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ABSTRACT For inverse synthetic aperture radar (ISAR), it is desirable to perform simultaneously imaging
of multi-target within a wide spatial angle region. Besides, it is likely that multiple targets are covered by
several beams, or sometimes within a single beam, which results in imaging challenge for each single target.
To alleviate this problem, this paper devises a new approach by introducing time delay across different receive
array elements, realizing multi-target separation and independent imaging. By using the time-delay receive
array with linear frequency modulation (LFM) waveform, the equivalent receive beampattern is range-angle-
dependent and it is possible to perform beamforming in joint range and angle domain. In the time-delay
receive array, an element compensation method is presented to cope with the variation of the equivalent
spatial frequency. After receive beamforming, the conventional high resolution ISAR imaging method can
be performed. With the proposed method, the multi-target echo can be separated under low signal noise ratio
(SNR). Simulation results have verified the effectiveness of the proposed approach.

INDEX TERMS Multi-target, time-delay receive array, inverse synthetic aperture radar (ISAR), receive
beamforming.

I. INTRODUCTION
Inverse synthetic aperture radar (ISAR) plays an important
role in radar applications. In the ISAR system, multiple
targets imaging and recognition is a significant issue with
the development of group aircrafts or unmanned aerial vehi-
cles [1], [2]. It is known that ISAR target is non-cooperative,
whereas the target motion usually includes two components,
namely translation and rotation. The translation will lead to
the range-bin shift and phase distortion. As a result, motion
compensation is a principal step in ISAR imaging. There
are many techniques to handle the motion compensation
issue in existing literatures [3], [4]. In multi-target situation,
the compensation performance may compromise due to cross
influence among these targets, resulting in image blurring in
the end. On one hand, when multiple targets are located in
the mainbeam, the echo of each target cannot be separated
from range or azimuth. On the other hand, due to the diversity
of translational motion of each target, the motion compensa-
tion for one target is not effective for other targets, namely,
the motion compensation for each target cannot be realized
simultaneously.

Generally, there are two catalogs of ISAR imaging meth-
ods for multi-target. The first catalog uses straightforward
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approach for the single target to cope with ISAR imaging of
multi-target. In this situation, multiple targets are treated as
a whole rigid body to carry out unified motion compensa-
tion [5]–[9]. Then the signal is processed by time-frequency
transform. Thus this method results in cross-term and
low-resolution problems for multi-target. The second catalog
tries to separate these multiple targets and perform ISAR
imaging individually. The second catalog is based on sep-
aration of the echoes [10]–[13], which can be divided into
two types. In the first type, the signals can be separated by
different motion parameters. In the second type, the signals
are separated in the bulk image. However, these two types
produce a heavy computational burden.

Time-delay receive array is capable of forming angle-
range-dependent beampattern, which is also explored in fre-
quency diversity array (FDA). However, these two schemes
are different because i) time-delay receive array uses differ-
ent time delays among array elements while FDA employs
different frequency among array elements. ii) Time-delay
receive array realizes time-delay diversity in the receive port
while FDA implements frequency diversity in the transmit
port. FDA was first introduced by Antonik in 2006, which
has attracted growing attention in recent years [14], [15].
The characteristics of angle-range-dependent beampatterns
for FDA are introduced in [16], [17]. The combination of
FDAwithMIMO technology can provide larger DOFs, which
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has drawn considerable attention [18]. In [19], the range-
angle-dependent characteristic of FDA-MIMO radar is prop-
erly utilized and an unambiguous range and angle estimation
method is proposed. Further exploration of frequency diverse
array in MIMO radar to improve the range ambiguous clutter
suppression performance is suggested in [20], [21]. In [22],
a novel FDA-SAR system is studied for HRWS imaging in the
presence of range ambiguity within the swath. FDA has been
widely used in recent years. However, the time-delay receive
array has not been studied in the literature. The time-delay
receive array introduces different time delays among array
elements, thus resulting in multi-rate sampling of receive
signal.

In ISAR system, there is an urgent requirement for simul-
taneously imaging of multiple targets, which may be located
in a wide angle region covered by several beams. In this situ-
ation, it is difficult to realize simultaneously imaging of these
multiple targets with the conventional radar, because each
target requires a long dwelling time to obtain high resolution
in azimuth. Thus, it usually becomes a trade-off between
resolution ability and multi-target coverage. On the other
hand, multiple targets can also be covered by a single beam,
especially for the very-far field surveillance task. In such
situation, the signal-to-noise ratio (SNR) is commonly very
low for different targets after range compensation. Once there
are multiple targets with the effective data raw, the imaging
performance of each target will degrade due to cross influence
for motion parameter estimation. If it is possible to separate
these multiple targets in low SNR, the imaging performance
can be improved, which is the motivation in this paper.

