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Measurement of UHF-Band Propagation Loss for the Long
Range Maritime Communication Environment
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In this paper, we present the newly developed propagation loss model of a long range maritime communication
channel, measured by a ground to air flight test, and discuss its validity compared with the predictive value based on
the spherical earth reflection model. To measure the propagation loss, actual flight test was performed in the Yellow
Sea and the measurement of receiving signal strength was made for overall test range. As far as the test condition
is concerned, it is expected that the receiving signal strength must be interfered with the reflected wave by an island
existing around the reflection point. Therefore we introduce some modifications on the conventional spherical earth
reflection model by including the effect due to the reflected wave from the island. And then, we compare the path
loss measured by flight test with that one analyzed by the spherical earth reflection model accounting for reflected
wave of the island. As a result of the comparison, it is verified to predict the path loss accurately by the spherical
earth reflection model including the effect due to the reflected wave from an island for a long range ground to air
communication.

Key words : Propagation Loss Measurement, Maritime Communication, Spherical Earth Reflection Model

.M 2 E4L 4A B4 87 oM Adat Ang 4
Y= BE ZATS Tes AN AT AT
4N AR FUBYNL AN 7L AR AAAD, A2 RS 48E A2
$A4oz
A

90 se 4Qo2A, o2 &
239 54 b5 AR 4E R4 BF TEdd A 42 oﬂ%s}% AL
= &
[¢}

3
0719 F2 A 23 %— | Pl gt Ak

w38t A (Agency for Defense Development)
2 W 3 20060418-042
J 9o}

z
-
+ARRAR ;2006 59 18Y

490



79 AY A2E 5 AT WA
Fedtel B4 AY 874L 2dsy Ag A2
£4¢ dzsp fgvl

A%t 49 438 AeHE Bl dg B
43 AR7) 5 18F WA ASE 78 H &
FA ke dEe aEete wAatge A47)E
FEA Bt #w oliel HREE 2oy 94,
A A AN ofolXE ArE g9 A
ol AT S5 7 AW wAtge] AA 7
= W5t 2883, Tx0 BE gy 2YE g
g S7H AT W ASR s FA agti o
AL A4 B4 B7A B4 F7 Yol EAEE
A3 e B 4% wAgE A5 R £4
AZo] lolN G FA Dok FolA ANE o
BEQl A A #40 BF AFSL o) Bo|
zA8A &

# B4 Besty & & Ao Bl oy 9
71 241 AN 70| 100 km o)4be] AT £
A ol W whalste) W) AR 2o AE

o) ZATE A, T WA datzrel e 2
2, AR AL AN @) B2 Foj g
9 WAE Teaok H3AT Ao S,
A9 A4 B4 4394l UIE o
SERE R

#qstel A

¢
F

Zol] u& 5 %

< 2T AL A Ant RdE2RE 4 Fd ¢
A AL A7 H R Th $A A5 A7) o) S
T 7 WA A Bd e gha} Al gl ouhak A 4
FAl "JEﬂUrPJ o] FHAS ik o

nx
=2
lo
ol

wAbse) JP7ia) EFEYom, 4%
@t AEge LS A% ARE 79 B )

24T AAY 4 4 B34 48e A%
EAE 42T 4 98T FAsd

2 Y SN BHOIH UHF T
Mt M 2Y

AAZ S FA S0 UHF oo} An £4 37

21 g7 sie s
MR
= O

|'\0|-

|A-1 OI I:||-A|. EE-II

211 18 OfA ghAb 2

o
i

rir

i
i
-+
oL
)
O
=
rl
b9
©
=
Y
o,
B
oot e %
£ oz o en i @ &
o &
= N

_Z’, o o ol
MR o

oo 8 W oox 10 o Y e

2 Mg %v} P A
48 991 481 22 9 1o 793

ol +41 el Y AT B8 445
o al$7 WA A2E B WA} FA0 £9
st SlEd, Qs s 2ol 94 T A
o Aolrk WA A2 AF o) B
Atk F 45729 45 24o] dolurd olw<) 9
A e A A7 7 EE ek A
o) WA =m, ol FAY e 2T}
FohA5E oot 2& 11 el AelAA Bk

