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Abstract

Attenuation in vegetation is important, for both terrestrial and earth—space systems. However, the wide
range of conditions and types of foliage makes it difficult to develop a generalized prediction procedure.
Currently, there is also a lack of suitably prediction model and measured experimental data for vegetation
loss. So in this paper, vegetation loss data for four different tree—species, including Dawn—redwood tree,
Plane tree, Pine tree and Fir tree are obtained by measurement in the frequency range of 1.0 ~ 6.0 GHz.
The through or scattered component is calculated using a model based upon the theory of RET(Radiative
Energy Transfer) and RET modeling parameters are extracted from the measured data.

key words @ vegetation loss, RET, vegetation

I.A & e B EEdAE ITU-R £23 23 ¥
gt 1 GHz o]4te] Fakg didolA FU #F
2 280 o] Exde 2 (Pine tree), A
U (Fir tree), E2eb 22 (Plane tree), W e}
2 (Dawn—redwood tree) 5 FEd g FEL&4

=4 2% 3% 24y 978 SYsAch

FEZ e @740 wel A4 2 94 A2
Fol $8% 4TL ok 2B £ FHE
T Aolu xE] %"ﬁﬂﬂﬁ}“i

A FAHeEZE FEEY dFRdely &3 b

OB} S $ETT) SESLE FEAGWoodlan) L. FF &4 2d

of gt mda FU4+E(Single vegetation)o] w3t

rdg FEHEY ddFEd Ui 2de B¢ 7 2.1 A9 (Woodland) & =4

£ gy 2de EAYE Rgastd 20043

ITU~R2] 2}oll ] RET(Radiative Energy Transfer) % ITU-R Aztoll A A4 X AzoA 4547

doll 2A% A2 2do] AYHAG{1] T BFo] FEAY YR EAY AL, £Z 9
ITU-R d3<tel] AArH] e +F £4 299 3 %7 &4 (excess attenuation)& 4} (1)3} o]

T FE #A40 o BE4e AFdn, Oy FojG{1].

220 2Ed g =7} golg FRE Y 4=

¢4 23 2 YE o= ndse wm A7t P A=A, 1-ep(—dA,l (1)

EeR-13=

—163 —



20054 =R AAHIENS] FESES2II

==& Vol. 15, No.1 2005.11.5

i

A71H g FEAY YR #& FA(m), ,=

gAe 329 FHAAFdB/m)eltt. ¥, A,

& Hd 748 (maximum attenuation) 2 g 3
ot

A,=AS* (2)

q715 AMHz)& Fosol, AF AF & &
A dolE & ug o2 dAAE A gelth

FERRY ZHAF o U FHY U= o
g tt2n, 2y 1e Fusd g FHA5 24
& 2HZE e Folth

Specific atienuation due to woodland

I
!
H£
=

10’
10 MHz 100 MHz 1CHz 10GHz 100 GRz
Frequency

V. vertical polanzation
H: borizamal polarization

3 1L EXYQe Fugo g8 73 §4
2.2 9 4Z(Single vegetation) 2 & 29

1)1 GHz o)3} A& 24

Woodlande} @& &47] 25 £& 5 3l
= g 4£EZ 299l 1 GHz o8 djdd] i3 &4
2de 4 (1)9 ZAE Sl o3 Zo] 248
o1l

Aq=dy (3)

A7NH gE £F FAMm), & oA 253
o] 2474 (dB/m)elt.

2) 1 GHz o] A4 =9

ITU-RAME 1 GHz o) 4 o] 48 &4 d=
o] gad N AR A (1), ()T go] 57
& 5% AYAY o= =AY o), YRd) o
871 % AW wbajo] g@ o]&3 &A% RETo|
g0 2A% ANS Angoz Adsm Yok
RET 714 2ol $Z0 o8 % £4¢& ggn

Zol zZt £49 2o 2 FojXTG[1].

