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Abstract The use of Orthogonal Frequency Division
Multiplexing (OFDM) waveform in place of Linear
Frequency Modulation (LFM) signal is one of the latest
topics in the field of Synthetic Aperture Radar (SAR)
imaging. The advantages of imaging by this technique
include resistance to certain types of radar jamming
techniques, reduced ambiguity in Doppler spectrum with
an increase in the number of sub-bands, and extraction of
target phase history based on phase approximation of all
OFDM subcarriers. In conventional SAR imaging
algorithms, it is assumed that the targets are stationary in
the imaging zone as these algorithms do not have the
required efficiency to image moving targets, leading to

blurred images and high Integrated Side Lobe Ratio (ISLR).

To circumvent these problems, there is a requirement of
designing appropriate imaging algorithms, keeping in mind
the important issues related to the moving targets in the
imaging zone. Thus, in this study, we propose the
implementation of the OFDM waveform for imaging
moving targets alongside the first-order keystone transform
to solve the above-mentioned problems.

Keywords OFDM SAR, GMTIm, First-Order

Keystone Transform

1. Introduction

SAR! is a microwave imaging system that can take 2-D
images from a given scene, under all climatic conditions.
“Range”, which measures the line of sight distance from
the radar to the target, is one of the dimensions of this

! Synthetic Aperture Radar

imaging system. Another dimension of the imaging system
is the “Azimuth”, which is perpendicular to the range axis.
Range is measured using pulse compression techniques
and is based on the accurate measurement of the time
elapsed from the moment the pulse is transmitted to the
moment it returns from the target [1]. With the movement
of the SAR radar, pulses are continuously sent, and the
returning echoes are received and saved in an echo storage
memory. Since the radar moves with respect to the ground,
the returned echoes are shifted in frequency (known as
Doppler shift) with respect to the transmitted signals. The
comparison of the Doppler shifted signals with a reference
frequency signal enables the returned signals to be focused
on a single point, resulting in an effective increase of the
antenna length.

In addition, OFD? is widely used in telecommunication
systems [2-4]. Due to the orthogonal property of the signal,
it is possible to modulate independent data streams on each
of the subcarriers without creating any interference. Given
these unique properties, the OFDM waveform has been
highly investigated by many researchers in the SAR field
during recent years [5]. A previous study examined the
simultaneous implementation of radar and data
communication capabilities in a single system using
OFDM [6]. This system was reportedly implemented on
SDR? hardware and could achieve a bit rate of 57 Mb/s
with a bit error rate of less than 5%. A high-resolution SAR
imaging system based on space-time coding MIMO* and
OFDM was proposed in another study [7]. This system
used MIMO configuration in the elevation direction, space
time coding in the azimuth direction, and employed OFDM

2 Orthogonal Frequency Division Multiplexing
% Software Defined Radio
* Multi-Input Multi-Output
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waveform diversity.

In SAR imaging algorithms, the targets are assumed to
be stationary in the imaging zone. This is because the
algorithms mentioned above will not be properly
applicable with moving targets as it would result in opaque
and blurred images. Thus, it is necessary to redesign the
imaging algorithms and devise appropriate filters and
functions, considering the presence of moving targets. We
intend to use the keystone transform in our moving target
imaging scheme. A previous study [8] has implemented the
GMTIm® Algorithm by means of first-order keystone
transform. Applying interpolation kernels is the first step
for implementing keystone transform. This method,
however, is not usually used because of its very high
computational load. Thus, the chirp scaling technique has
been proposed for implementing keystone transform [9]. In
this method, the idea of stationary phase without resorting
to interpolation kernels is implemented along with their
heavy computational loads.

In the present study, OFDM is briefly reviewed, and then
its applications in SAR imaging of moving targets are
discussed. In this regard, the imaging geometry is drawn in
the presence of moving targets, and the instantaneous range
equation is extracted for use in the processing algorithm.
The imaging process is expressed in range and azimuth
within the framework of the first-order keystone transform.
In the end, the results of the simulation are shown for a
point target in each of the processing phases.

