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Abstract: Inverse synthetic aperture radar (ISAR) imaging of
near-field targets is potentially useful in some specific applica-
tions, which makes it very important to efficiently produce high-
quality image of the near-field target. In this paper, the simpli-
fied target model with uniform linear motion is applied to the
near-field target imaging, which overcomes the complexity of the
traditional near-field imaging algorithm. According to this signal
model, the method based on coordinate conversion and image
interpolation combined with the range-Doppler (R-D) algorithm is
proposed to correct the near-field distortion problem. Com-
pared with the back-projection (BP) algorithm, the proposed
method produces better focused ISAR images of the near-field
target, and decreases the computation complexity significantly.
Experimental results of the simulated data have demonstrated
the effectiveness and robustness of the proposed method.
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1. Introduction

Inverse synthetic aperture radar (ISAR) may generate
high-resolution image of non-cooperative targets by utiliz-
ing the relative motion between the radar and the target,
and it has been widely used for military and civilian pur-
poses. The high range resolution is achieved by the pulse
compression of the wideband signal, whereas the high
azimuth resolution is realized by the coherent processing.
In traditional ISAR imaging for small scenes, the far-field
condition and short integration time are usually assumed,
which is generally satisfied in typical ISAR scenarios
when the required resolutions are not very high. Thus, the
consequent effect is that the radar echo would contain tar-
get information relative to the x- and y-coordinates inde-
pendently within the limits of the far-field condition. After
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the translational motion compensation including range
alignment and phase adjustment, the target can be viewed
as a turntable model, and the classical range-Doppler
(R-D) algorithm can be applied to obtain the focused
ISAR image [1].

However, in some specific applications, such as in-
door concealed object detection [2—4], far-field radar
cross section (RCS) determination by near-field ISAR
imaging [5,6], and ISAR imaging for near-field targets in
the missile-target encounter [7—9], where the target is not
located far enough from the radar, the incident wavefront
cannot be treated as a plane wave. Due to the short range
between the radar and the target, and the comparably
large size of the target, the target will be in the near-field
region of the radar. The R-D imaging algorithm for near-
field targets leads to errors in parts of the scene far away
from the central reference point.

In recent years, several ISAR imaging algorithms for
the near-field target have been proposed. The near-field
spherical wave ISAR imaging algorithm using fast cycli-
cal convolution for the image computation was proposed
in [10], and this imaging technique is extended to three-
dimension (3-D) imaging [11] and employed for far-field
RCS extraction [5]. The imaging algorithm for terahertz
ISAR using the Green function decomposition was pro-
posed in [12] to implement near-field imaging, which re-
quired the echo data to be recorded with polar grid. The
back-projection (BP) algorithm was first proposed for
synthetic aperture radar (SAR) image reconstruction [13]
and ISAR imaging processing [14]. Since the BP algo-
rithm does not require the approximation of the instantane-
ous range, it can be used in the near-field region to recon-
struct the image of the target [2,15]. The BP algo-
rithm is based on tracing back the matched-filtered signal
signature of the imaging scene in the fast-time domain at
each slow-time, and coherently adding the results at the
available slow-time values. However, the BP algorithm
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has much higher computational loads than Fourier-based
algorithms.

The above near-field ISAR imaging algorithms are all
based on the turntable model, which makes the imaging
formula very complicated. In this paper, according to the
general characteristics of near-field targets imaging, the
uniform linear motion model of near-field targets is es-
tablished. In this model, the position of the scatterer is re-
corded in the radar echo in the form of polar coordinates.
Thus, the imaging method for near-field targets based on
coordinate conversion and image interpolation [16,17] is
proposed. The simulation results validate that the pro-
posed algorithm can produce a better focused image effi-
ciently than the BP algorithm, and correct the near-field
target distortion even at a relatively low signal-to-noise
ratio (SNR).

