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ABSTRACT

Low dielectric materials referred as weak targets are very difficult to detect behind the wall in through wall
imaging (TWI) due to strong reflections from wall. TWI Experimental data collected for low dielectric target behind
the wall and transceiver on another side of the wall. Recently several researchers are using low-rank approximation
(LRA) for reduction of random noise in the various data. We explore the possibilities of using LRA for TWI data
for improving detection of low dielectric material. A novel approach using modification of LRA with exploiting
the noise subspace in singular value decomposition (SVD) to detect weak target behind the wall is introduced.
LRA consider data has low rank in f-x domain for noisy data, local windows are implemented in LRA approach to
satisfy the principle assumptions required by the LRA algorithm itself. Decomposed TWI data in the noise space
of the SVD to detect the weak target adaptively. Results for modified LRA for detection of weak target behind the

wall are very encouraging over LRA.
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1. INTRODUCTION

Through wall imaging (TWI) is an interesting area
for key research in the recent years due to its numerous
applications in military, calamity rescue and object detection
etc. Electromagnetic signals in the frequency range 1 GHz-
3 GHz provides good resolution in the down-range and
cross-range'. Coherent summations from all sensor data are
considered in delay-and-sum beamforming (DSBF) algorithm.
DSBF is commonly used for imaging in the TWI. Different
imaging algorithms for TWI and clutter removal techniques
are discussed in’. Improvement in signal-to-noise ratio (SNR)
in TWI are discussed in*~. Wall clutter mitigation techniques
are discussed in®3. Images developed in TWI are not generally
of acceptable level in terms of resolution, due to less number of
pixels in beam formed image. Image enhancement techniques
for TWI are proposed in’!. Recently MUSIC algorithm for
high resolution are discussed in'*'*. Very few studies are
available for detection of weak targets behind the wall in
literature. Weak targets having dielectric constant near to the
air dielectric constant (= 1), hence it will be difficult to detect,
as mentioned by Gaikwad®, et al., they discussed about the
clutter reduction for detection of metallic and low dielectric
material such as Teflon behind brick wall. Statistics based
adaptive algorithm for detection and identification of the target
is proposed in'é.

This paper is about the detection of weak target such as
Teflon behind brick wall using LRA. Reflections from the wall
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and background are often stronger than weak targets'’, hence
detection of weak targets behind the wall become difficult but
not impossible. Clutter reduction technique such as SVD is
used frequently to improve signal-to-noise (SNR) in TWI.
Spatial filtering is used to reduce the wall effect in'” where in
the spatial domain zero frequency along with low frequency
components related to the wall reflections are suppressed.
Spatial filtering technique cannot work in case of stationary
targets behind the wall. Three antenna arrays at different
antenna height are used parallel to the wall'®. Two different
arrays are used to give the difference between the received
signals and to combat with wall reflections. This scheme does
not mention the effect of the simple subtraction on the radar
returns. Empirical LRA for seismic data is implemented in to
reduce the random noise'®.

2. EXPERIMENTAL SET-UP AND SIGNAL
MODEL
2.1 Experimental Set-up
Antenna array is placed in synthetic aperture radar (SAR)
manner where array of antenna are placed at a stand-off distance
of 57 cm in front of the wall and moved to different location
horizontally and vertically at equal distance of 5 cm'® to scan
the whole wall. Reflection coefficients are measured for the
wall and targets in the scene and pre- processing is carried out
using following steps:
(1) Conversion from frequency domain to time domain
(i) Conversion from time domain to spatial domain
(iii) Metal plate calibration
(iv) Velocity correction.
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Figure 1. Set-up for TWI.

The set-up for which is shown in Fig. 1, transceiver is used
to generate 201 stepped frequency continuous wave (SFCW)
in the range 1 GHz-3 GHz.

