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The Analysis of Radio Interference between Korea and
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Abstract

Since radio interference has occurred in the TRS frequency band in the south coastal area, Korea from 1994,
similar interference has been observed in the mobile-cellular frequency band. Measurement showed that the
sources of the radio interference are those from the base stations for digital cellular systems in Japan. Th's is
because the receiving frequency of the base stations in Korea is same as the transmitting frequency of the base
stations in Japan. Since the distance between Korea and Japan is 240~300 km, we can conclude that the main
reason of the interference is ducting. In this paper a ducting channel is modeled by split-step DMFT algorithm,
and simulation results for measured index profile for east coast and west sea area are analyzed.

I.M B2 199413 49) 800 MHz o) Q(5A 3} 811 ~816

MHz)ol A A& MuAH T e Falleh 2] 9

FAGAAN LR wras) tEo] A7 7k 28 g% TRS(F)9] Z3 4T LEN(TRS)Wo] 7t
Aol oA HI glon, AFF7HH] 7HY A A diol Ag TG old, 1996 HE AN
T3 kst ok 7HdY FQ dAYUECEE o] AatAl JehHA FebAmEE vt 2] 2
JINAZ AT, 34, hFd A 9El(ducting), o) 3 WA ZAZALE 8197, 1 A 7H9AE o]
714 A3 A} 2 23, 39l 9 A © o] $79 7}, opulF A A A ]Qke] 810~826 MHz

o] ik He g N AYS FAsd

* 2udisty 2308 Ax3e s Dept. of Radio Science & Engineering, Chungnam Nat'l University)
S AN AFYETRI)

c= F O 3 :20011022-147

FRYEAR ;20029 19 1Y

196



Split-step DMFT txe) 558 o} 88 shst /¥ Aast 154 +4

T So] 832~834 HMz thoj¢] A ¥ 42 o
A

BN N5} e SK Fdlge) 7S 929)
= Aol &5 20, 834~836 MHz t o= AjH]

27k ANEHE 4e] BAT ACR Wadt E
B F3 o EBA A% SRS Bl Ty A3
oF ol F5 pager A5 ol @ 7+ A4
o] RyHY Ytk

oleg 4lel ¥ Ul @ - @_191 A7+ 240
<300 km & 7Y o HRGAoIR, olHE A
HAHE F45 4D BE SHod A0
o $28 Jojth 1 £ ARHHUA 579
Aoz - A7 AU UE YL FAF v
ovt v &ae] BA olF sjdstA ¥ 9

9\1_‘:_ T_:;]F/l

¢ paas. f9e AEE 737%1'5 o $794
& 44 2EE £ 2

spm-step DMFT ¢222
=A A4S 1YY w8
2 AxHe HFYse] o
sy 283, Al drEs Tt 2%
o Ao WPz 71t =
of 243 AA|o ZAE profiles] 4 EAA 1 4

I. "go| ot 7+ WAUE

AYAQ t7]e 24 (refractive index) n
1.00035A L2 o]AbE el thrle] wlal 1 wWaist
107°~107° 252 wj$ Houg wat oo} 7ho)
Rol8 o) 7| E A A 4 (radio refractivity) N& AHE$H
=3

N=(n-1)x10° ()
ZAASFE Wl 1 Pek 22 T, YA
Z719 e Foln 30 GHz ©]3he) F=upgrof A
N=77.6 PIT+3.73x10° e/T? (2)

2 zo At o714 P} 9 B mbar, Te

AL K)oln 719k 200~ 1100 mbar, Hh12
240~310°Ko] quH 05 % olate] eag Zen

49 Aze 2489 Fold wE Wasd
2 qare m;ﬂ gt At A dg WA
(ray equation) &2 HE HpHe] 5 WAL A

£23H9 Folf At U o
12 ®)
.