The structure of this paper is organized as follows. In
Section 2, the radar signal of the turntable model is re-
viewed, and the signal model of the near-field target with
uniform linear motion is analyzed. The proposed method
for the near-field target ISAR imaging based on coordi-
nate conversion and image interpolation is described in
Section 3. Simulation and experimental results are pre-
sented in Section 4 to demonstrate the effectiveness of the
proposed method. Finally, Section 5 makes a conclusion
of this paper.

2. Signal model of the near-field target

2.1 Turntable model

ISAR exploits the relative motion between the radar and
the target to obtain azimuth image resolution. The relati-
ve motion can be divided into three parts: the rotation of
the target around the radar, the translation of the target
along the line of sight (LOS), and the rotation of the tar-
get around the target center, which is the desired compo-
nent of ISAR imaging processing. The target can be treated
as the turntable model after motion compensation, and the
R-D imaging algorithm can be used to obtain a focused
ISAR image of the target.

In practice, in order to increase transmit power of the
radar and obtain high range resolution, the linear fre-
quency modulation (LFM) signal is adopted and the range
compression technique is employed. The expression of
the transmitted signal (chirp signal) is

AN 1,
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ency, and the chirp rate, respectively. 7 is the fast time,
and t,, is the slow time.

After dechirping, and removing the residual video
phase (RVP) and the envelope migration phase, the radar
echo can be expressed as

. 7 4 .
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where o, ¢ and A are the backscattering coefficient, the
speed of light, and the wavelength, respectively. AR(z,) is
the instantaneous range from the scatterer to the refer-
ence point.

The imaging plane of the target is denoted as XOY,
and the turntable model rotates uniformly around the tar-
get center O at an angular velocity w. The coordinate of
the radar is (0,—r). The instantaneous range R(z,) from
the scatterer P that positionsat (xp, yp) = (rpc0sp, rpsinép)
to the radar satisfies

R(@,) = \/r(z) + 72+ 2ryrp sin(wt, + 0p). 3)

For the ISAR imaging, the range from the radar to the
target center is far larger than the expansion size of the
target, i.e., ry > rp. Taking the target center O as the re-
ference point, the instantaneous range AR(f,,) can be ap-
proximated to

AR(t,,) = R(t,,)) = R,o; = rpsin(wt,, + 0p) =

Xxpsin(wt,) + ypcos(wt,) = xXpwt, +Vp “4)

where R,.; is the range from the radar to the reference
point. The approximation in (4) is made under the plane
wave model assumption and the small angle assumption
wt,, ~ 0.

Combining (2) and (4), the ISAR image of the target
can be reconstructed by directly applying two-dimensional
(2-D) fast Fourier transform (FFT) to the radar echo.

S (f.,f.) = FFT{s,(i,1,)} =
o sinc [T,, (f, + %yp)] -sinc [Tau (ﬂ + 27wxp)] 5)

where sinc(x) = sin(nx)

, and Ty, is the imaging time.

Based on the above far-field assumption, the instanta-
neous range AR(z,) is simplified. The 2-D coordinates of
the target in the spatial domain are independently mapped
to the R-D plane, so the target can be well presented in
the reconstructed image. However, for the near-field tar-
get, the expansion size of the target has a large effect on
the radar echo and the above assumption is not always
feasible.
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In particular, when the range difference of the azimuth
scatterers on the target exceeds a range resolution bin, the
target will be distorted on the R-D image [7,8]. The geo-
metry of the near-field imaging is shown in Fig. 1. The
range from the radar to the target center is R, and the ex-
pansion size of the target is D. If the range resolution is
OR, the condition for image distortion is

Dy’ D?
R? (—) —-R>0R—>R< —.
13 >0R — < %R (6)
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Fig.1 Near-field imaging geometry

