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Abstract:  Major disadvantage of matched filter is with
sidelobes as they might cause false alarms or may mask weak
targets of radar echo. In applications like Urban sensing,
Through the wall radar, Non destructive testing etc small objects
of interest play crucial role which might be masked by sidel obes of
matched filter or sometimes sidelobes may be mistreated as objects
of interest that lead to false alarms. Many solutions have been
proposed in theliterature to suppress these sidelobe levels to some
extent but not completely cancelled. I n this paper, a new approach
is utilized to completely cancel the sidelobes of matched filter
using a greedy algorithm known as Regularized Orthogonal
Matching Pursuit (ROMP). This algorithm is applied to the
matched filter output that resulted in complete removal of
sidelobes. Also SNR isimproved. Even at very low SNRs targets
are detected with high probability and hence the proposed
approach ismore robust to noise.
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I. INTRODUCTION

In pulse radar, range resolution is inversely proportional
to bandwidth. If width of the pulse is reduced bandwidth is
increased but average transmission power decreases which
limit the maximum unambiguous range of targets and also
resolution. In order to improve range resolution without
reducing pulse width, one most familiar signal processing
technique used is correlation processing also called as
Matched Filtering. Here the transmitted pulse is modulated
using either frequency or phase modulation that resultsin a
narrow pulse at the output of the Matched Filter (MF) with a
high peak vaue. Mgor disadvantage with MF is that
correlation function between transmitted and received signals
produces very high sidelobes [1]. These may mask weak
targets or may be mistreated as targets (false adarms).

A reduction of sidelobes can be accomplished by applying
a window function. But this leads to loss in peak value i.e.
SNR decreases and aso main lobe width increases which
leadsto lossin resolution[2]. Alsoas in[3] mismatched

filters can be used where standard convex optimization
algorithms are applied and Integrated Sidelobe Leve is
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reduced by minimizing the I1-norm of the vector whose
elements are the sidelobe energies. This approach is more
computationally complex than the Matched Filter because
filter weights need to be estimated for each range bin
separately.

In [4],[5] target detection and estimation parameters are
used to compare different apodization techniques applied on
LFM matched filter output with the NLFM matched filter
output. As observed so far al the past research could reduce
sidelobe level to some extent while compromising for lossin
resolution and SNR.

In this paper anew approach Orthogonal Matching Pursuit
(ROMP) [6][7], which is a fast iterative greedy algorithm is
used that cancels the sidelobes completely without
compromising for lossin resolution.

The content organization of the paper is as follows. First
insection I, abrief theory of MF frame work is provided and
a detailed outlook of the methodology used in this paper is
given. In section Il ROMP agorithm for sidelobe
cancellation of targets of MF output is proposed. In section
IV simulation results are presented and in section V
concluding remarks are made.

. PULSE COMPRESSION

Using long pulses we can transmit the pulse to cover
targets that are far away from transmitter. But as long pulse
has limitation of low resolution close targets can’t be
separated at the receiver output. This drawback can be
overcome using pul se compression technique.

In apulse compression radar long pulse will be transmitted
via frequency or phase modulation or digitally via Costas,
Barker or Frank codes [8] that results in a short pulse at the
output of the Matched Filter receiver achieving high range
resolution. The modulation used in transmitted signals can be
frequency or phase modulation.

Fig.1. below shows classification of different modulation
schemes used in transmitted waveforms for pulse
compression.
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Fig.1. Pulse compression waveforms

A. Theory of Matched Filter

Closely spaced targets cannot be distinguished or resolved
by processing unmodul ated signalsthrough matched filter i.e.
resolution will be very poor. For pulse compression to occur,
phase or frequency modulated signals should be processed
through matched filters. The echo signal when passed
through filter matched to the transmitted signa produces a
much narrower, sharp peak in the output. Resolution as well
as SNR isimproved by a matched filter.

Processing a signal through matched filter is equivalent to
computing cross-correlation between transmitted modul ated
signal and received echo signal from target. Correlation is
performed digitally via Fast Fourier Transform also known as
Fast convolution processing. The impulse response of the
digital matched filter for a specified input signal, x(t), is
given by Eq. (1)

h(k) = IFFT{[FFT(x(k))I*} D
Where x(k) isthe sampled version of x(t) and h(k) represents
filter coefficients. FFT and IFFT mean Fast Fourier
Transform and Inverse Fast Fourier Transform respectively.
Fig.2. below shows block diagram of Matched filtering
operation.

