Simulation Method of SAR Raw Echo for Urban Scene
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Abstract. In this paper, a SAR raw data simulation method for urban scene is
presented based on the hypothesis that urban area is a set of vertical buildings
placed over a random rough dielectric terrain. Facet model and Kirchhoff ap-
proach appropriately including multiple-scattering effects are adopted here to
compute scattering coefficients in the scattering model, which operates in two-
dimensional Fourier transformed domain. Methods of computing the scattering
coefficients in different conditions are discussed in detail. Subsequently, the
computational formulas and steps are also provided. It is known that the scatter-
ing model can effectively simulate the urban scene. The proposed simulation
method of SAR raw echo turns out to be valid through simulation and analysis
of the imaging to raw echo.
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1 Introduction

SAR, one of the advanced techniques of radar imaging was developed in 1970s,
which is applied widely in many areas such as military, ocean, agriculture and so on.
Software simulation, which produces simulative echo and images, is a very important
and economical method in research of SAR systems .

Franceschetti ! shows a ground scene based digital elevation model (DEM) by es-
tablishing SARAS simulation system. A computing method of backscattered field of
building scenes and some formulas are also provided in [3].

In this paper the methods of facet model and Kirchhoff approach are used to com-
pute scattering coefficient based on the analysis to backscattering field and backscat-

tering coefficient based upon [3].

2 Scattering Model of Building

Urban scene is supposed as a set of vertical buildings on a random rough dielectric
terrain here. In case of just an isolated cube building for convenient analysis, whose
geometrical figure is showed in figl. Its vertical surface is parallel with axis Z and the
bottom side is Z=0.
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Fig. 2. (a) single, (b) double, and (c) triple scattering

In [4] the author analyzes the multiple scattering model and the conditions in point in
detail, the relative conclusions of which are cited here directly. Superposition of first-,
second-, and third-order contributions fully represent the scattered field; higher order
mutual interactions do not give any contribution to the backscattered field to the radar
antenna because the wall surface is supposed flat. In order to account for multiple scat-
tering between buildings and terrain, we use Geometric optics (GO) to evaluate the field
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reflected by the smooth wall toward the ground (first bounce) or the sensor (second or
third bounce), and PO (Physical optics) or GO (depending on ground surface roughness)
to evaluate the field scattered by the ground toward the wall (first or second bounce) or
the sensor (second bounce).

In the prevenient literature there are many researches about the computing method
of backscattering field which has only single scattering. The method in [2] is em-
ployed in the paper. The statistic characteristic of backscattering coefficient of single
scattering and double scattering has been given in [3] (Table III, Table IV). Below
the method of computing scattering coefficient in double and triple scattering based
upon single facet will be deduced. The single-[fig.2 (a)], double-[fig.2 (b)], triple-
[fig.2(c)] scattering are illuminated as follows.

3 Facet Model

Facet Model is physical model of simulating ground scattering characteristics. The
natural ground scene can be described by amounts of small facets which are tangent to
the surface of scenes. The electromagnetic field scattering characteristics of the ground
scene result from coherent superposition of backscattering field of facet'. The electro-
magnetic field scattering characteristics of facet is decided according to the roughness
degree '™ of the facet surface and medium material "' The dimension of facet is bigger
than the signal wavelength and less than resolution cell of radar so far !

4 The Computation Method of Scattering Coefficient

4.1 Scattering Coefficient S ¢ from Walls to the Ground

Because the relative is not backscattering between the direction of incident wave and
scattering wave, namely k_ # —k, , and the facet scattering coefficient computation

formula can be not used directly here in literature [3] and need to be deduced again.
According to Kirchhoff approach theory scattering field physical optics of each
facet can be deem approximately:

Jkr

_ ik N
Es(r): J4; EO(I_ksks)'F(ki’ei’n)'Is (1)
Wherein
F(i,a,ﬁ)=—(a-cz)(ﬁ-/€,«)q( R+ pYixg Ni+R,)
s 0 (2)
+(z 3 Nk, x(xg )J1+R, )+ (e p,) (n k)(k xg,J1-R,)
where 7 is the vector from antenna to facet, k is wavenumber, [ is unit matrix,
_ _ koxi

E, (17) is scattering field strength of facet along the direction of K, g, = ‘_ ,
k, xﬁ‘
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D; =q; X El ., R, and R are respectively polarized Fresnel reflection coefficients

along the direction of p; and g,. F reflects the electromagnetism characteristics of
polarization and facet surface and I reflects the shape of facet 2,
Suppose horizontal polarization direction unit vectors of incident field and scatter-

7xk. _ Fxk
k] ™

— S
—+ and €, =
xk;
zation direction unit vectors are €, =€, Xk, ande,, =€, Xk_.

ing field are e, = ‘Z <k respectively, and the vertical polari-
N

Al

According to the geometrical relative in fig.1,

k, =—sin 6y —cos 6Z,n = sin @gx + cos @y (3)

Meantime, the scattering field strength along the lens reflection direction of inci-
dent wave is biggest because the surface of walls is flat. Here k_ is reflection direc-

tion and
IEX = sin@sin 2¢x +sin @ cos 2¢y — cos 67 4)

The elements of scattering matrix

— vh ( 5)

can be given,

_ 2sinfcos (p(cos2 fcos’ pR, —sin’ (qu)

