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Abstract— A novel approach for jamming-resistant
and high-resolution synthetic aperture radar (SAR)
imaging technique is explored based on ultra-
wideband  orthogonal  frequency  division
multiplexing (UWB-OFDM) waveform. Suitable
waveforms for both friendly and hostile
environment are proposed based on various
random sequences and tested for SAR imaging in
presence of a digital radio frequency memory
(DRFM) repeat jammer. Adaptivity factor is
introduced to make the system consistent in both
environments. Wide-band ambiguity function
(WAF) has been derived and the effect of sub-
carrier composition in UWB-OFDM waveform as
SAR signal is analyzed to avoid ambiguity in
image reconstruction. Appropriate UWB-OFDM
pulse shaping is introduced for SAR imaging in
jamming scenarios and in hostile environments to
solve the susceptibility of conventional linear
frequency modulated (LFM) chirp signal,
Gaussian pulses and any other constant pulse
shape to avoid the possibility of false target
introduced by jammer and to achieve secured
imaging in jamming scenarios. The peak side-lobe
performance is examined in terms of number of
OFDM sub-carriers and sub-carrier orientation.

Index Terms— Orthogonal frequency division
multiplexing (OFDM), synthetic aperture radar
(SAR), SAR jamming and anti-jamming, and
ultra-wideband (UWB).

L. INTRODUCTION
Synthetic aperture radar (SAR) is used to
obtain high resolution images of a large target
area. It involves transmitting signals at spaced
intervals called pulse repetition interval (PRI). The
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responses at each PRI are stored and processed to
reconstruct a radar image of the terrain [1].
Recently, achievement of high resolution SAR
images has been investigated depending on
transmission of ultra-wideband (UWB) waveform
as radar signals [2]. UWB technology has double
advantages: good penetration capability and high
resolution target detection for radar applications
[3] and [4].

Conventional LFM chirp signal experiences
high susceptibility to jammer because of the linear
nature of the intermediate frequency (IF).
Gaussian pulse exhibits constant pulse-shape make
these pulses susceptible to certain forms of
deception jamming. These radars may be
susceptible to certain types of jammer in scenarios
where multiple pulse transmissions are mandatory,
as in SAR imaging. Constant pulse shape also
prevents using multiple radars in same location as
they could interfere with each other. Therefore, it
is necessary to explore radar signals that employ
wide bandwidths and have the ability to quickly
adjust to any adverse situations.

Orthogonal frequency division multiplexing
(OFDM) is a method of digital modulation
commonly used in commercial communications,
shows great potential to be used in radar pulse
shaping. Although OFDM has been frequently
studied and commercialized in the digital
communication field, it has not so widely been
studied by radar communities rather than a few
efforts [5-10]. An OFDM signal consists of several
orthogonal sub-carriers that are simultaneously
passed over a single transmission path. Each sub-
carrier contains a small portion of the entire signal
bandwidth [11]. Spectral components in OFDM
signals are orthogonal to each other; therefore, by
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controlling the sub-carriers we can ensure that any
two waveforms emitted simultaneously will have
minimum interference. Essentially, the subcarriers
partition the bandwidth of the signal into several
smaller orthogonal blocks. The system has control
over the sub-carriers and, therefore, control over
the spectrum of the waveform. In radar scenarios,
the spectrum can be manipulated to avoid any
interference that may be introduced from hostile
environments. Moreover, OFDM signals can be
formed in an attempt to eliminate all forms of
jamming and interference.

In some scenarios, enemy combatants may use
specific electronic countermeasures (ECM) to
confuse the radar by altering the radar received
signal characteristics resulting in a poor
reconstructed image [12]. Pulse diversity of radar
signals is an effective electronic counter-
countermeasures (ECCM) technique against
deception jammers. Advances in sampling
technology have increased sampling speed
allowing for OFDM waveforms employing UWB
(500 MHz and above) to be generated accurately
and at relatively low costs. The wide bandwidth
along with excellent pulse diversity shows clear
potential for UWB-OFDM signal to be used as
radar pulse in jamming scenarios. The advantages
of using OFDM waveform in radar application
are: a) waveforms are generated digitally with
pulse-to-pulse shape wvariation, b) ease of
jamming/interference mitigation, and c) noise-like
waveforms provide low probability of interception
(LPI) and low probability of detection (LPD).

