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Int..roduct..lon 
Theoretical consideration of the.rrTBl emission and scattering of 

electranagnetic waves by ro..Jgh surface attracts grow.ing interest nowadays. 
Detailed. study of these problems has been perfonred for the cases of well 
conducting medium or hancgenecus dielectric ffilfspace with irregular 
bcundary [1-3). We emplOY more sophisticated roc.d..el of a medium characterized 
by i.nhcm:genecus permittivity profile. For such model we derive analitical 
solution of the above-meJ1tioned problems in the case of srrall rcughness. The 
€Cluilibrium t.henml fluctuation theory [4] is applied to reduce the emission 
problem to the diffraction one for plane rronochraratic wave. The 1TU1tiple 
scattering theOl'Y and the snBll perturbation method are use:l to calculate 
coherent reflectioo coefficients [5] and blstatic scattering coefficients 
respectively. As the two-layered mediwn model has been used successfully in 
the studies of sea ice, lake ice and vegetation canopies [6,7] we present 
here detailed analysis of how both spatial inhaoc:geneity and !;m3.11 rcu.ghness 
influence co emissivity and backscattering of such structure. 

Model 
The sta.rting point is the mcx:lel of a regular layered rredium c:x::o..lpying 

the lower half~ z< 0 (terrain) and characterized. by the permittivity 
profile £ (z), where c (z) is a piecewise-continuaIS ccmplex-value function of 
the vertical coordinate. The upper halfspace z>O is free (air). ~etic 
permeability takes everywhere constant value 1. When the irregularities are 
present the real air-terrain interface is given in each rea.lization by the 

B:luation ~(1), where 1::(x,y,O); ( is a randan function with zero mean 

value and correlation function «(1)(1' »=8(1--1'). We assume that the rms 

roughness height 0'::<(2)J./2 is rruch SlBller than the loBvelength in free space 
and ch3.racteristic horizontal size of the irregularities. 

&.lppose tha.t a plane wave of arbitrary polarization is caning fran free 

space in the direction of the unit vector t ::(cos,p.sin<:x . • sin¢. si n.d . • -cosd. ) : 
~ ~ l l l l 

(1 ) 

where the time factor exp(-iwt) is emitted, k;::::--w/c, c is the speed of 
light in free space; d . ,,p. - angle of incidence and azilTuth angle of , , 
propagatiCl1j ~. , t are vector' 5 amplitudes defined by the relations ~ .. t ::0, 

l l l l 

t.. =tx~ . . Let's represent the difracted field ~<d> (~) , ~<d'(~ ) in the region , , , 
z>O as a sum of the 
canponents: 

statistically mean 

1:'''' (~)=<1:'d' (~» + 1:'" (~). 

(coherent) and fluctuating 

(2) 

The coherent reflected field in 

<~'d'(~»=~ eXP(ikt ,~) 
free space is given by the expressions: 

, , <~'d' (~) >=t. exp( i kt .~); (3) , , 
~ .. .. -:t 
e =z xn ('" +' R )--<0 (. R +' R ), r 0 l ·H~HH 'v HV r'V HV ON VH 

t.=~x~. (AR +AR )~(All +AR ). 
rOt -v vv -\I VH r ""k°HH "li HV 
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Here! r and 10 are un! t vectors alcng the reflactance direction and along Oz 

axis correspondingly: 1 =~ sinoc +1 case( J rt = (cos l'/> • sin¢ .0); ~ =-~ cOSe( + 
rl. ~o \. I. I. l r L \. 

z since:. ; A -scalar amplitude of vertically (v :V) or horizontally ( .... =H ) o ,'." 

polarized CClI!pcnenets of the incident wave:A =1 xrt . t I A =1. x rt ';. ; R -
-" a \. l H 0 \. l J..lV 

coherent ref!ectioo coefficient of a v-polarized plane wave into a plane 
wave of /oJ-polarization (j..J ,v=V ,H). The coherent reflection coefficients are 
famd in [5] . Henceforth ~ sh3.11 assume that the relevant quantities are 
!mown, 

The energy flux density of the flucbJatlng canponent ~f(~) = (c/8n ) 
• .<f ,*", . ,f, ... . , 

He( ,l!; (K)xH (.K» (* denotes cx::rnplex conJugate) at the observatl.oo POint 
locate:1 in free space at a 3.Jfficient distance fran the rcugh boundary we 
have obta:1ned using the 3lBll perturbation method. As a result we arrive at 
the following expression for the backscattering cross section o f the roogh 
interface: 

O'(or,¢,a)=I&-ll k 8(p) la 'z xn. 1 I1+R (or) I + -II 2 .. - ~ ( -11*'" .. .. ... 
0, H 

-fII* ~ .. 2 . 2 2 2 2) la "'. 1 f(l+Ry (or )) stn orl& +(1-I\,(or)) eos or l 14. (5) 

We use the following notations: ~ is a unit vector defined by polarization 

of th3 receiving antenna.: (\* ·(\:;:1 ; CE£(-O) , Ci. and ¢ - angles associated with 
observaticn point: ~Ci.<fT/2, ~¢<2rr. E.g . for vertical direction we have Ci.:;:O - .. 
and ¢ arbitrary. The S)'I!lbol 8 d .... otes spatial spectrum of ralghness, 8 ( p)= 

-2f ... ...... -+.. ... ( 2fT) dxdy B(r)exp(ip·r), p:;:2kii. sinoe, n . :;:(cosrj),sintjJ,O) , , , ~ . ::;b.. COSCi.+ , , .. . 
z; 5Lnoe; 
o R. is Wlperturbed reflecticn coefficients fran the SlOClOth bamdary 

J 

zoO of layered halfspace for j-polarized plane _ve (j=V, H) . 