Received i-_, 3 MF
Echo signal ®_) T output

FFT

Transmitted
signal
Fig.2. Matched Filtering
Linear Frequency Modulated signal
LFM signal is commonly used to achieve wider
bandwidth since along pulse can have same bandwidth as a
short pulse if modulated in frequency or phase. A typica
LFM waveform can be expressed by Eq. (2)

r(t) = Rect(~) @™
fo 2
Wherethe pulsewidthis 7,,C=Blz,, B isthe bandwidth,
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is the radar center frequency. Rect(t/r,) IS rectangular pulse
of width ;.

I1l. PROPOSED APPROACH

A. Regularized Orthogonal M atching Pursuit (ROMP)

A greedy algorithm known as ROMP is applied to the
output of matched filter to cancel the sidel obes completely.
Resolution is not affected. ROMP is generally used to solve
under determined systemsto get sparse solution. Consider the
Eq. (3) with z representing incomplete measurements of MF
output y,

Z=¢xy ©)
Where y is matched filter output of order nx1, @ is Fourier
matrix of order mxn and m<<n.

In Fig.3, below block diagram of the proposed method is
given.

MF
uutput_,® M ROMP

DFT sensing
matrix

Fig.3. Proposed M ethod

B. Probability of detection

Signal processing system has two tasks: 1% task isto detect
the presence of signal in noise. 2™ task is information
extraction [9]. Detection theory provides the foundation for
1% task i.e. it says whether target (targets in multiple target
scenario) is present or only noise is present in the received
signal. Estimation theory deals with 2™ task i.e. it gives
information about location (range) of targets, Doppler shift
etc. One cannot move to 2™ task unless 1% task is fulfilled i.e.
without targets present no meaning in estimation of targets.

Detection theory implements hypothesis testing.

HO: Receives signal=Noise aone
H1: Receives signal=Target+Noise

Detection after MF is based on whether the power or

maghitude of MF output is greater or lesser than

threshold V,;, , given by Eq. (4)

V,, = /- 207 In pfa @

Where 6% is the variance of noise and pfa is the probability of
false alarm which represents probability that received signal
exceeds the threshold under hypothesis HO. Probability of
detection (Pd) is the probability that received signal exceeds
the threshold under hypothesis H1 [10].

Recoverd
P output with
no sidelobes

V. SSIMULATIONRESULTS

In this section experimental simulations are presented and
analysis is made. The transmitted signal used is an LFM
waveform with center frequency f, set to zero, pulse width
tau of 1ps and a bandwidth, b of 30MHz. Transmitted LFM
chirp pulseis shown below in Fig.4.
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Fig.4. LFM chirp pulse

Four target positions are set at 100m, 203m, 380m and
620m with amplitudes 1, 0.7, 0.6 and 0.8 respectively.
Composite received echo signal is shown below in Fig.5.
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Fig.5. Composite received echo signal

Matched Filter output and recovered output after applying
ROMP agorithm to matched filter output is shown below in
Fig.6. As can be seen from the result that sidelobes are totally
eliminated using the proposed approach.
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Fig.6. Sidelobes cancellation

Sample ratio is given by, SR=n/m, where n is number
samples of composite received signal and m is the number of
rowsin DFT sensing matrix. For different values of m, using
Marcum function with probability of false alarm, pfa=0.001,
detection probability is measured and plotted against SR as
shown below in Fig.7.
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Sample rato SR

Fig.7. Probability of detection vs. Sampleratio

It can be noticed that as m value decreases or SR value
increases, probability of detection of targets decreases . For
100% detection of targets value of m to be taken is 100 and
above or SR vaueisbelow 8.

To observe the detection probability of the proposed
method in presence of noise, simulations are performed by
adding noise to the received echo signal.

In the Fig.8 below SNR=-10dB added to the echo signal is

,|,, - i A | Md ““ | | N ]
AN

Fig.8. Composite received echo signal with noise

The MF output as well as output of ROMP agorithm after
applled to MF output at SNR=-10dB noise is shown in Fig.9.
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Fig.9. Sidelobes cancellation in presence of noise

As can be seen from the above result that the proposed
approach is very effective in estimation of target locations
even in the presence of high noisei.e. at SNR=-10dB. Noise
along with sidel obes has been totally eliminated.

Detection performance in presence of noise for different
vaues of SNR is plotted as shown below in Fig.10.
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Fig.10. Probability of detection vs. Signal to Noiseratio

V. CONCLUSION

The main advantage of MF is its ability to improve SNR
even in presence of high noise. But the disadvantage of MF
sidel obes which may mask weak targets or appear to be false
alarms can be overcome using the proposed approach. ROMP
algorithm applied to the MF output is effective in removing
sidelobes completely. Resolution is same asthat of MF while
SNRisimproved beyond MF. Targets can be detected as well
as estimated with high probability even at very low SNRs
using the proposed approach.
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