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~ Abstract—Synthetic aperture radar (SAR) raw signal simula- simulator is highly desirable. Such a simulator would be really
tion is a powerful tool for designing new sensors, testing processing yseful only if it meets some stringent requirements: it must
algorithms, planning missions, and devising inversion algorithms.  4¢count for both SAR system (frequency, chirp bandwidth, an-
In this paper, a spotlight SAR raw signal simulator for distributed t di . t d ic height fil
targets is presented. The proposed procedure is based on a Fourier enna dimensions, e Cj) gn scgne (macroscopic heig p_roll e
domain analysis: a proper analytical reformulation of the spotlight ~ Surface roughness, soil dielectric constant, etc.) characteristics;
SAR raw signal expression is presented. It is shown that this refor- it must be able to deal with extended scenes and not just with a
mulation allows us to design a very efficient simulation scheme that |imited number of scattering points; finally, the simulation code
employs fast Fourier transform codes. Accordingly, the computa- ..st be efficient and time and memory saving. A stripmap
tional load is dramatically reduced with respect to a time-domain SAR . | simulator that ts ab . t
simulation and this, for the first time, makes spotlight simulation raw s!gna simufator . at meets above requwemgn S was
of extended scenes feasible. presented in [8]-[10]. In this paper, we extend that simulator
to include the spotlight mode.

The stripmap simulator of [8]-[10] employs a procedure that
consists of two main stages. In the first stage, given the orbit
data and the scene geometric and electromagnetic parameters,

. INTRODUCTION the scene reflectivity map is evaluated. In the second stage,

YNTHETIC APERTURE radar (SAR) is a powerful re-the SAR raw signal is computed via a superposition integral
ote sensing technique that allows the generation of i which the reflectivity map is weighted by the SAR system

crowave images of the earth’s surface, independently of weatfi#p-dimensional (2-D) pulse response (see Section Il). This su-
condition and sun illumination. In particular, the SAR spotlighferposition integral is efficiently evaluated in the Fourier do-
mode [1] is able to obtain a high geometric azimuth resolutidh@in via fast Fourier transform (FFT) codes. When we move
by steering the radar antenna beam during the raw data acquithe spotlight case, the first stage, i.e., the reflectivity map
tion interval, to always illuminate the same area on the grour@gneration, remains conceptually unchanged. With regard to the
This azimuth steering allows the sensor to obtain a longer syf.cond stage, the SAR system 2-D pulse response must be prop-
thetic array without reducing the real antenna azimuth size. §HY changed. In addition, the use of the Fourier domain formu-
the stripmap mode, the same antenna reduction would requfféon is not straightforward, because the spotlight SAR system
an increase in the pulse repetition frequency (PRF), to avdrgnsfer functlon_turns outto depend on the azimuth coordinate
aliasing and a corresponding reduction in the range swath,9ghe ground point [2]. However, this problem can be overcome
avoid range ambiguity problems [2]; conversely, in the spotligh€ explained in Section I, S0 tha.t we are Stl!| able to use an ef-
mode the higher azimuth resolution can be obtained withdifti€nt 2-D FFT-based algorithm in the spotlight case.
increasing the pulse repetition frequency, thus avoiding any cor-10 the best of our knowledge, this is the first time that a spot-
responding increase of the data rate and also avoiding range it SAR raw signal simulator for extended scenes operating
biguity problems. This advantage is paid with an azimuth reduf-the Fourier-transformed domal_n |s.presented. As a matter of
tion of the illuminated area and an increase of complexity of dafgct, UP to now only space-domain simulators have been used,
processing needed to obtain the final high resolution image. Such as the point scatterer simulators used to test some pro-

Different approaches have been proposed in the last year§§§Sing algorithms (e.g., [7]) and the simulator described in
process spotlight SAR data [3][7]. In order to test processiftgl]- The advantage of dealing with extended scenes is only paid
algorithms, to verify the impact of different system desighith the fact that our§|mulator does not include effects of arbi-
choices on the final image for different kinds of imaged scen&&'y deviations from ideal sensor trajectory. The paper is orga-

and finally to help mission planning, a spotlight SAR raw signéliZEd as fpllows. In Sgction Il, the SAR raw signal for stripmap
and spotlight cases is evaluated in both space and frequency

domains, in order to explain the method employed to perform

Index Terms—Radar, scattering, simulation, spotlight synthetic
aperture radar (SAR), synthetic aperture radar (SAR).
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Il. SAR RAW SIGNAL EVALUATION f