We assume that the thertoodynamic terTperature T is a constant thrc:ughaJt 
the medium. 'Then the brightness tanperature T b of the terrain associated 

with polarizatioo -a and observaticn angles Ci., ¢ is given by the following 
expressions (8]: .. .. ....* ~ .. .. 2 Tb(or,¢,a)=e(or,¢ , a)T; e(or,¢,a)=l-la' ( RVy(or,¢)-zoxn RyH(or,¢)) I -

21l n/2. _ 

I;\*- (~ox~ RHH (or,¢)~ RHy (or ,¢)) I' -( l/4)seeo< I c-1 1
2
k' f d¢' f do(' Sinor'S(q) 

o 0 

(I (1+R,. (or))( 1+R,. (or') )eos(¢' -¢ )(<l*-1ox~ ) - ( 1-1\, (or) )sin(¢' -¢)<"(l*- ~~ 12 + 

I ((l+R (ct ))(1+R (or'))sinorsinor' / &-(1-R (or»)(l-" (or'))eosoreosor" (6) v v v-V 

eos(¢'-¢))<;\*'~~-(l+R (or))(1-R (or '))eosor 'sin(¢'-¢)(;\*-1 X~) 12) . 
H Y 0 

Here e(Ci.,¢, (\ ) is the surface emissivity for polarizaticn (\, ~::;-b.cOSCi.+1oSinoe, 

q:;:(~.~ .O). ~::;:k(coS¢Sin.cl.-cos¢'sinoe'), ~::;:k (s i.ntjJsi.n.cI.-si.n¢'si.nct') ; 

n::;( -cos¢. -5i. ntjJ. 0). 

These expressions are valid in case of arbitrary layered medium and 
anisotropic roughness and can be used to obtain the Stakes parameters. 

Numerical simulation and discussion 
We payed special attention to the model of two- layered halfspace (layer 

of finite thickness b placed an semi-infinite &.lbstrate) with isotropic 
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roogrmess OCI its OJter bo..mdary . Thus function c;: (z) equals c in the layer , 
-b < z ~ O and c in the substrate -w< z~ -b, where £. -some ccmplex ccnstants. 

2 1 .2 

We have investigated the influence of both surface rc:ughness and b9.ckgroond 
inhc:tncgeneity on backscattering and emissivity of the h9.lfspace z<O . 

In the backscattering the effect of the la.yer presence can be 
ch3.racterized by the ratio G.(OC:)=O' . (O(,¢)/O' . (d,¢), where 0', 0' are 

J J JOO J JOO 

backscatter:1ng cross sections an j=H, V polarizaticn for the above mentioned 
rocx::iel (0' . ) and the model with the layer of inf inite thickness (0' : b:;::oo). I t 

J ,,,, 

can be easily shown tha.t this ratio is independent of azinuth angle ¢ and 

roo.ghness spectrum 8 . Angular beh:iViarr of Gv (solid line) and GH( dotted 

line) for the structure with kb=O.3 (curve 1) and kb=2.4 (o.u-ve 2) are shown 
an Fig. 1. Other parameter values are chosen as c =2+0.02(, c =20+0.2i. , 2 
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Figure 1. The nornalized back.scattering cross- sections G , dB. 
J 

As for the problem of thernBl raciioemissioo. we cala..llated 
emissivities of the two-layered structure rentianed above for the case when 
the cuter 1:x:tmdal:y z=O is sroooth (eo) and roogh (e), and investigated the 

difference ~=e-e due to ro;,gmess. Therrral emission of regular o 
nultilayered structures has been studied e.g. in [3]. We treated the case 

of isotropic rougmess with Gaussian correlation function: 8 (t)=0'2exp (_r
z 

/ 

l. 2) I where l. is a horizcntal scale of irregulariries. 
The angular dependences of .6..v (solld line) and .6.

H 
(dotted line) for 

different values of tgo1=Imc:l;'Ree1 (l-tgo1=O.OOl; 2-tg0j.=O.12)are shown in 

Fig.2. Here Iw=O.09, kl=1.79, kb=20 , Re< =3, C =14+3< .9.lrface r=ghness 
, 2 

causes decrease in €fTlissivity for horizontal polarization in the vicinity 

of 0( • where 0( is defined by the equation kbRe(c _s(nzo( )1/ z=n(n_l!2), n=l, 
n n 1 n 

2,3 ... Note, that for the same angles (oc=oc
n

) the nexina. of emissivity eo for 

regular stru.cture oca..rrs. nus &.lI'face rcoghness reduces interference 
phencmena in the layer. 
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Figure 2. The additional (due to rcoghness) enissivity a as a 

) 

observation angle. 
Conc l usion 

functioo of 

The analitical expressions for emissivity and backscattering 
cross-sections of I1J.lltllayered. mediwn with rough surface are obtained. 
Nwnerical analysis of mic.rovave scattering and emission of two-layered. 
structure with SJB.ll rCXJShness of the upper l:x:undary is carried rut. It is 
sJ1c:K..m th9.t inhcm::genecA.ls bac.kgrOW1d leads to essential changes in the 
claracter of micr~ve back:scattering and emission fran rcugh SJrface as 
c::ar:p:u-ed. with the case when the structure is electrically hcrnc€enecus. The 
results obtained extend possibilities in the interpretat!oo. of rerrote 
sensing data. 
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