68
AL gd 4 BRGE E s 3T A ML AIS FAL4cR 545 4 o
AIS 785 9 sy b Statfosh § Ao Bl 5.46 #77 -

- P

b8, 26E204314. 2447
AT, 12022306 . 696%5
ffi® S0G:  0.00 &
#AMH COG © 000,00 &

HEREERRI ATS FEMERE, SEFEEW.

MHST R IER
418576502 0.380 2
418004412 0.386 2

mEEE s 418576503 0.386 2
54877 42 FFEIE o 1 SRR, SEET.

aneot i RIS FRRIHRENSE. B, .

e e AR LA LR 14139015
WERENE - T8 120 £ 42334850 %, 363 22 F 05.563560 4

] 5.45 AIS @ #7 R E 25 (M LS &)

5-38



" "‘.\ . 7. A
; 3 &?-*’-?,.@ .
“ s V ‘év_
< 3 .~ v ) g
NG i
W 4 R »
e 5 s g 7
= 3 v T R X
%4 5 wifte P
A7
3 B,
o X %
oy i 7 e
% Eo =5
L N N
¥
R~
P A
el &7
oty *7,
o T A
. TNy 4 :
T 0
ﬂ;} X
A Shie
.f " "
4
\
\ 3
X >
\
~\
N
E—— : - -
= o
—___=—__—____ Eevaramaae

O
rdp A Ay

@R%Awﬁﬁﬂ%@ﬁ}ﬁ%ﬁ%?@@%iﬁﬁé)

d 0L ORISR R T L@ AIS P MR L 2 g
BEHES <30 30 A0 > i M- AIS FALEE Y Bl 5N A
BE ALK UEANTIART S -



5.24AIS 78 ¢ %&@ﬁ],,.wi%.ii 12 3% R Rl

‘}’/\Ti‘l""’J‘;‘F":J ’j\ﬁﬂi‘a*’/\ uzj:btaé/?ﬂ l'%l/rv)%- ' ‘,f
AIS f;ﬁépl é‘&‘f@ﬁ% N «ul@.ﬁgﬂ] Iﬂb B B m ﬁ‘;ﬁ;ﬁ\:‘ %—]@ﬁﬂ ‘\ ,»L..L

s b2 B Pl R LY %:éﬁsﬂ B A2 uscl?i%‘lﬁbs}ﬁw = 30
AL T EAEHR-AIS TARES Y AT FART o R o5& T KA
#AIS (780 R B4 B2k 1 e W Rl F R
TN IEALY AT I AIS MBS w A sk e 1p]2E AIS 7
B0 Mg K ST T A L AR i Bl a0 el e o

RIES E L AR B2k Va2 g AISY MGEa, 3 Bl
3N B 2 B TR 0 AIS TG T R P e AIS P dsR
Ho BRI R FAERT - kiARE T@ﬁﬂ&&%ﬁo Bl 5.47 ~ B] 548 = 12
Y6 Pt B2 By T AIS P Ml g R Ay
FH OB 549 - B S50R 5 g B2k % "4 FigiT AIS P %@
2 SRR 2 A 2 A

) 5.47 i B2 kb OAIS # s =nn & %R
5-40



Bl 548 4 852 & + AIS ¢ widix=bn i 98

5-41



B 550 4 52 % ¢

AlIS P G238 X AP R

AlS ¢ %a%%qw ’,"Tifi_%_s‘%?h_ SRR E U

EPETAIS ¢ SR TR A

SES
-3‘1%
“
‘m.&
.ﬂ

3 AIS ¥ s joss T
MIEX 2 FHE o

5-42



PG OEP L L

552 i ¢ AIS ¢ s fof R A

5-43



& 5.53 J@F‘:fg" Pou AIS ¢ MR ey TR

A AIS fTh ¢ aibgy ks BRE Y ) RBRF LD
FARY T RTA G AR ang ¢ oo TR AIS ¢t joap A B
B35 5 ho@) 5.54 #7% 0 PR % Bl4oB) 5.55 - B 5.56 #7 o

