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Abstract

A three Jayer scattermode] is devepped for the retrieval o fmojsure profile of he terrapn supsurface under

SAR observation at UHF/VHF bands Based on different Penetration dephs at UHF and VHEF channeLs scatterng
ohservations at fyese wo hands are alematively use] to jtemte the retrieved mojsture of he layered meda and finally
reach the convergence of hemo jsture Profife of he layered supsurface med i
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1 NIRODUCTION

M oture profiles of suhcanopy and knd supsurface
pPlay an mportant e m c¢lin ate research such as land
hydmologic processes gloha] clinate chang and carhon
balance Tt 8 mam motivaton for MOSS mission
(microwave ohservation of subcanopy and supsurface)
(Moghaddan et a_l’ 2007). The subsurface 0ijmoisture
plofiLe Imkng wit soil strucure mixtur’e 1001ed
water dranage and evaporaton as a key paran eter for
hydrologic process zoopgy clin ate  etc, s of
inportance for the forecast of drought and flooding
irrigation p}anning and estination of crop product,s
et However current SAR oOpservatons atl, ¢ X
Ku pands can on]y penetrate troug€h non dense pPlants
( biomass i ahoutq k8/m? ) in cent'meterordqr even at
low [ band (Dubois et al, 1995 ©oh etal, 1992), It
needs Jower frequency such as UHF,VHF (350MHZz
100MH2z) 1t g0 hrough the dense subcanopy ( ahoutp()
kg&mnt and more) with litde scattering and reach
supsurface [t has heen studed that Faraday ro@aton
which affects sate]litehome m easuram ent especially at
lower channeLS can he corrected by fully Polarmetr
SAR €chmoogy(Qi  Jin2007 Freananpoo4),

Soi]l moisture profile Presents different weghting
fnction at [, UHF and VHF bands due o different
penetaton depPths of lossy il media It can pe seen

from numerjca] sinulation of M uelfer matrix soutjon
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sup surface

(Jil,’l 1994) that the scaterng from vegetaton canopy
m 8ht he as much as from underlyng rugh surfacp
even at lov [, bang Thu§ lowver {requency such as
UHF/VHF should be enployed if main atenton is
focused on ©i] mojsure of under[yng soil medja
nstad of vegetation canopy

Comparing with the backscatterng€ from hare Jand
rough surface hased on sna]l peruthation methog the
first order Mueller matrix sojutpn from a one pyer
mode] of vegetation canopy of non spherjca] pPartcles
shows the sgnificant mpact from the canopy which
datkens the effect fran underly ing medi’a even at ],
band Much pbwer UHF,/VHF bands are proposed to
explore the soj mojsture Profile due t0 |ar€er Pene tra tion
dePth and negilBible canopy effect

n this paper makmng a hree pyer land rnodc;l the
M ue]lermatrix of hackscattering from the3- Jayer mode]
atUHF,/VHF bands is num erjca]ly presented [t i found
that Jue © the difference of pPenetration depth hetween
these wo bandys UHF band isonly sensitive 10 the soj]
depth amund 10— 60 M and VHF band can reach
deeper

As a crieria of the change sensitivity of | dB i
SAR observation it is found that as the 0jjmoisture of
thep-nd layer is fess thang, 25 e VHF can be used t©
retrive he soilmojsture of the3z_rd layer3 bebw the
depth60crr} An ferative ajgoritim of using aljtemative
UHF/VHF results isdeveloped to nvert the sojmojsture
of thep nd and3-rd 1ayer§ and the ernor analysis show s
good applicability
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2 DEIECIRL CONSIANT OF MOKTURED
SO I AT UHEF, VHF

The delectrc constant of mostured i dePends on
fnequency soilmoistuI;e pPhysical temperalurp stucturg
mixture and © on( Peplinski et a_L 1995 & b). Sane
anpirica] fomulatons of i delectre constant n
m jcrowave freduency( Peplisk et a_L 1995 & b Valery et
al, 2004 Wang et al, 1980). can be found but not in
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UHF or VHF re€ine PBased on fe measurments fn of
M orov et a] Q007) the dielectric constant O {mo jstured
soil at UHF (350MH2 is simmerijzed as
e=¢'+ ¢’ (D
e =93 1W°* +3 79 ¢"=4 9W+40 47 (2)

whereW is soj] volum etricm O jsture

Figs 1(a by show the results of Eds (1, 2) and
the comparisons with the m easurm ents where the
triang le ponts from M ronoy et al (2007) and solid
circles fran Jin (1994),
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Soil dielectric constant and camparison w it M ironov et aj (2007)