2 FolAn, A9 WAL ath T vlel 3
£3% 783 A7 FEAWR ook

L.l I L, a @
a

2 ZojATh § Aol X 7o ZPgol YT A
Hdnldh=0, r =) g, =e7} H9, A7} FHR

o) oF) NEH] FHEA AP A (r =a)
2e=7t B2 % 4 ik 4 ()F BA Yehie

a,=ka
. 1 . 157 5)
1+a(dN/dh)x10™° 157+dN/dh

7} Btk QU Aol A ke kfactor2 B, x|
EHAL AR =6371 kmyE YA 2
golt}. vl WHEA YN FHE 2HE Fk=e
dNIdhe A8 2l k-2 -39 N/km(N-units per kilo-
meter of height)ol™, ¥4 —79~0 N/km Afolel &
ia o] & AFHTE THFdrh

ZAE A7 0 NkmE Z33spH Az 27
AZHT 92 A HEE subrefractived}t £2 7,
~157 Nkm¢l A<o)= ¢, 7} o7} 9 An7} A
A gePot oz JPstA Aok webM dVidh
<-1579) 7% Ayt E) G (trapping) BT} ©] E
g S 414 ey Ay FES WYt
7] 98l 44 A A 4(modified refractivity) ME A}
£33 % g

M =N+(h/a)x10* =N +0.157h (6

QAo A o9 he) G¥E B molw dNidh =
~157 N/km @) dM/dh = 00] ¥& & 5 9lth
ZAE Ao B FHEYE R 1% 19 19 &
23k gl o

197



BEBHIRBERGE £ 138 F£25% 2002F 28

H 1. Nat M AN Eo i3l -4

Table 1. Refractivity conditions and their relation
to N and M gradients.

N-Gradient(N/km) | M-Gradient(M/km)

Trapping dNrdh< - 157 dM/dh <0

' Superrefractive | - 157<dN/dh< —79] 0<dM/dh<78

Condition

| Standard 0<dN/dh< -79 | 78<dM/dh<157
LSubrefractive dN/dh>0 dM/dh>157
SUBREFRACTION STANDARD

SUPEREFRACTION

J8 1. 228 240 W2 FAe 23
Fig. 1. Ray bending for refractivity conditions.
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198

ELEVATED
TRAPPING bucT

LAYER

/

TRAPPING
LAYER

ALTITUDE—p

ALTITUDE —p
—

REFRACTIVITY N MODIFIED REFRACTIVITY M

T8 3. N3 M9 Fo] Wit B}E AEHE B4
Fig. 3. N and M profile for an elevated duct.

Mzkol HRAe MRTh A A9 AP Ed

BFE 3 FAvE goldA A9 oo
2 7skA] ¢kom oF 100 MHz o]Ake] Azl tls)

MERG A2 75l 2

&7 3 km o]3te] Eofoi} 6 km
e 1‘5” o 100 MHz ©]4e] A gjo) OﬂakQ ]

HouR ¢ 011*1«1 TS FE9 #Zao 7|9dg
Mzkel §l*7} El% IEE NFHYE 35T §n

AMBIENT RELATIVE
HUMIDITY

EVAPORATION
oucT

ALTITUDE —»
ALTITUDE —p

EVAPORATION
DUCT HEIGHT

RELATIVE HUMIDITY MODIFIED REFRACTIV TY M

T 4. AuFES M) o) Wall nE s)suE
54

Fig. 4. Relative humidity and M profile for a sur-
face-based duict.



Split-step DMFT 2)%% ol 8 @33 FH/ARL A4 A4 24

ZRZAME 30 m X7 Sk VSHEE A
ng =A(leak)o] Ti$ AFIRE HE 9rol gk
< WAH HEILZ} @) gl & 3 GHz o]
o] Antollvt FkS vk 7ISHEY HY Fo}
FE ok 18 GHz AR A Uth

hEE 9] ¥]7}A] AA= ﬁi(over-lhe-horimn pa-

thyel ek Qg EHEHE 7|98, § - 47
9 T ojH g EUYES §F Z}’ﬁaﬁ."c}c’l T

H#AYEel Aog AztE)

M. Split-step Discrete Mixed Fourier Transform
S

ggo g A7 Aed] o HRE A&
of o}, Y@ Aty oja) @ A% A
3 55 98 AR E S A4 1Y
97 otk tREANA G Azt ARATE o &3
7] 98] AM-E = WelE 7)8k3 8 Geometrical
Optics), % 2|4 8HPhysical Optics), B$-E°)&(Mo-
de Theory) = o]5& Z 43 Wyl .;o] ot} &

g9 $24 dste A o) W}
Aol EA A9 A Y [__%01 FAEE
Do, 7latgete g W F -’Ff’/l Ajgto] 3l
3, BSolE9 e A% ANE AsME §
= Y RES A¥ A4E BR Pﬂ go] B3t
A o] Aok ZPdH 2olE 8 WHLR
= 33 oR e EEAY PR FA
ato] A akshe 5&%’: b4 A (Parabolic Eq-
uation) ¥ ol glem o] W& 9loje) 7] =4