5-44



o *
RENA

Bl 5.54 »raug ¢ oo B R AIS P MR T L BLIR TR

i RF AR RTRP O ERRTRTEPO 1

SETREE TETOHE LRES0ER

) BFROESRE v2032 [ 25 i
BEWREE IE SEWTEE
N 1 | 13 IS
I3 ™ .\W\;&]u o U\ [‘\0 %

4hé%, 255334326, 61018
Eg 121 255001328

H8 SOG : 15.40 &

#1f COG : 309.10

FHERR AIS B - EFEE -

sm&m

ta
aT274T0
Y MMS| REER
% 7 /‘:!r | 416109500 1
LAl A i SN 477274700 3
IMTEE000 7669
FFFIE COM 1 SRR » ST

440975000
R AIS ARG © B

416109800

S
71756000

—
20174£12 HO7H 00:38:39

oo

>
BEFECE - BE 121 24530327 2, 58 25 33474603 5

EEEE 275490 %

B 5.55 AIS {78 ¢ il i Pl 4 &

5-45



WRFEZOE: NS 121 £00903312 4, 3088 24 59319076 &

B 5.56 AIS 7 # .ﬁ%@@?ﬁ?ﬁﬁ.‘%%

d B 555 ¥ ugdid ¢ .z%i@ﬁﬁf%ﬁféig.gi_&&gﬁfiﬁ » 17

LR A AR Y s 2 FEHEY S 56 22 W 30.23 /52 0 ] 5.56 B £

7T i z_ ke AIS (7P ?Léi“@ﬁi%] kg t‘iié@]%[ﬂj%ﬁ%?;&%

PR AT A S A RO R W AR BP dds T

O RIBEREZ P e KA FEd AIS (38 BB L ST B AIS

TR > ¢ Z4pda ) AISHRTEEH 25578 % ¢ %@@.Jﬁﬁ:%ﬁ 30
AL o Fpat s iE 1) 55 A L 4o B] 5.57 fror o

5-46



B 5.57 AIS {78 ¢ sl & 5ol i 5] 60 AIS 3L o sEd

5-47






6.1 &%

AR LAY f 2 A AT A R e kS SuE

RS - B LRSI AT E R AR E L RS e A

LS A g B R TR R ERF S Y P T R e

poBeaRn] kA BB Y LR X AHBE AIS TRREFFR Y

AlS 3 =k % Sz d %3 56%®%ﬁm@%5ﬁ"k’lééABﬂ
2

Bl THRE2FEERED D AIS B F R Y m,%z*p
il R R GRS T 5 By R
TREHEEAE B ER :'#p@ﬂwsiﬁammAIS#&’lv“
MR A AMF MBS T LB B FRRDH
AV LT MR AT TR AR R SO B S fk 1240
TR E Bchy R BRTEL AT R SUE T T AIS Y B AR R &)
*OAIS BRI R R R T g AT ikl 2 AIS &
Tosh % AP R T RIS B R T A BIRGE S 2 Y S
A AIS BB rx gy e FIP E 5 & iR foE -

>
wm
e
=
End
M
(\x
Sk
H\
=t
(%
%«X
e
1‘%

S

w

5 g _3%_@@?]#:2{&—5—,@3 o AR EH Arduino pcdr ] BHpE~ AlS
FL RS PO I ¢ Ml ik & 2 5 AIS TR &
A AIS TR R EFFEG30E L

B L AR AT S R d T AIS AT T R
¥lm E ik AIS % f»u??gh% 2 rekiR o B 'ﬁ‘
CHE D EEABTEA S A TR E BTG ocE

g

v AIS FRFRF

N

/

&

T‘j’