E rﬂ
MN o

212 Z71e| sy SN BHOAMQ HhAL Al £

24 B9 AN G Al A% B4l
222 3 S, WA AS ok WY AHE
THste 4 (1) 2ol ek % ek 714 o,

T ZHd Wt Aol o & 4t &4 A5t
P=040, (1)

A WA AT o, = S Hike 53 Aol

=1

()
5O Receiving

T Antenna
AQ)
Transmiiting
Antenna

i J ¥5, R
L] 2\

28 1. 2749 W4 £4 379 59 gR] v} 2d
Fig. 1. Flat earth reflection model of short-range mari-
time propagation environment.

Reflected Ray

d

J¢
Reflection coefficient fO€

491



BEEHKSERGE H 178 B55] 006558

B2} 27 olgle] 4 Q) BADh
b sing—V e ,— cos 24

sing+V & ,— cos %¢
21

i, ESiNg—Ve —cos?Y

o olvertical) =p ye

o o(horizontal) = o -
0 ue ecsm</1+\/ec— cos 2¢

(2-2)

olgf B4 FA AT e 24U FAE ¢, AE

T o2 B 2 NES e,=¢,—j 600 2%
Aot

4 Q22E gAze) B2 A §2) UHF

11

1.0

0g

08

07

os Lk .
NE \ -1: / .
0.4 \ / :
03 \-/
02 J —— Sea vertical polarization

B N Sea horizental polarization

Magnitude

01

) -+ Ground vertical polarization

00 e Ground horizontal polarization
I I

0.1 T T 1

i 20 40 60 80 100

Incident angle{deg]

(@)

200

120

80

40

Phase[deq]
o

-40 / i
-80 — . —

S / I —— Sea vertical polarization
-120 . Sea horizontal polarization
-160 /

---Ground vertical polarization
----- - Ground horizontal potarization
-200 ! ; f
0 20 40 60 80 100

Incident angle[deg]
(b)

A3 2. (a) A ¢oll B8 Zdd AL AF o,
e A7), (b) A ¢oll wE ZaEd kb
A% 09 9

Fig. 2. (a) Magnitude of fresnel reflection coefficient
p, versus the incident angle ¢., (b) Phase
of fresnel reflection coefficient o, versus the
incident angle ¢.

492

By Zed WA ASE T 29 29 2tk ol
wﬂ swe) A 448 2 ATEE 247 80, 430]

T, %A 4 #4182 AREE 74715, 0005
o]k,

3% 2004 YAkl g AE A, 83 A3
X9 HA} A%} s A-AA L WAL A5
#4 W5 2 +3 6y BE Ao 5Ysh) 2
2 e ¢ & ik bay 2A A B4l
AoM Az £AL 28 o YO FA
Absh A EAd F2 2900 HAW, BAT 8
A BN 8743 Zo] sigmpnt ohe}t 4 £
BB g AR Yatzto] wl g FoxE
A6 gojEo] W wAlzhe] WAl AR ZAd
23l A%, T WA Aol AT} Ae) @
Q) gom o2 A% WAL TFsoF ek

2 (el N e A &4 AF o & AR YA}
st wAbR e AR7)e] oa WAL Ase WetE
B 202, 449 A% A8 9T WAl
o #4E TasioF s, Y A$ 03~
0.03 Atol¢] kg zh=ri

o Fil' ot

k

22 = J1BE TH WX gHA 2

ol A AFE wo} o] XPHFJ & A 87
oA sl olglel A3} L Ao Eo] JAL AR
Ao EAsE AF ol st vARE Ve
of Bd& dAsjof gk wkx T Eo] gl 2
Al s BAEA BAA AHSEHE WAL 2
92 FAG] 17 33 o] A7) FA AFE

}\
A, 8 WAl 2 A Aty o ud

gk
19 32 AAY )} A 249 SN2 A9
FAG) £ Receiving
Transmitting p Antenna

Awterma

28 3. 49 g A B4 PR A W 2Y
Fig. 3. Spherical earth reflection model of long-range
maritime propagation environment.