In this paper, we introduce the time-delay receive array and
the corresponding ISARmultiple targets imaging framework.
The multi-target imaging with time-delay receive array is
implemented by exploiting the time-frequency relationship
of LFM waveform. A multiple targets separation approach
is proposed to realize multi-target independent imaging.
Since the receive steering vector of time-delay receive array
depends on both range and angle, the multi-target echoes are
distinguishable in the equivalent spatial frequency domain.
It is emphasized that the equivalent spatial frequency depends
on the time-frequency relationship of LFMwaveform and it is
different from the conventional concept of spatial frequency.
By utilizing the extra degrees-of-freedom (DOFs) in range
and angle, it is capable of extracting the signal of desired
section from multiple targets echo by performing receive
beamforming in the equivalent spatial frequency domain.
In the sequel, the traditional ISAR imaging method can be
implemented to the reconstructed single-target echo.With the
proposed method, the multi-target echoes can be separated
simultaneously by applying multiple receive weight vectors
corresponding to multiple targets. Besides, the desired target
echo can be extract by the proposed method when the signal
is drowned by noise due to low SNR.

The remaining sections are organized as follows. In
section II, the signal model of the time-delay receive array
is presented. In section III, an approach to separating these

FIGURE 1. Time-delay LFM signal.

targets and imaging individually is proposed. In section IV,
some simulations are presented to verify the effectiveness of
the proposedmethod. In the section V, conclusions are drawn.

II. TIME-DELAY RECEIVE ARRAY
The time-delay receive array is introduced in this section.
We first explore the principle of multi-sampling of LFM
signal by assuming a single antenna, as shown in Figure.1.
In the receiver, the signal is shifted by time delay
0,Td , 2Td , . . . , (M − 1)Td respectively, which is referred to
as multi-rate sampling. We assume a far-field point target at
range R, and thus the baseband signal corresponding to time
delay (m− 1)Td is written as

xm(t) = w
[
t −

2R
c
− (m− 1)Td

]
exp

(
−j2π f0

2R
c

)
× exp

{
jπµ

[
t −

2R
c
− (m− 1)Td

]2}
(1)

where w(t) =
{
1, 0 ≤ t ≤ Tp

0, else
. Tp is pulse duration. Td is

time-delay increment. f0 is carrier frequency. µ is chirp rate.
t is the fast time. Considering (M − 1)Td < 1/B, (1) can be
approximately written as

xm(t) ≈ Aϕ(t)αm(t) exp
[
j4π (m− 1)µTd

R
c

]
(2)

where A = exp (−4jπ f0R/c) is the complex amplitude of the
target. ϕ(t) is the envelope of the signal.

ϕ(t) = w
(
t −

2R
c

)
exp

[
jπµ

(
t −

2R
c

)2
]

(3)

αm(t) can be expressed as

αm(t)=exp
[
jπµ(m−1)2T 2

d

]
exp [−j2π(m− 1)µTd t] (4)

As αm(t) is dependent of system parameters, it can be com-
pensated by constructing the compensation term correspond-
ing to m-th sampling:

gm(t) = α∗m(t) (5)

Applying compensation, we have

x̃m (t) = gm (t) xm (t) = Aϕ(t) exp
[
j4π (m− 1) µTd

R
c

]
(6)
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FIGURE 2. Time-delayed receive array.

By stacking all M samplings into a vector, it yields

x̃ =
[
x̃1 x̃2 · · · x̃M

]T
= Aϕ (t) a (R) (7)

where a (R) is expressed as

a (R) =
[
1 ej4πµTd

R
c · · · ej4π (M−1)µTd

R
c

]T
(8)

Employing time delay of LFM signal with multi-sampling
receiver, the range parameter is included in the steering vector
of target, as shown in (7), which enables separation of target
with different ranges. It is seen from (7) that the m-th entry
of steering vector is written as[

x̃
]
m = Aϕ(t)ej4π(m−1)µTd

R
c (9)

Thus, the reconstructed signal has equivalent spatial fre-
quency, which is written as

fr =
2µTdR
c

(10)

It is seen that the multi-sampling strategy with a single
antenna element introduces range parameter into the steering
vector.