g 43 o 453 & A9
o] &(Ray Theory)< ]6}%
Ao g ﬁx—l s Z—]k]xﬂol 73_‘,]. &2
FA719F 5417) Aolel A 21& % 3)
74 Z(ray path)] AAHE sfiof &hH BRE A
71& Z4zh valel sle o ARAR] A 43
at71o) Wi Bty oA s @
AgEol 2398 2z O 73:}*,}
field Al7]19] 22943 A4 g Fo] vl S
o =3 radio horizon7} A9+ A &-o] 7438}y,
HEZo] E4Y A9 AEE 5+ stk
BTl RS WAy WA el 72T F2

ol

_EL -lSL'
>
Ho
H1

o

£ o

rin ¥0

tr{e @y
tg

EFN
RI-

e
4y
o=

n
{

Jo

4> =
o fir —
o ¥2
T; <)
Lo

s
B
_?L

ol
)

A+ a full wave method 24 F2 YA Hl
& profileol] AHgHT sl vl Expzel =)
72 A% A9 & Uk BEV} ZAbsE A
ol Fue7k ol A% RE 59 2712 4
A% £8 F7hab) SEE AR oleigol 4
2 4 9o, me 2494 248 12l 4§
719 o Esh, Ak 24 E profiled]
= A2a7] ojgnh

EEAY ST PES E OE e ful
wave approach® 194611 Z2 &9 +3 =<l Wiz}
A v7) FolNel AAs A9 BAE) 96
Leontovich®} Fockell 93] 7)uts] et A 4L &
& 3% F e £33 ol o 1 gAdE
AREEA] gk, iR Aabe] SEEHWA BAl
WES ek 1973 Tapperts o] E£84 w45}
split-step Fourier Y418 &-& o] &3ld &3 £L9
R B R R EEE B
2 pagasn.

PE W& Aujsh= iAo 2HE w2 &
Y RE A g5 IHIER FojRo] Y
HA Eshe A e Az A%E 45 5
Aok WA A A4 BLE s £33
& o Ao e ZAL \:ﬂp;].ﬂ- 9o AL
o5 Aol olat). thE WHEE 2489
e wstel vel waY ¢ 4 A% 2%
s7} 1§ Gaslor L B Fadl A9
o) A gto) U}E A @t} Parabolic Equation Split-st-
ep Fourier Transform &2 Z&& "‘Xﬂi ZATE =
B3 344 geiMe F8s) 2dY &+ AL,
g2 RE 2EAY ﬁP"— 2] g2
HHA A = FART —rG—P‘i"l a9 Aqto] 7t
gl 21t} 1 99 Hybrid Ray-Mode, RPO (Radio Phys-
ical Optics) Model, Horizontal Parabolic Equation

3} o) BIE, BIEOR D EEAT HE

.

FI‘z',

olﬂ r‘E. —l)

l

: of
$93 90w, Bol A4S
rrow-anglc propagator)= ]

Fo] Wsl7t folX au/ax9 HA7)7} FApE 7}
4 99 9E WRAN TENT ABPRA02

199



BETHKPERGEE B 13% F25% 20024 28

o wgo] FHest, o] 7L AnsE Hrjztol
FHUORNH 15~20° o2 AE Wl Ak 1
Ak 4 ()8l AUAE ol &3h7l 20° o9l 2ol
ol BEEE AT 4 slon, o AU 27t

o 4kxl(wide-angle propagator)z} -2},

N S
p k +azzu+zk(n 2)u (N

A7M, xo} 2= 742 79, FE
o|X k& A3pFaolk

EEANY WYY dE Fote P
Split-step Fourier ¥ 2| 5& o] &3 Wy &
B8 o] &3 fekxlE Y (Finite Difference Method)
o F 7FA7} ok AR 2 over terraino] U}
path profilezro] B3¢t 7329 ZAAH H&A7]
7] A3k AgEol B A e 4L §ol
st A Al Zko] AojA F&o] Holx = Helth
Split-step Fourier ¢72|&-2 & 7ghgl =29
AR H LA T R ws) Al Al
7 G ot

]