X
sensor position A(x : o’ o)

In this section, we evaluate the SAR raw signal for both tt
stripmap and the spotlight modes and both in time and frequer
domains, in order to devise a method to extend the efficient fi
guency domain approach used in the stripmap simulator to 1
spotlight case. We perform here a continuous time analysis ¢
defer to Section Ill considerations regarding PRF and sampli
frequency problems. w

We first evaluate the SAR raw signal for the stripmap mod
Chirp modulation (i.e., linear FM ) of the transmitted pulse i
assumed. We get the following expression for the SAR ra
signal (after heterodyne, i.e., downconversion to baseband) |
[8]-[10] (see also Fig. 1):

hstrip ( z’ r // x,T) exp[ }

4 _
- exp [— 7TL(7" —T—AR)2

A ocTr
-z " —r— AR
(e[ e oo
(2.1)
Fig. 1. Geometry of the problem.
with
2 TABLE |
AR=R—r=\/r?+(2' —2)" — 1. (2.2) MAIN SAR SrSTEM DATA USED IN THE SIMULATION RUNS
In (2.1) and (2.2), we have the following. Platform height (/) 775 km
z, 7,0 coordinates in the cylindrical coordinate Platform velocity (v) 6.69 ks
. . Look angle () 23 degrees
system whose: axis is the sensor line of Azimuth antenna dimension (L) T 150m
flight; Range antenna dimension 2m
A= (2',0,0) antenna position; Carrier frequency (f) 5.3 GHz
¥(z,7) scene reflectivity pattern, including the Pulse duration (1) 55ps
phase factoexp[—j (47 /\)r]; ls’ulse bandwidth (4/) 70 MHz
. ampling frequency (f;) 100 MHz
A f carrier wavelength and frequency of the Pulse repetition frequency (PRF) 900 Hz
transmitted signal, respectively; Spotlight mode gain (X1/X) 3
R distance from A to the generic point
(z,r,9(z,r)) of the scene;
¥ = d(z,r) soil surface equation in cylindrical coordi-r’ ¢/2 times the time elapsed from the pulse
nates, which allows calculation of the local transmission.
look angle from the range and azimuth po- The Fourier transform (FT) of (2.1) can be performed by
sition of the ground point; it can be derivedusing the stationary phase method, thus obtaining the following
from knowledge of the sensor line of flightraw signal expression in the frequency dona§gf [8]-[10]:
and of the scene topography (see [8]-[10]);
Ry distance from the line of flight to the centery ... (¢,n) = //’Y(% 1) Glatrip (6,7 7)
of the scene;
Af chirp banC.IWIdth; -exp [—j€x]exp [—jnr] dzdr (2.3)
c speed of light;
T pulse duration time; where
w(-) azimuth illumination diagram of the real
antenna over the ground; 2 &2 (RL)
X = ARy/L real antenna azimuth footprint; we assume&strip(&,7;7) = exp {_jzl_b} exp —jioA
that w(-) is negligible when the absolute da (1 + (Z‘/r))
value of its argument is larger than 1/2;
L azimuth dimension of the real antenna; rect [ZZT] w? <i> (2.9)
rect[t/T] standard rectangular window function, i.e., T2 2aX
rect[t/T] = 11if |t| < T/2; otherwise Lin this expression, as well as in (2.7) and (2.11), nonessential multiplicative

rect[t/T] = 0; constants are ignored.
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eter ‘ ‘ ] in which T'(¢,7) is the FT of v(z,7), Gowip(,m) =
Gsuip(§;m7 = Ro), and Q(&) and p(¢) account for the
space-variant characteristics of the SAR STF (i.e., the focus

sl ] depth variation). Their full expressions are

& £ A

I ] = Q) =1- 2
] ) 4a Ry (&) 4aRg 47
Wmmmm : The range migration effect is automatically taken into account
T by the 2-D formulation of (2.3)—(2.5).