The structure of the paper is as follows.
UWB-OFDM signal generation is described in
section II, while the proposed multi-modulation
technique is presented in section III. Detailed
analysis of DRFM repeat jammer is discussed in
section IV. Target model based on different
scenarios is presented in section V. Section VI
presents the comparison of auto-correlation and
cross-correlation of different pulses in radar
perspective. SAR imaging in jamming scenarios is
investigated in section VII and wideband
ambiguity function is derived in section VIIIL.
Conclusions are provided in section IX.

I1I. UWB-OFDM SIGNAL GENERATION

UWB-OFDM signal is generated according to
the scheme shown in Fig. 1 by randomly
populating the digital frequency domain vector as,
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lpw = [nns 1_[0 l_[ps (1)
where, Il and II,s represent the positive and
negative sub-carriers, respectively, whereas I
represents the baseband DC value. Inverse discrete
Fourier transform (IDFT) is then applied to ¥, to
get the discrete time domain OFDM signal as,

— 1
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Fig. 1. UWB-OFDM signal generator.

UWB-OFDM waveforms are generated using
the following parameters: number of OFDM sub-
carriers = 256, sampling time, At; = Ins results in
baseband bandwidth, B, = 1/2At, = 500 MHz,
dividing by a factor of two to satisfy Nyquist
criterion. Observing Fig. 2 (a) we see that when
Il,s is populated with all 1’s and modulation
scheme 1is chosen as BPSK, UWB-OFDM
waveform becomes a short spike i.e., delta pulse,
which can provide the best possible range
resolution and exact position of the target in radar
application. Hardware limitations can be an
obstacle to generate this waveform, however,
similar performance can be achieved by
employing the samples of an LFM chirp in OFDM
context as shown in Fig. 2 (b).We can consider
these signals for the SAR imaging in friendly
environment to obtain high resolution images.
However, the constant pulse shape causes the
system to suffer in jamming scenarios. Figure 3
shows an UWB-OFDM waveform when Il
populated randomly with 1’s and 0’s and
modulation scheme is chosen as BPSK. It is
observed that the signal is noise-like and provides
a unique signal at each PRI, ideal for the SAR
system in jamming scenarios.
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Fig. 2. UWB radar signal a) OFDM waveform
with all sub-carriers and b) OFDM-LFM chirp.
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Fig. 3. UWB-OFDM signal with random sub-
carrier orientation.

III. RANDOM MODULATION

Random modulation or multi-modulation
modem modulates and demodulates signals using
multiple modulation schemes. It includes a
modulation selector unit that selects respective
ones of the set of modulations to modulate the
signals. Figure 4 shows the block diagram of the
multi-modulated UWB-OFDM signal generator.
The modulation selector fixed an arbitrary M-ary
PSK from M = 2" and the random data generator
generates a sample between 0 to (M-1). The
sample is then modulated according to the selected
modulation scheme and stored in a buffer. IFFT is
then applied to the frequency domain vector to
obtain the discrete time-domain UWB-OFDM
signal.
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Figure 5 shows an UWB-OFDM waveform
using multi-modulation technique in which
different modulation schemes are employed for the
individual OFDM sub-carriers. It is observed that
the signal is noise-like and provides high degree of
randomness, suitable for the SAR system in hostile
environments. Even jammer cannot identify the
modulation scheme used in generating the
waveform because the signal is inherently multi-
modulated.
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Fig. 4. UWB-OFDM signal generator with multi-
modulation.
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Fig. 5. Multi-modulated UWB-OFDM signal.

IV. DRFM JAMMER CONCEPTS

Deception jammers attempt to manipulate
transmitted SAR signals in order to introduce false
target into the reconstructed SAR image. This type
of jamming can be accomplished by using a digital
radio frequency memory (DRFM) repeat jammer
[12] as shown in Fig. 6. The radar transmitted
signal is received and converted to baseband.
Analog—to-digital conversion is then performed to
produce the discrete signal. A delay is then
introduced to the discrete signal creating a false
range offset by means of a controller and stored in
memory until the next predicted PRI
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The discrete delayed signal is then passed
through a digital-to-analog (DAC) converter and is
mixed with an exponential at the known center
frequency results in the transmitted jammer signal
(received signal for radar) given by,

Nj
Jatw) = F Wy (t—tq;) A3)

where, ty = %\/(Xj —x]-) + - u)? denotes

the jammer introduced time delay and (xj, y;) is
the position of the false target. X; and U represents
the jammer distance to swath and the synthetic
aperture positions respectively while j = 1, 2,
3,...N;j are the number of false target reflections at
any given synthetic aperture position and C is the
speed of light. The term W is the cyclic shifted
version of the radar transmitted signal.
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Fig. 6. DRFM repeat jammer.