. ((%)HO (—‘%ﬂg}

=L pount =L
10 + 10 10

L W=—10 log 10

-L,

+10( 07410
(4)

4714 Lz 29 20) B U] Q2 o
Az2A, 583 o|F knife—edge P2 ZAIE
% 9l

39 2. U AnEe 9% 33

UE IR o3 34 &4 ITU-R P526(2]
of e} o}-8-32 Zo] FojF}

L,=6.94+20log(/ (Lk,)—0.1) 2+1+h;)—0.1)

+G () +6.9+Dlog(y (Uh)—0.1)2+1

+Uhy)—0.D+G {9
(5)

£, Low® Laws 1% 39 YEd U9
F% Edo 3 FHAEHP2A, FHHY oF
knife—edge 3AZ ZAL 4 9o, ITU-R
P.526{2] o2 X ¥ 2] (6)7} o] FojZch

Edge diffracted

393 U 29 A% &4

L it 9=6.9+20 log(f (U, »)—0.1)2+1
+uUh 1(a, b)) —0.D)+G n(¢ (a. b))

+6.9+20log(f (Uhy, »)—0.1) 2+1
F Ul p) 0.0 +Gplé (4 5)

(6)

—164—



20054 BIRFAIIISS| ZBistawE

=2& Vol.15, No.1 2005.11.5

SRS

a9 4. A A% &4

+Gpld

(7)

d7)1M wAMAlS R ITU-R P.1238[3]2RH
A z} "F gov, fAEF A=Ee ITU-R
P527(4] 228 ALY 4 ok

4 <5>, (6), (N9 Cr(Poh CulPE 27 5
Al kelihe] Fo171 Mgl ti¥ o5& vehach

M. RET(Radiative Energy Transfer) 2. &

4 (4)e] YFe o3 A" U A™E
48 A3 JFe] Fxpe @] g7 £4&
AA8l7] 1% RET o8 2ddxses FES
o2 gYds d9 vdzs zdysiy, 4 %—*é
@AY F5edad (o) GHAZT 4L
H(oy) 2 Wde ATFF K5 T)E GERAC
RET o] &9 7|8 =412 A(8)% 2r}[5].

SV D Hoatodl 7 D="35 [ 43 7. 9d
(8)

4 (8)e] Fojd A%
st 2ok,

WA 3 = g 2(9)

I=I ;+1,+I, (9

o 714, & coherent J¥& Jehlw, [ 2 L

= g AW AR (forward lobe) B S4H4 o)

7 JE-oz EEdEAT

2
(FuAEAe). olde) I, I, Le oest 2o I
3

@ (background scattering) A

o H¥4L B AFE F3 ITU-R AnA9 4
QLEE A3 Ao}
Iri= -t
- M —_— —

=%{[e’ ’—e_’]q_we_";—,id(am Tan— aM]}

_ZbZR -z 1 Y T 1

12 2 e PN+K£ Ake 1 My

2 5

(10)

H (10)8 LY Aype A% 3dB ¥E S
UEhR® (3dB WEX0.6), L) #a) A% s ohe
o) 54 w3 THR AFBTh.

w P,
2 w L
l—s— (11)
S Ao A
=) —
W= 1—aW #”_—OOS(—ZK/[)
P,=sin 2(2—7;\/) for #n=0,N

P,=sin(-E)sin(2) for n=1,23...N-1

o, Ag TAE sdp W LAYEHZA e
AYPRHo2RY 78 F Ao

3 _A_kz_irﬂ N"‘l...N

k=§+—l 4 Py for n= 5
2 Sk (12)

o714 8, Kronecker delta o]c}.

RET o] 2dL 0|83 F=E9 T3 9 Ao
g &4 = =d PN obgst go) Fol
oH1].

—165—



200548 = M KHIEH 3

Vol. 15, No.1 2005.11.5

L ~10lg 10(%23— )=—10 log 1x(1)

mex

(11)

RET 71¥t 2de] {18 HHenele F 6742 &
13 2ok ® 19 8 mevg oA £89 2
ojg} FARMH e WE e Foe ot Hetvl
Be FE£4¢ 27) 7127 (Initial slope) 2HE] A
A o =0A/(-4.430d))& FFF o B W
= FE9 ZHold 93 &4 Ao RE A

o2 23 5+ Ao

¥ 1.RET 24 ¢gsuietng

g | AWAS A AALE HEY v
B | 91433 (Phase function)e] W=
o, | 48 &5 2 A AF
w | Albedo
Ayp| TA dHYG W
d | 79 Follm]
V. 5EEA 54 B4 % 2aY
golAq Ag3 RET 71wt mdo] t)d mie}o]
g Adsr] A 3¢ AAEAS. FE AR
of 4 <EUE dAso FF Hold we Fn
FE &4 54¢ FHsdeH, 29 5 33 4
Al=E verd Zolch
3 A" A GHVY Foed YEe
o E 29 24
2. A eV FoaE UE
F9(GHz)| 1.5 2.5 3.5 4.5 5.5
B Z (deg) 48 44 51 37 37

36.4m

q¥ 5. 54 dAx

1Y 6& SHET ) 5 i £F Zold

Vepentan Luns 48]

Yy oy
Vepsmian Oapin |

(a) vlEbtF

(b) &Y%

Vagunten Luve 40§

(c) Etehix UR
a9 6.

