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_F {8 (M=) 161.625]161.650(161.675[161.700]161.725]161.750{ 161.775}161.800]161.825( 161.850] 161875 161.900] 161.925(161.950] 161.975]162.000[ 162.025

_!!_![ -

e B 10OKHA T L BkSOKHZARY VDE-TER BA100kHZE | PN
i ! ! VDE-SAT (i £) X 150kHz4l ," 20194 5 5CH2027,20281%
Y Y || AsM 1, ASM 2&LTASMTHIR
Mg FvRILEL TT—2BECHIA | SHRMIT—SEEEFIA i| mERAGERbSTREAD) ||
| VDE#bigF v IL (ITU-RENEM.1842) izl . JEEhc | 3% 1027,1028,ASM 1,ASM 2|
\_ ——— = NP J U)CHa!al:tzowﬁHJ\Bl
VHF7—%3# (VDE) gL TWRC-12TH & !
cH | 70 [[2006| I [CH[ 75 [] 76 |CH75.76: AISO B E 2{EM I
(WHz) 15552 ) | [wna [156778] [156825] EL TWRC-12THEE
CH70: 724 )L:E&RFEH (DSC) A - e - - - - - — - - - - ——— -
CH2006: AMRD Group B (AISE: 7% F3) B 7 VAT

VHFF—4 322 25 L (VDES) D F+ 3 JL (ITU-RiiT£5M.2092)

2BBEFeRINE2DDIBEFrRIVICHEILI-BE . TAEARBOF+RILES(CIF10% 0, ERIFRKIZIF20%F0T 5,
(#1: CH80ZE A BIL 118 & . CH1080=157.025MHz, CH2080=161.625MHz)

41-1 [EREVHF FORLEEBRFrRIL

42. EROFBA—2 ——XEFBFEZ-H2 VDES DV ATLEREH

VYDES
S.m;lln.c detection -‘
Iong range AIS Shom-w-slnp
34
\
Shup-Shnp
Ship-to-Share
VDE-TER VDE-TER

\ I 4 ) | /.
1 L) » 7
| ~ [
1 ] VDE-SAT
“ — - Sut-to-ship
| : | 1/ / Ship-to-sat
1 — I/
-
75 76 1024 [ 1084 | 1025 | 1085 [ 1026 | 1086 2004|2084 | 2025 | 2085 [2026 |2086 | 2027 2028
ASM 1 ASM 2
VDE-TER VDE-TER
Long range AIS VDE-SAT ! VDE-SAT
‘r" AIS/ASM Terrestrial and satellite

4.6 MHz
separation

42-1 VDES #iZH



Tor—MERKY . BHXEIZETEHFA—XE MBORER LD, FHREMEL
EDEHRGERKY. DFRELTTIEIEL VHF BEROY—EXT7E2BA-BETLRR:
BRERC. EEYVLREDELLLEREFLHFDHILT.ECDIS LEDHBEHKFADERR. B
BADT—2EEREHRRGRAENEZLND,

iz (X, BEMthDCNSERZEVERLBEIILICRY . REBITHERINLEDIENTES,
MEORWMARHEZ RN TV IERETHEE TEALREDOMIEBICET S5 EICFIATSIL
Mo BEELDNTOSRZEEEICALIDISTILHELIBEED/\YI T YT ELIRRRGEE
DFERE  BELSTIEORMIEZL HRLGRARIZH T 5B IRBDLENLLEFTED,

INBIZDONTIE, WEDE L VHF FBEE (FFBE® AIS 12E) TIERBELERHETHHH,
TORNAEDH RmEFNLTCT—2PEBGZFOHLVY—ERELTRBEZ(TRIZHY. &K
NETEREHEDIRATLEREMELT ITU-R EE M2092-0 HIFE(ITU-R XEES:
5B/225 Annex 16)ICEEEINTWSEHNMERATELLDLERINS, T80 SEIEHFIC
BRYD7ZELRY | B £ VDE F DM (L L% ITU-R #)5 M.2092-0 REX(TU-RXEEF:
5B/225 Annex 16) ICRBEISN TLVAEHEERT S,

421. f&E VDE Fy =)L

VDES D& ITU-R #14 M.2092-0 TESHLNTULNSH, RENIEILBEE VDE DEA
HYWRC-19 TRESNDLIFTD TR 27 £ (2015 £)10 AIZRKTShzLDTHY. B2 VDE
DEMEHENTRIZEOLN TS EFTE VL, ZDT1=0. EFMBIZHETTS (ALA) Ehis
IDEE > THEATFMEZRETL, ITU-R E145 M.2092-0 DERIEELLTITU-RIZIRELTWNS, %
NODIRFEICKY ., T2 £(2020 F) 11 AICKHESN = ITU-R WP 5B 2 EIZHLVTITU-R &)
& M.2092-0 EEMNFIFREILESN  TELGHITFEIEESN-EEZOND,

# 2 VDE TI&. EIf VHF O LRIFRBER U TR RBFE TENETNERLIZ6 DDF v
FIVIZ&D 150 kHz D ELRBAMERATESD, FHATESZFrRILOEAEHEIEER 4.1-1
DEIINZEHLNTHEY., 7TyTI Y (MERDSFEH) [ 50 kHz lBDFvRIL, FID T (F
EMSHIER) (& 50 kHz, 100 kHz BT 150 kHz IEDF v R ILEFERTEHILESN TV, HF ¥
FILOBIFEER 41-1 hdR 41-3 127,

% 42-1 &2 VDE OFEHAFvRIL

Channel Uplink Downlink
Pair Channel Frequency Bandwidth Channel Frequency Bandwidth
A 1226 : (1026+1086) 157,3125 MHz 50 kHz 2226: (2026:+2086) 161,8375 MHz 50 kHz
B 2226: (2026+2086) 161,9125 MHz 50 kHz 1226: (1026+1086) 157,2625 MHz 50 kHz
C 1225: (1025+1085) 157,2625 MHz 50 kHz 2284: (2024+2084+2025+2085) 161,8375 MHz 100 kHz
D 2225: (2025+2085) 161,8625 MHz 50 kHz 1284: (1024+1084+1025+1085) 157,2375 MHz 100 kHz
E 1224: (1024+1084) 157,2625 MHz 50kHz | 2225: (2024+2084+2025+2085+2026+2086) 161,8625 MHz 150 ktz
F 2224: (2024+2084) 161,8125 MHz 50kHz | 1225:(1024+1084+1025+1085+1026+1086) 157,2625 MHz 150 kHz
Lower band Upper band
Channel No 1024 | 1084 | 1025 | 1085 1026 1086 2024 2084 | 2025 | 2085 2026 2086
Uplink E [ ¢ A F \ D B
Downlink 0 £ ¢ A
F £

12



= 4.2-2 &2 VDE O (TyFILY)

EEFEE 50 kHz
ZHRAK QPSK,/CDMA PI/4 QPSK 8PSK 16Q0AM
EROERK G1D G1D G1D G1D
ThiRE N 125 W 1MW 10W 6 W
% 4.2-3 & E VDE OEHTEHE(FHULY)
EEFIEIE 50 kHz 100 kHz | 150 kHz
= . BPSK P1/4 BPSK BPSK
IR
K= JcomA | BPSK | gpsk 8PSK 1 coma | /coma
BROERK G1D G1D G1D G1D G1D G1D
EhiRE pfd TR TIRE

% 4.2-4 f31E VDE MMBDEZERD/INTA—42

3|

Hal

i

i

50 kHz

EEH

BEEFrRILEAN

0 dBc
(|Afe] < 25 kHz)

—25 dBc

(25 kHz =< |Afc| < 37.5 kHz)

—70 dBc
(37.5 kHz =< |Afc| < 125 kHz)

BEEF v ILEIRE

ZIEt

IR
g

13




F5E  FIRBHEASFHORE
51. FR¥BILAZFHREDERA

#2 VDECELBHFEEER F-REZBLLTARHBLHEINTEY. 5. it VDE,
ASM BU AIS(BBEIEFXRITELBHER) (T—REBELTERENADEIN TS, 2R
EBOERBIE. BIREABKICEYLETON, RIFRBEVATONSG—REFZOERBICH
BIREZELIE TSR, 1ESN TS, A E VDE BEADKRIZIE., Thb—REH
DEBRBIZEEWEE (FTH EE5XHLIEAROLNS, AEBOEHFAEEYEHSE
E VDEZE AT 51=-0IZ, B2 VDE LEAFERBRMOLRAEHERETT 5, FiEE, BEMAN
SA—AFRAVT. ERZFICBVCAERZFERAVTEROREZEHMICEEL. HERICKY
FHDEEZAET . TL T, REHEICKDHELHABRBERLLEL. AFROERNFELND
NEDELMEEHRT D,

52. HERAE

52.1. HAEREE

HEOBMELLT, BEREAEHRIFIDELTFSETILRVZDAIEEBICDNTEES
ERAR

FHETIL
BERLMMBORRABE S TEEIL. BIFOT—HEELEE VDE OHEREZRELS
BIZFSHTHIRREHEES S,
2020 FRREAFBERAICHEVTHE VDE LLTEILTONIERR VHF OFvRILIE 4.1.1.
HDEBYTHY ., EARICEVTHLRIKBMBI L EICELY . BIFBERBERERICE 52-1 @
FITF Y RILAEY BTN TS,

14



£ 5.2-1 FrRILILK

F I A& R (MHz) ok | EHEERUHRHER ABEIE
&S oS mER | BERM | 1BRYE | 2BRHY R
80 | 157.025 161. 625 ©) ®) ®)
21 157. 050 161. 650 O ®) ©)
81| 157.075 161.675 O ®) ©)
22 157. 100 161. 700 O O ©)
82| 157.125 161.725 ®) ©) ®)
23 157.150 161. 750 ®) ®) ®)
83| 157.175 161.775 O O O
24 157. 200 161. 800 O ©) ©)
1024 157. 200 157. 200 Ox Ox*
2024 | 161.800 161. 800 O Ox
84 | 157.225 161.825 O ®) ©)
1084 157. 225 157. 225 Ox Ox*
2084 | 161.825 161. 825 Ox Ox
25 157. 250 161. 850 ©) ®) ®)
1025 157. 250 157. 250 Ox Ox*
2025 | 161.850 161. 850 Ox Ox*
85| 157.275 161.875 ®) ®) ®)
1085 157. 275 157.275 Ox Ox
2085 | 161.875 161.875 O Ox
26 157. 300 161. 900 ®) ®) ©)
1026 157. 300
2026 161. 900
86 | 157.325 161.925 O ®) ©)
1086 157. 325
2086 161.925
1027 157. 350 157. 350 ©)
ASM 1 [ 161.950 161. 950
87| 157.375 157.375 ®)
1028 157. 400 157. 400 ®)
ASM 2 [ 162.000 162. 000
88 | 157.425 157. 425 O
AIS 1| 161.975 161.975
AIS 2 | 162.025 162. 025

* COFRILDERIX, TOAWERFRXDEDIZRS,
XTERBBLHEMNERI—41(FHSE1A31BRE) JYBEEFvRILERE

15




% 5.2-1 /5 VDES IZB T AE|Y B TIZDOWT, BEliE F LN DEE 5.2-1 TR T,

| BRRRUE 3 MR (A7 7Y HKERVTEER) MEAILE 3 i |
:‘ V:

CH :80 21 | 81 | 22 | 82 | 23 | 83 |1024| 1084|1025 (1085|1026 [ 10864 1027 | 87 [1028| 88

?g(ml)ilsmzs 57. 050{157. 075/157. 100{157. 125{157. 150[157. 175[157. 200{157. 225{157. 250{157. 275(157. 300| 57.32*157.350157.375157.400157.425
i i el | “ [

CH : 80 | 21 | 81 | 22 | 82 | 23 | 83 2024|2084 (2025 | 2085 | 2026 2086: ASM1 | AIST | ASM2 [ AIS2

i (I{l):lsl. 625I16|. 65(1161. 675IISI. 700'161. 725/161. 750[161. 775[161. 800'161. 825/161. BSOIIGI,B'IS 161. 9ool15|. DZiIGI. 95(1161. 975'162.000 162. 025
L] L)