( @) Rea] partof soi] dielectric constant versus Volurnerricmoisturg

(b Imagnawy partof soi] dielectric constantversus vo Junetric mo jsture

From M jonov et a] (2007 ) the rea] Part of d ¢ lectric
constant ajnost keeps constant {or different frequency
However the 8raph of maginary part versus freQuency as
shown in F& 2 has non consjstent ﬂends one S fram
Mionov et al (20p7) and another fram ( Jin 1994),  For
sinplcity imagnary part of ©i]dielectric consant at VHEF
1s assumed as the sane as one at UHE

f/Hzx108

F8 92 Imainary part of s0i] dielectric constant

verus frequency

3 THEMUELLER MATRX SOILUT DN OF LAY-
ERED SOI. MODEL

The mode] of three Jayermeda w ity toP mough surface
18 shown n Fig 3 whereVVl’ V\; VV3 denote the volune tric
mojsture ( wetness) of the 1ayersl 23 respectively
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Fig3 A kYeredmode] of |Jandmo istured med ia

For Jess mugh boundarie’s cOherent scatermg
dompant {or sna]] pertuhed rough surface Under ow
frequency inc'denge scatterpng of he hyeredmedp can he
descrbed by three parts as shown in Fig 4 direct
backscatterng {from rough slrface(M ) and scatterng due
to irlterdctionsl\/g1 andM)z.

In Fig 4 te straight lhe mndicates coherent
reflection or transm ‘ﬁs'pp and curve denotes mcoherent
scatterng Heteby the soution of Mueller matrix for
the Jayered sojl mode] can he writen ag
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Fig 4 Scatterp€ mechanjsmn
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Exdwe@ o R; (6)° exdsﬂ‘{) o

T O, ;8 —e)+T Q@¢; 0,0 —¢)°

e e R0y e T (0,95 09 3)
where R and T denote the scatterng and trangm ssion
m atrices reectively The superscriPt n denotes
incoherent fied and ¢ for coherent fiel] he subscript i ]
denotes the propagation fran [ ayer i 10 the Layer,j and
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It can he seen hat the supsurface mojsture at e
dePth of 10—s50an might affect packscattering
ohsewation by severa] dB  Since he so0i] s [oss
dielectric mediuny  as the dePh increases this effect
from underlyin€ media pecames much weaker It is
amost negli€ble below ym dePh at UHF Whik 1 dB
difference can he seen at VHE [ower VHF should be
employed for propng ojjmojsture at deeper dePh

Now consider a three hYer mode] as shown n Fig 3
w here 91:10 @ §§ assumed (Other paranegers are the same
asF g5 Suppose hat the interface hetween [ ayery and3j

dB UHI

g,

Fg 6 (& DBackscattering w ith dif{erentmoisturewr

W, atUHE ( b) Backscatering with dif{erentmoisturew2

k 1S the ahsomwtion coefficent of[ ayery A |Imatrices in
E4 (3) can be found 11 Jin (1994).

4 SMUIATDN OF SUBSURFACE OBSEVA-
TDN AT UHF,VHF

Fist consijder a wo. pyer mode] ( i€ g, =&, )y
suppos'ngW — (05 for oP hyer vargance of rough
surface §=(, [A =8 57 M} correjaton kn8h k= 3\
=25 71 M and evahatnge of underyngmedia by Eds
(1 2) Under ncidence of 49° at UHF and VHF co
horizonta]y polarized backscatterng coeffcentg  —due ©
surface roughnegs underly n€ media ([Layerp and3) as
watr aldW =0 3 (5 for different dePh of the top
as ovn n F8s 5

layer is calculted bY Ed (3)
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(& Colprizonta]ly polarized backscattering atUHE (b) Co-horizona]ly polarized backscattering at VHEF

can he varying o an around (j’ backscattering {ran [ ayer
3 s averaged as

B 1 =

T IZ)G(Z)dZ (4)
Suppose @:6OC”} backscatterng coefficents at UHF and
VHF bands VersusW; V\é are shown n Figs g It s
opvious hat hoth UHF and VHF are sensjtve to W;_
change M Fig8g ( ay due to higer attenuaton at UHF
band V\é ~change camnot he we]] detected However n
FBe( b) te varjation of hackscattering Ver'susvv3 at VHF
band i clearly identified

g /dB VHI

W, atVHF
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5 MOISIURE ESIMATION OF THREE TAYER
SOIL.MODEL