{o
b
1o
B
FH

A7ARo] FUEAL ol A% LuHel A
2 BAZAE REFY) AWM
du
—(x.0)+0u(x,0)=0 ®)
oz
1-R

g ol 1-R 9

o 1ksm9[1+R:| %

F(p)=[ f(2)asin(pz) ~ pcos(pz)]dz

S@y=Ke™ +2 [F(p) LI POS(PE) )
Ty a“ +p°

K= ZaIf(z)e“” ;Re(@)>0

10

0 ; Re(a)<0 (19
9} 7+2 Mixed Fourier H3-2 A&y, o]& 24
(1o 23514 Split-step YT E S LA H 4
(1D} 24 g, o] Split-step MFT(Mixed Fou-
rier Transform)o)2t &t}

200

.(;)(q—l)dx | Sy -k )
e

- o
u(x+6x,z)=e X{F, '[m U(x, p)]

—F P T Y (3 p) e e k()

a’+p’
(1

of 7] A,

U(x, p)=0of, [e(ik/Zi(q—] )&u(x,z)]_ PF. [e”klzxq‘”&‘u(x,z)]
) 2z
= /n“ +=

q a. (12)

ofc}.
v(x,2)= %(ax’—z)+ocu(x,z)
z

(13)
2 gelam 4 (1)

l(ﬁ?(q—lkfx i ﬁ Tk
U(x+6x,z)=e 2 L?(x,z)+e' WE=P R~ K (x)

n Lk
® o= F e " U )
dz
(14)
2 xgEh oA
Lk
i) g—d&
U(x,p)=F,{e ? U(x,z)} (15)
olt},

A2} Mixed Fourier Wg 43785 & +337)
A z=md(m=0, 1, 2, ~, N)2 £3 2 (14)%
ol i A EEMY FFBAYY HE i
Split-step Discrete Mixed Fourier Transform(DMFT)
34E ot 2k

Step 1 : u(x,mdz) ol first half propagatorg &3}

o vix,mé)E At

v(x,m8z) = u(x, mdz)e’*' &

(16)
Step 2 : v(x,méz) ZRE wimd)E A M
w(moz) = v[(m + l)&l—&v[(m — 1)52] +ov(moz) (17)
Step 3 :
N
C(x)=DY 'wimdy™
1 (x) ,; W(m )r (1 8)
C,(x)= Di W(N =m)m&)-r)" (19)
m=0

(-7
- (1+rH)A-r*)



Split-step DMFT ¥ 2] &-& o]

o] 7] A,

r=i+E) ~ak, (557H
re—\+ (&) ~ak, (5385

Step 4 : Forward sine transform

W (x, jop) = 'i:w(x, m&z)sin(%’"—) (20)

Step 5 : & step proceeding

W (x+6x, jdp)=W(x, jap)-cxp(iax[,/kz - (jop)? —kD

1)

C,(x+8&)=C (x)exp[’zi‘[l‘;f' ] ] 22)
) 2

C,(x+8x)= Cz(x)exp[%(b%%] jl 23)

Step 6 : Inverse sine transform

N-l ;|
W+ jg,,)z%zwmax,msnsm(%] (24)
m=|

Step 7 : wimdz) & C), C22HE] v(x+8x,médz) A
A}

Lt

v(x +&x,mdz) =v, (m)+ Ar" + B(=r)" (25)
o 7] A,

y(m)=rXxy(m—1)+28&w(md)

v,(m+1)= —%vp(m)+y(m)

N
A=C1—D2vp(m)r'" B=C

—Divp(N—m)(—r)"'
m=0 m=0
Step 8 : another half propagator& 38k u (x+
Ox, mo =) ALt

u(x + 8, mdz) = v(x + &, mdz)e'™ 2g-Née (26)

o] WAL 1991 Kuttler?} Dockeryol] 2l8j |t
s990m, FFT &722S ALLskd gezg e
Ay AuE 2dy 8 5 ok

sied 4A9 EwdAdE s AsiA 4
(27)¢] Miller-Brown 2.4 3} 2] (28)€] Phillips Spec-
trum 2d-S o] &R oH.