lE[al|=Edzr+E +E

sea island

— kR,
= 11000 | TR,

1
+ O isigna®
R, i

, *ikoRx
= |F10DF L) |F

AR FE UA B BEL BFT oA g,
L TEd BE U] 2389 W} 94T EE
e 5k AT WAL Edth £,(0°] %
A G AL £,(0)7h 54 et ALY ),
AT 4NN #2 AA BEE 4 O)F 2ol A7
oo uhlst 2 4 WAte) Yoz EdaEt

2-240 Mot x|

A B)A FE A% AFEA, A F7A
A AA g AA $4 AA Az v E yg
Aok 4719 4719 At A3 doigg
, 7 ARY $54 Eube o] So] A7 1|5t
B2 F1(0)%F(0)%F (0, FI(O)SF 0%
f0)% B & Utk ¥ RxR,~R;0\HE,
BAYNAN Fe 4 @)g o] ik xdE 5
stk

-

3 s~k (Ry— R

—]1+me

+p » de/¢x:l«nd_/kn(Ra_R1)‘ (4)
islan

A71A DE WA AF, o8 SE WA A

T’ © islande/tmd% }‘\j lﬂ‘}\]’ ;ﬂ'{l:; ko% II’]”}F‘O]E"
2-2- Lk Al

W4 214 DE AR A Wkt 1A 4
78 oA wabstel 1A Bwel Wz 4 (5)% 2
o) vebd % gy,

4 A o= £k FAN AR dng
AR 9 AT FPZelnk

2-2-3 BEAL A 4

a (R, + R,V singdcos ¢

R .
L Do 0™

J$ isan

#7942 UHF U9 Az} &

i
A
oX

(8 g)fz(ﬁlg) o "o Ro =R
FL8Df,(6)
1(‘93)f2(€3) —jko(Rale)

f (0076 ¢

3)

WA ASE 4 ()7 2ol ZHY W AZ 5,
&4 A% o0 goT HAWG. VT &
3 A% o AT YAz SR AR
9 Wi Ao ABE FRF RLEH 4 (6%

| AL St22

3 S T3 e e

1.1 - %

1.0 4

0.9 - - . ph=0'1v,

PP A . S DU p,=03)

e '\‘\ i . - pn=0‘7
£ 07 - -
8 v : - N e R p,=
e YT b g
8 oslil
2 [ [l
[ T
§ 0.3
®»

0.2 -

0.1 - — . Bttt S S

0.0 - :

01

0 20 40 60 80

Incident anglefdeg]

J8 4. 9 239 B2 B4 o, UE A
EA AT 08 27

Fig. 4. Scattering loss factor o, versus the standard
deviation of the surface roughness o .

“Vi(a, .+ h )R costy+(a ,+h DR cost [(a ,+h)a ,+k,)sind (5)

493



BEEHEEERIEE F17 % H593 20066 5A

J8 5 s 33 54 AP 4
Fig. 5. Test configuration of the maritime ground-to-
air communication.

W(53 dBm) 2719 UHF B N5 E &
A717 gAE grie A siAMde] EEe
kil

Mashs A AR T F BAE FA794 2
AFE 4 A5 A7 1SS

29 694 23719 A4 32 el Yol 2
st A% 2 4 gbd, Ao Bl S 20 m

Arol3 £a17]23E oF 50 km Ao 981

BV =

O 6. A4 2T £ A9 79 77
Fig. 6. Test range of the maritime ground-to-air co-
mmunication.

494

3000

/'
-t :

2400

Altitude[m]

2200

—— Altitude

T
50000 100000 150000 200000

2000

Distance[m]

28 7. 3379 1% WE
Fig. 7. Altitude variation of the airplane.