2. Modeling Ultra-Wideband
Communication (UWB) OFDM
Waveform

The commonly used OFDM waveform in
telecommunication digital systems is described below:

5, (1) = Zx(k)exp(j(zf‘f%p +, (t)DO <t<T, (1)

k=1
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In this equation, x(k)denotes ki data symbol from the
data vector X =[ x(1)x(2)..x(N)], N is the number of
subcarriers, and T, indicates pulse transmission period.
The kth subcarrier belongs to the sub-band KkAf with
Af :%p being equal to the bandwidth of any of the

sub-bands. Although these sub-bands overlap, the peak of
each subband is placed on the null point of another subband
due to the orthogonal property of the waveform. If the real

part of Eq. (1) was considered with the value of ¢, (t)=0,
we would have:

s(t)=>_x(k)cos(2zAfkt),0 <t <T, )

The above equation indicates the waveform used in
practical radar systems, and it is utilized as the reference
signal in the following discussion. It is clear from Eqn. 2

that s(t) is the sum of sinusoidal pulses with a
transmission period of T, . Signal Spectrum S(f) is

obtained by applying Fourier Transform to signal s, (t) :
S(f)
TD
N 2 . .
=Fy[s. (1) ]=2"x(k) [ el*™eidt
k=1 T

2

©)
sin(z(f —kaf)T,)
7z (f —kAf)T,

=3 x(k)

The k™ Sinc function is related to the k ™ sub-band center,
and these centers are placed in frequency intervals of kAf .

The signal spectrum S(f)along with the N subcarriers is
shown in Figure 1.
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Figure 1. OFDM Spectrum Signal with N Subcarriers

As shown in Figure 1, the width of the main lobe of each

Sinc function is 2Af , and since Af :% , the width of
p

the main lobe depends on the period of pulse transmission
only. When the total bandwidth is fixed, the number of
sub-bands will be proportional to the period of pulse
transmission, i.e., an increase in the number of sub-bands
will result in a corresponding increase in the pulse
transmission period.
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Figure 2. Geometry of Imaging Moving Targets

3. Geometry of Moving Targets
Imaging in SAR
In Figure 2, a simplified geometry of SAR imaging has

been displayed with zero-laevorotation (the beam is placed
on broadside). In this figure, V denotes platform speed, M

is the moving target, and finally, V, and @, indicate
velocity and acceleration of the moving target M along an
axis parallel to the platform path. Similarly, V. and a,

denote velocity and acceleration of the moving target along
a perpendicular axis to the platform’s path. Likewise, Rg is
the shortest distance between the radar and the target, and
n is the slow time. If the target moves toward the radar,

V. is positive. The instantaneous range between the radar

and the moving target is expressed by means of the first
order Taylor expansion as follows:

1 2 1 :
R(7) =\/(Vn—va77—5aanzj +(RB —Vcn—Eamzj

(V _Va)2 _acRB 2
2R,

(4)

= B_Vcn+

4. Proposed OFDM SAR Processing
Algorithm for Imaging of Moving
Targets

In previous sections, the required background was
presented for OFDM, and the geometry for imaging was
also extracted to derive the equation of instantaneous range
in the processing algorithm. These issues are used in this
section, and the imaging algorithm in SAR is proposed
within the framework of OFDM waveforms for imaging of
moving targets.

4.1. The Transmitted OFDM Signal

With minor modification of the equation presented
earlier, the transmitted OFDM signal in a single period and
used in this application can be written as:

N
s (7)= rect[TLJZx(k)exp( j(27(f, +kaf )2')) (5)
=

k=1

Here, 7 is the fast time, f; is the carrier frequency, and

rect function is the transmitted pulse envelope. During the
reception interval, the radar receiver waits for receiving the
returning signal from the target. The range of the returned
signal is one dimension of the signal space and a function
of the fast time. A simplified view of the transmitted and
received waveforms is depicted in Figure 3.
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Figure 3. The Reception and Transmission of a Signal in SAR Radar