2.2 Signal Modelling
The received signals from M antenna locations for O no.
of targets is given as Eqn (1)

0-1
x(n,t)=Zcqs(t—rn’q)+N0ise (1)
q=0

where, s(f) is the transmitted signal from the radar which get
convolved with wall transfer function, o, is the reflections
received from the wall and targets. Noise is the additive noise,
7,, 1S the propagation delay between the n” antenna position
and the target Q. If we ignore the reflections from the wall then
the signal path will be line-of-sight and two-way delay-time

can be expressed as Eqn (2)

2 2 32
T —Z\/(xp—xn) +(z, - 2,) @)

where, ¢ is the speed of light. The co-ordinate (x,,z,) and
(x,,z,) represents the Q" target and n” antenna position.
Figure 2 shows the geometry for TWI. DS-beamforming
is the most popular and less complex imaging algorithm
which does not consider the wave equation but require big
computational power. Kirchhoff’s imaging based on solving
radar wave equation is proposed in'. Conventional DS-
beamforming % used spatial frequency — domain, suppose the
signal received at the antenna location is z[m,n] of frequency
Jf, with delay 7, then z[m,n]can be represented as Eqn (3)

z[m,n] = icq expi{—j2nf,7, .} 3)

q=0
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Figure 2. Geometry for TWI.

where m represents the spatial index and n represents the
frequency index. Consider homogenous wall of thickness d
with relative permittivity of the wall ¢ . The distance from the
antenna and wall is (z,) and from wall to the target (z ). Velocity
correction® for geometry shown in Fig. 2 is given by Eqn (4)

d,=z,+d\Je, +2z )

where d is the actual distance between the antenna and target
after velocity correction. Delay 1, by considering Eqn (4)
can be given as Eqn (5)

T =00, %, Y +(d,+X,) 5)

Final image s[k,/] can be recovered by DS —beamforming
using Eqn (6)

N-1P-1

1 .
s[xkazl]:_zzz[man]exp{]znf;rtq,m} (6)
NP n=0 p=0
where k*/ are the number of pixels in the image, N is the
total number of frequency points and P is the total number of
scanned locations.

3. LOW-RANK APPROXIMATION

Low-rank approximation (LRA) is rank reduction based
approach, it assumes that SAR data is low-rank after some
rearrangement. There are different methods are proposed in the
literature such as cadzow filtering, singular spectral analysis?!
and damped singular spectral analysis®>. Among these newly
developed methods, singular spectral analysis popularly known
as low-rank approximation diverts the attention of researchers
recently. LRA method is effective if the data is low-rank in
nature, but when it is complex to make LRA effective it is
implemented in local windows. Selection of the optimum rank
for LRA in local windows is a challenging task.

Suppose the SAR data matrix D is composition for
signal component S with added random noise then it can be
represented as

D =S+ Noise (7

The optimum estimation for signal component S can be
acquired by optimisation.

min ||N||2F s.trank(s)=n 3

where 7 is the rank constrained for data S ”” & 1s the Frobenius
norm of D in this case effective solution for decomposition
of D can be found using SVD and decomposition of the data
matrix D can be represented by group of Eigen images. Low
—rank component of S described with a few largest Eigen
images represent the target and noise can be represented by
other Eigen values. When the decomposition of Noise in to
different frequency slices where Eigen images for the target are
spread out is done, then the approach is called as LRA. In’ TWI
data for SVD is partitioned in to three Eigen spaces namely
strongest reflections from antenna cross talk and wall reflection
subspace, target subspace and noise subspace. This method is
unable to detect weak target because target Eigen values are
also spread over noise subspace. In this paper we exploit the
noise space by LRA method and able to detect Teflon behind
the wall successfully.
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4. DETECTION OF WEAK TARGET USING

MODIFIED LOW-RANK APPROXIMATION

In our experimental setup, we placed Teflon plate of
dimensions 51 x 39 cm. behind the wall at a distance of 60
cm. A-scan for this arrangement is as shown in Fig. 3, where
it observed that the target peak is very feeble and difficult to
detect in comparison to other reflections.