2

R =R.e°J, (zé,‘) &= [Tlsme) 27

Lo S /YR A FASA EY

h=0.0051V, (28)
& 7|14 Ry= Fresnel ¥HAMA| G2
psin6+\/2‘r—c0529
]II] hv\:rl‘:ol ms Sﬁﬂ— }-':-0]‘3]1:]’ 1‘14——17— Er:

e, + ib0atolF B A% p=1, £
9 A% p="¢,olth g, v A7) Kl g
%9 rms HF =o] A= 4] (28)9 Phillips spec-
trum FE S oLty & & ol

Aol e e ABe AFAA 709 @
40 2 Y488l Plece-wise Linear Terrain g7
& AHgste aE stk ARS8 AR
A= th7g 22E& EX Ao AHY Fxo 9
g JFS wol WA Hol, oj2d (g 4 3
o TEAY WA TAdE WHE stair-
case terrain, piecewise linear terrain 5-©] S1t}. stair-
case terrain HHES W& AW Y YA 23
$o1Z ZEE AV 2 YU A B
Moz 7b gekeht, 19 Wabh 242 04
7 ARA ALk

Piecewise linear terrain -2 1% 9} 7ro] 2

W AgA F79 A0 B

Loy

}ﬂl

E=x
§=z-T(x) (30)

A7, Ty xAHAAMe ol

'™

A

T(x) %

& 5. Piece-wise linear terrain®] # 374

Fig. 5. Coordinate system for piece-wise linear ter-

NN\

rain,

201



SEEREBERIGE B 135 H25% 2002F 2R

o} 7o) M2 HEE Ao, TEAY ¥4

[e)

L

9 Y, . % 2.
(E—T¥]¢+3C2+k =0 (3D
2 gdHn, o714 TE‘{WT,Q) = y4e*T* o|t}.

03 AR A 71¢71E T2 84 9
99 xof s 4 B3>

E=x

=z-h(x))-T'(x—x) (32)

2 g539H, B2 ) splitstep A4S

w ([, i_ o (33)
53_[{1( +8C’ k}wﬂk(n 1-LT")9

2 Jep A, o714 72he HAHLE 7HEs L
oE 7'=07} 9k £§, 8 =TS 2e A
Aol thal Hgat7] AsiMe
a=cosT‘[a+tanT'(1—c059)] (34)
orx A= Discrete Mixed Fourier Transform
o) ¢ A AHEse] HEEHE Bk

= AA Mo 2AE PHAF7] g B

absorbing layer, perfect matched layer, 1]

o jn
o

K

_CH

2
non-local boundary conditiong 243l Al 7HA
o] 9t} Absorbing LayerHg 9] a2 A4 Q
Hhof| A

|o

18 o% kI

_ 1+ cos(mt) (35)

2

o FA EQ E(rol-l-off)E Fof e F 3
114 91 = (Hanning window)'d o] ¢J.2=, Split-st-
ep Fourier Transform L2 2)&3 FFaHE il
2% Hio] shEaith

Perfect Matched Layer * 2 4]
FAE Fol ZARANA AAHE 9
ste} A gqo] FEFE FA =W
Difference Hroljet Hgo| 7453ttt Transparent
B.C. & 7% Ea & Non-Local Boundary Condition

A0

o
s

o o5

B e AAANA radiation ZAE VHATES
gl wpd o 2 T3t Finite Difference o7 &4

202

7V 8kt
N. AgHolM AL Y 24

79 62 AgdoIHd A HYAA B
B9 $422A5E UEh 228, 9139
2424 Wagel 718717 ~990.0 Mkmz
D29 71977k g B RS ¥ & Uk

g 7S A A FHYES EAgte B¢ A

rO

2
18
1.6
1.4
1.2

1

Height (km

0.8
0.6
0.4
0.2

0
300 330 360 390 420 450 480 510 540 570 60C

Modified Refractivity (M-Units)

O 6. A¥AY SHYEY $H2AAS
Fig. 6. Refractive index profile for typical surface
duct.

500 - 2 L
-
. 3 . FD
- 9 O. .

400 LA

300 =

Heihgt [m]

200

100 .
S

2.

B T

-60 -50 -40 -30 -20 -10 0
Field Strength [dBm]

J 7. Splitstep DMFT &3el%3} Finite Differ-
ence Wl &3 A v)Y

Fig. 7. Simulation results by split-step DMFT and
Finite Difference Method.