The following simulation experiment is used to illus-
trate the image distortion problem. In the simulation of
the turntable model, the point-scatterer model of the tar-
get is shown in Fig. 2, and the expansion size of the tar-
get D is 10 m, the range resolution 6R is 0.15 m. In order
to ensure that the image is not distorted, it is required that
the range from the radar to the target center R > 80 m.
The imaging results of the turntable model with different
ranges directly using the R-D algorithm are shown in
Fig. 3. It can be seen from the experimental results that
when the target is not far from the radar, the target will be
distorted and the R-D image cannot reflect the shape of
the target.
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Fig. 2 Point-scatterer model of the target
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Fig. 3  Imaging results of the far-field and near-field turntable
model with the R-D algorithm
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For the near-field target, the turntable model makes it
more complicated to analyze the ISAR imaging problem.
The following is the imaging model of the near-field tar-
get with uniform linear motion.

2.2 Imaging model of the near-field target with
uniform linear motion

The point-scatterer model is usually used in radar imag-
ing to model the radar echo of the target. Without loss of
generality, the imaging model is considered on the 2-D
plane that is unchanged during the imaging time. The
imaging geometry of the radar and the target is shown in
Fig. 4. The radar is stationary and located at the origin O’
of the radar coordinate system X’O’Y’. The target moves
with a velocity v along the direction of the X’ -axis. XOY
is the local coordinate system for the target, and the co-
ordinates of the origin O in the radar coordinate system
are (X, o)-

Y
Y
v
¥
x, ) X
0l ),
Rp
) 0’" y
ON X
Radar Q

Fig. 4 Imaging geometry of the near-field target

Assume that there is a scatterer P on the target with the
position (xp,yp). The initial range from the scatterer P to
the radar is Rp(t,), and the initial angle of the O’'P in the
X'0'Y’ is 6p(ty). The instantaneous range Rp(t,,) from the
scatterer P to the radar satisfies

Rot) = G0+ x40 + G+ (D)

Under near-field condition, the expansion size of the
target is equivalent to the range from the radar to the tar-
get center, and a more suitable approximation method
should be proposed. Since the range from the radar to the
target is relatively short, the slight relative movement can
accumulate the larger rotation angle to achieve azimuth
resolution. Therefore, the relative movement of the target
during the imaging time satisfies vz, < Rp(%)). Applying
the Taylor series theorem and ignoring higher-order
terms, the instantaneous range Rp(f,) can be approxi-

mated to

Re(t,) = \[R(0)+ 200 + X001, +(v1,)° =

2(xo + Xt (v1,,) N
Rp(to) \/l + ) + R(to) ~

2vt,, cos Op(ty)
Ry (1 l+ —— =
p(fo) 4 f Ro(ty)

n COS O :
Ry(ly) +vi,, 08 Op(1y) — W. (8)

In this assumption, the instantaneous range Rp(f,,) can
be simplified as

RP(tm) ~ RP(tO) + Vi, COSGP(IO)' (9)

Assuming that the relative movement of the target dur-
ing the imaging time does not exceed one range bin, the
range migration term vt,, cos6»(%y) in (9) can be ignored in
the range domain, otherwise range alignment is required.
Combining (2) and (9), and taking the radar O’ as the re-
ference point, the radar echo can be expressed as

A~

o t 4 A
5,0 1) = arect(T—)exp{—JﬂRP(to)t}-
C

)4
4
exp{—j%cosepao)rm}. (10)

The radar echo after directly applying 2-D FFT can be
expressed as

S .(f.,f.) = FFT{s,({,1,)} =

o sinc [T,, (f, + 2yRP(tO))] .

c
. 2v
sinc [Tau (fa + 5 cos HP(tO))] . (11)

From the above derivation, it can be seen that using the
R-D algorithm to image the near-field target, the range
domain of the image reflects the initial range Rp(#,) of the
target, and the Doppler domain of the image reflects the
cosine value of the initial angle cos@p(#,) of the target.
The method based on the coordinate conversion and ima-
ge interpolation can be applied to obtain the target image
in the Cartesian coordinate system.