Equation (2.5) suggests that the stripmap SAR raw signal
simulation can be performed via the following steps:

* generation of the scene reflectivity patterfx, r);

» 2-D FFT of the reflectivity pattern, to obtali(¢, n);
I ] « interpolation in the Fourier domain, to obtain the desired
=0 - e o valuesl'(&, nQ(&)+u(€)) from the available onds(¢, 7);

multiplication by Gostrip (€, 1), to obtain the FTH,,i, Of
@ the raw signal,
* 2-D inverse FFT, to finally obtain the SAR raw signal

0.10 T T T T hstrip (37/7 Tl)-

I 1 This is actually the method employed in the stripmap SAR
] raw signal simulator presented in [8]-[10]. Note that 2-D
I ] Fourier transform and subsequent Fourier domain interpolation
Q.05 - are only conceptually two separated steps. In practiée 5 1

i 1 interpolation can be precisely and efficiently performed by
multiplying the azimuth-transformed reflectivity by a linear
4 (with respect to-) phase exponential before range-transforming
. it. If Q cannot be approximated by unity, 2-D transform and
] interpolation can be performed with high accuracy by using a
chirp scaling algorithm [12].
. : Let us now move to the spotlight mode. In this case, the SAR
—0.05~ . raw signal can be expressed as follows [2]:

I hspot (2, 7") ://’}/(.’1777”) exp [—j%AR]
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Fig. 2. Difference between the phase of the raw signal simulated by using the X1 %

proposed approach and the phase of the raw signal obtained by time-domain (2.6)
simulation. (a) Azimuth cut. (b) Range cut. The scattering point is placed in the :

center of the illuminated scene.

where X is the length of the trajectory flight portion used to
acquire the raw data. Note that, due to the different acquisition
eometry, in the spotlight case the antenna azimuth pattejn

is the space-variant SAR system transfer function (STF) in tﬁ%pends o and not on the difference— z” as in the stripmap

stripmap mode and case; in addition, (2.6) includesrect|-] function of width X,
accounting for the finite length of the trajectory flight portion
I dn % used to acquire the raw data.
6=— b=——"— The FT of (2.6) can be performed by using again the sta-

AR Aer tionary phase method, thus obtaining the following raw signal

expression in the frequency domain [2]:
By exploiting the particular form of thedependence in (2.4),
(2.3) can be rewritten as [2], [8]

Hop&.1) = [[26.007 () Gupor(€, i, 7)

Hstrip(g'/ 77) = GOstrip(€7 U)F(f7 779(5) + M(f)) (25) . exp[—Jfa:] PXP[—JnT]dl’d?" (27)
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where Equation (2.12) is identical to (2.4), except for the last “rect”
, ¢ (L) function that replaces the azimuth antenna pattern, so that (2.11)
Gavon (€21 7,7) = exp {—j—] exp | —i Ro can be recast in the form
SPOtASy Ty 4b 4 (1 nA ) ~ A _
a + (4m) Hspot (f 77) = GOspot(fan)F(57 779(5) + M(f)) (213)

| " & — 2ax 28 in which I'(¢,n) is the FT of (z,r)w?(z/X) and

ree Zer N T2ax, (2.8) Gospot(€:1) = Gspor(&,m;7 = Ro). Note that the azimuth
_ ) ) _ ) bandwidth ofh,.t (2, 7’), and hence (at least approximately)
Is the space-variant SAR STF in the spotlight méd#uations  of the overall raw signal bandwidth, is increased by a factor
(2.7) and (2.8) are very interesting, since they show [see the st x, / x with respect to the stripmap case.
rect term in (2.8)] that the FT of the raw signal of a point scat- gquations (2.9) and (2.13) suggest that the spotlight SAR raw
terer placed in(x, r) is centered around an azimuth frequencyjgnal simulation can be performed via the following steps:
dependent on: and its azimuth ba_ndW|dth Is increased by a -, generation of the scene reflectivity pattern, including the
factor X, /X with respect to the stripmap case, so that the az- antenna patterny(x, r)w?(z/ X );
imuth resolution is improved by the same factor. However, (2.7) 2D FET of the refléctivity patte,rn to obtal(¢, 7);
and (2.8) are not useful if one wants to perform a simulation interpolation in the Fourier domai7n to obtain7the, desired
in the Fourier domain. In fact, due to thedependence of the values' (¢, () +u(¢)) from the avlailable NS (¢, 1)