Split-step DMFT 9k

rgoz 20 km AP LN FAALS
Split-step DMFT 28] %34} Finite Difference 4
& ol&3td ANG ARE HoFE A0E F ’3
Bk oS & AAsE AL 5 Ak

AEgold Al At UE 900 MHz, 34
s}, A9 Ao AguUiEst 0 dBm/m’o] 3 Hoj7}
100 291 ¢4 A9 QHEUR 7Hgstgl e, ot
U8 Eol= 200 mE FAth F2419H o] R &N
FHAL | MR RSP, £ 10 mhs, A
e fA45Y AL =30, 0=1.0x10"°
s/m, AP A gz o] SHAAS9 AL 8L 77}
=80, =4 s/m=Z Ft}. & 7AF Z A Hol
2] wkAlE flol7] $8l Hanning windowd AR
3k ot

39 82 HE Al FUHEI A A 5
AE e Heke] AZIE e 100 km A @717
HE 2 e A0% ARt HEEe BBy
o Wshs7) Rl HES ofglel Eel350 m o

ol = AF7} FAHE AL E 249l
g 9= AYH RHUYEJ}L ExjatT o7t 229

m 1 7HEAIQ HEj Y] A3 o] AT AFoll EA
dl= Ao wis] WA 78t piece-wise linear
terrain W& o] &3] AlE@ol el A Ho
F3 drh

AAZ)7IFHWMO)Yll A = di719f Wk @5
8t7] 98 AN ZYH AP F7HF 30 kmy7t
A AFsto t)7]19] 32 A< —r“‘" gobsl= o

600

Hewght [m]

10 20 30 40 50 B0 70 g0 20 100
Distance [km]

-20 -10 6]

60 £0 -40

08 8. FAAYREMBm], AYH HAHE
Fig. 8. Field strength{dBm] for typical surface duct.

e o8 B FHARD A%k PHNA B4

1000

800

@
2
a

Height [m)]

400

200

10 20 30 40 50 50 70 &8 90 100

Distance [km}

-60

O8 9. FARYREABm], AL AY
Fig. 9. Field strength[dBm] for typical surface duct

with a gaussian-surface obstruction.

271485 AFE FPsty Utk A Wyde
gooEd), FHA, drzagdy, &l 2
o] Aoy, 7FE o] &3l AZAMNE Y A

g oz #&8 #

—
el
[
o+

I NGNS
o
l.pl
[
ol
)
ox
o
fo
b
ofje
N
ox
e
tlo
>
=

Fu
e

.‘_g.

B S 45 48 292 63

23 1034 112 20004 5
137485 AR

FR2AATE BT

ow L

H
pass
rir
>
(o
i
il
&
ol
IN

2 M,J 2
) - / 18
16 { — 16
14 /? 14
&’2 // g1?
Tt / ot
5 / ¢
& &
Ty L - £es

6

300 330 360 330 520 450 480 570 54C 570 £CO 300 330 360 390 470 450 480 510 540 570 6C

Yodrtea Refractvty (M Undts) Moditied Refractvty (W -Units)

(@) ERHE (b) H3HE
(a) Surface duct (b) Elevated duct

3 10, x8olM 2AE FAZLAAS
Fig. 10. Measured reftactlve index profiles in Pohang,

203



BESHKS SR B 1345 $ 25K 20025 28

300 33D 363 390 420 450 480 510 54C 57C 6C0 300 330 360 390 420 450 480 510 540 570 60

toditied Retractwly (M-Ur t3) Modihed Refractwvity (M—Units)

(@) LAHE (b) B3EE=
(a) Surface duct (b) Elevated duct
38 11, Wz 249 #3285

Fig. 11. Measured refractive index profiles in
Baengnyeongdo.

o
it
2L
o
>
13
Lt
4
%2
=
b
o
lo
o
ol
o
m
ir
o

El=0] =o|7} ¢F 600 m, 7]&7|x= - 124 M/kmo]
3, By A HgS Fol7b 1,200 mo] ¥
71871 3030 MkmZ 393 2pol7t A& &
& Atk 24 ARERS el g8 Az
4[dB)% x}u &a[dBlel A2 RoldE
Propagation Factor(PF)& FZ AREslH 1 T84
& gew .