2.3 Imaging resolution of near-field targets

For the reconstructed image of the near-field target dir-
ectly using the R-D algorithm, the range resolution de-
pends on the bandwidth of the transmitted signal and can
be calculated through

c

ORp(ty) = 2B

(12)
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The angular resolution is related to the relative move-
ment distance vT,; in the spatial domain and can be
achieved by the following equation:

0cosBp(ty)=

20Ty (13)

Taking the millimeter-wave radar with the center fre-
quency of 77 GHz and the bandwidth of 1 GHz as an exam-
ple, its range resolution is 0.15 m. Assuming the angular
resolution is dcos8p(ty) = 0.02, which only requires the
relative movement distance vTy; = 0.1 m during the ima-
ging time. The spatial resolution of the above parameters
is shown in Fig. 5. In Fig. 5, the radar is located at (0,0)
in the radar coordinate system X'O’'Y’, the interval of the
range distance is 0.15 m, and the interval of the cosine of
the azimuth angle is 0.02. Due to the characteristics of the
cosine function, the angular resolution of the radar is not
uniform in the spatial domain, and when the azimuth
angle is about 90°, fine resolution results can be obtained.
Therefore, better resolution can be achieved in the circle,
which corresponds to the denser area in Fig. 5, and the
azimuth resolution in the circle is approximately better
than 0.15 m. It can be concluded that the azimuth resolu-
tion can be achieved by relatively small motion under
near-field condition, which further illustrates the rational-
ity of the above-mentioned range approximation.
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Fig. 5 Spatial resolution of the near-field imaging

3. Near-field target imaging algorithm based
on coordinate conversion and
image interpolation

In Section 2, the imaging formula of the near-field target
with uniform linear motion directly using the R-D algo-
rithm is analyzed in detail. The R-D image of the target
records the position information of the target scatterer in
the form of polar coordinates: the polar radius of the tar-
get is recorded in the range domain, and the cosine of the
polar angle is recorded in the Doppler domain. The im-
age of the target in the Cartesian coordinate system can
be obtained through coordinate conversion and image in-
terpolation. The process of coordinate conversion and ima-

ge interpolation for the near-field target R-D image can
be illustrated by Fig. 6.

cos 0,

Initial R-D image R,
Coordinate ’
conversion

Image X
interpolation Y
bobobgeord -
o o | w0 R
I G C
. - :
1 = . £
e oeled g T
. . .
i e e ;
Interpolation image X

Fig. 6 Coordinate conversion and image interpolation of the R-D
image

Specifically, the R-D image of the near-field target can
be obtained by applying 2-D FFT to the radar echo. The
initial R-D image with the rectangular data distribution
records the position of the target in polar format. Convert
data from polar coordinates to Cartesian coordinates by

xp =R, cos6p
(14)
Yp = Rp Singp

The target image in the Cartesian coordinates system
can be obtained. However, the data distribution of the in-
termediate image changes to the polar sector. The sampl-
ing interval in the spatial domain is not equivalent. The
image interpolation can transform non-uniform sampl-
ing in the spatial domain to uniform sampling. After in-
terpolation, the data distribution changes from the polar
sector area to the rectangular area, and the data interval
becomes even.
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3.1 Image interpolation

Image interpolation is the process of estimating the un-
known pixels by employing the known neighbors, which
is used extensively in digital image processing to magni-
fy or reduce images and to correct spatial distortions. Tra-
ditional linear image interpolation algorithms involving
nearest-neighbor, bi-linear and bi-cubic are the most widely
used methods in practice. Compared to the non-linear
methods, the linear case cannot locally adapt the interpo-
lated values to the given data, but it has a less computa-
tional complexity. The nearest-neighbor algorithm uses
the nearest sample as the interpolated value. The bi-linear
algorithm explores four nearest neighboring points
around the interpolation point in the source image, and
assumes that the value function is linear in this neighbor-
hood. However, the kernel functions used in the above
methods can only exactly reconstruct any zero-degree or
first-degree polynomial. Thus, these interpolation al-
gorithms are prone to producing zigzagging artifacts
along edges and blurring details in textures. In that re-
gard, the bi-cubic kernel provides a very good trade-off in
terms of performance and computational time for general
applications. By using cubic convolution instead of bi-
linear interpolation or nearest-neighbor resampling, the
complexity of functions that can be exactly reconstructed
is increased to the second-degree.