1 1 1
1 /X100 kHz ETERT 1 18K 50 kz 88 1 100 kHz EECEER 1 1

[ WRFrRXINELTT—SBRTHA LHRNICT—SERENA

s . A
f Y .

| J
VHF ¥—4 #&{E (VDE) AF v R

5.2-1 VDE R U VDES BFv®RI/L

B 52-1 2B T BTRSNATWAFrRILITHE TT—RERRICHERASNIS VDE Fv
RILTHY., FoL 29 FEDIBLBIEY AT LOHE-LFAIZE 2B RHELBD -0 HIH
HEHORABRFICHBVTEICRFAIN TS0, SEIORFIHENSIEBRNT S,

BFTRINTLWASFYRILIEZHE VDE THEATH5FvRILTHD, i L THEDLIILHRH
[CFIASNDFrRILEERTSHVDEIZDWLTH, ETREIND6 FrRILDS55, Ch24, Ch.84,
Ch.25, Ch85 &Y %, EBTRIN TS FrRILIE, 160 MHz FZEEALT-AIS RUFASM
HRIZEYETONEFrRILTHD, ChbDIEND, AIS.ASM RULERMIZFETHFv
FILEFEAT S E VDE L2 VDE ZH AR ORRELT=,

AFHRIATIE. KEHHT2EYEEZS. 1 2B BEOT—2EENEBRLMLBMT
BIEPICHE VDE OFHERITHILERELIZIBZETH D, HI1201%. RLRMATREFD
T—RBERICHALIE LR E VDE BEBICLDITHEZTHILEBELIGEETHD, F1=.
%2 VDE T, mMBENAIRBERANEETI7YIIVIDOGHELE. ATRERN SRMBE
TRIETHII IV IIIONTERTRREF LG T NIELESEWN, 7Yy T T, fefaBmh
HEET A-DEVERH TRETAIENBESND F o) VEEEN - ATRHELYE
EEh-ESEZTME-O. TOFELHRTH. ACHRMAIZET5F SO0 TE, AL
REBHEEINEBRUTOT IO THAIENSRIVEBITHERELI-ERETHS,

TAZTNDBEICENT, AERFLAV-HABREEEL., 2 VDE NEATES-HDH#
RAEHICOVWTREFT 5D THS.

UEZRFZ  RBROERBEEZFLEDH-LDER 52-2 TR,
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& 52-2 HEARERE

XitEE

fefafrhBE P (CHifle B2 VDE 7y O@BENTHT S

.t VDE | BEFvr LT iSiE

ASM BEEF Y RILTFHRET

AIS BEEF v RILTiSERE

efRELEEPICRIENSDRE VDE XV U 0BENTSHT D

@2 VDE | B—Frx LTt

eSS PICEMR 2 VDE 7yTULIBENTHTD

ASM BEEF v RILTiSERE

AIS BEEF Yy RILT SR

£ 522 DEEMEEZETIVHTRLELDER 5.2-2. K 5.2-3 RUE 5.2-4 [Z7RY,

AL
———— 5FH

A B

52-2 FHETNVEE 1 (MEEEDICiin B2 VDE 7YV OFH)

BEEFrRILICE T 5FLREGEFRDZELANIIL(DU ) LY, hFREH DT S ot

NBHIETHEEI YL DFTOHRIERE (F/NERE) ZRDS,
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]
/
] BE VD\

150/160 MHz % /I

52-3 FHETIEE 2 MeMEEEPICHENSORE VDE ¥ IF i)

BEVDE DFHI) LB ERZELANILOHAIEE (DU L) IZHUL T, M0 £

VDE B{ENA[BETHLHRKEBMERDH D,

ALY
-y 5T

v ASM B UK AIS 58S s

52-4 FHETINVEE 3 (MEEEDRICENR BE VDE 7TV 0F )

$1-IB 2 VDE RIBEDHREICKD7 T HERTRIST7OTFHEFHITOLT,. DU EEhS
BENRYIODETHEHMRERH (LRI 37 THROQDH/INEE#) KD B,

18



522 FREREH

42. FIZERHEDOELY ., FHERIL ITU-R €& M.2092-0 SRIEEFEAZR—RELTEDH BT EELT=,
&Y, BTFHETIVORBRES (ERAK. FARKE. SEHEK. ER ITRDESYT

Hdo

FHETIVEER 1
512 VDE MM ER 5.2-3 [CERET S, KPP DK THEHST- 16QAM ZIHERELTHE
B35, 48. BRIIMERT 2T HEER#ERLTLS,

(1) 2 VDE ZRAX—BETvT D)

% 5.2-3 BEHR HEVIE(ZPYFIU ) DERAR—E

EETEIE 50 kHz
ZIRAK QPSK/CDMA PI/4 QPSK 8PSK 16QAM
BEROEK G1D G1D G1D G1D
M) 157.200+157.225, 157.275+157.275, 157.300+157.325
161.800+161.825, 161.859+161.875, 161.900+161.925
EHIRES 125 W LLF MWIT 10W T 6 WL

(2) HEBROBEHEDYE

ASM

AIS

#h E VDE

= 5.2-4 HBROMAAEHE

2K hE IR
ASM f81E VDE
g 25 kHz 50 kHz
ZHRARK PI/4 QPSK 16QAM
AIS f&1E VDE
i iE 25 kHz 50 kHz
EHRARK GMSK 16QAM
#h_E VDE 412 VDE
i iE 100 kHz 50 kHz
ERAR 16QAM 16QAM

19



1024[1084(1025| 10851026 1086i1 027| 87 [1028

88

157.200|157.225{157.250{157.275{157.300| 157 325’157.350 157.379[157400]157 425

i 2024|2084|2025|2085 |2026|2086§ ASM 1 AIS 1 ASM 2 AIS 2

| =
i 161.800[161.825|161.850[161.87¢ [161900/161 921 161.950 161.97¢ 162000162025
[N

1

LWES (tﬂi,t:\u(ﬁﬁ—:?«:/b) ' j FEEK

N Y~ R

VDES (22 H—% k) (-

5.2-5 & FAERH
5222. FHETIVEER?2
(1) BMEVOEZRAARX—BEAHFDIUIVY)
% 52-5 BRENE HEVDEFIVIVI)DEREFR—E
EEFENE 50 kHz 100 kHz | 150 kHz
) BPSK BPSK BPSK
ZRAR BPSK |[PI/4 QPSK| 8PSK
/CDMA /CDMA | /CDMA
BROERK G1D G1D G1D G1D G1D G1D

100 kHz: 161.800 — 161.875 MHz
150 kHz: 161.800 — 161.925 MHz

50 kHz: 157.200+157.225, 157.275+157.275, 157.300+157.325
. 161.800+161.825, 161.859+161.875, 161.900+161.925
&K E(MHZ]

ZEhREN pfd RRAVI12&LS

(2) AROHEAEDE
& 52-6 RBOMAEDHE

i#h_E VDE 812 VDE
g 100 kHz 100 kHz
ZR A 16QAM BPSK/CDMA

102411084(1025|1085) 1026 1086‘1 027| 87 [1028]| 88

157.200|157.225(157.250(157.275{157.300|157 325157.350 157.379[157400]157 425

]
2024|2084|2025|2085|p026 2086IQSM 1| AIS 1|ASM 2 AIS 2

51.800|161.825]161.850(161.875|61900] 161 325!161 950|161.675 162.000] 162 025

1 Y oL )
oestar A4 | J =] »2nmes

VDES (12232 R—12k)

5.2-6 {5 R

5223. FHEETIVEERS3
FHETIVEER 1 LRAH%THD,

20




SHRIRE
ITU-R #1% M.2092-0 RIEEKY . thEF R ELTIRSBEE VDE BIDEERBRIEICDOLTIRIEL
LDER 52-712FEH B,

(1) EERE
% 5.2-7 fiZ VDE DEEIR%E

SR ITU-R #1% M.2092-0 BIEZE
BIEHBIRE 1.5 ppm
Afe < =25 kHz: 0 dBc
ERARIGNS L
+25 kHz < Afe < £37.5 kHz: below the straight line between
50 kHz Fv )L
(FZwTYo4) —25 dBc at =25 kHz and -70 dBc at ®=37.5 kHz
+37.5 kHz < Afe < =125 kHz: —70 dBc
Afe < =50 kHz: 0 dBc
ERARIGNS L
+50 kHz < Afe < £62.5 kHz: below the straight line between
100 kHz F¥ )L
CiyPIPZ) —25 dBc at =50 kHz and —70 dBc at ®=62.5 kHz
+62.5 kHz < Afe < =250 kHz: —70 dBc

(2) B DZEMANES
F)NI2DWTIEITU-R BEDRMAICE I TERERANENORHGAANSSIAY
2. PIERELTRITHGERFIEHFDP THRLRECTIEZRIVGELET S,

#s b VDE &1 2 VDE DM EEREEMMERIY 510, hRICBITHHENODF I
DO BRDBENREZEDHIRIE (LT, pfd RO ETRARICKYVHAESND, 0°1F 1R DK
FTEHAREHEDAEREDOHENSES,

0° = earth tosatellite elevation angle

—149 + 0.16 * 6° 0° < B < 45°
PFD(8°) (apw/(m?sa kiiz) = | —142 + 0.53 % (6° — 45°)  45° < 0 < 60°;
—134+0.1%(8°—60°)  60° < 6 < 90°.

B 52-7 I\KF72TFHEFDAO—TH RO M FLEICH TSN B4F
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BMET7TTOHELT, BRERN\KRT7 T HICEDREFRBREGD. B 52-7 X \NKT7T
T DA A—THHBRDHFLRICE TN TLDHRFERLTN S, MRIIREHISDOREE
RLTWSH BIEHEEIX/\KRT7oTFDAO—TADOBERITREEN S,

12 VOE DZ{EHANES FHH
& 52-8 ZEEMHER/ 5442

EEROHER
= 600 km
BRLUD (TR TUR) B % 2830 km (F & 600 km DI5FE)
R BRE GEIERER) +160 Hz LA (1&ELT 1 ppm LLTF)
LEO fE[E:& E 8 km/s (BRAKFYTS5—L Tk +4 kHz)
HEQ7 T I\KR7oT7FH (ARE 3 TLAVE)
E—O7 7540 8 dBi
® 52-9 REQRMBD/ SA—42
ZERDOMMB
ToTHTA2{PAE0° ) 2.15 dBi
JAXERHELAN)L
TFoT TS RE 245.0 K
LNA S % 6.0 dB
LNA #ERE 813.8 K

Feed loss noise temp at LNA

LNA O) Feed 85T RE 00 K
INA Q7T HERE 2450 K
LNA DY AT LMERE 1058.8 K
INA DV ATLMERE 30.2 dBK

MEMER 7T HEREIL, 160 MHz (25T 245 K THD.
[ITU-R #h& P.372 - Radio Noise].