spotlight SAR STF via the laskct[-] function in (2.8), these Co .
equations cannot be cast in a form similar to that of (2.5). This multiplication by Gofp‘),t(,f’ n), SO obtaining the FT
Hspot(ga 77) Of hspot(x , T )1

problem can be solved by rewriting (2.6) as « 2-D inverse FFT, to obtaiﬁspot(x’, r);

;. A Py « multiplication byrect[z’/X], in order to finally obtain
hspot (a',77) = rect [E] frspot (2,77) (2.9) the spotlight raw sigrgdbipm%x’,r’).

with This is the method employed in the simulator that we here
propose, described in the next section. This procedure has two

hspot (', 7") ://7(:57 ) exp _j4_7rAR] main advantages: first of all, use is made of efficient FFT codes,
. A thus reducing the computational load with respect to a time-

domain simulation; in addition, the procedure is analogous to

w? (ﬁ) the one used in the existing stripmap simulator, so that most of
the algorithms employed in that simulator can be reused after

[ o —z } [(r' —7r—AR) minor changes.
- rect rect | ———+

cr ddr. It must be noted that the presented procedure assumes a

(2.10) straight line flight path. This is usually a good approxima-
tion for a few kilometers portion of the elliptical orbit of a

Note that inclusion ofect[(z’ — z)/(X + X1 )] does not alter spaceborne sensor. Conversely, in the case of airborne sensors

the value of (2.9) and (2.10), because this factor is equal to agpreciable deviations from the ideal trajectory may occur:

if both rect[z’/ X;] andw?(x/X) are not null. effects of these deviations are not included in our simulator
Equation (2.9), even if very simple, is essential for modelingnd arbitrary deviations cannot be accounted for by any Fourier

the spotlight simulator as a stripmap one. In fact, (2.10) is naomain simulator. However, the effect of some particular kinds

formally very similar to (2.1) and can be similarly treated. Acef deviations from ideal trajectory (e.g., sinusoidal deviations,

cordingly, by using the stationary phase method we obtain tbe sufficiently smooth deviations) can be accounted for by

FT of hgpot (27, 1) properly modifying the system transfer function, according to
~ . N the guidelines provided in [13]. This approach would be useful
Hepot(&m) = //7(1’77")71}2 (Y)Gspot(€7n;’r) for instance to identify cases that require motion compensa-

tion. However, if a motion compensation algorithm must be
-exp[—jéx] exp[—jnr]dzdr (2.11) tested, use of a point target simulator is sufficient and more
appropriate.

ately modifying the simulation of the reflectivity pattern. The

where Finally, it can be shown that the effect of a squinted acquisi-
. 2 £ (RLO) tion geometry could be included in our formulation by adding
Gspot(§,m;7) = exp {—jﬂ] exp —jm a proper shift to the last “rect” function of (2.12) and appropri-
al|l+
(4m)

¢ application of the proposed simulation scheme to the case of
-rect [QZZT] rect <2 X > . (2.12) squinted geometry is certainly interesting, because in this case
2 a(X +X1) it is known that spotlight processing algorithms often degrade.