If center frequency is known to the jammer
and it is capable to form exact replicas of the
transmitted SAR signal, the received signal for
radar in jamming scenarios is given by

lIJrxj (tuw) =

Ng
Ez:lo-nlptx (t - tdn) +]tx (t, u) + n(t)a (4)

where, tg, = é\/ Xe — xp)?% + (¥, — u)? denotes
the time-delay associated with the actual target
position (Xn, Yn) and X, is the range distance to
center of the swath. Where, n=1, 2, 3...N, are the
number of actual target reflections at any given
synthetic aperture position while oy, denotes the
reflectivity of the target. The term W, is the radar
transmitted signal and m(t) denotes the additive

white Gaussian noise, respectively.

PF % ADC % Memory % DAC —i- Mixer | Juft);
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V. TARGET MODEL

In practice, reflection from a point target is not
a single peak as shown in Fig. 7 (a); the radar
received signal is the combination of reflection
from the target and closely surrounded scatterers
of radar cross section (RCS) of a target as shown
in Fig. 7 (b). Other important parameters that can
be considered in target model are surface clutter
and free space path loss. Table 1 shows the
parameters used for simulation of the point target.

Surface clutter refers to reflections of a radar
signal from land, sea or any other surfaces [13].
To detect targets above the surface, the radar must
be able to distinguish between clutter and the
targets of interest. For example, the radar should
detect targets on the ground while accounting for
radar reflections from trees or houses. Fig. 7 (c)
shows the target profile based on surface clutter.

Propagation environments have significant
effects on the amplitude, phase, and shape of
propagating space-time wave-fields. If we
consider a system that propagates signals through
free space, we can model the free space path loss
as,

4mR)?

L = ( 12) )
where, R represents the one-way distance between
the target and the radar in meters, and A is the
signal wavelength. The target profile using free
space path loss is shown in Fig. 7 (d). We observe
that the maximum peak of the point target
decreases as the distance increases. Figure 8 shows
the clutter returns based on constant gamma model
for different types of surface such as flat land,
rugged mountain and sea-state.

Table 1: UWB-OFDM SAR simulation
parameters.
e aE e S VAT
Pulse repetition PRF 300 Hz
frequency
Flight Duration Dur 3 sec
Velocity of platform Vv, 200 m/s
Carrier frequency f. 7.5 GHz
Distance to target area Xe 1Km
Half target area width Xo 600 m
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Fig. 7. Target profile for (a) ideal model, (b) RCS model, (¢) clutter model, and (d) path loss model.

VI. WAVEFORM ANALYSIS

Analysis of waveforms is presented in terms
of their auto-correlation function (ACF) and cross-
correlation function (CCF). The auto-correlation
and cross-correlation properties of the sequences
used in generating the transmitted waveform play
an important role in high resolution SAR imaging
and in false target rejection. Cross-correlation is
the measure of similarity between two different
sequences and can be expressed as,

N-m-1

X m =0
Ry (M) = &y FntmYn ©6)

R}, (—m)m <0
where, x, and y, are the elements of two different
sequences with period N. Auto-correlation shows
the measure of similarity between the sequence

and its cyclic shifted copy, which can be obtained
from equation (6) as a special case (x =y) [14].

The sequences with better auto-correlation
properties provide high resolution target detection
and lower cross-correlation properties provide
degradation of false target. So, our objective is to
find the waveform that provides the lowest cross-
correlation properties among all types of
sequences. The auto-correlation is measured as the
correlation between the received signal and the
transmitted signal while cross-correlation is
measured as the correlation between received
signal and transmitted signal at previous PRI. The
auto-correlation and cross-correlation properties
are examined for all types of UWB-OFDM pulses
in the following subsections assuming a point
target at the center of the target area.
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A. Constant pulses

The delta pulse and LFM chirp shown in Figs.
2 (a) and 2 (b) before providing the highest auto-
correlation as shown in Figs. 9 (a) and 9 (b),
respectively with a main lobe width of 0.32
meters, which almost matches the theoretical
range resolution, AR = ¢/2B, = 0.30 meters. These
pulses are best suited for the SAR system in
friendly environment to obtain high resolution
images. However, both pulses also exhibits highest
cross-correlation makes them imperfect for the
SAR system in jamming scenarios.
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Fig. 8. Clutter return versus the range for (a) flat
land, (b) rugged mountain, and (c) sea-state.