4.2. Received OFDM Signal from the Moving Target

The received SAR signal, which is basically the delayed version of the signal in Equation 5, can be written as follows:
2R(n)
N T Ui - 2R(n7)
s, (7.17) = 0, ) rect — rect| -———— x(k)exp| j| 2z (f, +kAf)| r———= (6)
k=1 %V v ) C

p

One dimension of this 2-D signal is the range-time dimension represented by 1, and the other dimension is the slow
time dimension represented by n. In Equation 6, o, denotes radar cross-section, c is the speed of propagation, T is the

pulse transmission period, L indicates the synthetic aperture, rect(n) stands for antenna array size in the azimuth

direction, rect(z-) is OFDM signal envelope, and 2R(n) is the delay due to signal reflection from the target. In This
C

equation the attenuation due to signal propagation hasn’t been considered. The value of R(n) is calculated for the

moving target by means of Equation 4. After translation to baseband, the received signal of Equation 6 changes to the

following form:

2R(n)
N -
s (7.77) =0, ) rect T—C rect| ——— x(k)exp{—j4nfo@jexp[jZﬂkAf [r—ZRT(U)D @)

: v -v)

4.3. Compression in Range

Signal compression in the range direction is the first step in SAR processing algorithms. For this purpose, the Fourier
Transform of the signal is first calculated. This transform naturally applies to the part of Equation 7 that depends on t. The
result is depicted below:

2R (1)

, grect T_; x(k)exp[janAf[r—zi(wD :ix(k)sin(ﬁ(f,—kAf)Tp)exp(_erer(U)j @)

P K=1 ﬂ'(f —kAf )Tp Cc

T

The match filter in the range direction is equal to the Fourier Transform of the transmitted OFDM signal, which is
calculated as follows:

sin(7z(f, —kAf)T,)

Hrc(f,)={7§{grect[%]x(k)exp(jZﬁkAfr)H =kN1x(k) o (f T—kAf)Tp ©)

T
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This spectrum was shown in Figure 1. As can be seen,
with increasing number of sub-bands, the spectrum
changes to a rectangular pulse form in the frequency
domain, and its envelope can be approximated with a
rectangular function. The IFT® of a rectangular function is
a Sinc function; hence, by substituting Equation 8 in
Fourier Transform of Equation 7, we have:

SI’Z ( fr’n)

N
=0,y rect
k=1

%V _Va)

R(”)J (10)

xexp[—j4ﬁ( fo+ f’)T

Ui
L

sin(z(f, —kAf)T,)
z(f, —kAf )Tp

><X(k X

Multiplying Equation 9 with Equation 10 and using the
new definition of

k= T )Tp

[N

Sin(ir(ff—kAf)Tp)]2 . we  will

vv<ff>=[zx<k> T

have:

S5 (f..m) = oW (f.)xrect 4

P -v,)

XeXp[—Hﬂ( o+ ff)R(C”)]

(11)

By increasing the number of OFDM subcarriers, the
envelope of this spectrum approaches the rectangular form

(i.e., rect f.
N Af

inverse Fourier Transform of Equation 11 with respect to
range, a Sinc function is created whose peak location
corresponds to OFDM signal transmit time for any specific
value of azimuth and any point target position. Meanwhile,
it may be inferred from Equation 11 that the range has been
coupled with azimuth. On substituting Equation 4 in
Equation 11, the expression for the phase will be given as
Equation 12 below:

. (f..m)

=_47z(f0+ fT)RB+47r(fO+ fr)vcn
C C

2z(fy+ 1) (V-v,) —aRy ,

p— . 77

]) as stated before. Thus, by taking the

(12)

c Rg

¢ Inverse Fourier Transform
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In Equation 12, the first term remains constant and does
not affect the rest of the processing. The second term is
related to the displacement of range (Range walk) and
Doppler shift, which can be compensated knowing the
speed of the target perpendicular to its moving path of
radar. The third term corresponds to the range curvature
and Doppler frequency modulation that can also be
compensated knowing the velocity of the target along the
moving path of radar and acceleration of the target
perpendicular to the moving path of radar. In practice,
since the moving targets do not move in groups, the target
signal is hidden by clutter. For this reason, a
high-resolution imaging system is required; these systems
spend a lot of time collecting data (larger synthetic aperture)
leading to greater range curvature.

In this case, curvature lines from various targets overlap
after compression operation in range, separating targets
from each other and approximating their parameters that
get very difficult. To solve this problem, two algorithms
have previously been purposed, namely the second-order
and the first-order keystone transforms.