(6)
" cos’ @cos’ @+sin’ @
_ 2sin@cosfsin pcos’ (p(Rp + Rq) o
" cos’ @cos’ @+sin’ @
_ —2sin@cosGsin pcos’ (p(Rp +Rq) ®
e cos’ @cos’ p+sin’ @
_ 2sin@cos (p(— sin® R, + cos” @ cos’ (qu) )

v

cos’ fcos’ @ +sin’ @
As I ZIeXp[j(lgi —]ES)- ?li?' and El _Es are vertical to facet, I, = A and

A is the area of facet.
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4.2 Scattering Coefficient in Other Conditions

4.2.1 Scattering Coefficient S . from Walls to Radar

It is similar to the condition from walls to the ground. Now let —k; instead of
k;, —k, instead of k, e, instead of €, , €, instead of €, and bring them into
formula (2). The scattering matrix can be computed. Meantime, /, = A and A is the

area of facet.

4.2.2 Scattering Coefficient S aw from the Ground to Walls

There are two cases:
One: The scattering is backscattering when it is the second bound in triple scattering.
Two: When it is the first bound in double scattering, the normal vector of facet

4.2.3 Scattering Coefficient S or from the Ground to the Sensor

There are three cases:
One: When it is the second bound in double scattering, it can be computed by
equation (2) directly.
Two: When it is the second bound in triple scattering, it belongs backscattering.
Three: When it is the first bound, it belongs backscattering.

4.3 Computation of Multiple-Scattering Coefficients

In conclusion from that, the computation of double scattering and triple scattering
matrixes are as follows,

S=S, ., +S, =58

gwr wgr

+5.8,, (10)

gw

S=S =S S § (11)

5 Echo Generation Model

We consider that echo is get by targets’ backscattering coefficient through a system
function (x, r), namely s(x,r)= o(x,r)® h(x,r), and h(x,r) is expressed .

2
A e C

h(x, 7”) =w, (x)w, (r)rect{m

€ .
c

Where o(x, r) is backscattering coefficient, w, (-) is azimuth antenna pattern, w, () is

distance antenna pattern, rect(-) is rectangular window function, R(x) is the distance



Simulation Method of SAR Raw Echo for Urban Scene 601

between targets and radar, C is light velocity, A is wavelength and K is FM-ratio of
line frequency modulation signal (LFM).

The flow of echo simulation is as follows.

One: Generate building scene DEM data under background of Gauss random dis-
tribution.

Two: Compute the first scattering coefficient and the mean of scattering coefficient
of the same distance cells to the ground facet.

Three: Compute the second scattering coefficient and the mean of scattering coef-
ficient of the same distance cells to the ground facet and building facet.

Four: Compute the third scattering coefficient and the mean of scattering coeffi-
cient of the same distance cells to the ground facet and building facet.

Five: Perform multiplication between 2-D FFT of scattering coefficient O (x, r)
and 2-D FFT of system function h(x , I’) , which the result is .S (k f )
Six: The raw echo s(x , I’) is provided by operating 2-D FFT to S (k , f)

6 Simulation Results

Table 1. The system parameters of airborne SAR simulation

Parameter Value
Height 20000m
Wavelength 0.03m
Velocity of airplane 250m/s
Horizontal wave width 4.3°
Depression angle 25°
Vertical wave width 7.3°
Bandwidth 40MHz
Sampling rate 50MHz
Resolution SmX5m

Table 2. The parameters of ground scene

Parameter Value

Building height (h) 25m 40m
Building width (b) 25m 40m
Building length (1) 25m 40m
Angle between wall and flight direction () 0° 45°

building and ground dielectric constant £, 4

ground height obeys gauss random distribution | 6.28

and coarseness degree: KO

polarization mode VA%

The scattering figures are fig.3, fig.4, fig.5, fig.6 and image of raw signal is fig.7.
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Comtributions of many
times scattering

A
| layover

Fig. 3. Scattering figure when h=40m, b=40m, 1=25m, ¢ = 0’

Fig. 4. Scattering figure when h=40m, b=40m, 1=40m, ¢ =0

Fig. 5. Building scattering figure when h=40m,b=40m,1=25m, p=0 and h=25m,b=25m,]1=25m,
p=0
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Fig. 6. Scattering figure when h=40m,b=40m,1=40m, p=45

Fig. 7. Image when h=40m,b=40m,l=25m, =0

From fig.2 and fig.3, we can obviously see layover from left to right, subsequently
light scattering lines resulting from multiple scatterings of walls and shadow and
special phenomenon of SAR image. Meanwhile, the locations of layover and shadow
are relative to the length of the building. We can see from fig.7 that image is approach
to corresponding scattering coefficient in fig. 3.

7 Conclusion

The paper gives the formulas of computing scattering coefficient from wall to ground
in double and triple scattering based on facet building according to Kirchhoff ap-
proach and facet model. At the same time, the scattering coefficients and echoes of
building scenes with different parameters are also simulated. The result of test shows
hat the simulative method can response the special characteristics of SAR image, such
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as layover, shadow, azimuth base point and so on. Moreover, the method can simulate
raw signals adapted various SARs to different roughness degrees, different dielectrics,
different building shapes, different polarizations and so on.
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