Propagation Factor[dB] =

Path Loss [dB] - Free Space Loss[dB]  (36)

a9 12~15¢ 7tz 233 WA A=
HAYES] S HE g 441 ey ol
PF(propagation factor)g HoFg Zo& ‘2159]
ol atet HrA }EﬂLH H?‘M] & PF £
o zol7t ARS ¥ & AUtk HUHEY 7§ £
F2 QU7 25 HEZ Wl 9 4$ PF7 3
T, FAQH U7 GE S o lE o EHPF
ZE3 =3 £a}7] wj ol E‘lﬁ‘i E

R

6 2% 544 e
9}
[e]

e

& oo WaE 43gEe] 7
HEZe 71&717F vig A7) Wil FAH
o] 2 4FUES] Aol wla] o e
o}

K% Height [m]

100 200 300 400 500 600 700 €00 900 °000

I8 12. Propagation factors[dB], ¥3} ¥HHYE
Fig. 12. Contour map of propagation factors[dB],

surface duct in Pohang.

1000

€00

o)
Q
=]

R¥ Height [m]

.
2
=]

200

100 200 300 400 500 600 700 00 9c0 1C0D

-50 -40 -30 -0 -10 o 10

18 13. Propagation factors[dB], 238 AZH=E
Fig. 13. Contour map of propagation factors[dB],
elevated duct in Pohang.

RX Height {m]

J® 14. Propagation Factors[dB], W#L HHHE
Fig. 14. Contour map of propagation factors dB],

surface duct in Baengnyeongdo.



Split-step DMFT ¢Fa12]

2000

8

RX Height {m]
=}
3
o

GO0 ©00 1000 1200 1400 €09 1000 2000
TX Height [m]

v s 4
-10 U] 10

50 40 30

2% 15. Propagation factors[dB], #&ls AEHE
Fig. 15. Contour map of propagation factors[dB],

elevated duct in Baengnyeongdo.

& 100
4 Mg,
] K e
b1 ’
a9 -
) -,
Q .
g .
”
> 104 *
£ *
'8 -
-+
3
X
] *
s 44 .
2
§ » TORD -
s TORM
° THRD
4 THRN
o !
0.1 — T —r—————
-60 -50 -40 -30 -20 -10 0 10 20

Propagation Factor [dB]

QB 16 A R, 2% wEHL

Fig. 16. Spartial distribution of interference for sur-
face duct in Pohang.

-5 100 - T
£ e
L

o L}
9 &
k4 =
8 L
< E .

10 »
[=]
£ »
bl
3
[+
X
u i e
T
2
= * 0
£ - e .
s} . THRD
g TR

o1 R SER A R A L BN S | T T

-60 -50 -40 -30 -20 -10 o 10 20

Propagation Factor [dB)
TR A7, T BOE, Ze AR
Fig. 17. Spartial distribution of interference for
elevated duct in Pohang.

19 16~19= %8s} WMz yuiy e A
Yo tfg PFY F7F % XS Jehl= A

lo oy

£ oG B FHARD AR UHA 1A

Probability of Exceeding Abscissa [%]

« TDRD
# TDRH
THRD
THRH
e
ot T 1——T—T ]
60 -50 -40 -30 20 -10 [} 10 20

Propagation Factor [dB]

I 18, pHPe BEE, HHE ¥IHE
Fig. 18. Spartial distribution of interference for sur-

face duct in Baengnyeongdo.

1005~ ——

o~ e e e

& ~, e

© “"0

a .

7} ke

2 Y 5

@ .

2 %

< 104 .

o

£ .

°

(7] -

3 .

o

- 1 *

S .

2

E] « TORD

8 s TORH .

] THRD M

8 THRH P

0 Ca R )

& on ——r et e =y
6 50 40 30 20 10 0 10 20

Propagation Factor [dB]
A8 19, M%) TR, HEHE ASHE
Fig. 19. Spartial distribution of interference for
elevated duct in Baengnyeongdo.