In the sequel, we further consider the uniform linear array
(ULA) employed with the time delay at each receive array
element as shown in Figure. 2 The array includes M receive
elements. The time delay of the signal received by the m-th
channel is expressed as

tm = (m− 1)Td (11)

Notice that m-th sampling and m-th array element is
one-to-one in this framework. After introducing the time
delay, the baseband signal received by the m-th channel is
represented by

sm = w [t − τm − (m− 1)Td ] exp [−j2π f0τm]

× exp
[
jπµ (t − τm − (m− 1)Td )2

]
(12)

where τm is the time delay of target corresponding to the m-th
element. For a far-field target located at angle θ and range R0,
we have

τm =
2R0 − (m− 1)d sin (θ)

c
(13)

Substituting (13) into (12), we have

sm(t) = A0φm(t)αm(t) exp
[
4jπµTd (m− 1)

R0
c

]
× exp

[
2jπ (f0 + (m− 1)µTd )

(m− 1)d sin (θ)
c

]
(14)

where A0 = exp (−4jπ f0R0/c) is the complex amplitude of
the target. αm(t) is independent of the target parameter and
can be expressed as (4). φm(t) is the envelope of the signal.

φm(t) = w
[
t −

2R0
c
+

(m− 1)d sin (θ)
c

− (m− 1)Td

]
× exp

[
jπµ

(
t −

2R0
c
+

(m− 1)d sin (θ)
c

)2
]
(15)

In this work, we take the far-filed and narrowband array
assumption. Moreover, it is assumed that µTd � f0 and
(M − 1)Td < 1/B, which is usually reasonable in ISAR
system. Thus, (14) can be approximately rewritten as

sm(t) = A0φ(t)αm(t) exp
[
4jπµTd (m− 1)

R0
c

]
× exp

[
2jπ f0

(m− 1)d sin (θ)
c

]
(16)

where φ(t) is expressed as

φ (t) = w
(
t −

2R0
c

)
exp

[
jπµ

(
t −

2R0
c

)2
]

(17)

Similarly, with the compensation term gm(t), the target signal
is obtained as

s̃ =
[
s̃1 s̃2 · · · s̃M

]T
= A0φ (t) a (θ,R0) (18)

where a (θ,R0) is expressed as

a (θ,R0) =



1

e
j2π f0

d sin(θ )
c

+j4πµTd
R0
c

...

e

(
j2π f0

d sin(θ )
c

+j4πµTd
R0
c

)
(M−1)


(19)

where R0 is the slant range between the target and the ref-
erence antenna. θ is the azimuth of the target. c is the speed
of light. With exploration of time-frequency relationship of
LFMwaveform using the time-delay receive array, we obtain
the equivalent spatial frequency as

fS,R = fr + fθ =
2µTdR
c
+
d
λ
sin θ (20)

Notice that the equivalent spatial frequency depends on
the time-frequency relationship of LFM waveform and it is
different from the conventional concept of spatial frequency.
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FIGURE 3. ISAR imaging geometry.

As the proposed time-delay receive array introduces range
and angle parameters into the steering vector, it enables signal
processing in joint range and angle domain.

III. MULTIPLE TARGETS IMAGING WITH TIME-DELAY
RECEIVE ARRAY
A. MULTIPLE TARGETS ECHO
The ISAR imaging geometry is shown in Figure.3. Suppose
the transmit antenna transmits a wide beam and there are
multiple targets within the wide beam. The i-th target is
rotating with respect to its geometry center point Oi with an
angular velocity ω. O − XY represents the reference coordi-
nate system. During the azimuth time ta, the platform center
flies from Oi to O′i, while an arbitrary point scatter moves
from Pi(xip0, yip0) to P′i(xip(ta), yip(ta)).
Thus, the slant range between the radar and the point Pi is

expressed as

Rip(ta) =
√
(Ri(ta)+ yip(ta))2 + xip(ta)2 (21)

where Ri(ta) is the instantaneous slant range between the
radar and the point Oi. Using Taylor series approximation,
we have

Rip(ta) ≈ Ri0 + vrita + yip0 + xip0ωta (22)

where Ri0 is the initial range between the i-th target and
the radar. vri is the radial velocity of the i-th target. The
multi-target echo received by m-th array element is expressed
as

sm(t, ta) =
I∑
i=1

P∑
p=1

Aipαm(t)φip(t)