2

2Equation (2.8) holds fo# < R2X and is here used only for the sakeHHOWeVer, full analysis and assessment of the simulator behavior
of simplicity. This condition is usually, but not always, met by actual spotlighior squinted geometries deserve an “ad hoc” discussion that

SAR systems. In order to account for a larger variation of the observation anglgy,|d be beyond the scope of this paper. Accordingly in the
during the acquisition time, a more precise (but more involved) expression '

| . . .
available [2]. Considerations reported in this paper also apply to this more pf@ﬁ-low'ng we Cons'der a .nonsqumted Qeometfy and defer the
cise expression. complete analysis of squinted geometries to future work.
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I1l. SPOTLIGHT SIMULATOR

Analogously to the stripmap simulator of [8]-[10], the
proposed spotlight simulator employs a procedure that consi
of two main stages. In the first stage, given the orbit data az | i
the scene geometric and electromagnetic parameters, the s<= o8l -
reflectivity map is evaluated. In the second stage, the SAR nb I ]
signal is computed via a superposition integral in which tr;_;
reflectivity map is weighted by the SAR system 2-D pulse reg
sponse. With regard to the first stage, the imaged scene surf?f i ]
profile is approximated by rectangular planar facets, to WhO» At -
a random small scale roughness is superimposed. The f|§‘ I ]
backscattered by each facet is evaluated as in [8] by taking i ir
account facet slope, roughness and electromagnetic parame
transmitting and receiving polarizations and incidence ang I ]
so that a reflectivity map is obtained. A ground range to sla ~ °%; =k s TRk
range projection ensures that foreshortening and layover effe . .

. . . Azimuth [pixels]
are taken into account [8], whereas a recursive ray-traci
procedure identifies the shadowed facets [8]. Details on tt @
first stage of the simulation procedure can be found in [8]—-[1C 12 : : ;
However, in the spotlight case some more consideratio
are needed on the choice of facets’ dimensions and on -
evaluation of the incidence angle.

The facets’ linear dimensions can be chosen much largertt — [ ]
wavelength. However they must be small enough to allow th = o8- A
the corresponding discretized reflectivity map accurately a b ' ]
proximates the true reflectivity map over a bandwidth large¢ £
than the one oGspot, i.e., larger tharza(X + X;) andber
in the azimuth and range directions, respectively [see (2.1Z ¥
Accordingly, the facet’'s range size must be smaller than tI&
system range resolution: we set this size equal to the final rar §
pixel spacing:/(2f,), wheref; is the received signal sampling
frequency. And the facet's azimuth size must be smaller th
27 /[2a(X + X1)], i.e., thanL/2/(1 + X; /X ): we set this size
equal tov/PRF/(1 + X;/X), wherew is the sensor velocity,
PRF is the system pulse repetition frequency affdRF must Range [pixels]
not be greater than /2. (b)

With regard to the incidence angle on each single facet, it
obviously depends on facet position and slope and also on Hk? 3. Amplitudes of the raw signals simulated by using the proposed
sensor position, and hence it varies during the integration tim@proach (oscillating curve) and obtained by time-domain simulation (straight
This change is of course stronger in the spotlight than in tﬂ@e) (a) Azimuth cut. (b) Range cut. The scattering point is placed in the

enter of the illuminated scene.
stripmap mode. However, even in the spotlight case the chang
in the incidence angle during the acquisition time is usually
quite small, in fact usuallyX; < Ry. Since the reflectivity and then multiplied byf}spot and finally an inverse FFT is per-
function of most targets is slowly varying with the incidencéormed, to obtairfzspot(w’,r’), still sampled at spatial frequen-
angle, in order to evaluate the facet reflectivity (amdy to this cies2f;/cin range and1 + X; /X )PRF/v in azimuth (so that
aim) we can assume that the incidence direction is fixed and @iasing is avoided). This modified raw signal has an overall
incident with the range directiohduring the whole integration length equal toX'; + X (in fact, all FFT processing is performed
time. In other words, we assuméz, r, 2’ — x) & y(z, ). over signals whose azimuth length is the sum of reflectivity and

Let us now move to analyze the second main stage of the sipuise response lengths). However, its samples outside the cen-
ulation procedure, i.e., the evaluation of the raw signal via theal interval of lengthX’; are finally set to zero. This last op-
superposition integral, (2.6). This evaluation is performed aeration corresponds to the multiplication lyt[z'/ X1], men-
cording to the scheme outlined at the end of the previous s¢ioned as the last step of the procedure outlined in Section Il and
tion. Of course, in practice all the computations are performedlows us to obtain the spotlight raw sigra),.:(z', r’). At this
in discrete time. The reflectivity map(z, r), sampled at spa- pointthe simulated raw signal turns out to be azimuth sampled at
tial frequencie®f;/c in range and1 + X;/X)PRF/v in az- afrequency that corresponds to a PRF equalto(1+ X, /X)
imuth, is Fourier-transformed via a 2-D FFT algorithm, the rdimes the actual one. A decimation operation is then needed to
sulting transformed map is properly interpolated (see Section técover the raw signal corresponding to the actual PRF.
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proposed approach and the phase of the raw signal obtained by time-domaj;oach (oscillating curve) and obtained by time-domain simulation (straight