& 52-10 {MAICHLI-BE VOE DF I )9130 2y (pfd RKFOZEBANEN)

BEh T EENE M s ST smmomn o o

(degrees) (dBW) (km) (dB) (dB) (dBi) sy (dBHz) L
0 —2.2 2 829 145.7 3 3 -117.8 50.5 43.2
10 —2.2 1932 1424 3 3 -1145 53.8 46.5
20 —2.2 1392 1395 3 25 -112.2 56.2 48.8
30 —24 1075 1373 3 1 -111.6 56.7 494
40 —33 882 1355 3 0 -111.8 56.5 49.2
50 —4.7 761 1343 3 —-1.5 -1134 54.9 47.6
60 —6.6 683 1333 3 -3 -115.9 52.5 45.1
70 —9.5 635 132.7 3 —4 -119.1 49.2 418
80 —124 608 1323 3 -10 -127.7 40.7 33.3
90 —15.7 600 1322 3 —20 -140.9 215 20.1
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BWERKEZITH5T—RBETHERT HELERERCLTIAISITASMIEUTH# E VDE 1&0N
SOMANZDNWTIE, EFHERA KRV ITU-R RV IEC DEZEREEFIRMLI-DDER 5.2-11
Mok 52-16 [ZFEDHB,

(3) AIS F¥=2JL
AIS DEFHRE L. ITU-RENE M1371-5 hoF 5.2-11 RUFEK 5.2-12 DBEYICEH LN TLY
%,
& 52-11 AIS FYRILEMEAT S AlS O ERRIE

EEFEE 25 kHz
ZHRARK GMSK
BROEAK G1D
: R/ eER: 161975
=] * (%)
J:L&'%l[MHz] 162025
EHRE N B/ BER: 125WLT

* AIS DFTE R ARIKBILRET R R4

F& 52-12 AlS DEZEBD/ITA—4

E(E i 25 kHz
0 dBc
(|Afc] <10 kHz)
2= O R 255 —25 dBc
EAEHE ARYERYRT (10 kHz =< |Afc| < 25 kHz)
—70 dBc
(25 kHz =< |Afc| < 62.5 kHz)
o BT v R ILERE 20% PER @ 70 dB
ZIEH
BE 20% PER @ =107 dBm

(4) ASM F¥HJL
ASM D EFEIRIE L, ITU-R )& M.2092-0 RIEEADE 52-13 RUK 52-14 DEYIZESD
BNTLVS,
& 5.2-13 ASM FrRILEHAT % ASM O EFRSHE

EEFIEE 25 kHz
ZHRAK 7T /4 QPSK
BIRDERK G1D
s MmMB/EERB: 161.950
=] S K (%)
JE i #[MHZ] 162,000
EhIREN mMB/EER: 125WLT
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(5) £HFMICFMAY S E VDE FrHiL

= 5.2-14 ASM DEZEHD/SA—4

25 kHz

0 dBc [ B HEF

ABRYREFTRY

0 dBc

(JAfc| < 8 kHz2)

—25 dBc

(8 kHz =< |Afc| < 16 kHz)

—60 dBc

(16 kHz =< |Afc| < 25 kHz)

—70 dBc

(25 kHz =< |Afc| < 62.5 kHz)

Z

%

onji

BEEF v R ILERE 20% PER @ 70 dB
RRE 20% PER @ -107 dBm

ITU-R #1& M.2092-0 RIEZEIX ASM RFkICAOVMER . JL—LBROEZERBBDRIE
= RETRHESINTEY. BERICBVLTEILICNRERET BRI KON T
B, oD EMD, RERIZTDULT ITU-R 818 M.2092-0 RIERFEAN—RELTEDHBHZEELT,

SHRMIFBATE2F vy RILEEAT S E VDE DEERZIE. ITU-R &8 M.2092-0 RIE
EMDR 52-15 RUK 52-16 DEHY 3 DDEEFEHIBIZE>TEDLON TS,

£ 52-15 £HRMICHEIT5FvyRILEZERATSiHE VDE OERERRSE

EE IR 25 kHz, 50 kHz, 100 kHz
ZHRAR 7 /4 QPSK, 8PSK 16QAM
BROE K G1D D1D
fRfiAfE:157.200 - 157.325, B+ /5 :161.800 — 161.925
B R E[MHZ] (Ch.24, Ch.84, Ch.25, Ch.85, Ch.26 & 1\ Ch.86)
(K 411 DIetHRMYICT—XEEZFAIOFYRIL)
ZhIREH(CX) 6.5-125W

NENE R LTI Transmit average power EFRED

£ 52-16 EHRAMICFHATSFrrIIEERY i L VDE DEZEHD/ S54A—45

iR 25 kHz 50 kHz 100 kHz
0 dBc 0 dBc 0 dBc
N (|Afe] < 12.5 kHz) (|Afe] < 25 kHz) (|Afc| < 50 kHz)
% | o \
g | BRI —25 dBc —25 dBc —25 dBc
*g% 2= (12.5 kHz =< |Afc| < 25 kHz) | (25 kHz =< |Afc| < 37.5 kHz) | (50 kHz =< |Afc| < 62.5 kHz)
—70 dBc —70 dBc —70 dBc
(25 kHz =< |Afc| < 62.5 kHz) | (37.5 kHz =< |Afc| < 125 kHz) |(62.5 kHz =< |Afc| < 250 kHz)
= | BEFryRIL
= : HETL
1’; EIREE
” 7/4 QPSK:—111 dBm | 7/4 QPSK:-108 dBm | 7 /4 QPSK:—-105 dBm
E}i," (10
# | RE(% PER) 16QAM:-108 dBm 16QAM:—105 dBm 16QAM:-102 dBm
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hEIK
FERATHHEREUTITRT,
FvF)2Y  16QAM(50 kHz) :PN15 RIIZFERAL-ZFIKEE
A1)y :BPSK/CDMA ZE3f (100 kHz) :PN15 RFIZFERALI-ERIKRE, LS
0010, FvFL—NKI& 72 keps. TLRELEIL 2

G

BIFEIER
HERAELLT. EREANTEREZFE - AEEZFERALE IRFTIEB XK 52-2 hHLUTD 2
2¢EEB,

(1) R—FvRILTFHHER
(2) BEFrRILTHHER

SHIC. RBRERE—BNEEM LA LT IENTEINEHRT 510 BIEFELDO LK
(5.3.1.EiTH&) ZEMLT=,

R ERRREICEDT—2REPICR—FrrILEFEE VDE LLTHEALKGE. BEEFED
T—RBELHEICEEZZTAILNBEINLGS . BENOBEERREHRTLHILEERL
L2D. B2 VDE ABIFEDT—ABEICEDKLIIHEEEZLEMNIDOVT. LUTD 2 DONIER
R %o

(1) BE—FrRILFibiRst

BREHZHWTIX, FEIK (Desired Signal) [23x3 LIF K (Undesired Signal) NEDIREDZIE
LAJL(DU L) THNIEBENRYILOANEIEET HEEDIT BEMNKYID DU tEMSREIE
RAIRETREEREZ R DD EET D,

(2) BEEFvRILTBRE
BB, R ERICHUSERAE DEREDSELAIL (DU ) THEAMBEET S, &5
[Z. %0 DU L S BEFREEREEZ RO 5,
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523 HERFIE
5231, {HHE#ES

HERICALWSHBER 52-17 2R,

= 52-17 FHAME—%

B3 W4 A—hH— #%E

RESSRLER SMIQ03B O—7& a7V | AlIS BHF LR
REESHRER?2 E4438C A% ASM/#h E VDE FB#&H ZiK
REESHRERS MG3710A T hE R

o Z-164A 7)Y ZESHMHERER/ \YF
BALAILET MT2605 T OS2 =/—2a T 54

ESREREZERIITRDISIIHRT 5.

REES
RER
(HFER)

BREES
RER
(BHER

5232. F—AWF

> c PC
RS (PER I5E)
&h
1 L~nst
52-8 BER

AHRBRTEFLEOZERANEREERE20dB &L=, RERETEREDOTEMNSH
HDEICEDFENSHNHF TEGUN =0, + 7 ICREMRERET S-OEERELYRIME
FSAAZEWTHET 2D THD,

HBROTAMFEUTDOFIETITo =,
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1) FHETILEE1
(7) BEFYRILT 5
DU LbZ LT DFIETEEL-, AEBRERBIRDESYTH S,

AIS 161.900+161.925 MHz
SHERFEE 3k (50 kHz BEfL) : 161.975 MHz
ASM 161.900+161.925 MHz
SAERE 2R (25 kHz BEfL) : 161.950 MHz
#h E VDE 161.900+161.925 MHz

ERERER# (25 kHz M) :  161.800+161.825+161.859+161.875 MHz
EEREREZEBIIF—FrRILBRELERRIZHER TS,

DU tt
1. BEESRER 1 FEF2OHHEELERE20 dB(-87 dBm) [TEHET S, 124
EERER 1 TAET DEM(AIS, ASM LU E VDE) (CTIRELERKELT

Do
2. REESHLER 3% 160AM ZFAEL FEESHRLER 1 LR—ARBIEET
Do

3. IEHEESREB IEANL.PER M 80%EHDESITIBEEEHRAR 3 DHHE
REL. TDOEERERT D,

4. BREESRLERF 1 FE 2 LREESHELESR 3 DENS DU LEEHT S, L
TOHAEDLETAET S,

(2) FHETIEE?2
(7) R—FvRILFHiAER
DU tbZ U T DFIETHRFL =, SABRBEIREIIRDEEY TH S,
#h £ VDE L1# 2 VDE
AERBERE (R—) 161.800+161.825+161.859+161.875 MHz
EERERLZEREIE—FrRILBRELEERICERT 5.

DU tt

1. ZEEEBHLESR 3 % BPSK/CDMA ZEFFEL. HAEFT IV ORIERNELD
-111.6 dBm [ZERET 5,

2. BEESHELER 2% 160AM TFRLL EEESRLESR 2 LR—RAIKRBICETET
%

3. IEHEEBREBZ2FANL.PERN 99 %EBESITIZELESHRER 2 DHI%E
HEL. TDEZEEHET S, BL IREESRESR 2 DHATHREREELLS
-102 dBm ETOHER LT S,

4, IBEESHER 2 LIZEEERER IDENSDU LLEEHT S, UTOMEHA
BHETAET S,
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3) FHETIEES
(7) BEFYRILT 5
DU LbZ LT DFIETEEL-, AEBRERBIRDESYTH S,

AIS 161.900+161.925 MHz
ERERJE R $0 (50 kHz Bf4L) :  161.975 MHz
ASM 161.900+161.925 MHz

ERERJE R $ (25 kHz Bf4L) :  161.950 MHz
EBREREZEMIIF—FrRILBRELLERFICERT D,

DU tt

1. BEESHREFRIFLE 20HNEELERKE+20 dB(-87 dBm) ITERTET S, 1FEE
EERER 1 (XTI HER(AIS, ASM) [CTIRELEIREET S,

2. BEEESHLEFIZ 16QAM EHEL. FEES AR 1/2 LR—BIRBITETE
¥ %,

3. EBEESRERIFANL.PERN 80 %EMHEKLIITIZLEESHRER 3 OHA%E
THEL., TDEZEEET S

4. BREESRER 1 FE 2 LREEFESHELESR 3 DENS DU LEEHT S, L
TOHAEDLETAET S,

28



BtFREERE D H B

BERVABBERLYUTOHERZTRAOCRIfRIEREZEH L=,

F-. HREMEZREH T OEEL/\TA—ETHATUTFTEITDNTIE, IMO REE A801(19)
([CEREDAMME 4 mUNEMMEREE) EL. BO—AIXBER TIEACKREMMEEELT - 30 m
RUGDERMZERELZ 10 m ZBEL -, Cho7oTraslAeh e MREREE LT
%

% 5.2-18 BEERIEEOEHICHAWNV=-7>THFEO#MASHE (HI)

EETUTT | RIET7UTT
30 m 10m
30m 4m
10 m 4m
4m 4m

a1

BETIVIZEWT KD REHRE 1. /BB 180° LLEBAFKXNOEURQ@ZAWS

E = 2E, sin (znh;hz) [V/m] (1)

1

2nh h2
E = EO + 20 loglo(

) [aB 1 v/m] (2)

CETh hhFENENEET T HaRMEREToTHEIN] AULKEIM]., dILEEHEm]
EFEBRZERDERBREN/mITHS,

g D%

ERER

s
N

2mh,h
HA; 2 < 0.5 (sino =0 MEE, sin6 =0)

JG,P
E = 88h, @t

h, Y2t PPE (4)
(EfE). PIFEEEHWITHS,

A+RIZEENTEY., B27oT7FHEMENGRIC. XQODEETIEIRXDZERALS,

(3)

T, G I 715

R 3:

CCGEEE 1 R 2 (. Kt (G8K) D&

EENEMCEEINTEST . BEORELIC
BIFBELMTELL, FTTUITU-R &4 P.526-15(8 % 5-5 SR ICKBETILERAL., BK

DFE(EEXe =4[S/m], tbFEFe, =80)ZEZEBLAMUZET oz, Ff=, MBRFE

a =6,371.25 [km]&L ., HZE XK (4/3 ) 12H (T 2 F Mt Bk Fa, =8,495 [km]ELTEHET S
EEEELT—i’rELiE&T‘/?TFTC‘fub\

REDTNETED h[mlZHXG)TRD D,

2 2
(1~ 70) e+ (h2 = 5 )
h=

(5)
d
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CCTody. dy [mEZFNIEHET &S A—RIER(ONDEI0)TRIND,

_d@d-b) (6)
dy,=d—d, @)
_ ., |(m+1) n 1 -1 E ; —3m (8)
b=2 3 COS<3+3COS <2 (m+1)3>>
ot (9)
" d’ (10)

~ 4a,(hy + hy)

T OETIE by IMIDLELFEREEZKRD D,
dydyA

hreq = 0.522 |——— (11)
RIZ, FEMA-FMERFERE a0 Z5TET S, CNIZKYEERE 4 I2HTHBEFR LOS(Line of
Sight) #1§5 &M TES,
d 2
Ao = 0.5 <—) (12)
Jhi + ks

CCTAE AR 4 [SFEMAFMMIRFE aem ZHEALEBRFETHL, MEREL
BROREBES [m]THY., K(OTRSND,

E=E0+<1—%W)Ab (13)
CCTAIF. REBELIBEEICHBITAREET VT HEIZESFFOM [dBITHY . K(DTRSN
50U 4 BR), COES WIRBLROKEM ES Im]ITHY., KOG TRIND. hyol$E
AEFBICRELGZEFEROES (mITHY., XO1)TRSNS,

L 4:
E =Ey+F(X)+G(Yy) + G(Yy) (14)
FOIXEREIZKDEE [dBl. G(V)). GL)IEFZENEN. EET7ToTHRICKSFE [dBlELF
E7UTH&EICLDFIF [BIThY. X(5MLK2I)TREND,

F(X) =11+ 10log,o X — 17.6X (15)
G(Y) = 2 + 20logy,(B + 0.1B3) (16)
B=pY (n

1
Xz/’)(/152>3d e
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2
Y:ZB(;a )3h (19)

_1-16K?+067K* (20)
1+4.5K2 + 1.53K*

K =K, (21)
K, = Ky[e? + (6010)?]2 (22)
1
Ka = (52) " [(e — 12 + (60A0 )T 23
ZEBANEE~OBRE L. FRBARBRVER7 TTE2EEL. TiOEHROX[dB]Z
mz5,
ToTTHEDE: 201log,,(4/m)
AVE—F U REHR: 10log,,(50 0/73 Q)

58,53 HiLYURTREINDEHRTRSNTUVSEERIC OV T, BERZMEREGER
(5.3.1.2 FiLIBED T 578 8) & ITU-R B1E P526 TRENDELUKXKYBEHLTLD, 2 BET
LOELRK 1 (FEERERSFRICEDIERICIYZEENOEBNENLIRTHS, ELHK 1
FRWAFELH AN EREFABRBICKEEKFLZERBNOEHLEILTHIEN BV
O GELR 1 DR TELENZEREENDOBFROERAHMY DS, TD=H. KE
HTRRCEZEZ R BERZEMEHRXZEAL .

{BL. 757 LTITU-R &% P.526 TRENAFEREBAZHEMXDBERIRET IR (X
ERAVE) DRIE.ITU-R #1E P526 DERZAVTIERZHEHLTLVS, B 52-9 D&Y, B
BRTRINDBHEREH ICHERT A MBhRELD,

139 20
BHZMEREE 10
119 [HETS AN 1 0
LN I)ZERAL 2 H 10
99 i S0 20
"N N
T 79 NS -40
E- \ \‘\‘% L 50 g
59 NS Tt -60
s I}, B S 70 E
— & R ‘\

B % EeE T 0 2
e EE 3] HH <110 ﬁ
4 ITU-R P.526 i 120

P _
o LI N o
0.01 0.1 1 10 100
ERET7 7B [km]

52-9 BIORA
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53. MAERMER

Rl —F v LT BRE EBHRT v R )L TSR OFE R, A AWEEG DU LR UBEIRREREL
B8, BHE. FHETIVEE 1 EFBHETIVETE 3 OBHEFyRILTHERICELRSA. RE
BACHERARGNELGIILEEZRT S,

BERPOBRELUTIZTRY

R THETILVEREI
DU Ltk R UBtfmEEBEZ R 5.3-1 (2R,

% 5.3-1 DU LbCBftf=minaE (BHEF v RILTBHED)
BIE RS 161.900 B 161.925 MHz

FTHETILEE 1
(BHEFYRILTH)
EHE s
HEREER
ih + VDE ASM AIS
BIE B E [MHZ] f 1661 1'880705_ 161.950 161.975
DU Lt  [dB] 58.2 71.2 76.0
30m 10m 0.27 0.11 0.06
fn 30 m 4m 0.27 0.11 0.06
ﬁz’é 10m 4m 0.27 0.11 0.06
It 4m 4m 0.16 0.11 0.06
A = .
i EIEA Z{EH T R
WBRC) | (i A) AEPREEAE (k]

HBR2 THETIEE?2

& 5.3-2 DRETRELGIEMDEHICDLNTIX, 5.2.24 EiDZk 52-10 IZREB SN TLIEY &
LRVZEHANENN-111.6 dBm THDH, HEREMN-102 dBm D= ThIYUHB/NELA
NENTHS, o T FHETIVEE | LRBRDFHERE+20 dB ELT=RITHITHEIE TED
BE, FEK-82 dBm TR L TF#HiK-111.6 dBm &455- < HENHNERELL S,

ERCIEZDESBRRELRD LT Z L2 HEHEEZLNDD . CCTIEEE VDE KYURK-
111.6 dBm NEBLGANSINIZEBRBE . TOLEDEELZITIROLFETOEREHEN
FBHIEELT=, DU KIESZaL—2 302 T194dB THAHIEMD, FHK -111.6 dBBm LY 194
dB ELVE A, B15-92.2 dBm KY/NSNWFEEAANSNDE, ZEICHELZITPTALLIL
NhHhd, DT, -92.2 dBm L7ELHEREERDT-ETAH, & 5.3-2 DEY ElioT=,
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& 5.3-2 DU L& EIETTRELEERE (R—F v RILTFHRE)
BB R % 161.800 - 161.875 MHz

FHETILEE 2
B—FvRILFik
HEBRER
#h_ VDE

HH

BISE Bk [MHZ] 161.800-161.875

DUkt [dB] 194
30m 10m 354
IlJ] 30m 4m 229
ﬁr&i 10m 4m 12.3
ﬁ: 4m 4m 79
A = ==
A e | ZEE | mEmemE e

HEREI3 FSETILVEES

BEPR LR TR 5.3-3 &£155,

= 5.3-3 DU L& BtFmEERE (BEHEF v RILTFBRED)
BIFE RS 161.900 B 161.925 MHz

FTHETIVEE 3
(BHEFYRILTH)
1HH —
REER
ASM AIS
BISE RS [MHZ] 161.950 161.975
DUtk [dB] 71.2 76.0
N 30 m 10m 0.11 0.06
a 30 m 4m 0.11 0.06
fﬁ 10m 4m 0.1 0.06
|-||: 4m 4m 0.11 0.06
Q A IS ZIEH
N E15H 151" S OE &
W) | i) AEFRERRE [km]
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53.1. FERFERD—ARMEMEE

HERERO—MMRERLLT. BEHEICKIBRELEE L, HBREUREFEDOERE
HELRIRDERLSREINSIGE . RBRERET — BN EALTIENTES, BRI,
E—F¥RILTHERADERRUVBEF v RILTSREFOFERICONTSE DU th&BIETTEEL
PEEE R U B PREE B &S LT,

HIBEE
BB AKILS% DU HITOWNT, YRl —av It HREERIT . BIETHA
PR R UBEIREERE S . & DU LD S B SN BB THS,

HEHERE1 THETILETE
DU Ltk R Bk fmEEBEE R 5.3-4 [ZRT,
& 5.3-4 DU LbLBEFREERE (BEREFvRILTHRE)

FHETIVEE 1
(BEFYRILTH)
EH Iy
HEREER
ih + VDE ASM AIS
BIE B E [MHZ] 116;1'880705_ 161.950 161.975
DUkt [dB] 59.3 72.0 76.0
N 30 m 10m 0.27 0.11 0.06
4 30 m 4m 0.27 0.11 0.06
oo
e 10m 4m 0.27 0.11 0.06
Iy 4m 4m 0.16 0.11 0.06
h = =
[ EEA S e o
WRAC) | (B A REFRIERE [km]
HEHE2 THETIVEE?2

BIEOIRE/EERE TR 5.3-5 &155,
& 53-5 DU L& @{EREZEERE (R—FvRILTFHRET)

HH

FHETIVEE 2

B—FvIL Tk

AERIER

i1 F VDE

IR [MHZ]

161.800-161.875

DUtk [dB] 18.3

30m 10m 31.0

ZJ] 30m 4m 21.8

z 10m 4m 13.2

;t 4m 4m 7.3
R | SRR | mETesEs o
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HEHRE 3 FHETILEES

BEPRIERE (LR 5.3-6 &5,

F 5.3-6 DU HlBEBREERE (BEEFYRILT R

FHETIVEE 3

(BEFvRILTFH)
HE o
HREafER
ASM AIS
BISE Bk [MHZ] 161.950 161.975
DUtk [dB] 72.0 76.0
N 30 m 10 m 0.12 0.07
4 30 m 4m 0.12 0.07
o
iz 10m 4m 0.12 0.07
I 4m 4m 0.12 0.07
A = ==
E{E41 Z{E4l o
N beS A
#HD) | D) AEMRERAE [km]
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53.12. RBREBRLOLE

(1) HEHERBREFRBROLE
EFHETILORRER I OV TRIE EEABRBRELERL-,

(7) FHETILETE | ABRERDOLE
BEFAHOERER 53-71277,

& 53-7 BEFRIEREELLE (BEFvRILTHERED

FHETILEE 1
(BHEFvRILTFH)
RH HREE T
#h E VDE ASM AIS #h E VDE ASM AIS
38152 B R [MHz] 116611'?80705_ 161.950 161.975 116611'?80705_ 161.950 161.975
DU Lt [dB] 58.2 71.2 76.0 59.3 72.0 76.0
N 30 m 10m 0.27 0.11 0.06 0.30 0.12 0.07
40 30m 4m 0.27 0.11 0.06 0.30 0.12 0.07
5 10m 4m 0.27 0.11 0.06 0.30 0.12 0.07
,’E 4m am 0.16 0.11 0.06 0.16 0.12 0.07
" Mo | oot n MIREERE Don)

& 53-7 OREHFERUVFEBRBRICHE T, BFRIEEELIFIFELMEZRLTEY. RHROE
RTHAHIEND, WTHITENTH—RIGRFEEALTT ENTESD,

15

5.3-1 BEfREERELLE: (bt VDE)
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TS BEEMERAR - WL BEEMERAR -
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B 53-2 BifmEEMEHE: (bt VDE)
8 [CTTIITH_ asememms [ 1] i Bl 1 O W A 1 i
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119 2 5 0 119 e T i 5 0
SN A ;&7ta 2 %5 L\ \\ iEpst 2 %5
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1V I J 140 § e
1 10
-21001 01 1 10 100 001 01
. l EBR 7 7+ MIEMKm]
ERR 7 7+ MEMKm]
b)30mé&am
(@ 30mé&10m
139 20
20 ] BEIMERAR
TN eezmanax i I ;O
Vs N \ 0 119 Ak s %
= N\ izt 2 o 0
9 N 20 99 SEL 3 o
; ~F T AN h / -40 5
NJIN 5 g
- 40 8 E 79 NOX 1] -
s " NN T 50 1] ®
i | NN o ¥
\\ = 0 5 o 59 NN 1Y <
59 / A < b ¥ [ iy { Il = 3
< AN o 8 & B 1 NN oy
[ SIS 1 N ~ oy - % x| N © g
® 39 \ui\ 90 ® ..\ o
-100 19 -
* X N -110
-112 ! mu/sts \:i 120
-1 -
) iy ] " ITUR P.526 -130
ITUR P.526 -130 , ITUR P526 o
T -140 - =
1 10
= 001 01 1 10 100 001 0.1
| | EBR7 o7 MIEMKm]
#BIB7 o7 MEMKm]
ddmé&dm
(¢) 10mé&4m (
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A1) FHETINEE 2 ABRFERDOLER
BEFEHDOIERER 53-8 1R,
% 53-8 BIETRELEMEER (R—FrRILTiH)