Atk o] 4 ke AN B gel $417]9% $47]
9 A4 AT g AL A Wishs] Wit
A B3o] 4RI Qo] AA FA AvelA
5 wistel Ae A7k Ad BsA e we
AR EEANE FE 04 B4 5D 4G4 o
g F& WARER Tesd

a9 7E g7t Hidse §¢ LR wsty
Hage 19 J¥elnt A3 I=E fAY
T /e e dA s 33E 3e)e
A2 110 km} 130 km Apojol M & el & 4

F3 gl AL ¢ 4 I

D
ol

,_.
M

e

18 82 M oA] AA
A8 A Age] mE F
ZEN, A7t BoEF
t T Hold &irt A=

QoA A A wpel o] B
km Ao Aol HAA HeH,
HEYH 60 kmE HEE 3o H o
A719 Wer ARE ¢ F Aok
oA E 20 dB o A A% Al 7| 7L Zh 8t
I 2 110 kmoll A 130 km Aol T gf

N
)
ox
0%t

ok
~

~

ol om
o>

]

Yo

e ¢
4y fo

P
s A

r>
o~

>
oy
e

o M2 ol
o

EN
o xe &
g Y

R )
g

= o
1o iy
>

jobr >

A ol e

Ol

=~
S
.
=

f__
1

3R

=

[¢]

o
L

q

R



-60

70 i
A

-80

Rx Signal Strength{dBm)
————

V!
Rx Si nal Strength

I \

-110 i T

20000 40000 50000 80000 100000 120000 140000 160000 180000 200000
Distance[m]

-100

18 8. 4 AT A7) F4%
Fig. 8. Measured value of the received signal strength.

AEHo 2 wHE AL FAE F Jded, I
—? B of 7oA #371e] L& Wt S
< ¢ F Utk WA FF A A

[?]
& 0.0
§3719 Ll B 98E weg o

4

iz
2

Agoll AHEE FA 0}51]\%: 1Y 99 MAE
B hEUEA 10 dBig) o]5S 7ixn 98 A
g A i iﬂ o}alurb 1% 1004 BE
o}t 7ho] 4059 Whx|ZHe 7HA =), 8277 44

J8 9. UHF $4 <y
Fig. 9. UHF transmitting antenna.

A Y A&

Ao M e UHF W) As &4 23

I8 10. UHF £41 <elve] 24 a¢
Fig. 10. Measured radiation pattern of the UHF trans-
mitting antenna.

T8 11 UHF <=4 gkl
Fig. 11. UHF receiving antenna.

NE /Z0R YE PO R A4 Aysgons
A A 77 5ot $41 dEive] W)z W e Yo
ZASA Eo 1802 Ax &4 BAA Agd
e A eV HE Wals 7HEA @dth

T4 QM UE UHF tige] o.F oteluyas 1
g 113} 2ol 33719 Edel Fa=E

ojmj Al St L7} W—H‘i 3371+ 19 694
HE upe} o] £41 ARE V1F22 9AYE &
& A vl ong, £A oo B¢ 1Y
12(2)9] yz HWA WAL ARlTHS velA "k ®
g 77 Al £EE FAEGeER 1Y

12(b)%} 12(c)oll M B e} 7o) 22 Hujuk 241
Feltel A FA8A Ao

3-3-2 Helof e

A A4 24

19 B $37] B4 AY A 453 327]9)
92 e ERY WY Az 42 Y Az
A58 A AN Tezoln. dgzay

& 3150l 100 km o st of s W

495



BEBHIKEERGE 178 H55% 2006454

/ :

(©

A8 12, (2) F-F e s AMgE 2EA,
() yz HPAA SF Qeivke) 58 H
WAL K, (0) yz HRAA S el
S EER N

Fig. 12. (a) Coordinate system of the inverted-F an-
tenna., (b) Vertical antenna pattern of the
inverted-F antenna in the yz plane, (c)
Horizontal antenna pattern of the inverted- F
antenna in the yz plane.