B. Random sequences

Random sequences such as Pseudo-noise (PN)
sequences, Gold sequences and Kasami sequences
are used extensively in  spread-spectrum
communication system [14]. We can consider
these sequences for noise-like UWB-OFDM
waveform generation to be used as SAR
transmitted pulse in jamming scenarios. The
parameter used in generating the sequences is
shown in Table 2. The generator polynomial has
been chosen so that the balance between number
of 1’s and 0’s is maintained.

The PN sequences are almost ideal when
viewed in terms of their autocorrelation function
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as shown in Fig. 10 (a). Unfortunately, the cross-
correlation between any pair of PN sequences of
the same period can have relatively high peaks that
are undesirable as shown in Fig. 10 (b). A
particular class of PN sequences called Gold
sequences provides better cross-correlation
properties and is generated by modulo-2 addition
of two PN sequences of the same length. The auto-
correlation and cross-correlation of Gold
sequences is shown in Figs. 10 (c) and 10 (d),
respectively.
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Fig. 9. Point target profile for a) UWB-OFDM

pulse with all sub-carriers (ACF) and b) UWB
OFDM-LFM chirp (ACF).

Table 2: Sequence generator parameters.

PN [53620] [53 4128 15 1]
1120 1184
Gold [ ] [ ]
[118520] [1173]
Kasami [12 64 0] [12820]

Kasami sequences are one of the important
types of binary sequences because of their very
low cross-correlation. Kasami sequences provide
better cross-correlation as compared to PN
sequences and Gold sequences. Figures 10 (e) and
10 (f) show the ACF and CCF of Kasami
sequences, respectively.
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Fig. 10. Point target profile using (a) PN seq.
(ACF), (b) PN seq. (CCF), (¢) Gold seq. (ACF),
(d) Gold seq. (CCF), (e) Kasami seq. (ACF), and
(f) Kasami seq. (CCF).

C. Orthogonal sequences

Orthogonality is the most important properties
of Walsh-Hadamard sequences. Because of this
property, the cross-correlation between any two
codes of the same set is zero, when the system is
perfectly synchronized as shown in Fig. 11.
Unfortunately, these sequences have non-zero off-
peak auto-correlations and cross—correlation in
asynchronous case. Figures 12 (a) and 12 (¢) show
the auto-correlation and cross-correlation in terms
of a point target using Walsh-Hadamard sequences
without spreading. By spreading Walsh sequences
with a PN sequence using specific spreading factor
better performance can be achieved.

The spreading uses a waveform that appears
random to anyone except the intended receiver of
the transmitted signal. The waveform is actually
pseudo-random in the sense that it can be
generated by precise rules yet has the statistical
properties of a truly random sequence. Figures 12
(b) and 12 (d) show the auto-correlation and cross-
correlation in terms of a point target using Walsh-
Hadamard sequences with spreading by a factor of
4.
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Fig. 11. Ideal Walsh-Hadamard sequences, (a)
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Fig. 12. Point target profile using Walsh-
Hadamard sequences showing (a) ACF without
spreading, (b) ACF with spreading, (¢) CCF
without spreading, and (d) CCF with spreading.

D. Multi-modulated pulse

The proposed multi-modulated UWB-OFDM
pulse provides reasonable auto-correlation
properties with increased main-lobe width but
exhibits lowest cross-correlation as shown in Fig.
13 among all types of pulses makes this pulse
ideal for the SAR system for false target rejection.
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Since all cross-correlation values, not just
peak values, affect the system performance, we
should consider the measure as the mean cross-
correlation value. Figures 14 and 15 summarize
the peak auto-correlation values in terms of width
of the main lobe i.e., range resolution and
normalized mean cross-correlation values of
different pulses, respectively.

045

04}

035 1
03 I
025

Constant pulse PN seq Gold seq Kasamiseq Walsh seq Multi-modulation

Fig. 14. Range resolution in terms of ACF.
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VII. SAR IMAGING IN JAMMING
SCENARIOS

The scenario involves the SAR imaging in
jamming scenarios by considering three distinct
UWB-OFDM waveforms as SAR transmitted
pulse. A DRFM repeat jammer will receive the
radar transmitted pulse from the previous PRI,
introduce a false delay and retransmit to radar at
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next expected PRI to introduce false target in
reconstructed SAR image. The objective is to
investigate the performance of the UWB-OFDM
waveform with constant pulse, noise-like pulses
based on random sequences and multi-modulated
waveform as SAR transmitted pulse in jamming
scenarios.
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Fig. 15. Mean cross-correlation values.