6-1



ARE R R R P R DR B o R R R R

£ B2 % G AE B A asEE [ B AT E RERRY S
214 22 > 53 B ¥ 5 1157458 ¢ L igdz T - 4 AIS i 3§ Rl R
» B d S 2 w%ﬂmAB‘ﬁAﬂ?ﬁéﬁﬂﬁ@ﬁiﬁug
PRGERBEY LR A 4§ 2 % e § 4,958 S 1345 IMO
A0 EE Bl S ﬁ}%%@&ﬁm%ﬁAABﬁ% I
iz IMO #7482 Class A 4 dad s v Bk v 2 L 17 AIS T @ﬁi%l
B R EAE S 2L B AIS T v BT A D A
AR TR BET AT R D 0 B2 BT FE B AISE

L

PR Bixp e ey Ap Rl T 0 TE 2 R R ARITApdacnfp B T o

e

T
SN
i

q~\
S

1<
&
%ﬁw 3

b =8 jbﬁl—lu-j v l"&-fg}ﬁé‘fjg‘f’j" ;\1 ;}.Z,_A|S ‘}'_ @'L )3“_ . E,‘“‘!"
B2k PR AT R ko KT IR L
h L’r%f-‘?fiaww: R AIS ¢ g S d 5 2 B
‘j}i;ﬁﬁ -EEJ-\ AIS 'Pb‘?"li_L)%_'_LE!_\Vé:. —&rﬂ—bﬁinﬂj i\@lq P\J;"‘

q 1 —E\p% m? /PJ&E’T—"-}F— » S rgE 2 g }% 2 e AIS S5 ‘.vu‘.a'?f%% {ﬁi;{?\:iﬁ“ °

\¢r=

b

=

PN
o

Pt T E R AR TAXEIMIL A AISEYAR Tihig &
Bt B ApE F B bldofl ¥ AIS k2| ¥R BT dpdain £
FoRE PIE RIE R TS IR AR 2o AT A S
HAR WX EH BRI TN T AIS Y MRS AIS FRE#FF

LEFEFEFARAL 9 o

-

6-2



6.3 = %3%F X BT F3

L AP HRNEr A A2 FHE L %@*”mﬁﬁw*
MU i hd ORIEHN FIL ME HcE KB D AIS J BT UA

BLh o
2. FENEB LR B ARG 2R AIS A BB L0 g

HESk o @ R g R AIS FRFRBEFFF Y 30 4
R AT 2w PR

<

3. Fpd AT e char WOARR SN e T hE RIS 0 i)

iﬁ”ﬁ Teng Pl A ?Iﬂ_j&j FLEF R B R RS 3 i —?&;%?’

)

6-3






4o

[1] £ 8B L7 o £ 8 % RERE B E N B dga= >
2016

[2] #F g AWIE T G 5 2?2 mER LR Bop
(http://news.csi.com.cn/e5hae0e4-3398-4fd1-831e-ebad4402cc07.html)

[38] +r3 &> 2027 & e Wk o = ssdmE (-4 - ®R]
2017

[4] The Daily Star, CHINA PRESSES ON WITH NEW SILK ROAD
PLAN, 2015

[5] Technical characteristics for an automatic identification system using
time division multiple access in the VHF maritime mobile frequency
band, Recommendation ITU-R M.1371-5, 2014

[6] Technical characteristics for a VHF data exchange system in the VHF
maritime mobile band, Recommendation ITU-R M.2092-0, 2015

[7] AIS MESSAGES, U.S. COAST GUARD NAVIGATION CENTER,

from (http://www.navcen.uscg.gov/)

wyﬁmi\%gi\g%w\%%ﬁ‘ﬁaﬁ‘ﬁié’%%ﬂ%
FEEPR R o i RE E%IP 7 %70 2012

[O] =R ~5kiiE 3R j A ~ Bagsh > FFEMAE iz 22 &

T R FRiE éisq]ﬁﬂyb #r5 2012

s s BRAY SRR KRR Ao %‘/?1“ A Ag p BeEN W) kAL
(AIS)ERERE] > % 34 BB 1734 ¢Hm § o 2012