FHETIERE 2
.- (RA—F¥RILFi5)

HBRER | REHHE

#h + VDE | #bt VDE

FEREH [MHz] 116;1'107(: 161.975
DUt [dB] 19.4 183
30m 10m 354 31.0
4*& 30 m 4m 22.9 21.8
ﬁ 10m 4m 12.3 132
;t 4m 4m 7.9 7.3

b (iﬁg) (iﬁ% BIEFTREGER [km]

#& 53-8 OHEHERUHEBRBRICBVT, 7o TF BT EISRIE TR IR AL MEZE TR
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() FHETIVEE 3 ARBRERDLLE
HEFTEDHERER 53-9 TR,

# 5.3-9 HEFREERELEE (BEFrRILTBHERED)

FHETIVERE 3
=E i (BEEF Y RILTF i) i
HERER HiEstHE
ASM AIS ASM AIS
AR MH:] 161950 | 161975 | 161950 | 161.975
DUt [dB] 712 76.0 720 76.0
30m 10m 011 0.06 0.12 007
e 30m 4m 011 0.06 0.12 007
= 10m am 0.11 0.06 0.12 007
Iy 4m 4m 0.11 0.06 0.12 0.07
A =y =(={Al I
N | me | aeo PhIREERE D]

& 53-9 OHEHERVRBRERICENT, BiREMILFXEWMEEZRLTEY. FHEDIE
BTHEHZEND, WTNICENTH— BRI EAET IENTES,
HE.BERTE5571EK 5.3-3 RUK 5.3-4 LRIZETHD,

RUMHERDOER
5312HDIERLY . MIEHEDOHREABOBRIIEERDER LD EMNRENT=, &0
T ARERHN R TRELABROBR I —MRTHELALBTIEATES,
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54. 82 VDE T—RBIELEIFET —2BEOLAEY

FHETIVEE 1 THD.BHE VDE ~ADT7YTIOBEBRERFET —2EEIHRYESFY
FIEFERTHI5E . RETRO-LERIEEIZ DT AIS © ASM [HmkEEMNEL. ZRA
X £ VDE ELLELEMIESNTEY ., WThOT7oTTFE0HAEHE TH>TH 60—120
m BEOREMOLEICEENRNIEREG oIz, £ VDE (X, 7o T &Ik DHEFREER
DEENRNTVSHF T, ;KA 300 m FTHEMRIERZ IS MR Lo, MR L AELIZEFS
FIHRR T CIE BEEEEPRYITEDRERICKYEEDRENERLILEDRUAEYD TH
%,

FHETIVEE 2 DEIV) U IBERICEWTE—FyRIILEFEALESEIX. 7oTH5
[CLDIEHFEDEVNABEEICRN TS NMMEBRELI-7oTTFE 4 mTE 78 km 7
UTFE30mMmEIOm DAEDHETIE 31 —35km DIEEMEBNIEBENEELZ(TEHER
Llgoz. WTFN DT —RERBELATRIS2O. mEREPRYISTEDRIRICIVEEDRE
MEHZ5EEDORUNENTHSD, LML, BL VDES DI RTLIZEWTE—FrRILEREEIC
AT RIEEEITE2H. BEVDRAAYNEBEL THZLF#RT D,

FHETIVEE 3 OR—MMAICEFEBEEF v RILTFBHITONTIE. 7o THEDERHE
BRI BIZIXREROERICET 5-OBHENTE LG, ACHRHMERICEWTERYT 558
X, BELOBEHERMENTFHLELRIZ 2 DOT7UTTERB T HHELEMBDIRTHED
BAAENED . BEVDEERAAVLEBEETHETTFHLENLIFERTHIENEFELLY,

ITU-R #)& M.2092-0 SRIEZE Annex 6 (&, FIBICUY—AEFZRLHEITDLVTEEHLTLY
%, I, i ELBIE VDE BDFrRILTFSHICDONTIEM EEES EL, thE VDE FERAFIZH
CER#ER OV DFEREZLTLS,

ZD&SITLT ITU-R &5 M.2092-0 RIE XTI AR B LR OV EEINSEHEANEA
S, BORERREHERLODERMNRAVI AT 5EALLE->THEY . BEVDELZED
TEBAMNEEBINTWNRIEND, TFIFHD ITU-R &t M.2092 [THSTEIZKYBIE VDE LD
RIEAIEETH L ELHRIND,
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$6E VDES(EEariR—FUb) OBMTHERSEH
BET—2EEEEEREFEICOVT. F4ERUVUE S ETRAR-HMTHWESRUVHBERNS
RO-FRBEREHIZOVTERET,

6.1. VDES(#IEa R—ARUb) QOHIFELHESERIZHITT
CNETIZENS-BREBE . FORIGITDNTEEDBETERNDBYTHS,

(1) EEOFAS— LEARNZ—XIZBEH =V AT LEREHEOHETEL

VDES (B EaVR—RUM &, TOFRAMERKRRICER I 58 ab o FRMI/NE A
FECL2TOMMICREINIIENEFNDS, TOHIZIE. BHE D VDES (M TRILVD
FLERRKBERTTET. RETEALYLTVE) OEBENHFSN. HhDO MMIZERET
5-HDESZImADEHFE - ERLILLELRHINS,

ZD=H. SHDOEE VDES [CRAT BRETOREEICH LTI, B LM~ DIEAEELNS
Bahd, JUSHTERNLGEHCAZERELZIME-RENRDOLND,

F. ZTOR. “THRITDETIOFIILA" EWSEAED DX EDOFRE+DICRFEICES.
12 VDES MOE A -ERANEEMITEDSFICHTS DX HEEICIHZICHEMLELLEVSMAE
DITOTT. ERMEOHT EHLEBRERISEL TRELRIENEDNIRETH D,

(2) MBEDT—RBEIZHITHHEAKE

ABRBEROOBEEF v RILTHEATSHE. AT 03 km ORRIERHNLETH D, D
FEH 250—300 m FRDOKEMMAE LT 5F=OIZE T HEEREIE 3.75—6 km LV THY.
BEIL 05 km LI EDBIRAREN TS, KoT. IREE N HER TSI ENS L ATREEE
Z%

FA—FrRILICETBTFHITENTIE DEMRBEFH 7 km, KEEFRBETIEH 31 km
DHEMREMELS, TNULBNIEBENCDEEEZ(TIROH D LITHESH . ITU-R &1E
M.2092-0 IEFEIZHLVT, #i £ VDE L EEFOHLRIT OV TII M EDBEEMNEBESN DL
HALGES>TVSO ITU-REIEICH->TERT HIETRLRICHERTES,

@) BMADT—2REICE SRR

E— MR DBEEF v RILIZKSTFHICONTIX. 7o T RO EREZHER T DHITE X E
DERICEEBT 51=HIMEMTIFALY,

Rl—MARICTERY EEE. EVDEERAOVIEEERTHETTFHELGVWSSERY
BENZEFELL FHETLREB SN TNSIENLEIEITRSICETHEATES,
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62 RIRBIARFZHFILD
5% 5 ETROLFBRBERN L. ARBARFGLLTETHET LOMREREZRT . Tib
BEDOFETAELEICDONTIE 5.2 BIDRBRAZEZSROIL,

BRI FHETIEEI
DU Lt R UBfmEE B DULVT R 5.3-25 DEBEL TR 6.2-1 1R,
BEFAARTHET HL. thE VDE(ZFAA 160AM) DEABAREELVIEEE 0.3 km DB
HMERRTIDEEIHIMN, 6.1 HIQQTRHELLSICEEDEMTIEIREMMERENST-
O. FHDOEEILLGENEEZLND, T, BEERADEICEROKEBZERLTAY. EE
ERARXCEERELZELSELENSERT 5120, BRBFXAICOVWTHELZVEHET S,

£ 6.2-1 DU LLLRtFRIERE (BEEF v RILTiBRE)
FHETILVEE 1
5E (BEEFYRILTFH)
HEREER HEHE
#h_+ VDE ASM AIS #h_+ VDE ASM AIS
BIEE RS [MHZ] ! 1661 1'2_380705_ 161.950 161.975 ! 1661 1‘*_380705_ 161.950 161.975
DUtk [dB] 58.2 71.2 76.0 59.3 72.0 76.0
N 30 m 10m 0.27 0.11 0.06 0.30 0.12 0.07
@ 30m 4m 0.27 0.11 0.06 0.30 0.12 0.07
ﬁ“é 10m 4m 0.27 0.11 0.06 0.30 0.12 0.07
,E 4m 4m 0.16 0.11 0.06 0.16 0.12 0.07
] 1S ZIEM e e
) (%7.51%&%) (E/:‘:%au) PRRIERE [km]

HR2 FHETIVEE?2

DU Lt R UBHIRIEB#IZDULVT 3R 5.3-26 DHIBELTE 6.2-2 [ZFRT,
B2 VDE hidF o ) IZ&BFHEZITTOARIRTIZENT, ik VDE OT—4@&(

ERE—FrRIILTERBELIIGE DOBMMRBERIIR 62-2 L45, BEMNCECERBEILE &
BRYTUTTNERAI - TRV B E TRIET S ENFRETH D, &FD ITU-R #E
M2092 [ZRENDERESTH (M LDOBENBETHS) CETHELDRIEL. th LDRBIED
FEHFTNTETEY, BRBELRATHLEAIREELHETET S,
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F 6.2-2 DU HLLBEBREERE BEEFYRILT SR

HH

FHETIVEE 2

(B—FvRILTH)

RBREE | HEHE

i VDE i VDE

BIEEES [MH:] e | 161975
DUkt [dB] 19.4 18.3
30m 10m 354 31.0
zl-:j[ 30 m 4m 229 21.8
s 10m 4m 12.3 13.2
Iy 4m 4m 79 73

R el ZEE | mEmemEs e

HEREI3 FSHETILVEES

DU Lt R U BEFREEE (- DULVT R 5.3-27 DHEIBELTE 6.2-3 TR,

E—MARIZEFE5FHICDONT, BREMOEHEG T FSHETIVEE 1 LRKTH ST
H.F& 6.2-1 LEIZRDIERTHD, X 6.2-3 ITRTHERELULEZHER T IDLENHLHH . KB
TH 100 m ULFHERTDHICIEIMOMELMEEZEMIVELNHLI L. FT7oTTHOIY LT
(TERIIEEON TSI ENMSIHEMTIHAEL, ITU-R #1E M.2092 [TRENDERZESTS (AIS
> ASM HMMEE. BIE VDE DY —RENLBZHETEHF) CETTFSHMNHLETE AKREZELR

Y HEITFTHEEHERET Do

F 6.2-3 DU HLLBtFREERE BEEF v RILTHRE)

FHETIVEE 3

5E (BEEEF v R ILTF i) i
HEREER #iEEtE
ASM AIS ASM AIS
A5 A EA [MHz) 161950 | 161975 | 161950 | 161.975
DUt [dB] 712 760 720 760
30m 10m 011 006 012 007
& 30m 4m 011 006 0.12 007
= 10m 4m 011 006 0.12 007
Iy 4m 4m 0.11 0.06 0.12 007
Q ZER | 2EMR s
) E6D | G PEIREERE (k)
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6.3. BTHI/NSA—4
&2 VDE IZDULVT, ITU-R &8 M.2092-0 RIERIZTEDH ONT=BE VDE DMTHIFEHEIZ
DWTERARX RV FEHEBEEIZTT,