The resolution for down range can be calculated by

AR =c/2KAf ©)
where K is the number of frequency points and Af is step
size. Cross range resolution can able to discriminate the target
placed near to each other which can be given by

ACR=AR/D (10)
where A isthe wavelength, R is the far field distance of the target
and D is the aperture of the antenna. Cross range resolution at 2
GHz is 7.5 cm. All antenna positions from A-scan are obtained
and average A-scan is calculated by

- 1 & (11)
S =5 —— S .
n n NZ J

where, S is the A-scan at n” position and N is the no. of antenna
positions

Above technique is known as average trace subtraction
and plot for reflections from the target are as shown in Fig. 4.
From the plot we cannot determine the range-bin for the target
since reflections from the target get obscured due to the other
reflections in the scene.

B-scan matrix is collection of individual A-scan

S =[5,5,,....5,] (12)

B-scan matrix is M X N matrix, where M represents the
range bins and Nrepresents the antenna positions. Implementing
SVD on B — scan matrix for D is

D=U*S*y" (13)

U and V are unitary matrices of left and right singular
vectors. Singular values for S are in decreasing order i.e.
D, 2 D,, >...2 D,,, 20 and then B-scan for whole image by
using SVD can be given as and shown in Fig. 5.

N
D=2.UsSH (14)
i=l1

S, =S, is the i singular value for S, as discussed earlier
few largest singular value in D represents reflections from the
wall and remaining by target. B-scan image developed using
SVD for Eqn (14) is as shown in Fig. 5, we can notice that
only reflections from the wall can be traced and no target.
Since the reflections from low dielectric targets are weak
they become obscured due to strong reflections from the wall.
Subspace projection based approach to mitigate wall effects
is proposed in*? where it is mentioned that location of the
target, number and size of the target decides target subspace.
The exact subspace for target subspace in case of weak target is
difficult to locate since the eigenvalues for the target subspace
are similar to the noise subspace. In this paper we proposed
noise space exploitation using modified LRA algorithm to
detect weak target behind the wall. Steps for traditional LRA
algorithm are
(i) Calculate the SVD for data matrix D

D=U*S*y" (15)
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(i) Select n largest diagonal singular values from the matrix
S and set other values to zeros.

S=81:n1:n) (16)
(iii) Calculate LRA matrix
D=USV" (17)

Figure 6 shows B-scan image for B-scan data matrix
using LRA algorithm where also target is not visible. In's it
is mentioned that largest eigenvalue corresponds to the wall
reflection. When first eigen Vah}e which corresponds to wall is
neglected modified matrix for S can be given as

S=82:n,2:n) (18)

As shown in Fig. 7 target is visible using modified LRA.
The comparison for SVD, LRA, and modified LRA in terms of
peak signal-to-noise ratio (PSNR) is given in Table 1. PSNR is
used to calculate the distortion in the final image w.r.t. the input
low resolution image and given by

1
PSNR =10log,, —— 19
Zio MSE (19)

B-gcan image using LRA algorithm

Figure 6. B- scan for weak target using LRA algorithm.

B-sran image after SVD notse space exploitation
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Figure 7. B- scan for weak target using modified LRA
algorithm.

where
2
MSE — (O1.-Fl1) 20)
(V.P*H.P.)
MSE  Mean square error
Ol Normalised image
FI Final image
VP Number of vertical scanning points
HP Number of horizontal scanning points

Table 1. PSNR values for different methods for noise

reduction
Method PSNR value
Singular value decomposition (SVD)  7.10 dB
Low-rank approximation (LRA) 7.23 dB
Modified LRA 9.20 dB

5. CONCLUSIONS

We have proposed a new modified low-rank approximation
method to extract the target subspace from existing TWI data.
This method gives improved de-noising performance, when
the frame work for low-rank approximation is applied. The
traditional LRA matrix decomposed adaptively into truly
low-rank to detect weak target behind the wall. Our proposed
approach can successfully applied for detection of weak targets
in TWI which is not possible with general SVD approach.
The experimental work shows that proposed approach gives
superior performance over traditional SVD in the detection of
weak targets.
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