× exp
[
2jπ f0

(m− 1)d sin (θi(ta))
c

]
× exp

[
4jπµTd (m− 1)

Rip(ta)
c

]
(23)

As aforementioned, since αm(t) is dependent of the system
parameters we can construct the compensation function as

hm(t)=exp
[
−jπµ (m− 1)2 T 2

d

]
exp [2jπ (m− 1) µTd t]

(24)

Then, the signal after compensation is written as

s̃m (t, ta)

= hm(t) · sm (t, ta)

=

I∑
i=1

P∑
p=1

Aipφip(t) exp
[
2jπ f0

(m− 1)d sin (θi(ta))
c

]

× exp
[
4jπµTd (m− 1)

Rip(ta)
c

]
(25)

Thus, the echo of the p-th scatter on the i-th target is
vectorized as

s̃ip = Aipφip(t)a
(
θi,Rip

)
(26)

where a
(
θi,Rip

)
denotes the receive steering vector, which

has the form of

a
(
θi,Rip

)
= d (θi)� r

(
Rip
)

(27)

d (θi)=
[
1 ej2π f0

d sin θi
c · · · ej2π f0

(M−1)d sin θi
c

]T
(28)

and

r
(
Rip
)
=

[
1 e4jπµTd

Rip
c · · · e4jπµTd (M−1)

Rip
c

]T
(29)

The time-delay receive array employs time delay across
different receive array elements, resulting in range-angle-
dependent property of receive steering vector. Utilizing
the extra DOFs in angle and range domain, the proposed
time-delay receive array can perform beamforming in joint
range and angle domain.

Figure.4 compares the receive beampatterns of the tradi-
tional phased array and time-delay receive array. It is seen
that the beampattern of the traditional phased array is range-
invariant, while that of the proposed time-delay receive array
is range-angle-dependent. Therefore, targets within the same
beam can also be distinguishable in the time-delay receive
array if they are associated with different ranges. Besides,
the proposed time-delay receive array has the same angular
resolution compared with the conventional phased array.

B. JOINT RANGE-ANGLE BEAMFORMING FOR TARGET
SEPARATION
In this part, an approach to multiple targets separation is
proposed. It is assumed that the slant range and azimuth angle
of the interest target is roughly known. In practice, these
priori information of target can be obtained from a previous
detection mode of radar system.

To extract the echo of the desired target, we need to design
a bank of filters that are able to enhance the desired tar-
get signal. Without loss of generality, the optimal receive
beamforming problem can be expressed as{

min
wi

wH
i RXwi

s.t.wH
i a(θi,Ri) = 1

(30)

where RX is the covariance matrix of echo. wi is the weight
vector for i-th target. a (θi,Ri) is the receive steering vector
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FIGURE 4. Receive beampatterns. (a) Traditional phased array.
(b) Time-delay receive array.

of the i-th target. Solving the problem in (30), we can obtain
the optimal filter weight vector as

wi =
R−1X a (θi,Ri)

aH (θi,Ri)R−1X a (θi,Ri)
(31)

Actually, the echoes of multiple targets are mixed in the
received data matrix. Therefore, the covariance matrix RX
contains that of the desired target signal, which causes coher-
ent nulling of the desired target signal with (31). To alleviate
the coherent nulling problem, we further employ an enhance
covariance matrix estimation method as:

R̂X =

∫∫
©
�̄

a (θ,R) aH (θ,R)

aH (θ,R)R−1X a (θ,R)
dθdR (32)

where �̄ is the complement sector of�. That is to say, �̄∪�
covers the whole spatial domain, and �̄ ∩ � is empty. Here
is � a region where the desired signal is located. With the
enhanced covariance matrix estimation method, it is capa-
ble of preserving the desired target. Applying the obtained
receive weight corresponding to i-th target, we can obtain
its echo and suppress the echoes of other adjacent targets.
Applying multiple receive weight vectors corresponding to
multiple targets, the multi-target echoes can be separated
simultaneously. Finally, a well-focused ISAR image of each
target can be obtained by performing range alignment and
phase compensation.