The Penetraton dePt, of a hom ogeneous medium  {s
defined as dzl/k” where K’ is the inagenary part of
the wave num her of the medium The Penetatpon dePth
at UHF and VHF is sown n F& 7 Different
penetation dePth atUHF and VHF is sensitive 10 0i]
mosture at different dePth
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Fig7 Penetraton dePt atUHF and VHF
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L band can he used to sense the sojlmoisture at He
dePth kss han 1g an and surface roughness Suppose
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(a) Impact ©0 backscattering due 1 varjaton O[sz*

that from tHe measurament at [, pand the surface
roughness parane € rs ) 1 and moisulrevv1 = (05 are
obtained Meawhile d =10 6=0 1Ay =8 57
a  EQ 3Ag=25 71 @ and he incgdence atqp°
are ajways assumeq
Suppose that the sensiivity of SAR Observation i50, 1dB
10 detectmo sure varjatpn of() 1 It Presents a criterg Of
the retrivea] applicab ity as folpws
Ao =6 (W, W, W.)—6 (W, W, W)>q1dB
(5)
Fisty Fta varaton W' =W, 4q | andW,=W,,
Thep the change of hackscattering 4 0 for differenth
and ¢ at UHF and VHF is shown on Figs g ( a b)
respectively The red area n Fg£s g (& b) mnd icates
A< ( 1dB as undetectble orW, Figs g (¢ d)
show a pmojectionmap andm ght he easer © see where
theW3 _change cannot he identif g
[t can he seen hat he chang€e of hackscatering due ©
them ojsture at(JHF around (}:30(m 18 higer han VHE
The detectaple areas gven by FBs g ( a b) are laely
restricted WihinVVz<(), 25 because the strong reflection
fran the nterface of [aYers| andp shadows the weaker
refection fron the nerface of [ayers 9 and 3 which
causes difficulty {or estinaton of sojjmosure of [ ayery
AS mcreasing (i the change oﬂ]y; cannot he detected at
UHF band VHF band should be ajematyve]y useg Thus
we use UHF t© obtain he averagew; of [ayerp (10—
60 @) and then VHE forW, under he dePhgp m
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Since the inpact from J.ayer3 on hackscatering is
negli€ble atUHEF we firstuse wo. hyermode |w ithVVz
:VV3 10 evapateVVz by lnhearly increasingVVz_ Taking
the nvered resu]t ofW’2 mnto the three Jayermode] and
assum ingW'3> W? linearly increaseW; and optajn
inverted IesultW’3 at VHF band Iteratve approach is
used © invert\}v'2 asW’; by nputngw ; nto three_ layer
mode] at UHF band and agaip 1o invertW’; byw’; at
VHF band and soO on untj] convergence s {mnally
reacheq
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Backscaterng sinulatpn of three Jayer mode] 1S
tested for VariousV\é and Wy where 91 =60 M IS
assuned The mversion result is shown n F8 q The
average rejtive eror of Fig 9( 8 I8 18%.

Since the detectable area of [Layer3 is restricted by
W'2<0 25 the nversion result is hown in Fi€ g ( b).
Average relatve error 8o 3%. Inversion erors of hoth
Layersp and3 are sma || Thu’s our {terative mversion is
feasiple for soi]Profile mversion if Param eters of¢ D ,1
VV1 are known
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F& 9 Thversion of soj] vo jume mo jsture

( @ Invemsjon of s0i] vojunemoisture ofLaych ( by Inversion of soi] volunemoisture of [ ayers

6 CONCLUSION

In this Paper a tree pyer mode] of moistured 1]
media and the M ueller matrix soutjon are applied to
sinulacte hackscattering opserva tion of |ayered mo jsuured
land =il at UHF/ VHF bands

Assm g the detectaple difference of hackscatterng
obpservation is() | CB evaluation of 0ilmo jsture of [ ayers
below g an atVHF band is aPPlicable under e cond iton
that he oilmojsture of [ Layery i less hang, 25

Using our jterative approach of UHF/ VHF alemative
nversions  the sojlmosture profile of hyeredmedia can

be inverted
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