The aim of using keystone transform in both the
techniques is for correcting the Range Curvature and
Range Walk. However, previous works have reported that
the second-order keystone transform is not optimal [8] as it
needs a lot of computational tasks that must be carried out
for each moving target. Comparatively, this problem does
not exist in the first-order keystone transform. The
second-order keystone transform method needs to estimate
the Doppler centroid for every range frequency before any
range migration correction. Therefore, it is not
computationally efficient and requires a high SCNR '
Comparatively, in the first-order keystone transform, the
imaging of moving targets is performed with large range
walk and curvature, and the Doppler centroid is estimated
after range walk correction. Therefore, the first-order
keystone transform is employed in our study to form the
image of the moving target.

The processing phases of GMTIm Algorithm based on
the first-order keystone transform are depicted in Figure 4.
In this algorithm, initially the range walk is compensated,
leading to correction of the range curve rotation (Range
Walk) due to the motion-related parameters of the targets.
Then, the range curvature is compensated, and the
curvature caused by RCM?® as well as the target movement
parameters are corrected. Eventually, the appropriate
match filter in the azimuth direction is applied by means of
Azimuth FM? ratio.

" Signal Clutter Noise Ratio
8 Range Cell Migration
® Frequency Modulation



Universal Journal of Electrical and Electronic Engineering 7(2): 136-154, 2020 141

A A A A

E Range Walk £ Centroid || Curvature |—gw = e SIMaton. L £

2 - Correction -’E -+ Estirmation Correction Q c A2|rnuth_ 2 ®
Oompression
Range o Range g Range - Range
Figure 4. Processing Steps by means of First-Order Keystone Transform

The curvature rotation (Range Walk) of the moving ¢ 2v, 15
targets can be compensated by means of first-order de = (15)

keystone transform by scaling azimuth time vector for any
value of range frequency such that:

_ fC
=y )

In this equation, 7, is the new slow time after the

first-order keystone is implemented [10]. The
implementation of Equation 13 using interpolation
techniques requires a lot of computational loads; as a result,
the chirp scaling method [9] is employed given that the
TBP! value is higher than 200. The summary of this
technique is presented in the next section.

(13)

4.4. Range Walk Correction by Means of First-Order
Keystone Transform

On substituting Egn. 13 in Egn. 12, we have:

47[(fc+fr) A

(ﬂrc(fr!nm): Rg +7Vc77m

(14)

_2_” (V _Va)z_aCRB fcz 7 2
c’ Rg (fo+f,)"

The linear dependency of Range Walk (second term in
eg.12) on the range frequency has been removed due to the
use of first-order keystone transform. In the last part of
Equation 14, however, a type of quadratic dependency on
the range frequency has been created, which is known as
Range Curvature (residual coupling is present in the
quadratic term, which corresponds to the range curvature).
This part represents RCM curvature, which can be
compensated by correction of the filter in 2-D frequency
domain.

The second term in Equation 14 represents Doppler

centroid frequency ( fdc ), which is calculated and

compensated before range curvature correction operation
by the pertinent techniques in Doppler approximation. This
parameter can be computed without any sensitivity to
Range Curvature by means of central Doppler
approximation methods based on signal range information.

1% Time Bandwidth Product

Similarly, the azimuth FM ratio in Equation 14 is
presented as follows:

(V _Va)2 _acRB

Ky=2
2 ARg

(16)

After Doppler central frequency value correction,
Equation 14 may be rewritten as follows:

4r(f, + f,)R

§0rc(f1177m):_7 B
17
_2_” (V _Va)z_acRB fc2 2 a7
¢ Ry (f,+ 1)
Let us introduce the parameter B as follows:
2
gl (V-Va) —aRs (18)
c Rg (fo+f.)
where, this  parameter is related to the
previously-introduced parameter K, .
K f
B=—2__¢
2 (1) (19)
Inserting parameter B in Eqn. 17 leads to:
Ar(f.+f
(Drc(frlﬂm):_(c—r) Re _Z”Bﬂmz (20)

So, after Range Walk cancellation, Doppler centroid
frequency correction, and rearrangement of parameters, the
output of Equation 11 will be as follows:

f
sM(f,,nm):aOrect(Ngf j

dr(f +f
il exp[—j[”(j’) Ry +27[BT]m2]J

Pv-v,)