[11]F 5% ~8AF G~k B> 28B4 dap Bw) ki
(AIS)z.#= 7% » 2016

[12] SATELLITE - AUTOMATIC IDENTIFICATION SYSTEM (SAT-
AlS), ESA from (http://m.esa.int/ESA)

WM
v
[REN


http://www.navcen.uscg.gov/
http://m.esa.int/ESA

[13] Antenna Gain Explained, Marc’s Technical Pages, from
(http://www.marcspages.co.uk/tech/antgain.htm)

[14] Antenna Patterns and Their Meaning, CISCO, from

(http://www.cisco.com/c/en/us/products/collateral/wireless/aironet-antennas-
accessories/prod_white_paper0900aecd806ala3e.html)

[15]30 3 < 40 - 2 # & # > B e ¥ 3 o B f
(http://www.synnex.com.tw/asp/fae_gaDetail.asp?from_prg=&topic=FAE&grou
p=&parent=&classifyid=01534&seqno=17711)

[16] Cheng-Hsing Hsu » % 21 #2382 > W B & < £ 7 451 24

[17] ~ +~ %= & (Yagi-Uda Antennas) > 2 & - #£ %= > B 5
(cc.ee.ntu.edu.tw/~skjeng/ElectromagneticWaveBook/ch06.ppt)

[18] thjy % » HMEA R AT BARL A2 B > B 5
(http://www.gsl.net/bv3fg/cqm/07/07096.htm)

[19] NXDN™ -Forum, from

(http://www.nxdn-forum.com/)

N
v
N


http://www.marcspages.co.uk/tech/antgain.htm
http://www.qsl.net/bv3fg/cqm/07/07096.htm

WA -
PP 2ERA:HABEHRP A






FRRE
o 3
RFE=:

WY FhL LR FERHRR 4
MOTC-10T-106-H2DB002b
# v vﬁ‘&@ﬁﬁf!ﬁ%’* *AIS kS22 g
R RN AY

BEER

FELR

-3LX) ol

S T

¥

TREHERAR

1. A%+ 8§

%
Y

E

g RERBEART H
T3S AIS e feb it Ko g
BOER FIt o B s F
BhnBEETE B (T P b o
RAFH R EAFRF
A E E bR E A
T ML - B T B RAE P
FoRhEED P o f 4
MP oMbz i

L@_ﬁﬂ
E D F R

iy
q,\?, Iy ;IJ S Lﬁi‘J ‘?
ot g
5 9 bbb B ?
d 3

BE 5 Fhid- K

3
SRR RS ST
N NER Y Y

ek IR N B R 2 & 0F
B (k%72 LA77)

1 #¥E fdpko © Bz~ 34
W N ERD (e

P.24)

2. BEEEE R cruEiio ¢ ,3%@31;—141
HEEIR A A B EE AP Mk
I 1200 B R Rk Ly

AR I E
i g BAITAPM DZER RG]
 E 5 2

,rﬁt‘

BE € ik 1 Hndp SR
B BTG N TR
o St

ittt AIS T

B9 BT BE ¥ @ R o

T

@173 (deis 1 4R 2

3F 4

s

=d

CR N

+

P.5)°

1.

2.

o

it T

24

it 1-1




PELHR

FELR

-3LX) ol

oyt i RPE
- B - 1)