simulation. (a) Azimuth cut. (b) Range cut. The scattering point is placed ng e): (a) azimuth cut; (b) range cut. The scattering point is placed near the

Fig. 4. Difference between the phase of the raw signal simulated by using mg 5. Amplitudes of the raw signals simulated by using the proposed
the azimuth border of the illuminated scene. azimuth border of the illuminated scene.

lexity of th d algorith h f 2 time-d (See Section II). In any case, the order of magnitudéVef,
plexity of the proposed algorithm to the one of a time-domayeg ot substantially change with respect to (3.1).

direﬁt a}pproach. f the simulati ) h ) ; If the spotlight raw signal is evaluated in time domain di-
The first stage of the simulation (i.e., the generation o t']%ctly from (2.6), no azimuth oversampling is needed, but the

reflectivity map) is th_e same f_or_ both approaches. With regaé(f‘ficiency of FFT codes is not exploited and computational com-
to the second stage, it is not difficult to verify that the computzb-lexity is

tional complexity of the above described algorithm is

It is now appropriate to compare the computational cor&?U

Nrp ~ (N,N,)? 3.2
Nrp = N,N,g[1+ log, (N.N,.) + log, ¢] (3.1) ™ = ( ) (3.2)
herein Ntp is the number of complex multiplications in
e case of time-domain simulation. Accordingly, by using
ur Fourier domain approach, processing time is reduced by a
tor

wherein Ngp is the number of complex multiplications, anqW
N, and N,. are the azimuth and range dimensions (in pixel
of the final spotlight raw signal. Equation (3.1) does notinclu
the cost of the interpolation in the Fourier domain. This cost IS

negligible if 2 = 1 (see Section Il); otherwise it may increase Ntp N,N,

by a factor not greater than two, due to the use of chirp scaling Nrp ~ g[1 +log, (N, N,) + log, g] (3-3)
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Fig. 6. “Canonical” extended scene. A parallelepiped over a plane.

with respect to a time-domain simulation. For a 4696096
spotlight raw signal, i = 8 we obtain a processing time de-rig. 7. Image of a parallelepiped over a plane, obtained by processing the

crease factor of the order of 75000. This renders spotlight sigimulated spotlight SAR raw signal via a spotlight focusing algorithm. Near
ulation of extended scenes feasible range is on the left. A multilook operation over a<88 pixel window has been

performed on this image, as well as on the image of Fig. 8.

IV. RESULTS Figs. 2 and 3. It is evident that also in this case a very good

In this section, we show and discuss some simulation exaf@reementis obtained between our simulations and (2.6). Anal-
ples aimed at verifying the effectiveness of the spotlight ra@@ous results are obtained for different positions of the scat-

signal simulator and at illustrating some of the potentialities &ing point. _
the simulator. Simulations relevant to extended scenes are now in order. We

First of all, we want to verify that the raw signal correonsider the same system data of Table | and a “canonical” ex-

sponding to a single scattering point, simulated by using tfnded scene: a parallelepiped over a flat plane (see Fig. 6). The
proposed Fourier domain approach, is in agreement with tegminated scene is about 2.5 km (azimuth.2 km (ground

one obtained directly from the exact time-domain expressié@ngde), and spotlight system resolution is 1.85 m (azimeth)
(i.e., (2.6) in which the reflectivity map is a Dirac pulse, so 3-7 M (groundrange). The raw signal size is 1308650 pixels.