Bi-cubic interpolation, also known as cubic convolu-
tion interpolation, estimates the interpolated value by
weighted average of the 16 pixels closest to the interpola-
tion point in the source image. Assume that g represents
the source image, and f represents the destination image.
For the point (x,y) in f, the bi-cubic interpolation can be
presented as

1+2 k+2

fay =Y gtmm)-utn-y)-um=-x) (15

where [ = | x], that is, [ is the value of x rounded down to
the nearest integer, and k = | y]. The cubic convolution in-
terpolation kernel u(s) is defined as

(a+2)s —(a+3)sF+1, 0<s| <1
u(s) =1 als’ —5als]* +8als|—4a, 1<|s| <2 (16)
0, [s|>2
where |s| represents the distance between the interpola-
tion pixel and the reference pixel. The constraint a = —0.5

is the only choice that will achieve the best precision
[16]. u(s) can be written as

L5IsP =2.5sP+1, 0<|s| < 1
—0.5|s +2.5]s —4|s|+2, 1 <|s|<2  (17)
0, |s|>2

u(s) =

The interpolation process of the point (x,y) in the ima-
ge f can be depicted in Fig. 7.
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Fig. 7 Bi-cubic image interpolation

Actually, 2-D bi-cubic interpolation is accomplished
by performing one-dimensional (1-D) interpolation in
each dimension, which can be indicated by I and II in
Fig. 7. Additionally, the algorithm requires that the data
samples are assumed to be equally spaced. However, in
the 2-D case, the horizontal and vertical sampling incre-
ments do not have to be the same. Therefore, the interpo-
lation process needs to be adjusted appropriately, which
will be described in detail in the next section. Finally, the
original intention of interpolation is image resolution im-
provement and image scaling. In this application, it is
used to compensate for nonhomogeneous sampled data to
complete coordinate conversion. Therefore, the interpola-
tion interval should not be too small or too large. The in-
terpolation interval that is too small will increase the
amount of calculation, and the interpolation interval that
is too large will cause the target image to be rough. The
literature points out that the interval of interpolation
should be one third of the radar resolution.

3.2 The proposed imaging algorithm for
near-field targets

The flowchart of the proposed imaging method for near-
field targets is shown in Fig. 8.

The steps in the flowchart will be specifically de-
scribed below.

Step 1  Perform dechirping processing, range com-
pression, and the R-D imaging algorithm on the radar
echo of the target with the uniform linear motion to ob-
tain the R-D image of the target g(Rp,cos8p). If the rela-
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tive movement of the target during the imaging time does
not exceed one range bin, the range alignment can be ig-
nored, otherwise range alignment is required.

Step 2 Define imaging grid (x,y), including imaging
range and grid spacing.

Step 3 Convert grid coordinates in Cartesian form
(x,y) to coordinates in polar form (R,cos6). The grid spac-
ing is no longer uniform in the R — cos6 plane.

Step4 Inthe R—cos# plane, interpolate the R-D ima-
ge g(Rp,cosbp) to grid coordinates (R,cos6) to obtain
the destination image f(R,cos#). The R-D image g(Rp,
cos@p) has uniform intervals in the R—cos6 coordinate
system, which meets the requirement of bi-cubic interpo-
lation.

Step 5 Convert grid coordinates in polar form
(R,cos0) to coordinates in Cartesian form (x,y). The tar-
get image f(x,y) with uniform intervals in the x—y plane
is obtained.

Define the imaging grid
(x, »)

' '

Coordinate conversion
(x, )= (R, 0)

' !