&2 VDE OEERIKIZOLNT, & 6.3-1 [TRT,
% 6.3-1 2 VDE OBHMFE(TvTILY)

EIEFIEIE 50 kHz
ZRARK QPSK/CDMA PI1/4 QPSK 8PSK 16QAM
EBROEAK G1D G1D G1D G1D
1k RE 4.2 ksps 33.6 ksps 36 ksps 56.4 ksps
EHERE N 125 W 1MW 10W 6 W
5 6.3-2 f&E VDE OESTE(Foyry)
EEFIEIE 50 kHz 100 kHz | 150 kHz
- BPSK P1/4 BPSK BPSK
ELLPEES JOMA | BPSK | gpsk 8PSK 1 coma | /comA
EROER G1D G1D G1D G1D G1D G1D
1k RE 4.2 ksps | 33.6 ksps | 33.6 ksps | 33.6 ksps | 36 ksps | 56.4 ksps
EHRE pfd TRY1Z&5B
% 6.3-3 f5E VDE OEZEWD/NNSA—4
EEFIEE 50 kHz
0 dBc
(|Afe| < 25 kHz)
_ BEFrRILEA —25 dBc
E{EHE
0 dBc [EFHE HEE (25 kHz =< |Afc| < 37.5 kHz)
—70 dBc
(37.5 kHz =< |Afc| < 125 kHz)
o TR ILEIRE SCEL
IS —
R SCEL
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M1 RERNSREEN

BEZFERLI- VHF T—4X X T L (VDES) DEAIZLD
BLEFBEEDSELICART-RAETRHS
RE B

1 B

MAICEEINTOSEREEEHSBIE. TOALEERMOFRICLSITIEEZENEE
EAK LT B1-6 . BfRHGE LB EBOBBEERKTHS 150MHz FIZHTE57F0TE
ERORERBO—EEIVHF T—423%#S AT L (VDES:VHF Data Exchange System) &L THI
RT3 HREREEREZE(WRC-15)IZBVWTRESA, BEAEICBEVWTHIDEAIZRAIT
-BARDHIEAFRL 30 F 7 BICEHEIN-LIHTHD,

SR, 2D VDES [2DWT M EICMA TRZTHLAARIGEET A= DFHT-1EEIRBE R
EHFELTHET HEN WRC-19 [TEVLWTERESN., L EMAEDRE X IEfMMEER I
Z EMEBELOBICENTHL T —2RIEZERT AN AIRELEST= (LLF . VDES (B £
UIR—HRR) 1EWD ) e TNITKY . FITOREDHERZ T THKEBEBOMELLGLEERE
DEELDERLELICEFTIATOREDRALGEMNEFINTIS,

D=, 2D VDES(FEIVHR—RUM) ELTEMESNI-ERFABIZOWNT, ZOHH
Z—REINITHE L=V R T LIEARE, RUMOERMALORKRBERAEHE. BN
EAZRFICEVRNEERTEOREGLIZMHERFHOELHZENEL., BBFEILEE

HRERERICTEHEZZERL: VHF T4 X T L(VDES) DEAIZLSHELEREED
SELICRT-RERNRIZHRET 5.

e
B>

2 FAERNEIE
(1) VDES(BEZaVHR—RUN)ICETHFRA=—X . S RTLELTOEREHE
(2) VDES(BEOVR—HRUM) LD BFEEEBLORRKIERAEH
(3) (N RV (2)EBFEXFHMBIEREH

3 RERHAEDRERVEE
(1) AERAZOEBRELHEDOELYET S,
(2) FERHRICERRVBIEREZES. RBALBERSBERRATOERT S,
(3) ERIL. HERFAREHBELEET D,
(4) ERIE.DEICGLCERBLUNDEFREOHEEZROBEREBIENTED,
(5) BIERIFERZRT. ERAERICZDEBHEEKITT S,
(6) ERIE. BEICICCEMMIGRAETIODERMEZEIEATES,
(7) ERIICBE I NEHREAERVLZREBHEEEIOEERERNERLT D,
(8) HAEMRFNRRUEREIIZ. ERRIEFOFRICIYRET HENTED,
(9) PLEF/LGVEFEAHDIEE . BHEFEROAREF/T TREDEZAETRARIC
HESEHIENTES,
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(10) ZDfts, KRERHAZDEEITVELGEHT, ERVEDHDHECHIZLD,

4 BEZDNH

(1) FAERFERIE. RAIELTARET S, 2L REE LT HILICLYLEEE L
BE=BOEFEB LLIFBEREAHDOANEEETIBNANHIEE . TOMDERNLE
EEDBIGEICONTIL, ELBET S,

(2) AERFRTHEALELEHN . RUBFEEIIOVWTHRAIELTRBAILBERER
ERDE—LR=UIHBEHELLART S, 2L, 2FTAILICKYLEERE LIE=ED
BAHELKIFEXFAXOFBEEETIBRNLIHIIGE. TOMOERNDELRDD
BEICTDOVTIE, EARETHIENTED,

5 R4 Ta—)L
ngﬁﬁ*ﬁ%{f%li%mggﬁ@ E h\%%*ﬂ3£ﬁ3ﬁ if@ﬁﬂ; F?Iﬁ%j-éo

6 EHKB
FERNEOEERIL. BBEALEERLSRERERBEEHERA ALERICEL,

S =
CHOEHL. SF2E11 8138 LHETT S,

A BRERE
®‘rBOEBY,
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BE¥2 EXHORKEICDOLT
ERVDEREIZDONT

1 B®Y

KABEBRHESDRABETHS. VDES(BEEaR—RUN) D ELZBIEEFED B R
HAEH. RU VDES(FEaVR—RUb) OFMMBEREFHEIRMYELH D6 RKFERET
SEREEM FEI3G)IEIET AFAERASDOTICHEMNERET S,

2 EXMTIRSBREIEIAE
® VDES (I EaVR—RUR) FRICRLEFDENEBRAEDRAE
® VDES(FEaVR—RUM) DEFEAGHAS—2 ——XDHE (DEITELHEBREETIY
JEEN)
® VDES(BEZaVR—RUM) DV RATLEREBHORAER VKRS
® VDES (B EaVR—RUk) EEEFEFHE LD EIRM LR EH O iR
® DM EHEREMER /- VDES (B EaVR—Rb) OEMMEREHORE

[(F1EER]EANGHER A - THE DR

[F2E=E] LEFEICRIFPERFIBROERD > F2EABTRIE~DOHERE

[E3EEEIFE2EAERMAR RV LEAERAFBROERQ = EIEAERFAR~AD
RIS

3 ERVID A
EXBROAEFITRERASBRERVZOREBOPINSEELUTDEESYET S,
BE.BEICEC. SRS OBHEENSDSIMEY T,

(WFREE)

K % B B
HH B tBFEXFE T2 EFERIFE &R
SH TE BARESELASH Q)R TLRMEBMARE/ IL—TR
NAR BZ | \EMNEREASH WITR F-RMEHBE
2 A TAALkK S FOREEIBFRIMR KA
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= ttEERaEER BERFALERE
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4 ERVDEE
(1) EERERMZEEL. RAFRICHNDIFFRVELHZEITI,
(2) EXRVDEEEHRIEEGERFE) /BN BERAT7V1—ILEE REZENZOMY
BREHEDERETD,
(3) EXMDBMEFA—ILXIE web Y—ILIZED)E—IEHKICEDIETZERLET S,
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IZERT LM TED.

— 1026, F1086, F2026 RV F2086F v 1)L, I SHERUGEoR0OEIZIZ
$#EL. VDESD it &9 IcERALTIZHSHL.

— 24, F84, FBRUVEHBFyRILI. s SaERUBRENMSRBOBESIZHETS.

VDES (A oFH) OHERE, ALREMF CERSh O L AT LIZHLTHEGR
EFELEE, BETERL, F-. FEOEIFHITTIEAESLL,

20295E12A3IHET. 24, $84, 25, $F65. TRV EEFrALIL. FUANERERE
AT 2th0H LBREFORICHLTEETGRERZELEE . RITRFEROLEVILRUS
EERTAMMOEEFTLRETLAILEEHLLT. BFEOQITU-REIEMA0B4CREEZNET
FoSERTLERTAIENTES.

wa) BE—BEUESHBTIE, LTOEBYET S,

157.0125-157.1125MHz B 1A 161.6125-161.7125MHz( 5880, F21. E81RUE22F v LIz
L) ORERFIE., BFEOITU-REIEMI1842CBETh 3E BT SE RO 25kHzD F v 7L
EFERT AT AN ATLOMBIZHEET S,

157.1375-157.1875MHz B TR 161.7375-161.7875MHz (23 R UV 03 F v)LIZH Y OR B
FlE. EHREOITU-REHEMIR2ICRESN S ER T 2200 25kHz2 D F R EERT AT
AN ATLOBBIZHET 5. 157.125MHz B TA161.725MHz (E82F v L) DB BT, &
FREDITU-REIEMIBR2ICHES AT VAL AT LOHAICHET 2.

(ELTRE)

z) ASM 1B UASM 2F vl IE. BEROITU-REIEM 2002128 EEh AT ISy —2av B E
Hu— (ASM) IZEAEh 3.

zz) 1027, F1028, EOTRUESF LI, BHEE RUSMERMO-HOE—RERT
FadFerILELTERERS,

(B E#E LEtE]FIFE3 —4 156.025-162.025MHz 38 F BB EEBEEF OB REE ()

HEFFERALF-VHF T—2% M AT L(VDES) DEAICES B FEREEDEELICAT-REERHS(E10) 20201113
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1571875 MHz 157.2875 MHz  157.3375 MHz
161.7375 MHz 161.8475 MHz  161.9375 MHz

CH 80 | 21 | 81 | 22 | B2 | 23 | 83 41024[1084|1025/1085{1026| 108681027 87 |1028| 88
Bl (mHz) $157.025157.050(157.075157.100]157.125(157.150( 157.1 7381 57.200{ 157.225157.250{ 157.275{157.300] 157.221 57 350{ 157.375] 157.400{ 157.424
[ [ 1 I

CH g0 | 21 | 81 | 22 | 82 | 23 | 83 §2024|2084|2025(2085|2026| 20868A5M 1| AlS 1]ASM 2 AlS 2
B ovnz) Lig1.625] 161 650]161.6750 151,700 1617251617500 1617781 61.800] 161.825(161.850] 16187501 61.000] 16192981 61.950(161.675| 162.000|162.02
1
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» ASMETPAISF¥#JL (ASM 1/2BTAIS 1/2) . VDES(FBIBav i—a32 UM Ao TSt E

BEEZERALRVHF T4 AT L (VDES) DEAIZLHE L BERBEOSEEICAT -HEERIE (E1E) 20201113
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»  AeH B BRI T (AIS)
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—1 a5 E Avt—3 (ASM: Application Specific Message)’&*‘]ﬁﬂ‘é ElZkY ., REMTICET AEROE
BDAvtT—UXBETRETH D, BIEXOXRBAEZITTRAFBHEO-OIZ, A F, ASMBDLT DFIASH
SEINB2TETLNS,

» ASMERHFYRIL

AISEEMMOIEMIZMZ . AISZFIAL-ASMOERABENSGEYTEI b, FRAIZAISFYRILHE
BLTE=8H . ASMD ESGAvE—U R BIFAISEFFN D Fr#IILTERSEDIRNERFANTU-R(EEERE
EEEJ|GBIERF) TIHbhlz, 2015 F HFEBFHERE (WRC-15) IZTBELVT. ASMEHRFYRILODEBEANL L
HAEMIZEHSN., 2019F1 B LYASM 1(161.950 MHz) B2 TFASM 2(162.000 MHz) FyRILHMERTEAH2EE
(5t Lo

VDESIZ&AHASMIZ. (AISIZ&BHASMTAEK) ASME BT IL (ASM 1 BRUASM 2) #RALVI-ASMDE{EE TR,

MEZERALEVHF T—4Z ML AT L(VDES) DB AIZLHi LEMBECEEEICRT-AERI S (81E) 2020.11.13
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¢ ikt EVDE FEIRER 157.200-157.275 MHz (CH1024,1084,1025,1085: fif £ VDE Ao D [F — BLR T i)
FElIR %L 161.800-161.875 MHz (CH2024,2084,2025.2085 : 18 £ VDE o (D [E] — & K 24 F i)
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(https://www.iala—aism.org/technical /connectivity/vdes—vhf-data—exchange—-system/)

@®WHO ARE THE USERS OF VDES

Current users of AIS and---

1. Mariners; including those engaged in Commercial Trans—ocean and inland waterway shipping & light
commercial operations, fisheries, marine transportation services, recreational activities, ocean and

waterway research, and maritime monitors.