4.5. Range Curvature Correction

(21)
xrect

The Fourier Transform of azimuth signal can be derived
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by means of the POSP*! technique from Equation 21 and
can be presented as:

Sdcc(frl fd): .[ 5r4(frrnm)exp(_jZHfdnm)dnm (22)

The phase function under this integral is derived by
means of Equation 21 as below:
47[( f.+ fT)

—Ra ~272Bn,2 — 27ty (23)

Ddcc (77m ) ==

The derivative of ¢, (n,)With respect to 7, is easily
derived as follows:

d@gec (77m )

=—-A4xBn, -2 f,
L/

(24)

To implement POSP, the range time for which that
derivative equals to zero in Equation 24 should be
calculated as follows:

fd
M = 2B

On substituting Equation 25 in Equation 23, the phase in
2-D Fourier Transform term will be as below:

ar(f.+f.)

(25)

2
Rg + 7 g
2B

(26)

(odcc(fr’fd):_

Likewise, the above formula may be modified to include
azimuth FM ratio (K, ):
fo+ f
g @)

a c

Ar(f, + f,
a1, 1) = e o)

K

Based on these explanations, the rate of range curvature
in 2-D frequency domain may be expressed as below:
v f 2
ARW,  =—-%f
2d =

a c

(28)

Therefore, the required filter phase for range curvature
effect correction will be of the form:

Hag = —JARW,4 (29)

It should be noted that K, varies for different targets

with different ranges (R,) and velocities; as a result, an

approximate value is used for ease of use. For example, in

Equation 16, V,is much smaller than V and at the same

time the amount of acceleration along the moving path (@, )

is also very small or even equal to zero. Likewise, the
amount of range walk R, of the target can often be

ignored with respect to the sweep width, and it is
considered equal to the center of sweep width R . Given

1 Principle of Stationary Phase

Ground Moving Target Imaging (GMTIm) Algorithm in OFDM SAR Based on First-Order Keystone Transform

these points, the approximate value of Ka in Eqn. 16 will
be as follows:

£ 30

R (30)

The correction filter for correction of curvature effect of
Range walk will be as below:

7CRy T, fy?

H — i 0 'z 'd 31

2d J—ZV2fc2 (31)

The above approximation may not always meet the

requirements, and more accurate values for K, can be

derived by means of analytic time-frequency techniques
like Fast Fourier Transform or  Wigner-Ville
(quasi-probability) distribution.

Given these remarks, the result obtained after applying
the filter in Equation 29 to the phase of Equation 27 can be
expressed as follows:

ar(f,+f
drlfetf)p 7 p2 (g

¢dcc(fr’fd)=_ c K
a

The resulting signal will be of the form as given below:
Srwe (fro fg ) =Wr (T, )xW, ()

ar(f,+f
xexp{—j—”( °C+ ’)RB+jKLfd2}
a

Applying inverse Fourier Transform in the range by
means of time displacement property and phase
multiplication of Fourier Transform, we have:

2R
Srwe (z', fd)= Pr [7— CBjXWa(fd)

xexp{—j—MiCRB + jKi fdz}
a

Here, the term exp{—j Az icRe
Cc

(33)

(34)

} is a constant phase that

can be ignored, and the equation can be rewritten as
follows:

2R i
Srwc (7. f4) = pr(r_ CB]xWa(fd)xexp{jKi de}(35)

a

4.6. Compression in Azimuth

The reference signal for the Doppler matched filter can

be written as below:
. T
Haz :eXp{_JKa fdz}

Multiplying Equation 36 by Equation 35 and applying
inverse Fourier Transform, we will have:

(36)

SAC (fl‘[m): Pr (f_ZEBjX Pa (Tm) (37)
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Figure 5. The Algorithm Flowchart for SAR Moving Target Image Formation

The summary of the presented algorithm, up to this point,
is shown in Figure 5.

At this point, the process of forming an OFDM SAR
image for the moving target gets completed. The
implementation of the first-order keystone transform by
means of chip scaling will be discussed in the next section.

5. Implementation of First-Order
Keystone Transform by Means of
Chirp Scaling

As noted in the previous section, the phase history linear
term (Range Walk) of moving targets can be omitted using
the first-order keystone transform. The linear term in the
phase history (Range Walk) causes rotation of the range
curvature, and if this term is deleted before the 2-D Fourier
Transform, the second-order term of the phase history may
be deleted by means of an appropriate correction filter in
the 2-D frequency domain.