- Hlad s X PRIy B

B P NV R Rt

AT g B ooiem il e E
S b2 ¥ IR L ’?Fi}‘iﬂéc
PP 0 LA N T OB

$ BT H- Bt
S o s RO
TLAL R

R SN AL T A

d 2> AIS Ejesd X R & F

Bolosu gl FlptdR ¢ rid g

Wi B A (B o

TPAELEE A 2 AT
SEEER )l F(R &

3 ’éfui&ah‘-‘ﬂi?&rfﬁﬂ Z_7
Q)RR A F
(Er FEBRIRPLAAE L
) T R ARG H g pd

P feit- P - L&

ek MAER MRS 2
WAL RE GRS

HAL 4RO B R Rk
#1 R RE
P it % AIS LR E BRI

AT R AR R S

= Ff_'r%zié‘l,i b3}

P2 A B R OR RIE
Wl S S L 5 g e
LAtk o

L Rdpgoo B Ay
FEH ARG 2o Ffes
F T AL AT
FEE A G nAISE
FREROTF R A A
T RNt RS8O K R
TR e R FED KRR

o

i

LA ES A S
A0 e AL X M S

B )k AL AT RE T endp A

4.

% T ) 7F

SLA




$HLT

FELR

-3LX) ol

S T

- B - 1)

$ooRdpdap Bernl h | TR RMAETSTRNL X

AR T TR | R E (403 £ P6O-

IR RS Leig- | PT0) ¢

I B WL F Wt Ao AEL AR

Kot o B OAIS Fadsforekz @) 1
TIERES 4 B & @R i
MR -

RPN 4y 40 p Bahwl] i ey WML R A B S 24

2. ## A F B IR 3 e BB AT Y EOAIS B Ashs BB | 1 &ASTEApET
FRE £ 24 2 AIS - & k= Ap B FOR B22&% FHREINAM
R S G (R 2 % 4o 319 #F 0 B 3 AR

SRR EE T Ay
YA AHY TR A
AR RIS G

AIS hjig* ¥ 42 X k| 2. MHHL B pE AISHET TR

Frh TAS PAHAR T el AIS| 2. 2
KBV ETR BT 2 dpdain g
Y R S N )
AR AMAREY

BAY e 24 B A SRS AR A RIEERY G AR

who R L AR PR AR B2 Ti 0 3 | 30

ey D o AT EE R A

ALt s

LI YR S AN LT

A AL RERES F A

it 1-3




FELR

-3LX) ol

i TR0

dor
Fa

AlS 5 5 % M d 2 %
B E TRk B &
B IR o Al i AIS
Marine Traffic £ & % % 32

8-

CEER e
Fv A L24e r Y AR 4 ik
B oo

Ay 5 e K% GPS VR A A

AlS -

517 B4 shte it e

P67 B 4.20 BATY & ¥ A

e

B
%ﬁiﬁﬁﬁwaﬁﬂ@ﬁﬂ
200 L AL R AL WS
EREN DGR REL = s R T
TR FmMAFT A2 X
R F (402 & 4F 2 P69-

P.70) -

WL R -

W R s 04 129
HAlpd L eR o

GPS # AIS F et 3 I
£R 4 GPS & ~ AIS T £ 7

R IR - R

%\—r'&%‘f?—{-?ﬁﬁ—'—j\,ﬁyo
WAL ﬁ%tfu_ N0 W

o R AN L -] (-iir'u} iR £

& 4.20

P.67) -

ey #ﬂ?f( R
1@@&&%@;%— 2 @ e

PRV HRFL DA R

- B - 1)
et

&

Y RELR i e =L
et
SR i e =L
et

et




$HLT

FELR

-3LX) ol

RSNk 47
g tin

R
14
MW

p-u)

4.

EAFEIEE BF Y LY
TR E o RER AT R
FEHLT M bced 2% K4 5 07
AP FEEAR A e

RGN EY T F AT
B 45 R
MG EARAETE - x

U b PR B

R P R KR E S e

L ML R ey 3o

P70)> 2 e X fh vrgn 2 2 1
BEdE b S R R

W RARL P R o
2-#ﬁiﬁ¢ﬁ, v g
- @%] i ’FT”: FATig A D

3. PR R R AA R KT

¢ B TR B TR

LR

AT RS AN
EREN IR S 0 e pE IR T
FH AR AR T g
10 H‘%&b //)E'l"?]p%@ﬂig_p_
RARCAEE R R R AR
EAR R R fT AL A
Aokl imy gEEaad
F AR ¥ e ¥