Let us consider 2 point targets as actual target
at the positions (X, y,) = [(-300m, 80m), (300m,
80m)] and 2 point target as false target introduced
by jammer at the positions (x;, y;) = [(-300m, -
80m), (300m, -80m)]. Stripmap SAR topology is
considered and UWB-OFDM waveform is used as
transmitted pulse to perform the SAR raw data
generation using while Range-Doppler algorithm
(RDA) is used for SAR image reconstruction [15].
The details of SAR configuration can be found in
[5]. Although different techniques exist in
literature for SAR image reconstruction [16] RDA
is chosen to achieve exact SAR transfer function.

Reconstructed SAR image with resolved point
targets in jamming scenarios is shown in Fig. 16.
Because of using UWB-OFDM waveform with
constant pulse shape shown in Fig. 2 (a) as
transmitted SAR signal at each PRI, the signal had
strong correlation with the jammer transmitted
signals causing both false targets presence at their
respective positions in the reconstructed SAR
image.

Point targets are also resolved by using UWB-
OFDM waveform with random sub-carrier
compositions shown in Fig. 3 as SAR transmitted
pulse in jamming scenarios. Fig. 17 shows the
reconstructed SAR image wusing a random
waveform at each PRI. Because of transmitting a



unique UWB-OFDM signal at each PRI, the signal
has weaker correlation with the jammer
transmitted signals causing degraded false target
appears in the reconstructed SAR image. Figure 18
shows the reconstructed SAR image using a
unique UWB-OFDM waveform at each PRI
employing multi-modulation technique as shown
in Fig. 5. Because of transmitting a unique multi-
modulated UWB-OFDM signal with high degree
of randomness at each PRI, the signal has much
weaker correlation with the jammer signals
causing no false target appears in the reconstructed
SAR image.
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Fig. 16. SAR image showing two false targets.
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Fig. 17. SAR image showing degraded false
targets.
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Fig. 18. SAR image without false targets.
The degradation of false targets using different

sequences can be analyzed in terms of entropy
[17] by analyzing SAR images i.e., degradation of
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false targets will have reduction in entropy of the
SAR image. Figure 19 shows the degradation of
the false target in terms of entropy for different
sequences as well as multi-modulation technique
for different adaptivity factor. The adaptivity
factor is the ratio of randomness of an UWB-
OFDM waveform i.e., the ratio of 0's and 1's
within the data vector that is used for waveform

generation and is given by,
n =0 %100 (7)

Nsup

where, Ny 1s the number of zeros in the data
vector and Ny, is the number of sub-carrier used
in generating the waveform. As we are using
BPSK modulation in case of random sequences,
we should increase the number of 0's within the
data vector to increase the adaptivity factor and
vice versa.

In Fig. 19, we observe that as long as we
increase the adaptivity factor, the entropy is
increased. This is because the increment in the
adaptivity factor increases the correlation of a
pulse with the pulse at previous PRI. On the other
hand, increment in the adaptivity factor increases
the occupied bandwidth by the pulse, which in
turns enhances the range resolution as shown in
Fig. 20. We observe that multi-modulated UWB-
OFDM waveform is the best choice for false target
rejection but Kasami sequences exhibits a good
balance between false target degradation as well as
resolution among all random sequences.
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Fig. 19. Estimation of false target degradation.

UWB-OFDM waveform with constant pulse
shape provides high-resolution SAR image but not
effective for rejecting false target while UWB-
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OFDM waveform with random sub-carrier
orientation is capable of rejecting false target in
jamming scenarios. On the other hand, UWB-
OFDM  waveform  with  multi-modulation
technique is capable of rejecting false target
completely. This waveform is evidently hardest to
predict and intercept for the jammer because the
signal is inherently multi-modulated. The high
degree of randomness in SAR transmitted signal
also rejects any reflected energy arrived from
previous PRI during cross-correlation process as
part of matched filtering, which in turns allow us
to increase the swath. However, the trade-off is the
increased target ambiguity i.e., increased main
lobe width. This problem can be analyzed in terms
of wide-band ambiguity function.
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Fig. 20. Estimation of range resolution.

