18 2 Vol 18 Na 2

2002 3 T ransactionsof the CSA E Mar 2002 5
( )
, ( )
(SWR) , SVR
SVR
: TH79 DA : 1002-6819(2002) 02-0005-04
4 an, 4 an,
10 15 20 an )
) 80, SVR 1
4, 1

(S/V R) [1]
100
MHz 4
, , 1. 2. 3
) 1 SVR
, (2] Fig 1 Configuration of SVR probe
Zi- Zo
= = SNVR
AU = 2AP=2A 7.+ Zo (1) .
A— ; P— D ZL ' . '
1 1 [3] SA/ R
Zo
[3] ) 4
r= 1 1p (2 4
1 SWVR 2
SNVR )
SVR ,
3 , 6 mm, “ ”
: 2001-09-21 : 2001-11-20 “ " (8]
(96-A 23-02-010) ka (x) =I ks(x1, X2, x3)w (x1-
. \%

, 100083 X1, X2- X5, Xa- x5)dxidxbdx: (3)



6 2002
ka(x) ——  x (x1, x2, X3) : o6— s dl— S:
w (x) — tks(x) — .0
ronT St
: Jolso)
_ &
c= vJsl ke 5! (5)
X3
[ ” (b
’ V. (kE)=- V- (ksVD=0
TEM (ksE) ( )
E JE=- VO
, X3
Gauss (5,
, X3
. w=cvi=a [fole o (6)
ks (3) , K Ka,
ka(x):I ks(x1, x5, x5)w (x1- x1,x2- x2)dxidx>: E= Eo, &= &y,
" Eo= - Vv, V=0
(4)
Ks )
2__ 2
w (x1, x2) , ks CV 1= 6ka !f|E0| da (7
, w (x1, x2) 6 (7) Ka
ks ' K
) SNVR
= [fiole Fo il [Jles fa] (@
TEM (4) (8)
w (X1, x2)
, w (x1,Xx2)= |E (x1, x2) |2/|: g[J'lEo |2dA] (9)
wol(x1, x2) = |E0(X1,X2) |2/|: IflEolsz} (10)
3 4
L aplace
, 2 14
S1 Fig 2 Thedistribution of ) )
V1 electrostatic field 4
S )
S:1 S22 r, ra, '
D(x1, x2) ' !
, 2 [} ¢ r [}
+
1d _
Q, C, ] dr[r Eégj =0
C=QAN:
r=r,d&=0 r=r;,d=1
W = 'JZ‘QV 1= ‘;‘cv%
Inr- lor In Jr;
Q= @Islks oy d! [/ et I



N

E=- VD
- o 1
Eo= - V&= - rin (r2/r1) "
) _ 21 r ]
ﬂ'E""j‘\ [ G

Inr- Inry _ 21T
Tr[ln(rz/rl)]z_ |n(r2/l’1)
R |7 G W
wo(r, @= !ﬂEolsz B 2TlT2[|n(I’2/I’1)] (11)

=2

2TL ry
J’Jr wol(r,Prdrdd2 1

. (11) ,
r/r2< 1, (
)
, “ " y ra
I'm y I'm
In(rm/r1) = 'Jz‘ln(rz/rl)
rm/rz= (r1/rz) 12 (12)
r/r2-0 ,tm/r2-0
r2/ri= 100,  rz/mm= 10,
(11) < r<
r, ri/rz )
(12)
FR,D, R
= r/r1
FR,P=R * (13)
R=1 ,FR,®¥=1
, (13)
(13)
, 4
4 SNR
SVR +Q
: 3 - (1/3)Q :
SNVR 3
4

4 C

3 SVR
Fig 3 Distribution of electric
field of SV R probe on axis

4 SVR
Fig 4 Effective volunemeasured by coaxial
and SNV R probes

5
TDR ,
SVR
TDR , 15 am;
46810 12 15an;
, 6
48 h , ,
8.0% 13.3% 16.9% 19.7%
21.1% 26.6% 32.0% 39.8%
20 an

, 5an ,
8.0% 13.3% 16.9% 19.7% 21.1% 26.6%
32.0% 39.8%



8 2002

& 20 & 20 ﬂ £ 20
ﬁ 1.0 cfj % 10 % 10
£ 0o 10 20 30 @ £ o 0 20 30 a0 s £ oo 20 30 w0 %
FHARIE KB/ % LR E K % THERERE %
. 10 e 54T 2 12 e R4 2 ( I;Tﬁii%’r
5o T B0l Thmmat 3300
& 20 f 20 / % 20;
% 1.0' . ‘ | | ‘ % 1'0. B ) l . w 1.(){ ‘ . . ‘ ‘
% 0 10 20 30 40 5% g 0 0 20 30 40 50 ﬁ 0 10 20 30 40 S0
= T HURRR & A2 % TEREKE % THURBE KR/ %
5
Fig 5 M easured results in uniform ity and nonunifom ity soil
) [ ]
[1] Wang Yiming, Zhao Yandong Study on the
SVR measuranent of il water content based on the
principle of standing-wave ratio [C] Proceeding of
International Conference on A griculture Engineering
6 Decanber 14- 17,1999 Beijing
[2] P , GJ ) M 1
(SVR) ,1990
J [3] . M1 : , 1993
) SVR [4] Zegelin S J, W hite |, JenkinsD R. Improved field
, probes for ilwater oontent and electrical
, oconductivity measurement using time domain
u » , reflectometry[J]. W ater Resour Res, 1989, 25: 2367
- 2376
'10 [5] Knight J H. Sensitivity of time reflectometry
WR , measurenents to lateral variations in il water

content[J]. American Geophysical U nion, 1992

Analysis of Sensitivity of Soil M oistureM easurenment Based

on Standing-W ave Ratio

Zhao Yandong, W ang Yiming
(College o Electronics and Inf ormation, ChinaA gricultural U niversity, B eijing 100083, China)

Abstract: W ith the development of study on measuranent of il moisture, sensitivity of measuranent
becomesmore and more mportant In thispaper, the theory of electrostatic field was gpplied to analyze
the sensitivity of soil moisturemeasuranent by using its senor based on standing-w ave ratio, w hich was
manufactured by Electrical Information College of China A gricultural U niversity. The effective
measuranent of il volume and the best structure of senor’' sprobew ere presented, and the linear range
betw een voltage and il moisturew as obtained

Key words =il moisture senor; sensitivity of measuranent; gacew eight function; apporximatew eight
function



