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In this work, futl wave solutions for the single and double scailer radar cross sections from two dimensional
eandom cough surfaces are given. The solulions are expressed as multidimensiona? integrals. The high frequency
approximations arc used to reduce the double scattsz jategrals from twelve (o four dimensional. The single scatter
cross seelion s given in closed form. The large radius of curvature approximation s used. Fhe incident waves
are assureed to be plane waves. ‘

Simtlar to seattering from one dimensional random: rough surfaces, the wajor vontributions to the double
scallor cross sections come from two different pairs of paths. They are the quasi paraltel double scatter paths and the
quasi antiparallel double scatter paths. The tolal incoherent douhle scatter crass section i¢ the sum of the incoherent
quasi parallel and quasi antiparaltel double scalier cross seciions.

In the high lrequency lomii, the major conributions 1o the double and singlo scatter cross sections come
from the neighborhood of the specular poinis on the rough surface. Thus the surface element seatieri ng coefficients
are evaluated at the specular poinis after Integrating wilh tespect 10 the sjopes. The probability density functiots
of the slopes ate assumed to be Gaussion, Shadow Funciions are included in the expressions.

‘The effects of changing the rough surface paranieters, such as mean zquare height and mean square slope,
oni the double scatter cross sections are studied. The level and width of the peak in the backscatter direction depend
on the mean square height and slope of the rough surface, The numerical results show sharp eshsncement in the
backscatter directions. This shaip backscatter enhancement, which is observed for all palarizations and for both
normal and oblique incident angies, is sssociated with the quasi antiparslle] double scarter paths.

I. FORMULATION OF THE PROBLEM

The full wave solution for the double scauwer far fields Gilfi) from 1wo dimensiona) rough surfaces
(y = Alz4.2,)) is given by [1}
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in which the time harmenic excitations exp (jwf) are essumed ard the free space wave number is ko = /Eoii.
The incldent waves are in the direclion A° and ths scattered waves are in the ditection #/ to receive at 7, where

B = nie, +nl8y +nie, {28)
! = nfe, +afe, +nle, (2b)
F =28 + Y, + 26, (2}
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The scattesing matrices at paints 1 and 2° on the tough surfece are Dy (7', 7} and Dy (Y, '), The elements of
the scattering matrices depend an the local slope of the rough surface (1} Moreover, they depend oa the polarization
of the incident and scattered waves and the media on both sides of the rough inwrface. The incident fields arc
assumed 10 be plane waves and the receiver is located i the far field. The wavevestors of Lhe seatiered waves at
the point on the surface al 7oy are in the direction A" = nl&, + 7} &, + nié; (see Fig. 1), The positicn vectors
to points 1‘ and 2’ on the rough surface {see Pig. 1) are given by

Torr = @s1réy + f*(lﬂ:'l’\-’-'d')':'y + 2108y (3a)

T = a8y 4 N5z, 2027)8y + Zenrds (3

Al high frequencies, the shadow functions [/( 7,3} and U{F,9:) are equal to one if the paint at #,y. is illuminated
by the Incident waves and visible at point 2 on the surface and if the point at F.o is illuminated by a point source
at t* and visible at the receives [2]. The doubie suatler average cross section is obtained by multiplying (1) by i
complox conjugate. The radar cross section for the two dimensional rough surface is defined as
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in which A is the radar footpiint, thus
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For the quasi parallel doubte scalter paths (na,n‘, < 0 and nl,, 0% > 0; @ = «, 1), the following wans{oomations
of vasiaples am used:

da,pdegyrdr,pde,pde g ndegnde grdzgs

Ty = Zalr = kaawy  Tga T Tap = Teprs (6a)
Zg) = Fgye — Zalwy, R T Zgqe — Ty (6by
and .
#a1 = (Tar + T )2y Ty = {(Bar F 2az)f2 (70
) = (zll' + g‘l")ni2t a2 = (3.7‘2' + 3:7;”)lr2 (1)
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Thus from (3), (6) and (7). one gets for the quast paraliel case
34 Do/, 7) D5 (1, 8¥) Dy (7, 5) Dy (8", )

of = lﬁAr‘ (‘n e n;) (nf - n;:) (=nf -+ nl) (= +n3)
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xwxp {jko[nf 22 ~ n{(0.5202 ~ 0.B2g1 + 23 = 2a1) + n(~ 05202 + Qfizqy + a2 = 2a1) = Wi zar] }
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The major contributions ta the doubls and single scatier ¢ross sections, in 1he high frequency limit, come
from the neighborhood of the specwlar paints of the rough surface. The heighis at any rwo neighbor points an the
two dimensional rough susface are expanded and written as functions of the heighss and slopes at the midpoint
between them. The heights at points 1 and 1" on the rough sutfece are expanded aboat the heights at the midpoint
between themn, The statistical average of the radar cross section (8) with re.spect to the rasdom heights and slopes
of the surface is taken. Upon changieg the integeation variables n), nf, n}, and r% w the spherical coordinais
variables ¥ and ¢' one gers

b
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The integrations with respect (0 &41, %dz, 24y, and 243, yield Dirac delta funclions in the high frequency
limmit, 'ﬂn (9) the surfacs element scatlering coeflicients DP9 are evaluaed at the slopes a1 the specular poinis
hzeti. fizeze, Bacra 8nd Jocpe, 38 & result of integrating the Dirac Delta functions 8(.) with respect Lo the random
slopes, The psobability density functions of the (arge scals) slopes plAzei, broze Bects Firz) are assumed 1o be
Cnussian, The slopes at the specular points are given by