R (doig DR

) 47 @ 3 BE 4 -
P.69-

MR RMARE LR AT R
AL 2 BT iR ik
7R P o

Wt T - B TRFEE (73
B RO E 2 VY &

FL P E D

4. FHHE Rdp o 7 g B

% Ja I A L

t 1-5




$HLT

FELR

-3LX) ol

S T

i -1 N
4o ie? pave it AIS 2L g faB~o| 4, &
1L P L FEIRRFER| L HHL Ao T R\BITER

JCIELR B B R A iRtk
)il?_ﬂ-v}{g‘f" Fod) 2 ?Fiﬂ

PRI R E
PRz F2E g2 M

2.4 A 2 R F W Are

3. Tam s TER A
QJE/IE\;rj\ﬁj;:JO
4. P60 % 25 WA

£ R AR A -

RN T e

A B LT - B
1 IFRFER (T RSR  ZR K

EFoASAKRrlASRE Y

2. #d By a0 B0

CRREY RIS 4 N
Boh Bk s ST BRI R ehdp g
i 2 B
ﬁﬁﬁ%ﬂ‘*?%M$@

W RFEL RN IS

£ RLES ']tt?%: R R =
# o

RV

\

SRS

4. BEHL R dpdco e wW P B

S SRR

L i AL )P4

2. k¢
3. w2
4. ik A

tt 1-6




o4 =
PRrFLEILZ PEHLFAHEP £






PrTERLEHAREGERP L

4 %% : MOTC-10T-106-H2DB002b

VR EPH Y RBEBATRT AT AIS f 2 E
R A Rl AR e o X

Koort g KPR
PELHR X AU REJR A5
Eegail
I 1L AFF#E 2% pE 332 7|l #nTE 4 2. 1 #5s
-1 F o
2. SRFT N ERAARLEFY 5|2 ’g,j—’gj—L%;}p?I, O NN A
EHAMI] AR LRAE| 522X E VA -
fel bIFEEAE R HB(F
EL RNl
3. EEv e ;ggm;)}gﬁjgf_& IR AL By e
- @ R Y 2 @
Piis b VHF 4p BE 2045 52 (7 4%
T ApROTHES MR T A
AR OR AL o
4. ¢ A KT ﬁﬁqii4?ﬁﬁ%ﬁﬁw% R, L
do vt b wges| RERTTREERIS T
AT o g 2 ZF R AT
B0 e A apaepe | PRRH
2. &% 1 35S B AT e AR Lo L one

2. XM LA M rere)
g 3-db 7#,;1?'}'}\,_5;33 XA AT

Bk Ba LIRS E bR

TR R E
Z’ﬂ%‘}i 28 &F‘-%’%‘-,J ’ E Fu{-&r’fﬁ

IR R

m

PRz F &

FEER A R AR TR,




rorih g RPE
3332

$HLT FALA Jed2 153

AlS 5 f T & & -

3. FREITR AIS Y b2 AJR(3 BERTHL K B AEESE kL
% £ (capacity) - o il ﬂi%ﬁ; (ISR S LR
Bo® 3t AIS LBV H 0 &
EL S A eI G o
1ERR A BERER L BT A 4 B4

