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Abstract - A novel digital beamforming (DBF) algorithm for
spaceborne synthetic aperture radar (SAR) system based on
sparse direction-of-arrive (DOA) estimation is presented, which
can solve the beam mispointing caused by the terrain height.
Compared to the traditional subspace-based algorithms, the
approach has no strict requirement for the number of
snapshots. Finally, the simulated results validate the proposed
algorithm.

Index Terms — Digital beamforming (DBF), direction-of-
arrive (DOA), sparse, synthetic aperture radar (SAR).

1. Introduction

Synthetic aperture radar (SAR) system combined with
digital beamforming (DBF) technique has becoming a
research hotspot [1], [2]. In order to increase the signal to
noise ratio (SNR) of the received echo, the scan-on-receive
(SCORE) technique can be adopted [3]: multiple
subapertures and DBF are employed to form a sharp and
high gain beam pattern which follows the echo as it travels
along the ground swath. With the hypothesis of a stringent
spherical Earth model, the direction-of-arrival (DOA) of the
echo is calculated according to the imaging geometry, and
then the weights for the subapertures are obtained to form the
correct beam. Nevertheless, in the presence of topographic
height, there is a mispointing by using the ideal model,
which results in the gain loss of the received echo and
deteriorates the SNR.

In order to solve the problems, the adaptive DBF approach
based on subspace algorithms, such as MUSIC and Capon,
are proposed to estimate the DOA to reduce the effect of
terrain height [4]-[6]. However, the subspace-based
algorithms have strict requirement for the number of
snapshots.

2. Signal Model

The considered SAR geometry is shown in Fig. 1, where
the antenna is divided into M subapertures in elevation
dimension, H, is the satellite height, 4, is the distance from
the mth subaperture to the first subaperture, « is the antenna
plane orientation angle, 7, and r, are the slant range from
the first and the mth subaperture to the target P located in the
swath, respectively. h represents the target elevation. @ is
the angle between 7 and normal direction of the antenna

plane, which can be obtained by the following equation
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where R, is the radius of the Earth.

Fig. 1. Geometry of SAR system.

Considering the white noise, the received signal of the mth
subaperture after range compression is [5]

5, (0)=s, (T)exp[ rf Mj o, (7), 2)
C

2 .
where sl(t)=0'p,,[r——r1]-exp[—j47zﬂ£], 7 is the range
c c
fast time, o is the complex reflectivit, f, is the carrier
frequency, ¢ is the propagation velocity, p, (7) is the
compressed pulse envelop, and n,(7) is the white noise.

Using vector notation, one can express the signal as

s=5,(7)p(6)+n 3)
where
s=[5,(2). 5, (7)] )
p(6)= {L---,exp(ﬁﬂﬁ u f“gﬂ (5)
n=[n (z).n, (r)] (6)

The superscript 7 denotes the transpose operation.

3.  Processing Algorithm

Considering the sparsity of the received signal, (3) can be
reformatted as
s=P(8)5 +n @)
where  P(8) :[p(el),p(ﬁz),---,p(ﬁgﬂ is composed of

steering vectors corresponding to all the potential signal
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directions, and Q is the number of all the possible signal
directions. §, is a sparse vector whose gth element is s, (7) if
the echo signal comes from 6, and zero otherwise. Usually,
0> M , the DOA estimation is converted into the following
sparse representation [7]
min[ls — P (8)5,[ + a5, (8)

where, ||, and | represent the ¢, -norm and ¢, -norm,
respectively, and u is the regularization parameter. § can

be achieved by solving the above optimization problem, and
the DOA of the echo is obtained according to the peak.
The sparse problem shown in (8) is a convex problem,

which can be efficiently solved by many available algorithms.

Compared to the traditional adaptive DBF methods, the
proposed algorithm does not need multiple snapshots to
estimate the covariance matrix, which is of great value since
only one snapshot is available in most cases. Of course,
multiple snapshots can improve the estimated accuracy.

By using the estimated 6 , the weighted vector of the
subapertures at time 7 is

o(7)=p'(6(7)), ©)

where the superscript * denotes conjugate operation.

4. Simulations

Simulated data are used to demonstrate the performance of
the proposed algorithm. The simulation parameters are listed
in Table I, where S, denotes the center nadir angle, and d,

is the total antenna size in elevation. One target located in the
scene center is simulated. After applying range compression,
the DOA is estimated by using one azimuth sample. Fig. 2(a)
and (b) show the variation of the beam mispointing and the
associated gain loss with target elevation, where the solid
blue and dashed red lines represent the results by using the
traditional SCORE [3] and the proposed algorithm,
respectively. It can be seen that with the increasing of the
target elevation, the mispointing and the gain loss of the
SCORE method is increasing, while the performance of the
proposed method almost remains unchanged. That is to say,
the proposed method can deal with the complicated terrain.

It should be noted that the proposed method only adopt
one snapshot. For the traditional adaptive method [4]-[5], at
least 2N+1 snapshots should be used, where N is the number
of the estimated signals. Only one snapshot will cause great
estimated biases.

TABLE I
Simulation Parameters
H, B. 1. d, M
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Fig. 2. Beam mispointing (a) and gain loss (b) for different
target elevation by using SCORE and the proposed method.

5. Conclusion

A novel DBF algorithm for spaceborne SAR system based
on sparse DOA estimation is studied. In the presence of
terrain height, the traditional SCORE algorithm would cause
beam mispointing and gain loss. By adding the sparse
constraint, the proposed algorithm solves the problem. In
addition, it relaxes the requirement for quality of the
estimated covariance matrix, or the number of snapshots
compared to the subspace-based algorithms. The simulated
results verify the effectiveness of the proposed algorithm.
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