2, 1944 T¢ RE 77}
W YEiE, DE 9Y
BZ2E0 52 #Ad 9] oujgich £
Al Qe B HE S o 73 5-(TDRD)<]
& NZ(PF A 15 dBo]Ah7 48 3o =o
m, QMY HES o A3 Ak Ut
HEZ Wl < W(THRD) & 437t F4E 2
ol M ¥E& B & 9ok

ARENEENEE
/\}\L_ o‘l,H‘— 1;4

i

En
[

W
73

rlr @

ol
_?4
N

m‘o e

V.2 B

B =RAAE 719 F 9] H2 e ¥H
A& £3 Azbot Hak FAHS Split-step Discrete
Mixed Fourier Transform ¢78]%& o}&sld 24
gty AEdel e AxE B4 Bolt Miller

205



BEEHRPERGE B 135 B 2K 20024 2R

-Brown Z9l3} Phillips spectrum R 9& o] &3}
AAHY fete AxE 2 BAFYEE TEsgle
o, 249 Agwsel A FFE piece-wise
linear terrain S ol &3l T stk
20008 S 237t WH T GHAA
A 2E & dojell izl NEg ol rhon,
55U FolY PF RE 54 U 44 2
Ao whE PR F7HEE BA4S £A48) B
- SAGE UG FAE Y BT Y
< 7% PF7} Al 15 dB o) 47HA 7A5EE &
A

r9 ¥o o ¢ of
o

pUE
A r
o
Hu
2
1o
oxl
Lo
e
>,
of
oxl
19
N
fHy
i)
o
o Ho

10w 3L oofy

ot

a3
1o ol
..LIZ —_\“‘: m]o
m o 2 @
Jl
ok
rir
n
S
>
. o
e =
&
2 30
uj
O
L
i)
[e3

Jfnt
% ok

Lo oas 3}
2 o o

ox
e

rd

-3
o
ST

el
}_

MO
re:

{11 A.A.R. Townsend, Digital Line-of-Sight Radio
Links: A Handbook, Prentice-Hall, 1998.
[2] ITU-R, "Prediction Procedure for Evaluation of

1999 Zaisha dagsts
(E8H41)

2001dl: S ey Augetd
(Z34Ah

2001 39~ 29ty A

e uabay
[F %o AAw Aot 2 A

& 3 A

19979: AR distE AAFest (A

19999: AR e AARG (24D

1999 39~20004 39 LGHEEA ZFA74 479
20001 59~ 84 FFAAENATFY A7

(7 BU%H o EEA A%A7, FAY A

O O -

206

_—
w
—_—

[4

—_—

(5]

[7]

Microwave Interference between Stations cn the
Surface of the Earth at Frequencies above about
0.7 GHz", Draft Rec P. 452-8, 1999.

H. V. Hitney et. al., "Tropospheric Radio Pro-
pagation Assessment”, Proc. IEEE, vol. 73, pp.
265-283,1985.

M. Levy, Parabolic Equation Methods for Elec-
tromagnetic Wave Propagation, /EE Electro-
magnetic Series 45, 2000.

J. R. Kuttler and G. D. Dockerv, "Theoretical
Description of the Parabolic Approximation/
Fourier Split-step Method of Representing Elec-
tromagnetic Propagation in the Troposhoere",
Radio Sci., vol. 26, no. 2, pp. 381-393, 1991.
G. D. Dockery and J. R. Kuttler, "An Improved
Impedance-Boundary ~ Algorithm for Fourier
Split-step Solutions of the Parabolic Equation",
IEEE Trans. Antennas Propagat., vol. 44, no.
12, pp. 1592-1599, 1996.

D. J. Donohue and J. R. Kuttler, "Propagation
Modeling over Terrain Using the Parabolic
Wave Equation", JEEE Trans. Antennas Propa-
gat., vol. 48, no. 2, pp. 260-277, 2000.

¥ A
2001 Foiet Az
( " (ZAY
o 20019 39~ 84 : Fdiea
sHgotst A4

I . [F BAoH AR A @ 2
@



Splitstep DMFT 2l 5& ol §¢ 443 SF/ALT Anks LA ¥4

L o ¥
19783d: A&iistn Hag st 1980: ZEA e AA3akat (I
(Z8HAh 1985%: AAMEL WA 83} (334 A
1984d: Virginia Tech. (Z &4} 1995d: AAA e A H 353 (F5e}
1988id: Virginia Tech. (Z8h}A}) 1983 ~ 34 ST AAEANGTY a7
1978\ 39~ 1983 29): =uba}s} [F ol Mds} 54, 29 EY Arle, 748
Arx A7

oy

<1988\ 109 ~1989y 29): b4

"

2
ojt
do go R

74
~ 19959 29 Folhstz AR ol
)~ QA FderL ASF S WS
ro} AT A3t @ A%k 215 Az

1989
1995

-

r
N W

]

X
i)
o>
Az

207