4o

|

4, ¢ i@ ﬁi&listzﬁg
w2 Kt ﬁ;f] FECARE WD

RCER

CRESRI SRR L SR T (R

A 4o
A
3%
|_\

4
g

14
MW
=

DAL RS EACPLUER o (L HERTE R R ¢ RERSL R

R 2. B P ERIER AL vuay 2 Y SHERFAEILL -

A

SR A BER 0 T ERN[2 AT R M SRR AT e

~

125 B BV FEHRILE & Ak o SMFEI YRS
i ¥

3. A#Tp m AIS 25 vRi iR k(3. BT R T RLz2 3 F

|~

FoRTAFI AIS g sk il (15 i 17345

4. AIS ¢ bW ] SRk GURIGE(A. BT F AR o %A B 4 L pel b e Su

=
B
?
1\

zﬂ\ﬁ,gLéﬁz}ﬂﬁf#i’%%%‘%ﬁg 5.2.4 & v it o
W EF RS

St o

o
x
¥

D

) 2

SRS TE A TS o SRS ERY
§A e FENLR > blhed| YD A

oS
g

it 2-2




$LLR

- AL

T

ST

Ergidn

52~ %53
BT RERT LM T R (2 WERTE K DM S R |2 kAT A P
g S S AR R R L A
g i
B R am L mmm g[S PR ST
* %A F RGO T o Fizg o o
ERE RN
24 o

O BARE % AFETESAIS FRTARL sphed A oo 1. #&

A FHEmowi  $ARE e

LT PPRIEF PRAR G I G D
§res s EEF Ao
ARFHEALIZEPEE T2 MARTF RN M SRR kAL

IDENE- L8, SR ST

i e

it 2-3







o =
Y3 hEBFL-HETR






HPFAERFL-HETH

X 38 B SE B KPR

A7 8 F 1% 0 B
BRARASHR K2 E

Mt &L eRRsg

MG EA® AT TRLEL
HETHA BT
WEEHFA: =

Comp,
%,
A

Intelligent Communication and Control Laboratory

2 . '3
%, NKMU &
2 N

W B

W AT KR

W ATSH: oo SRR 2L AE 4
B AISHE MR RS

B KN

Intelligent Communication and Control Laboratory

i 3-1




LI St ¥ ¥

WM
)

AIS ¥

Sy T L L L

Intelligent” Conmmumcaton dina ool LdDordiory

2 [ 3] 4
TAEH 8 gl Al A
G R S

ATS H oo 3158 28 A6 o 47

ATSHNO R R E 5 AT 15

ATSH MO R 33T 86 747

ATSHE g R 4435 s 8]

ATSH: o R gt d A E LR

Comp,
Y,
%,

o
L35 %,
| B

Intelligent Communication and Control Laboratory

=~ £
%, NKMU &
KO

it 3-2




ATSEE s =58 20 AE 0 7

B ATSHp32 B ¥ £ £ Recommendation ITU-R M.1371 :

) ! . Low High

Channel spacing (encoded

according to RR Appendix 18 kHz 25 25
AIS 1 (default channel 1) MHz 161.975 161.975 1
ALS2 (default chanpel 2) _ _ _ MHz_ . 162,025 162025,
PH.BR [Baigcie bit/s 9,600 9,600
Training sequence Bits 24 24
Transmit output power W 1 12.5

Minimum Receiver Sensitivity : 20% PER @ —107 dBm
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Symbol Parameter name Units Lo.w 7 ngh
setting setting

Channel spacing (encoded
according to RR Appendix 18 kHz 25 25

AIS 1 (default channel 1) MHz  161.975 161.975 1

AI82 (defaultchannel 2) _ | _ MHz _ _ 162025 _ _162.025_,
Bit rate bit/s 9,600 9,600
Training sequence Bits 24 24
Transmit output power W 1 12.5

Minimum Receiver Sensitivity : 20% PER (@ —107 dBm
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HUHR ® VDM Message Format 6 Bits ASCII 445
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» x1 = Total number of sentences needed to transfer the message , 1 to 9
e X2 = Sentence number, 1 to 9

» x3 = Sequential message identifier, 0 to 9

¢ a = AIS Channel, "A" or "B*

® VDO - ACA ~ AIS Alarm Messages
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Parameter

Bits

Parameter Bits
Message ID 6 Latitude 27
Repeatindicator 2 COG 12
User ID 30 True heading 9
Navigational status 4 Time stamp 6
Rate of tum g Special maneuvre 5
ROT, 4 indicator
SOG 10 Spare 3
Position accuracy 1 RAIM-flag 1
Longitude 28 Communication state 19
Number of bits 168
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