The question that may be raised here is how to
implement the keystone transform. To the best of our
knowledge, there are two general techniques for
implementation of this transform: one technique is by
employing interpolation methods and the other one is based
on chirp scaling techniques. As mentioned in a previous
study [9], however, the implementation of interpolation
method in practical applications has been avoided due to its
higher computational loads, and therefore, the chirp scaling
method is suggested for this purpose. The chirp scaling

technique is based on RCMC® operation without using
interpolation kernels [11], which results in increased speed
for RCMC implementation. Since the stationary phase
assumption will be used in POSP Fourier Transform
computation to implement this technique, it requires TBP
to be higher (i.e., more than 200) along the azimuth
direction. Given the time of synthetic aperture formation in
seconds in SAR and Doppler bandwidth of a few kilo Hertz,
the time bandwidth product is greater than the minimum
value, and so POSP technique can be utilized for chirp
scaling. We will, thus, discuss the chirp scaling technique
based on the POSP method, followed by the discussion on
keystone transform.

The complete block diagram of chirp scaling technique
is depicted in Figure 5. As already mentioned, the
stationary Fourier Transform [9] is employed, and
a + y = Bisthe only condition that should be considered in

this technique.

12 Range Cell Migration Correction
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Figure 6. The Implementation Method of Chirp Scaling in the Frequency Field

In this figure, the signal g(7) is converted into g[—ﬂj by means of FFT™ and IFFT** transforms and
e
multiplication in the given phase functions. In Section 4-3, first-order keystone transform is derived to compensate for

Range Walk, using this property. The received signal formula of the moving target after compression in the range
(Equation 11) may be rewritten as follows:

S () P(fr)xexp{j[_47r(fo+ £) . L ar(fy+ f,)vcﬂ_zﬂ(f0+ f,) (V-v.) -aR, ”ZD )

c c c Rg

where, P(f.)is considered as the signal envelope function in the frequency domain. In addition, the first-order

keystone transform, which compensates for the rotation in curvature of the moving targets (Range Walk), is given below:
Substituting Equation 39 in the phase of Equation 38, we will have:

(L 39
= r ) (39)
Substituting Equation 39 in the phase of Equation 38, we will have:
[ dr(fo+f)_ 4x 27 (V-v,)* -8Ry f?2
S,.(f., =P(f )xex —— TRy +—V, 7, ——. a c B & 2 40
I‘C( r’]m) ( r) p J{ c B /1 c77m c RB (fc-i-fz_)r]m ( )

13 Fast Fourier Transform
¥ Inverse Fast Fourier Transf
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In fact, the principles of chirp scaling technique are
employed in order to determine parameters a, B, and y
according to the block diagram of Figure 6 such that
Equation 38 can be converted into Equation 40. For this

purpose, we define function g (77) as follows:

2
J2zr (V-vu) —-a.Rg f2 2
=5, (f., . c
9 () =S (f: U)XGXP[J[ - )"

(41)
According to Figure 6, the result of multiplying

2
exp[—j%nzj by g(17) should be S, (,.77). Thus,

we have:

2
.| 2z (V_Va) —a:Rg fcz 2 | 72 2
exp{ J[c' Rg (fc+fT)77 - P 10177

(42)
From the above equation, we can derive the following
value for a:

a:c_ﬂ-(fc+fr) Rg
2 fCZ (V —Va )2 —& RB

(43)
On the other hand, in order to set the value of output

. arn . .

signal as g| —— [in the keystone process, we derive

the following relation:

c (24
=-= (44)

145

By having all other parameters, y can be calculated from
the above equation, and finally, B can be extracted from the

equationa+y = 8.

6. Moving Target Image Formation
Simulation and the obtained Results

In this section, the simulation results of RDA™ are
firstly shown under the condition where OFDM signal is
used for a stationary point target. Then the results are
shown for the moving target. The values of the important
parameters used in this simulation are presented in Table 1.