The processing flow chart can be summarized in Figure 5.
In the receiver, time delay is introduced to the received signal

FIGURE 5. Procedure of multiple targets ISAR imaging.

by multi-rate sampling. Then, the signal is processed by
compensation and receive beamforming to resolve the mul-
tiple targets echoes into several single-target parts. A well-
focused image of each target can be obtained by performing
traditional ISAR imaging algorithm. Thus, the advantages of
the proposed time-delay receive array and the corresponding
multi-target separation method can be summarized as fol-
lows: i) The time-delay receive array can form range-angle-
dependent receive beampattern and separate targets in joint
range and angle domain. ii) This method can effectively sep-
arate multi-target echoes when the signals are submerged by
noise after range compression with low SNR as beamforming
is independent of target SNR. iii) The proposed method can
be applied for imaging of multiple targets with similar motion
parameters, which outperforms some traditional multi-target
imaging algorithms.

Although the time-delay receive array is compatible with
existing radar system, it requires high accuracy of sam-
pling frequency as the sampling difference between adja-
cent elements is relatively small. Besides, the proposed
method increases computation complexity as it includes
beamforming procedure for each target.

IV. SIMULATION
In this section, the imaging results of multiple targets in
low SNR are given to validate the proposed imaging algo-
rithm. In this simulation, suppose the transmit antenna trans-
mits a wide beam and there are three targets in the wide
beam. Build a radar coordinate system with the radar located
at (0◦, 0m). Target 1, target 2 and target 3 are located at
(5◦, 3800m), (−15◦, 3800m) and (5◦, 4300m) respectively
as shown in Figure. 6. The system parameters are listed
in Table 1. ComplexwhiteGaussian noise is added to returned
signal and the signal-to-noise ratio (SNR) is −17dB.
The original echoes are shown in Figure. 7. Due to the

low SNR, the echoes are submerged by noise and cannot be
separated by range compression. However, the echoes can
be separated in equivalent receive frequency domain with
time-delay receive array as shown in Figure.8. Subsequently,
the signal of target 1 can be extracted from multiple tar-
gets echoes by receive beamforming with the beamformer

VOLUME 8, 2020 199763



M. Zhang et al.: ISAR Imaging of Multiple Targets With Time-Delay Receive Array

FIGURE 6. Targets position.

TABLE 1. System parameter.

FIGURE 7. Original echo.

FIGURE 8. Spectrum of multiple targets echo for time-delay receive array.

designed for target 1 as shown in Figure. 9(a). The image
of target 1 can be obtained by performing the traditional
ISAR imaging algorithm as shown in Figure. 9(b). Similarly,
the imaging processing is performed on other targets by sub-
stituting the receive beamformer with the one designed for the

FIGURE 9. Imaging result of target 1. (a) Signal from target 1 after receive
beamforming. (b) Image of target 1.

FIGURE 10. Imaging result of target 2. (a) Signal from target 2 after
receive beamforming. (b) Image of target 2.

FIGURE 11. Imaging result of target 3. (a) Signal from target 3 after
receive beamforming. (b) Image of target 3.

FIGURE 12. Filter response of the receive beamformer. (a) Range.
(b)Angle.

desired target. So that the imaging results of all targets can be
obtained. Figure. 10 and Figure. 11 show the imaging results
of target 2 and target 3, respectively. From Figure. 9, Figure.
10 and Figure. 11, it can be seen that the proposed target
separation approach has effectively resolved the multiple tar-
gets echo into three single-target parts, and the well-focused
images can be obtained by subsequent traditional ISAR imag-
ing processing.

Figure. 12(a) and Figure. 12(b) show the filter response of
receive beamformer in range and azimuth, respectively. The
red line, blue line and black line represent the gain of receive
beamformer designed for target 1, target 2 and target 3,
respectively. It can be seen from Figure. 12 that the signal
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TABLE 2. Imaging performance of targets. Note: PSLR, peak side lobe
ratio; ISLR, integral side lobe ratio.

TABLE 3. Imaging resolution.

FIGURE 13. Filter response of receive beamformer with different time
delay increment. (a) Range. (b) Angle.

from each target can be separated by receive beamforming in
joint range and angle domain.

The peak side lobe ratio (PSLR) of targets and the integral
side lobe ratio (ISLR) are listed in Table 2. The resolution of
the images and output signal to noise ratio (SNR) are listed
in Table 3. It is obvious that target 1, target 2, and target 3 are
well focused. The resolution of range is ρr = c/(2B) =
1.25m in theory. It can be seen from Table 3 that IRW in range
are approximate to the theoretical values. In addition, output
SNR has increased by 55dB.