2. Administrations, VTS, Port authorities, Maritime Authorities, and Regulatory Authorities.

3. Organizations, scientific, environmental, educational, industrial and other service providers for

Maritime industry.

@WHAT ARE THE BENEFITS OF THE SATELLITE COMPONENT OF VDES?

The VDES satellite component provides very large area coverage cost effectively, this is particularly
important in the Polar Regions outside geostationary satellite coverage. In addition, VDES satellite can
assist with coverage beyond the range of terrestrial VDES, or where VDES infrastructure does not exist.

The satellite component of VDES may increase the ship terminal adoption rate as a cost effective,
global (but low capacity) capability while the terrestrial VDES is widely deployed.

As an example, NAVAREA XIX is 1500 km wide at 75 N and the North-South distance is more than 2000
km between 65 N and 85 N. This area is poorly served with affordable communications, and this is the
reason Norway launched its Norsat-2 satellite with a VDES test transceiver in July 2017. Two such
satellites in polar orbits would provide automatic store and forward VDES messaging for typically 10
minutes 26 times per day for latitudes higher than 70 degrees. A terrestrial VDES base station may have
limited coverage range, and there are very few islands with access to the internet and power in the
Arctic. Providing coverage with a terrestrial solution only would not be possible in these regions. 18
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VDES Table 3 Potential VDES Uses cross-referenced to IMO SIP MSP

Potential uses of VDES MSP Reference

POTENTIAL USES OF VDES SAR Communications MSP 9 - Telemedical Maritime Assistance Service (TMAS)

MSP 16 - Search and Rescue (SAR) Service

options for use of VDES a

Maritime Safety Information | MSP 5 - Maritime Safety Information [MSI) service
IMSP 13 - [ce navigation service

TU aSSiSt in Identlf\ﬂng pOSSible MSP 14 - Meteorological information service

MSP 15 - Real-time hydrographic and environmental information services

Ship Repaorting | IMSP 8 - Vessel share reporting

number Df thential scena riOS | Msp 15 - Real-time hydrographic and envirenmental information services
haVe been deve|0ped_ These Vessel Traffic Services MSP 1 - VTS Infermation Service (I5)

. MSP 2 - VTS Navigation Assistance Service (NAS)
are prese nted to p rO\“de IMSP 3 - VTS Traffic Organization Service {TOS);

context for development and MSh 6. Protage semce

MSP 4 - Local Port Serviee (LPS)

implementation of digital | MsP 7- Tugs service
Communicatio nS, 'Including Charts and Publications MSP 11 - Nautical chart service
MSP 12 - Nautical publications service

VDES. MSP 15 - Real-time hydrographic and environmental Information services
The use cases are cross Route Exchange MSP 1 - VTS Information Service (IS)

o E MSP 2 - VTS Navigation Assistance Service (NAS)
referenced to Maritime Service MSP 3. VTS Traffc Organization Servce (TOS);
Portfolios as noted in Table 3. ISE Sl SESA S e

MSP 6 - Pilotage service
MSP 7 - Tugs service

MSP 5 - Maritime Safety Information (MSI) service

MSP 8 - Vessel shore reporting

MSP 10 - Maritime Assistance Service (MAS]
MSP 11 - Nautical chart service

MSP 12 - Nautical publications service

MSP 13 - Ice navigation service

MSP 14 - Meteorological information service

IALA Guideline 1117 - VHF Data Exchange System (VD MSP 15 - Real-time hydrographic and environmental information services
Edition 1.0 December 2016 MSP 16 - Search and Rescue (SAR) Service
Logistics MSP 7 - Tugs service 19
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Saab,0Orbcomm,AAC Clyde Space$$20224F |ZVDESTi £ $T.L [F% 3 (20200824)

New VDES satellite will drive e-navigation
and autonomous shipping

25 Aug 2020by Martyn Wingrove
VHF data exchange will be expanded outside of coastal areas to
transfer navigation and loT information

Saab, Orbcomm and AAC Clyde Space signed a contract for a new
satellite that will use the VHF Data Exchange System (VDES) for
maritime communications.

They are planning to build and launch a nanosatellite into low Earth
orbit (LEO) to test using VDES for communications, extending
current coastal VDES into the oceans.

Saab expects a successful trial will lead to a new constellation of
these small VDES satellites for global coverage.

Saab chief strategy officer Christian Hedelin said this investment
will open new applications for data exchange and internet of things
(loT).

“This is a very exciting project where Saab is testing new
technology in space, which we think will become the enabler of
future secure communication services and applications,” he said.
This VDES package will enable safer, more sustainable and greener

il with Spin-alt 1alfor othiarl :

Satellite VDES will also be a new automatic vessel tracking standard
augmenting existing networks, such as the automatic identification
system (AIS). All ships in service with VDES can carry out two-way
communications with each other across the globe, like a secure wireless
internet for shipping, Saab said.

VDES will enable better vessel positioning and communications, with 32
times more bandwidth than AIS. It will facilitate better e-navigation due
to its greater capabilities for transferring voyage data. VDES could also be
used as a communications channel for data between an unmanned
vessel and onshore control centre.

E-navigation and other solutions based on the VDES technology have the
potential to deal with the growing global maritime traffic, leading to
safer and more optimal traffic management, which will save a lot of fuel
and emissions, said Mr Hedelin.

“With the deployment of this technology, we will also contribute to a
more sustainable society,” he said.

AAC Clyde Space will manufacture the spacecraft, while Orbcomm will
contribute its satellite operating, vessel tracking and loT experience and
Saab the VDES technology.

This project is co-funded by the Swedish Transport Administration
(Trafikverket).

“The new LEO nanosatellites are part of what is now called new-space
and this project is a good example of how industry can develop powerful
and cost efficient space-based solutions,” said Mr Hedelin.

“Saab entering into this business with its technology is a significant
opportunity for all involved.”

This initial project will test and develop these technologies in
preparation of a future operational VDES satellite constellation with
global coverage.

The VDES project will begin in October 2020, followed by the launch of
the demonstration satellite in the middle of 2022. After this,
commissioning, testing and demonstration will continue until Q1 2023.

(g2 - NUps://Www.rivieramm.com/news-content-nub/new-vaes-satelite

22
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Ramping up... And calling for your involvement...
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on a global scale!
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Connecting the Deeans

Who is Sternula?

* A pioneer in VDES technology

* World’s first commercial provider of
global VDES coverage as a serivce

* Solution provider for maritime services
integrated with MCP/MMS concept
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BEH5-5 SEEH
RECOMMENDATION ITU-R P.526-15

Propagation by diffraction
(Question ITU-R 202/3)
(1978-1982-1992-1994-1995-1997-1999-2001-2003-2005-2007-2009-2012-2013-2018-
2019)
Scope

This Recommendation presents several models to enable the reader to evaluate the effect of
diffraction on the received field strength. The models are applicable to different obstacle types
and to various path geometries.

Keywords
diffraction, irregular terrain, obstacles, knife-edge, aperture, screen

The ITU Radiocommunication Assembly,

considering

that there is a need to provide engineering information for the calculation of field
strengths over diffraction paths,

recommends

that the methods described in Annex 1 be used for the calculation of field strengths over
diffraction paths, which may include a spherical earth surface, or irregular terrain with
different kinds of obstacles.

Annex 1

1 Introduction

Although diffraction is produced only by the surface of the ground or other obstacles,
account must be taken of the mean atmospheric refraction on the transmission path to
evaluate the geometrical parameters situated in the vertical plane of the path (angle of
diffraction, radius of curvature, height of obstacle). For this purpose, the path profile has
to be traced with the appropriate equivalent Earth radius (Recommendation ITU-R
P.834). If no other information is available, an equivalent Earth radius of 8500 km may
be taken as a basis.

2 Basic concepts

Diffraction of radiowaves over the Earth’s surface is affected by terrain irregularities. In
this context, before going further into the prediction methods for this propagation
mechanism, a few basic concepts are given in this section.
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2.1 Fresnel ellipsoids and Fresnel zones

In studying radiowave propagation between two points A and B, the intervening space

can be subdivided by a family of ellipsoids, known as Fresnel ellipsoids, all having their

focal points at A and B such that any point M on one ellipsoid satisfies the relation:
AM+MB:AB+n% (1)

where n is a whole number characterizing the ellipsoid and n = 1 corresponds to the first
Fresnel ellipsoid, etc., and A is the wavelength.

As a practical rule, propagation is assumed to occur in line-of-sight (LoS), i.e. with
negligible diffraction phenomena if there is no obstacle within the first Fresnel ellipsoid.

The radius of an ellipsoid at a point between the transmitter and the receiver can be
approximated in self-consistent units by:

1/2
R - [NAdd, @)
" d + d,
or, in practical units:
d d 12
R, = 550 _nGd, 3)
(d, +d,) f

where f is the frequency (MHz) and d1 and d2 are the distances (km) between transmitter
and receiver at the point where the ellipsoid radius (m) is calculated.

Some problems require consideration of Fresnel zones which are the zones obtained by
taking the intersection of a family of ellipsoids by a plane. The zone of order n is the part
between the curves obtained from ellipsoids n and n — 1, respectively.

2.2 Penumbra width

The transition from light to shadow defines the penumbra region. This transition takes
place along a narrow strip (penumbra width) in the boundary of geometric shadow. Figure
1 shows the penumbra width (W) in the case of a transmitter located a height, h, above a
smooth spherical earth, which is given by:

W o= Paez} m (4)

T

where:
A:  wavelength (m)
ae: effective Earth radius (m)
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FIGURE 1

Definition of penumbra width

2.3 Diffraction zone

The diffraction zone of a transmitter extends from the LoS distance where the path
clearance is equal to 60% of the first Fresnel zone radius, (R1), up to a distance well
beyond the transmitter horizon where the mechanism of troposcatter becomes
predominant.

2.4 Obstacle surface smoothness criterion
If the surface of the obstacle has irregularities not exceeding Ah,
where:

Ah = 0.04 [R2?]"* m 5)

where:
R: obstacle curvature radius (m)

L. wavelength (m);

then the obstacle may be considered smooth and the methods described in 88 3 and 4.2
may be used to calculate the attenuation.

2.5 Isolated obstacle

An obstacle can be considered isolated if there is no interaction between the obstacle itself
and the surrounding terrain. In other words, the path attenuation is only due to the obstacle
alone without any contribution from the remaining terrain. The following conditions must
be satisfied:

- no overlapping between penumbra widths associated with each terminal and the
obstacle top;

- the path clearance on both sides of the obstacles should be, at least, 0.6 of the
first Fresnel zone radius;

— no specular reflection on both sides of the obstacle.

2.6 Types of terrain

Depending on the numerical value of the parameter Ah (see Recommendation ITU-R
P.310) used to define the degree of terrain irregularities, three types of terrain can be
classified:

a) Smooth terrain
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The surface of the Earth can be considered smooth if terrain irregularities are of the order
or less than 0.1R, where R is the maximum value of the first Fresnel zone radius in the
propagation path. In this case, the prediction model is based on the diffraction over the
spherical Earth (see § 3).

b) Isolated obstacles

The terrain profile of the propagation path consists of one or more isolated obstacles. In
this case, depending on the idealization used to characterize the obstacles encountered in
the propagation path, the prediction models described in 8§ 4 should be used.

c) Rolling terrain

The profile consists of several small hills, none of which form a dominant obstruction.
Within its frequency range Recommendation ITU-R P.1546 is suitable for predicting field
strength but it is not a diffraction method.