Interpolate the source image

Radar echo

Dechirping processing

The range profile —» to the destination image
* 2 Ry, 0p)—=f (R, )

Range alignment i

(if necessary) Coordinate conversion

R, O)—>(x,)
The R-D image ¢
g (Rp, 0}:) i The target image
f& )
The proposed method

Fig. 8 Flowchart of ISAR imaging algorithm for near-field targets

4. Experiment and performance analysis

In this section, the simulated data is used to demonstrate
the effectiveness of the proposed method, and the BP
algorithm in literature is used for comparison.

The simulation is performed in the point-scatterer mo-
del with uniform linear motion. The point-scatterer model
of the target is shown in Fig. 2. In the model, there are 30
scatterers with the same backscattering coefficient. The
target moves in a straight line at the velocity of (—=5,0) m/s
in the imaging plane, that is, the target moves at a con-
stant velocity of 5 m/s in the opposite direction of X’-axis
in the radar coordinate system.

The radar transmits LFM signals with the center fre-
quency being 77 GHz, the bandwidth being 1 GHz and
the time width of the pulse being 25.6 ps, and the pulse
repetition frequency (PRF) is 10 kHz. A total of 256 range
samples and 256 Doppler samples are selected for radar
imaging processing. The target moves 0.128 m during the
imaging time. In the simulation, the relative movement of
the target does not exceed one range bin 6R =0.15m,
and the range alignment can be ignored.

4.1 Experiments on the target with different
spatial locations

In this section, the proposed method is applied to experi-
ments in different near-field scenes. The position of the
target center in the radar coordinate system can be ex-
pressed as (Ry,6,) in polar coordinates form. In different
scenarios, the spatial coordinates of the target center are
shown in Table 1.

Table 1 Spatial coordinates in different scenarios
Scenario Coordinate Scenario Coordinate
Scenario 1 (5 m,90°) Scenario 4 (5 m,60°)
Scenario 2 (10 m,90°) Scenario 5 (10 m,60°)
Scenario 3 (20 m,90°) Scenario 6 (20 m,60°)

For Scenario 1, the imaging geometry of the radar and
the target is shown in Fig. 9(a). The point-scatterer model
and radar parameters are described as above. The radar
echo is generated by the above signal model. Fig. 9(b)
shows the ISAR image of the simulated data by directly
using the R-D algorithm. As shown in the figure, the R-D
image of the target is distorted, and the shape of the tar-
get cannot be presented correctly.

The results of near-field imaging using the proposed
method and the BP algorithm are shown in Fig. 9(c) and
Fig. 9(d), respectively. Specifically, the imaging range is
set to 30 m, and the grid spacing is set to 0.1 m in both
algorithms. The accurate speed of the target needs to be
obtained in advance to complete coordinate conversion in
the proposed method, and coherent accumulation in the
BP algorithm, respectively. Otherwise, the BP algorithm
will become unproductive, and the proposed method will
have the cross-range scaling problem.

The entropy is calculated to measure the focus of the
image based on the conclusion that better focused image
results in smaller entropy. The entropies of the ISAR ima-
ges based on the proposed method and the BP algorithm
are shown in Table 2. The computational cost analysis of
the two methods for near-field target imaging are shown
in Table 3.