Figure. 13(a) and Figure. 13(b) show the filter response of
receive beamformer with different time delay increment in
range and azimuth. The red line, green line, black line and
blue line represent Td = 0, Td = 0.6ns, Td = 1ns and
Td = 4ns respectively. From red line, it can be observed
that the receive beampattern is only concerned with azimuth
angle and independent of range when Td = 0. This is because
the array is just a conventional phased-array when time delay
increment is 0. It can be observed from Figure. 13(a) that the
width of main lobe in range narrows when time delay incre-
ment increases, which is conducive to separation of multi-
target echoes. However, when the range prior information
is not accurate enough, it is difficult to extract the echo of
the desired target. Conversely, the width of main lobe in
range widens when time delay increment decreases, which
is conducive to extract the echo of the desired target when
the range prior information is not accurate enough. However,
it is not conducive to separate multiple target echoes when
multiple targets are close to each other. Besides, the width
of main lobe in azimuth angle remain the same when time

FIGURE 14. Filter response of the receive beamformer with error.
(a) Range. (b) Angle.

FIGURE 15. Echo separation performance comparison. (a) Signal from
target 1 after separation with the proposed method. (b) Signal from target
1 after separation with the traditional time frequency method.

delay increases. Therefore, it is necessary to choose an appro-
priate time delay increment.

The proposed method requires high accuracy of sampling
frequency as the time-delay increment between adjacent ele-
ments is relatively small. In practice, the time delay incre-
ment between adjacent elements may be different due to the
error of sampling frequency, which affects the performance
of multiple targets echoes separation. Figure. 14 shows the
filter response of the receive beamformer with time-delay
increment error. The blue line, yellow line, pink line, red
line, and green line represent that the errors of time-delay
increment are in the order of 10−1ns, 10−2ns, 10−3ns, 10−4ns
and 10−5ns, respectively. The blank line represents the filter
response of the receive beamformer without error. It can
be seen from Figure. 14 that multi-target echo cannot be
separated effectively when the errors of time-delay increment
are greater than 10−2ns.

Afterwards, we compare the imaging performance of the
proposed method and the traditional time frequency method
as shown in Figure. 15 and Figure. 16. Both of these two
methods are based on multi-target separation and indepen-
dent imaging. The difference is that the former can separate
multi-target echoes in equivalent spatial frequency domain
by receive beamforming in joint range and angle domain,
while the latter can separate multi-target echoes in time
frequency domain due to the difference of target motion
parameters. Therefore, the traditional time frequency method
cannot effectively extract the desired signal from multi-target
echoes when the targets have similar velocity or the Doppler
ambiguity appears. In this simulation, short-time Fourier
transform (STFT) is applied to realizing multi-target echoes
separation in time frequency domain.

It can be seen from Figure. 15 that the proposed method
can extract the desired signal from multi-target echoes
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FIGURE 16. Imaging results comparison. (a) Imaging results of target
1 with proposed method. (b) Imaging results of target 1 with the
traditional time frequency method. (c) Range profile comparison.
(d) Azimuth profile comparison.

more effectively. The SNR of Figure. 16(a) is 65.84dB,
while that of Figure. 16(b) is 57.69dB. Figure. 16 (c) and
Figure. 16(d) show the range profile comparison and azimuth
profile comparison of the same scatter, respectively. It illus-
trates that the traditional time frequency method has higher
PSLR and cannot well focused in azimuth, which is caused
by the incomplete echo separation.

V. CONCLUSION
In this paper, a novel time-delay receive system is studied for
multiple targets ISAR imaging, realizingmultiple targets sep-
aration and independent imaging. With this method, multiple
targets imaging simultaneous can be achieved in low SNR.
Since the receive beampattern of time-delay receive array
is range-angle-dependent, the multi-target echoes are dis-
tinguishable in the equivalent spatial frequency domain. By
exploiting the extra controllable DOFs in range and angle, the
time-delay receive array is capable of extracting the desired
signal from multi-target echoes. In the sequel, multi-target
echoes are resolved into several single-target parts with a
series of receive beamformers. Thus, we can obtain the ISAR
imaging of each target by performing the traditional imaging
method to the reconstructed signal. Evidently, the simula-
tion results have verified the effectiveness of the proposed
method. As a future work, we will explore the beamformer
design issues for the system.
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