Table 1. Important Parameters of OFDM SAR System
Parameter Value
Central Frequency (Centroid) (f o) 5.4 GHz
(BW) OFDM Signal Bandwidth 150 MHz
Quantity of Subcarrier (N) 256
Pulse Repetition Frequency (PRF) 2100 Hz
Velocity of Platform 200 m/s
Height 100 m
Angle of Radiation 50°

The simulation results in this case are shown in Figure 7
under the condition that all OFDM signal subcarriers are
used. The simulation phases include compression in range,
RCMC, and azimuth, which have also been illuminated by
a related research [11].

15 Range Doppler Algorithm
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Figure 7. Simulation of a Stationary Point Target Using All OFDM Subcarriers at the Common Mode of RDA Algorithm

Similarly, if half of the total OFDM subcarriers are randomly used as the transmitted waveform, it will have no
destructive effect on the final resolution of the target and the system will be resistant against radar deception (or jamming).
The results of this simulation mode are presented in Figure 8. Since the random model with turn-on and turn-off modes for
subcarriers may vary in each pulse period and only SAR receiver is informed of this model, the radar deception (jamming)
system cannot efficiently match any jamming in the OFDM SAR system.
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Figure 8. Simulation of a Stationary Point Target in the Mode of Using Half of OFDM Subcarriers with Random Selection
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As mentioned earlier, the common RDA algorithm is not efficient enough for moving targets in the imaging zone. For
this purpose, the simulations are performed for a moving point target and its effect is displayed on the resulting image.

The target parameters used in the simulation are tabulated below.

Table 2. Moving Parameters of a Point Target

Parameter Value

Velocity along the platform moving axis 8 m/s

Velocity perpendicular to that axis 5m/s
Acceleration along the platform moving axis 0.1 m/s?
Acceleration perpendicular to that moving axis 0.1 m/s?

In Figure 9 (a), the image is displayed after range compression. In Figure 9 (b), the keystone transform is applied.

Figure 9 (c) shows the keystone transform in the range-Doppler domain.

Likewise, Figure 10 (a) shows the image after Doppler centroid correction for a point target. The process Range
Curvature correction has been displayed in Figure 10 (b), and the final image indicates the period after compression in

azimuth (range) in Figure 10 (c).
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Figure 9. Demonstration of Range Walk Correction Process, a) Image after Compression in Range, b) Image after Range Walk Compensation , and ¢)
Image after Keystone Transform in the Doppler- Range Field
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Figure 10. Demonstration of Range Curvature Correction Process, a) Image After Doppler Centroid Correction, b) Image After Range Curvature
Correction, and ¢) Image After Compression in Azimuth
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Result of RDA algorithm
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Figure 11. Demonstration of Final Image after applying conventional RDA. The linear component of the range migration significantly blurred the

moving target in the SAR image

In Figure 11, the final image of the moving target is
displayed using RDA. By exiting the moving target in the
image, the RCM curvature rotates around the non-moving
target, and the RDA does not compensate the RCM
curvature rotation. The first-order keystone transform
compensates the effect of the Range Walk moving target.

As seen before, on using the RDA algorithm, the effect
of Range Walk and Range Curvation, rotation due from
moving target will not compensate and the final image
would not be compressed in Range and azimuth, thus blur
effect in the image will be displayed.

7. Conclusions

In this paper, we purposed a new technique for imaging
in SAR by means of OFDM waveform. In this regard,
OFDM waveform basics were first reviewed within the
context of digital telecommunication systems and the
method of producing this signal was presented. Then, by
means of a radar-oriented approach, the process of imaging
in the range and azimuth of an SAR system was presented
within the framework of RDA. When a target moves with a
certain velocity and acceleration within the imaging zone,
the custom algorithms are not usually efficient, and the
acquired image becomes opaque and unclear. Noting this
problem, we proposed an algorithm for imaging moving
targets based on OFDM waveform and first-order keystone
transform. The simulation results indicated the efficiency
of the algorithm versus the quality of the generated images.

The results of the simulation show that the first-order
keystone transform is efficient in presenting a moving
target in comparison to RDA.

In the usual RDA method, due to the inability to
compensate Range Walk and Range Curvation and rotation
due to moving target, the final image will be unclear.
However, the first-order keystone transform will
compensate all the effects of moving target in the image
and also estimate the moving target parameters.
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