432 Journal of Systems Engineering and Electronics Vol. 32, No. 2, April 2021

40 T T T T Table 2 Image entropies of different algorithms
30 Scenario The proposed method BP algorithm
Scenario 1 55221 5.700 6
20}
=
10 Scenario 2 59281 6.056 6
”“'e. Scenario 3 6.5009 6.526 1
O
10 0 To 20 30 Scenario 4 5.976 2 62702
X'/m
' (2'1) Imagllng geonlletry ' . Scenario 5 6.202 4 6.5752
180y ] Scenario 6 6.726 1 7.0157
200 - W
g - - ": - " -
<220} = I T 1 Table 3 Time consumed of different algorithms
e 240 ¢ = il Scenario The proposed method/s BP algorithm/s
260 ] ]
Scenario 1 0.0110 2.2540
2800, . . . . ]
80 100 120 140 160 180 Scenario 2 0.0150 22770
Doppler bin
(b) R-D algorithm Scenario 3 0.010 0 2.226 0
10 Scenario 4 0.0100 22530
o Scenario 5 0.0100 22240
"
E L -
N 5t & 8 8 0ok EEe ] Scenario 6 0.0110 2.246 0
W lll’ -
o For the BP algorithm, it performs coherent accumula-
of - tion on 2-D grid points for each echo, and the time com-
. . . plexity is O(N?). The major steps of the proposed method
= )(2 3 mainly include polynomial calculation on 2-D grid. The
(¢) The proposed method time complexity of the proposed method is O(N?).
According to the imaging results, the near-field imag-
ing algorithms can achieve the correction of the target
10F 1 distortion. Compared with the BP algorithm, it is obvious
gy that the image quality of the proposed method is im-
, oy . proved. In addition, the consuming time of the proposed
£ 5 o e RS method is much lower than the BP algorithm, which
L) - . . . . .
’ makes it possible for real-time applications. Overall, the
#a experimental results show that the proposed method can
of ] get better focused image efficiently.
) ) ) The same experimental analysis process is applied to
-5 X(; 5 Scenarios 2—6. The experimental results of Scenarios 2—6
(d) BP algclnithm are shown in .F igs. 10—14, the .entropies of the images and
- : Target; > : Radar. the computational cost analysis are shown in Table 2 and

Fig. 9

on the R-D algorithm, the proposed method, and the BP algorithm

Imaging geometry in Scenario 1 and imaging results based

Table 3, respectively. The same conclusion can be sum-
marized through the experimental results.
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Fig. 10 Imaging geometry in Scenario 2 and imaging results based
on the R-D algorithm, the proposed method, and the BP algorithm
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Imaging geometry in Scenario 3 and imaging results based

on R-D algorithm, the proposed method, and the BP algorithm
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Fig. 12 Imaging geometry in Scenario 4 and imaging results based
on the R-D algorithm, the proposed method, and the BP algorithm
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Fig. 13 Imaging geometry in Scenario 5 and imaging results based
on the R-D algorithm, the proposed method, and the BP algorithm
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Fig. 14 Imaging geometry in Scenario 6 and imaging results based
on the R-D algorithm, the proposed method, and the BP algorithm

4.2 Experiments with different SNRs

In this section, the experiments with different SNRs are
investigated to validate the robustness of the proposed
method. The additive complex Gaussian noise is added to
the radar echo in Scenario 2, and the yielding SNR varies
from 0 dB to 20 dB with a step size of 5 dB. The pro-
posed method and the BP algorithm are tested with 300
Monte Carlo trials for each value of SNR. The average
image entropy under each SNR is shown in Fig. 15. It can
be seen that the proposed method outperforms the BP algo-
rithm when the SNR varies from 0 dB to 20 dB.
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Fig. 15 Average image entropy versus SNR
5. Conclusions

In this paper, we consider radar imaging of the near-field
target with uniform linear motion, and the method is pro-
posed for near-field ISAR imaging. For the near-field tar-
get, the far-field assumption in the traditional ISAR imag-
ing processing chain does not hold. Due to the complica-
tion of the near-field turntable model for the analysis
problem, the near-field model with uniform linear mo-
tion is analyzed. Through reasonable approximation, it is
found that the target R-D image records the position in-
formation of the target scatterers in the form of polar co-
ordinates. We then propose and apply a new method that,
based on the coordinate conversion and image interpola-
tion, obtains the ISAR image of near-field targets in the
Cartesian coordinate system. Compared with the BP algo-
rithm, the proposed method produces a better quality of
the near-field target ISAR image. Simulation and experi-
mental results have evidently demonstrated the effici-
ency and robustness of the proposed method.
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