2.7 Fresnel integrals
The complex Fresnel integral is given by:

F.() - Iexp(j%] ds = C()+ SO ©)

where j is the complex operator equal to V-1, and C(v) and S(v) are the Fresnel cosine
and sine integrals defined by:

C(v) = I CcoS (%‘Q’Zj ds (7a)
r o s?
S(v) = ! sin (%J ds (7b)

The complex Fresnel integral Fc(v) can be evaluated by numerical integration, or with
sufficient accuracy for most purposes for positive v using:

F(v) = exp(jx)\g i {(an - jbn)Gﬂ for 0< x<4

n=0

(“T‘)+ exp( jx) \/g > {(cn - jdn)G] ] for x>4

(8a)

m
—
<
~
Il

where:
X = 0.57 v? )
and an, bn, cn and dn are the Boersma coefficients given below:
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+1.
-0.
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.000576361
+6.
-0.
-3.
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+0.
-0.
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000001702
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050485660
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-0.
+4.
-0.
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-0.
+5.
-0.
-1.
-0.
+0.
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+0.

000000033
255387524
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Ce
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+0.
-0.

+0
+0

000000000
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+0.
-0.
+0.
-0.
+0.
+0.
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+0.
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+0.
+0.
-0.
+0.
+0.
+0.
-0.
+0.
-0.
+0.
.005598515
+0.

199471140
000000023
009351341
000023006
004851466
001903218
017122914
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027928955
016497308
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C(v) and S(v) may be evaluated for negative values of v by noting that:

C(-v)=-C(v) (10a)
S(—v) =—S(v) (10b)
3 Diffraction over a spherical Earth

The additional transmission loss due to diffraction over a spherical Earth can be computed
by the classical residue series formula. A computer program GRWAVE, available from
the ITU, provides the complete method. A subset of the outputs from this program (for
antennas close to the ground and at lower frequencies) is presented in Recommendation
ITU-R P.368.

The following subsections describe numerical and nomogram methods which may be
used for frequencies 10 MHz and above. For frequencies below 10 MHz, GRWAVE
should always be used. Section 3.1 gives methods for over-the-horizon paths. Section
3.1.1isanumerical method. Section 3.1.2 is anomogram method. Section 3.2 is a method
applicable for the smooth earth case for any distance and for frequencies 10 MHz and
above. This utilizes the numerical method in § 3.1.1.

3.1 Diffraction loss for over-the-horizon paths

At long distances over the horizon, only the first term of the residue series is important.
Even near or at the horizon this approximation can be used with a maximum error around
2 dB in most cases.

This first term can be written as the product of a distance term, F, and two height gain
terms, Gt and Gr. Sections 3.1.1 and 3.1.2 describe how these terms can be obtained from
simple formula or from nomograms.

3.1.1 Numerical calculation

3.1.1.1 Influence of the electrical characteristics of the surface of the Earth

The extent to which the electrical characteristics of the surface of the Earth influence the
diffraction loss can be determined by calculating a normalized factor for surface
admittance, K, given by the formulae:

in self-consistent units:

ora “u4
K, = ( - ej [(a — 1% + (60%0)2] for horizontal polarization
(11)
and
1/2
K, = K, [82 + (607\,6)2] for vertical polarization
(12)

or, in practical units:

-1/4

K, = 036(a, )" [(e — 1) + 180005 /f)’] (11a)
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K, = K, [¢2 + (18000c /f )2]1/2 (12a)
where:
ac.. effective radius of the Earth (km)
g. effective relative permittivity
o:. effective conductivity (S/m)
f:  frequency (MHz).
Typical values of K are shown in Fig. 2.

FIGURE 2
Calculation of K
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If K is less than 0.001, the electrical characteristics of the Earth are not important. For
values of K greater than 0.001 and less than 1, the appropriate formulae givenin 8 3.1.1.2
can be used. When K has a value greater than about 1, the diffraction field strength
calculated using the method of § 3.1.1.2 differs from the results given by the computer
program GRWAVE, and the difference increases rapidly as K increases. GRWAVE
should be used for K greater than 1. This only occurs for vertical polarization, at
frequencies below 10 MHz over sea, or below 200 kHz over land. In all other cases the
method of § 3.1.1.2 is valid.

3.1.1.2 Diffraction field strength formulae

The diffraction field strength, E, relative to the free-space field strength, Eo, is given by
the formula:

20 log EE - F(X) + G(Y,) + G(Y,)  dB (13)

where X is the normalized length of the path between the antennas at normalized heights

Y1 and Y2 (and where 20 log EE is generally negative).
0

In self-consistent units:

13
X =B (7;2) d (14)
28
Y::ZB(?L2 %] h (15)
or, in practical units:
X =2188pf"%a?"*d (14a)
Y = 9575 x 10°B f¥* a,"® h (15a)

where:
d: path length (km)
ae: equivalent Earth’s radius (km)
h: antenna height (m)
frequency (MHZz).

B is a parameter allowing for the type of ground and for polarization. It is related to K by
the following semi-empirical formula:

1+ 16K? + 067K*
1+ 45K? + 1.53K*

p (16)

For horizontal polarization at all frequencies, and for vertical polarization above 20 MHz
over land or 300 MHz over sea, p may be taken as equal to 1.
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For vertical polarization below 20 MHz over land or 300 MHz over sea, B must be
calculated as a function of K. However, it is then possible to disregard € and write:

K2~ 689 — 2 (16)

k 2/3 f 5/3

where o is expressed in S/m, f (MHz) and k is the multiplying factor of the Earth’s radius.
The distance term is given by the formula:

F(X) = 11 + 10 log (X) — 17.6 X forX>16  (17a)
F(X) = —20 log (X) — 5.6488X14% forX<16  (17b)

The height gain term, G(Y) is given by the following formulae:
G(Y) =17.6(B-1.1)""2—5log(B—1.1)—8for B > 2 (18)
G(Y)=20log(B+0.1B%*) for B < 2 (18a)

If G(Y)<2+20logK, setG(Y) to the value 2+ 201log K

In the above:
B=BY (18b)

The accuracy of the diffracted field strength given by equation (13) is limited by the
approximation inherent in only using the first term of the residue series. Equation (13) is
accurate to better than 2 dB for values of X, Y1 and Y» that are constrained by the formula:

X = (BYD)M2A(Y,, K) = (BY,) 2 A(Y,, K) > Xy, (19)
where:

Xum = 1.096 — 1.280 (1 — B) (19a)

lim

A(Y,K) = A(Y,0) + 1779 (L — B)A(Y,®) — A(Y,0)]  (19b)

A(Y,0) and A(Y,) are given by:

A(Y,0) = 0.5{1 + tanh(O'S '09(53)3_ 0255)} (19¢)
A(Y,0) = 0.5{1 4 tanh(O'S 'OQ(BJ;; 0'255ﬂ (19d)

Consequently, the minimum distance dmin for which equation (13) is valid is given by:

Xnin = Xim + (BY)ANLK) + (BY,)"*A(Y,,K) (19e)
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and dmin is obtained from Xmin using equation (14a).

3.1.2 Calculation by nomograms

Under the same approximation condition (the first term of the residue series is dominant),
the calculation may also be made using the following formula:

20 |ogEE ~ F(d) + H(h) + H(h) dB (20)

0

where:
E: received field strength
Eo: field strength in free space at the same distance
d: distance between the extremities of the path
hiand h2: heights of the antennas above the spherical earth.

The function F (influence of the distance) and H (height-gain) are given by the
nomograms in Figs 3, 4, 5 and 6.

These nomograms (Figs 3 to 6) give directly the received level relative to free space, for
k=1 and k=4/3, and for frequencies greater than approximately 30 MHz. k is the
effective Earth radius factor, defined in Recommendation ITU-R P.310. However, the
received level for other values of k may be calculated by using the frequency scale for
k = 1, but replacing the frequency in question by a hypothetical frequency equal to f/k?
for Figs 3 and 5, and f/+/k for Figs 4 and 6.

Very close to the ground the field strength is practically independent of the height.
This phenomenon is particularly important for vertical polarization over the sea. For this
reason Fig. 6 includes a heavy black vertical line AB. If the straight line should intersect
this heavy line AB, the real height should be replaced by a larger value, so that the straight
line just touches the top of the limit line at A.

NOTE 1 — Attenuation relative to free space is given by the negative of the values given by
equation (20). If equation (20) gives a value above the free-space field, the method is invalid.

NOTE 2 — The effect of line AB is included in the numerical method given in 8 3.1.1.
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FIGURE 3
Diffraction by a spherical Earth — effect of distance
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FIGURE 4
Diffraction by a spherical Earth — height-gain
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FIGURE 5
Diffraction by a spherical Earth — effect of distance
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FIGURE 6
Diffraction by a spherical Earth — height-gain
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3.2 Diffraction loss for any distance at 10 MHz and above

The following step-by-step procedure should be used for a spherical-earth path of any
length at frequencies of 10 MHz and above, for effective Earth radius a. > 0. The method
uses the calculation in § 3.1.1 for over-the-horizon cases, and otherwise an interpolation
procedure based on a notional effective-earth radius.

The procedure uses self-consistent units and proceeds as follows:
Calculate the marginal LoS distance given by:

dIos = \/Z_ae (\/h_l + \/E) (21)

If d > dios calculate diffraction loss using the method in § 3.1.1. No further calculation is
necessary.

Otherwise continue:

Calculate the smallest clearance height between the curved-earth path and the ray between
the antennas, h (see Fig. 7), given by:

d/ d?
h — 1jd2+ (hz - zjdl
ho- ( 2, %5 (22)
d
d
d, = > @ + b) (22a)
d,=d-d, (22b)
b = 2‘/m_+1 cos 1% + 1 arccos 3 3—m3 (22c)
3m 3 3 2\ (m + 1)
c-h-h (22d)
h +h,
2
d (22e)

m= ———
4a, (h +h,)

Calculate the required clearance for zero diffraction loss, hreq, given by:

d, d, A

ey = 0552~

(23)

If h > hreq the diffraction loss for the path is zero. No further calculation is required.
Otherwise continue:

Calculate the modified effective earth radius, aem, which gives marginal LoS at distance
d given by:
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(24)

a, = o.5(ﬁ]z

Use the method in 8§ 3.1.1 to calculate the diffraction loss for the path using the modified
effective earth radius aem in place of the effective earth radius ae, and designate this loss
An.

If An is negative, the diffraction loss for the path is zero, and no further calculation is
necessary.

Otherwise calculate the interpolated diffraction loss, A (dB), given by:

A= [L-nhsn A (25)

4 Diffraction over isolated obstacles or a general terrestrial path

Many propagation paths encounter one obstacle or several separate obstacles and it is
useful to estimate the losses caused by such obstacles. To make such calculations, it is
necessary to idealize the form of the obstacles, either assuming a knife-edge of negligible
thickness or a thick smooth obstacle with a well-defined radius of curvature at the top.
Real obstacles have, of course, more complex forms, so that the indications provided in
this Recommendation should be regarded only as an approximation. These models do not
take into account the profile transverse to the direction of the radio link, which may have
a significant effect on diffraction loss.

In those cases where the direct path between the terminals is much shorter than the
diffraction path, it is necessary to calculate the additional transmission loss due to the
longer path.

The data given below apply when the wavelength is fairly small in relation to the size of
the obstacles, i.e. mainly to VHF and shorter waves (f > 30 MHz).

FIGURE 7

Path clearance
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4.1 Single knife-edge obstacle

In this extremely idealized case (see Figs 8a) and 8b)), all the geometrical parameters are
combined together in a single dimensionless parameter normally denoted by v which may
assume a variety of equivalent forms according to the geometrical parameters selected:
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