496

Abshe] HhAbEL QJAbztel 157 ojstel &L kg 7h
A BE & £ Yo

A @)l H & & Qe vksh o), 2k £4 A
Lo 239 ®2 W7 0,7 25
AR YAtztol ZoldSE AANE
itk WAL 239 22 ¥R 0,
H=40,9 ¥A7F 4REEE, Ag gU9 %9
o7 15 mERY 5,5 0375 mE 345 HL
8}ﬁq[9]’['0].

geb 219 13l Bl wg Ae] ue o
Aol wst g NE 9de 9 Hu2RE 4
@D 2 (602 8 £2 B} zyd WA AS
3 A ¢ ASES AEFR, 4 (1)) 2A Aol

| | | | |
8 \\ SR : "—Inciden:tangl'ei

Incident angle[deg]
@
/
T

BE . ) ~— .

0 — ; —
50000 160000 150000 200000 250000
Distance[m)

J8 13, Al W& dAkzel A7)
Fig. 13. Magnitude of incident angle ¢ versus the

distance.
1.2
1.0
[ —
3 4 Lo
2 L]
g, 06 ;
(]
g /
04
Fresnel reflection
02 A | T Scattering coefficient
- - Reflection coefficient
00 ¥ v T v T
50000 100000 150000 200000 250000 300000

Distance[m]

A8 14, A BE A Alse] =27
Fig. 14. Magnitude of reflection coefficient versus the
distance.



o
@

Dldivergence factor]
= o
- S

0.2

- [—— Divergence Factor |
o

T T T T v T
0 50000 100000 150000 200000 250000 300000

Distance[m}

a3 15, Aol & Wit A%
Fig. 15. Divergence coefficient versus the distance.

WA 29 /E0E @
g 78 % 9ok

3-3-3 HI A2l OE LM A BN

W} 19 149 2ol o
S dhabse B A

LA Alee 7 gA AL WA et
Hh A WAl AA FEY ¥ E 9ulste Al
Z gl AT 4 )EFE 72 £ Aok 18
155 $A7171 s 84 mol] ]38t Fg7)7F 2
% 3 kmE % A3l B8 dh= ASto| A ug Az
o w}
E

A A9 tﬂﬁ}% v‘i—@.??_ RO 2 50 km

ol
>,
oyl
B~
o
[o
N
3o
J‘l

A
~

3-3-4 HIA Helof oHE Mmpx|4

HI

a9 168 8§27 u ula Azl 4 §hAL A
o W3l U W A4 W} BE 7HHAL o
o AHASE A2 Agolth AND A

ERH 4 0)F o BAHE B8 v Azl
e A A2 AZE A5 F ok 19 16
AN HoFs Ao sE 39 g2 M ZdS
A& [ AFAFE BAFE A0E, Y0
o s whApsiato] vEE 9o #7430 4
of g WASAA THEHYS W] Ao
Aol g Bogrh TgdAM & & & vie} 7o),
70 km o AL WG M Hg LT
359 Aol 124511 Boke He AspAre 2
o7k EARE ¢ & e, Hol ¥HE A% 3-

_4

BAT #4542 8RN UHF Y A3 &4 24

T T T
26 : | —— 2-ray spherical earth model
[ ~~~~~~~~ 3-ray spherical earth model

Magnitude

50000 100000 150000 200000 250000
Distance[m]

a2 16. Adel B2 AnH%
Fig. 16. Propagation factor versus the distance.

-70 il

©
[=]

Rx Signal Strength[dBm]
2 .

-100

—— Measured received signal strength
~—— 3-ray spherical earth model
—— 2-ray spherical earth model

T . T . ! . T
40000 80000 120000 160000 200000
Distance[m]

Fig. 17. Comparison of the measured result and ana-
lysed result.

&
N
X
A
3
fd
N
sl
1
g
i
X
tjo
we -
4
o
vl

3-35 7H K| HhAL ZHYS 8 4 HE
M7 24

TR A Wl 2L E8 A £4S B8
7] YA, WA wkAlEsl BiabEe) YAbE = 7t
= 3 Ao WAtk AE2A 585 A A
Asjol Ak o] AN £ =AM BT EA
o] o]FoA A 3tAM 9 Fr} x]:TL o=,
8479 kmZ HAF &, §7F A7 7}243}%