that no integration is needed). We consider the system dataEgch raw signal simulation required about 10 min on a Pentium
a hypothetical spotlight spaceborne sensor, reported in Tablé!| 866-MHz personal computer. The obtained simulated raw
We first of all consider the raw signal of a point placed in th&lgnals have been processed by using an algorithm based on the
center of the illuminated scene (i.e., the azimuth coordina@®€ of [14], in order to obtain spotlight SAR images. As an ex-
of the point scatterer is = 0). The difference between the@mple, the image of a parallelepiped over a flat ptaseshown
phase of the raw signal simulated by using the proposEUFig- 7. The bright strip on the left is due to the layover ef-

approach and the phase of the raw signal obtained from (2f@§t in correspondence of the vertical wall in front of the sensor,
is reported in the plots of Fig. 2. In particular, in Fig. 2(ayvhereas the black strip on the right is the shadowed area behind

the plot of a cut of this phase difference along the azimuthe parallelepiped. The horizontal bright lines are due to the fact
direction is reported, whereas in Fig. 2(b) the plot of a cut dpat in correspondence of the lateral walls of the parallelepiped
the same phase difference along the range direction is sho®Yery large surface area is included within a single resolution
It can be noted that the absolute value of this phase differenégll- This effectis in large part compensated for by the fact that,
that can be read as the simulated raw signal phase error@fisthose walls, incidence is at near grazing angle, so that the
much smaller thanr (in particular, it is always smaller thanhorizontal lines are much less bright than the layover area cor-
7/60), thus leading to negligible effects. We underline that thi@sponding to the vertical wall in front of the sensor.
(negligible) error is due to approximations introduced by the We underline that we simulate raw signals, not images. This
asymptotic evaluation of the SAR system transfer function (st can be exploited to test processing algorithms (with an ac-
Section 11) and is not specific of the spotlight case. Raw signg#iracy only limited by simulator approximations shown above);
amplitudes are considered in Fig. 3, where azimuth and rarff@vever, other interesting applications are also possible. For in-
cuts of the amplitude of the raw signals obtained by the Fourigi@nce, our spotlight raw signal simulator can be used to an-
domain approach and by using (2.6) are reported. Only smalyze some properties of raw signals and of reflectivity func-
oscillations around the exact constant value can be noted. tons. In Fig. 8, we show the image obtained by processing the

Let us now verify that a correct raw signal simulation is opParallelepiped raw signal by using a Fourier domain efficient
tained also if the point scatterer is not placed at the center of #§Pmap (not spotlight) focusing: the azimuth spectrum folding
scene. Phase and amplitude simulation errors for a point placeg ; imation of the heiaht profile. “vertical” walls of th
near the azimuth border of the illuminated scene are considefgElisiesined are ot oactly vertical but howe o (oxtemely high) slope qual
in Figs. 4 and 5, respectively, according to the same formattofhe height of the parallelepiped divided by the azimuth facet size.
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corresponds to the low-frequency part of the reflectivity spec-
trum, where most of the energy is concentrated (in this non-
speckled case), while upper and lower replicas correspond to
the high frequency part of the reflectivity spectrum: in fact, only
weak bright lines corresponding to edges perpendicular to the
azimuth direction are visible, whereas the areas with constant re-
flectivity (i.e., the background and the top of the parallelepiped)
are filtered out.

V. CONCLUSION

In this paper, an efficient spotlight SAR raw signal simulator
has been presented. It relies on a Fourier domain analysis and
allows the use of efficient FFT codes. Accordingly, in the case
of the simulation of an extended scene the computational load is
strongly reduced with respect to a time-domain simulation and

Fig. 8. Image of a parallelepiped over a plane, obtained by processing thés makes spotlight simulation of extended scenes feasible.
simulated spotlight SAR raw signal via a stripmap focusing algorithm. Near Effectiveness of the simulator has been verified by comparing

range is on the left. Azimuth spectrum folding effect is evident.

simulated raw signal corresponding to a single scattering point
(placed at different positions in the illuminated scene) to the
corresponding available time-domain exact expression.

Spotlight SAR raw signals corresponding to extended canon-
ical scenes have been simulated and then processed by using
different focusing algorithms. Results confirm the consistency
of the proposed simulation scheme and allow to highlight some
interesting properties of the spotlight SAR signals.
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