VIII. WIDE-BAND AMBIGUITY
FUNCTION (WAF)

Radar ambiguity function is used to evaluate
the performance limitations of the chosen radar
waveform. The ambiguity function (AF) for any
waveform contains a main lobe whose maximum
lies at AF (0, 0) with a spread in both Doppler and
delay. The spread is determined by the signal
duration (TP) and baseband bandwidth (B,). The
delay spread is T = 1/B, while the Doppler spread,
vo =1/Tp. In our case, Tp depends on the number
of sub-carriers used in the OFDM signal. So, an
OFDM signal with larger number of sub-carriers
can produce a main lobe with a reduced Doppler
ambiguity while increased sampling rate increases
the baseband bandwidth, which in turns reduces
main lobe delay ambiguity. The wideband
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ambiguity function [18] suitable for UWB-OFDM
radar signal is given by,

AF, 5 (0, t) = el [ 3, ¥(0) ¥ (a(t ~ D)dt (8)

2
where, a = % and v is the radial velocity of the

radar platform to the target and C is the speed of
light. Equation (8) considers the Doppler shift of
each sub-carrier individually whereas the
narrowband AF considers only one sub-carrier
causing incorrect Doppler shift for other sub-
carriers. The continuous time analytical OFDM
waveform [11] is given by,

L[ 2mkt
lP(t) _ 21]31:1 x(k)e] <ﬁ+q’o(t)

where, x(k) is the k™ data symbol, N is the number
of sub-carriers and Tp is the pulse duration. By
substituting the analytical form of OFDM signal
into equation (8), WAF for a UWB-OFDM signal
is given by,

>0<t<Tp )

AF, OFDM, (‘l’A’] T) =
Tp/lal x(k) x(1) e/ 2™ e~ sinc(mAf (k — la)Tp)
(10)

where, sub-carrier spacing Af = 1 Tp has been
substituted and @, = 0 is assumed. Equation (10)
shows the dependence of the AF on not only
number of sub-carrier but also the orientation of
the sub-carriers in the OFDM signal.

The range ambiguity can be reduced by
increasing the adaptivity factor in UWB-OFDM
SAR transmitted signal and is shown in Fig. 21.
The reason behind this reduction in mainlobe
width is that as long as we increase the adaptivity
factor, the UWB-OFDM waveform approaches to
the constant pulse shape as shown in Fig. 2. Figure
22 shows that the ambiguity in cross-range
decreases as the number of sub-carrier increases.
Increasing the number of sub-carrier in the signal
has no effect on the main-lobe width because the
bandwidth remains constant for any number of
sub-carriers. However, increasing the number of
sub-carriers will increase the size of raw SAR
data, which should be minimized for radar
processing purposes to reduce the computation
time.
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Peak side-lobe (PSL) performance of a radar
signal is a crucial part in determining whether a
signal will be acceptable for high resolution
imaging. PSL refers the maximum value residing
outside the main-lobe. We are concerned with the
difference between main-lobe peak and the highest
side-lobe peak. Table 3 shows the normalized PSL
performance for a varying number of sub-carriers
and adaptivity factor. As expected, the PSL
decreases as the number of sub-carriers and
adaptivity factor increases.

IX. CONCLUSION
Performance of UWB-OFDM based SAR
imaging has been investigated in jamming
scenarios. UWB-OFDM based SAR can be
adapted with both friendly environments and with
jamming scenarios just by changing the
transmitted waveform. The adaptivity factor can
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Table 3: OFDM sub-carrier versus PSL.

OFDM . .Peak s1de-l.0l.)e (dB) _
Sub- Adaptivity | Adaptivity | Adaptivity
carriers factor factor factor
60% 70% 80%
128 -13.24 -16.14 -17.26
256 -16.02 -18.12 -21.04
512 -17.62 -19.03 -22.32

be used to handle mutual exclusion between
resolution and false target rejection. The
performance of the SAR system in both
environments can easily be controlled by changing
the number and composition of the OFDM sub-
carriers. Wideband ambiguity function has been
derived and the effect of adaptivity factor in
UWB-OFDM waveform has been analyzed. The
results prove that UWB technology enhances the
resolution of SAR images while randomness of
noise-like OFDM waveform improves the anti-
jamming capabilities of SAR system. UWB-
OFDM waveform with in addition with multi-
modulation technique is an excellent choice to be
used as SAR transmitted pulse in hostile
environments to achieve secured SAR imaging.
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