W L 2 ) FA AES Y 3

l

o o
o}-J

497



BRHEHIEBERGE H174 H597R 2006558

719 A& Wao] ME By LE WS L 54 A

p

3 A719 WEE d2aath 73 ghA wAL 1Y
HEA ol M AAG vis} o] BA Az A

EASE A AR FA/10) EEHE WA
7h AR, S dbabseh ol €)@ whalsrk £4)
e slos Agsel Avsdt. olu 4o WA
239 §5F A4 5,5 | m2 7H4SATh

39 172 4 () 2 $5A7] Aelg] B4 @3
4g £ oﬂ%z‘z} 54 AE A7\s HE A
A% 719 v L T Eo)
3715 018 d %A
#7242 Ao 3 wals

l

ol

rH

F37) 2 B @
28 E 79 A vA} Rd 2 AEEA ST
A ¢ F itk g 2F 1744 & F 3
vpo} 7o), Ado) 2 H 3-ray W3 Ll 731_?_

ol
N
off
>
ot
o,
o
-
g
=
N

™
>
to
jirs
il
-4

X
ok

°d ol 11‘: ﬂ@»}S’Jr BH
WrAbsterS 223 Bro, WAl
o] thE Yarzto) wh ol = AAE A 37
NAME 4 oo #$H vhA} H B A
AZol g WAls A ZEHojof Tt

offdl P4 s FA G2 FTI1 GA
g FAIAM BAEE a4 AE Al7I25E 100
km7F &= AAY |4 A A2 Ag &4

e

/\
542 2387 Sla) QA o %7 o8 3
o4 s& A ARl A

fHoK o> ] oo%
o oy

_%
_I_z

498

A7 A& AsAM g9 AA vy 1% 4
/\'}F’L }Eﬂb}«] Jﬂ‘ﬂ":‘ﬂ 3"343}04 T3 s

_’345P 3-ray ZLL} UE;_J
stk

(1] MRS, A4, "olFeAF, dedAF
3, 2001d.

[2] Robert EO. Collin, Antennas and Radiowave Propa-
gation, McGraw-Hill, 1985,

[3] R. M. Schmalenberger, M. G. Edrich, "Channel
modelling for wideband data communication in a
maritime mobile environment", [EEE/AFCEA, pp.
150-154, May 2000.

[4] David K. Barton, Modern Radar System Analysis,
Artech House, 1988.

[5] C. Balanis, R. Hartenstein, and D. Decarlo, "Multi-
path interference for in-flight antenna measure-
ments", [EEE Trans., vol. 32, Jan. 1984.

[6] A. Nejat Ince, H. Paul Williams, "Design studies
for reliable long-range ground-to-air communica-
tion", IEEE Trans. Antennas and Propagat., vol.
15, Oct. 1967.

[71 D. E. Kerr, Propagation of Short Radio Waves.
MIT Radiation Laboratory Series, McGraw-Hill,
pp. 396-444, 1951.

[8] Theodore S. Rappaport, Wireless Communications
Principles and Practice, Prentice-Hall, 2002,

[9] John An, "Empirical analyses on maritime radio
propagation”, VTC, vol. 1, pp. 176-180, May 2004.

[10] http://marine.kma.go kr.

[11] ¥=4, 7298, A34, o74%E, " Jﬁéé A
299 §AYI /W A7, Py
200414,

af



A8 Ad 54 BA0A e UHF vy Ad &4 23
1990 2€: Fddsty AAFE

3 (33
19929 29 FdASE A3

0}

Ao 3 A4 E
2000 29 EEQgn AEEAN
T3 (5D
2002 29 2Bt AT
3 (FEAD 3 (F8H44
2029 19~8A: S ra 19924 39~ @A) FeAFATL
a7 AYaT
[F HHEOH FHol55Al, Aut W L 20039 39~&A): Fdisgw A
w383} w3y
[F #eR0H 23339 ¥, AvAg
g & =
19990 29: M7 AT
. 3 (2
20019 89: ¥HUEL Ay
3 (FEAAD
20013 74 ~#A: AR 7L
a7
[F RO} 27398z 47

" VY
PR EEE]

499