(@) AYE
48 S e F55d 57 doly

Z3 HolHE ulgog F£E old e &
dlo]eje} RET 719t 29 & o] &3] E&% 0, o 8
Wi 33 2ot 312 3.5 GHzd| tidt siel 4
#& a9 79 BYch

¥ 3.RET 29 wmtghn)g g

Z94(GHz) | Plane Fir Pine | Meta
1.5 0.490 | 0.275 | 0.215 | 0.261
2.5 0.486 | 0.402 | 0.617 | 0.350
3.5 0.513 | 0.603 | 0.334 | 0.370
4.5 0.691 | 0.540 | 0.545 | 0.266
5.5 0.558 | 0.502 | 0.310 | 0.200
(a) o, %
Z9}4=(GHz) | Plane Fir Pine | Meta
1.5 0.95 0.48 0.70 0.93
2.5 0.74 0.74 0.82 0.82
3.5 0.85 0.92 0.74 0.85
4.5 0.75 0.91 0.72 0.89
5.5 0.70 0.96 0.73 0.82
(b) o3
Z342(GHz) | Plane Fir Pine | Meta
1.5 61 51.5 70 44
2.5 23 775 55 71
3.5 105 103 72 65
4.5 65 94 71 34
5.5 77 100 75 77
(c) g3

— 166 —



20054 BIRMXIIIES B&tstaum

=2Z Vol.15, No.1 2005.11.5

Zul4(GHz) | Plane Fir Pine | Meta
1.5 0.88 0.43 0.78 0.98
2.5 0.71 0.71 0.92 0.97
3.5 0.84 0.87 0.71 0.93
4.5 0.95 0.92 0.87 0.99
5.5 0.96 0.97 0.75 0.94
(d) y3

s 3oz osp

(a) HEp}e

3
(¢) Egtely s & (d) A&

1% 7.3.5GHz £&vjoly W& A7 o=

V.4 &

B =ZqME ITU-R SG3J P.833 53 A9
Wegsie] 1 ~ 6 GHz tlg I 712 2 £E2@ A
e 23 2 2dy) dFE FP3d. FF 4
2d8 A7t P83 RET o)g&o A= 27 7E
An 2499 #4373 RAHE ¢hsld AIME
F33t 4t

a8z Ffd EE3e Ftehdls W, oehy
7 aYUR, AYFd g &4 A dojHe o
€ w2 RET 7I¥t 2d 99 g2vg o, ¢ 8
wag 'S 53 I B AF A 2005
d ITU-R SG3 3 &joljr] AA o] wrgslnom,
P.311 databankel §53 &3 dlolelst A &
&4 dE 2d=z 8849 Aol

T, O FFo Ui 5 € 2dy L F3)
o RET 79t =de] g naveE =28 4F
oy, FrtHo 2 ulg T 23 dynamic E40l
et 77 e g Aoz APy,

e

1

(1] ITU-R "Attenuation in vegetation", ITU-R Rec
P.833, 2004

[2] ITU-R "Propagation by diffraction’, ITU-R Rec
P.526, 2003

[3 ITU-R "Propagation data and prediction methods
for the planning of indoor radiocommunication
systems and radio local area networks in the
frequency range 900 MHz to 100 GHz", ITU-R Rec
P.1238, 2003

{4] ITU-R “Electrical characteristics of the surface of
the earth”, ITU-R Rec P.526, 2003

{5] JOHNSON, R. A., SCHWERING, F., "A transport
theory of millimeter wave propagation in woods and
forests”, CECOM—TR—85~1, FortMonmount, New Jersey,
1985

—-167 —



20054S SR MIHIES| F&ES=HHI| ==2& Vol. 15, No.1 2005.11.5

MEMO

-~ 168 —