. . ’ 5 . o 4 n

hm.=-—[—n',+ n":n’]f[-n;,+ -Li-«ﬁ] (108)
r M 4 H
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207




ay + nff iy, + Ty
hagay = = [-—n{ + ‘T"*],’[—n;’ + —1-5—-'1] {10d)

The inkegrations over £a1, Tq2, a1 and z,z yield the footprint area A and the sinc functions. Porthermore, Ly, is
the mean width of 2 typical depression on the rough surface {1, (3], [4]. The probabiliiies thal the surface does not
shadow the incident and scatlered waves are given by P2 (%) and Pa(if), respectively [2}, and [1 ~ o) is associated
with the prokability of a double scatter event. The symbols I/ and H are fos vertical and horizontal polarizations.
For the quasi antipasalicl double scatter paths, the followiag teansformations of variables are used in (5):

Zdi = Tppr — Tspn, Zds = Laz - gy, (11a)

241 = Zgpr = Bgav, 24y = Egy = Egn (1iby

Thus, one gets the following expression for the bigh frequency quesi antiparatle! (nf, < 0. af > 0and nj, >
0, nl < 0; o = r.2z) double scauer cross section
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The slopes w the speculer paints for the quusi anliparallel case are given by o)
haers = ~ [--ﬂi, 4y -0l 4 n{]![n; i my - n;j] (138}
becs = <[ 1 [of =+ o] -
Reors = — [u{ ~ k) — n’,’]/[n{ - nf - nl - nj] (i%)
Recy = —[n{ wnl put - ni][[u;,' ~fy 1y — ﬂ;.} {13d)

The sharp enhancement in the backscarter direction (A = i) is associated with the quasi antiparalle] (A’ & wi'")
doable scatter cross section (12). Note the differonce in the expressions for (he slopes at the specular paints for
ke quasi parallel and the quasi antiparallel cases {10) and (13). For backscaller at pormel incidence the major
contributicns te the donble scaner coss sections come from quasi horizontal paths between points | and 2 (set Fig.
1) and tho slopes at the stationary points are approximately £45
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II. NUMERICAL EXAMPLES

The incoherent double scatter cross scctions (quasi parallel 4 quasi antipsrattel) for two dimensiona? rough
surfaces are plotted in Figs. 2.3 and 4 13 functions of the scatter engle 97 cos of (wheee ¢ = 0, ¢f = 0,7), The
two dimensional rough surface is assumed 10 be coated with gold of permittivity &, = —9.888312 — j1.051766 at
A = 0.633em., The incident angle is egual to 10°. The Rayleigh ronghness parsmeter § = 443{4%) is assumed
to equal 394,105 in Figs. 2 and 4. In Figs. 2 and 3, the V'V polarized double scatter cross sections are shown.
The effect of changing the mean square slope (m.s.8.) s shown in Fig. 2 where it is assumed 10 be 0.25, 0.4,
0.5, 0.65, 0.75, 0.85 and 1.0. The level of the peak enhanced backscauer cross section is highest for mean vquare
slope egual to 1.0 and it decreases as the rmean square slope decreases to 0.25. [n Fig. 3, the mean square slope
is assumned o be 0.5 and the Rayleigh roughness parameter is assumed 10 be 10, 50, 100. 200, 300, tad 394.105.
The level of the peak cnhanced backscatter increases as the Rayleigh roughness parameter increases. The width
of the enhanced backseatter peak increases ag both the Rayleigh roughness parameter and the mean square slope
decrease. The cross sections for different polarizations {VV, HH, VH, HV) are shown in Fig. ¢ in which the
mean square slope is assumed 1o be 0.5 and & §s assumed to be 394,105, Erhanced backscatier is observed for the
four polarizations congidesed. The levels of the peak double scatter ¢ross sections (3n the backward direction} are
approximately the same for both the like and crass polarized cases. The sharp backscaner enhancement observed
fos all polarizalions, is associaled wilh the quasi antiparallel double scatler paths,

CONCLUSIONS

The results for the douhle scaller tadar cross sections exhibit sharp enhancement in the backscalter direction
anormial and obliqus incident angles. This sharp enhancement is associated with the quasi anliparallel double scatter
path. The height and width of the peuk ia the backscailer diseclion depends on the mean square height and slope
of the two dimensional random rough surlace. The high frequency approximations make the compulations more
tractahle; however, the polanization dependence is less obvious [3].
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Fig. 3, 81100, ¢,+-9.888312-}1.051766, 1~0.633 p.m., mean square slope=0.5.
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