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Abstract

without a target.

The technology for through-wall human detection with ultra-wideband (UWB) radar was discussed. Due to the
large amount of UWB radar data, compressive sensing theory was introduced and compressed UWB radar data can
be collected. The singular value decomposition algorithm was used to acquire the singular values of compressed
radar data. The compressed UWB radar data were collected at two statuses of human being for gypsum wall. The
experimental results showed that the singular values with a human target were increased compared with those
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1 Introduction

Through-wall human detection is a new developing tech-
nology in recent years. It can penetrate non-metallic
media (such as brick wall, ruins) to detect life signal in far-
off areas but does not require any contact with the living
body through electrodes or sensors [1-5]. Through-wall
human detection is of great interest for many applications,
such as military reconnaissance, anti-terrorism, and med-
ical and natural disaster ambulance. Also, it has a positive
significance in economic construction and social stability.
Body electrostatic field, ultra-low-frequency electromag-
netic energy, and ultra-wideband (UWB) radar technolo-
gies have been used for through-wall human detection
currently.

The UWB radar can launch pulses of very short dur-
ation to penetrate non-metallic walls and obstacles. Due
to its strong anti-interference ability, high-resolution
performance, and good target recognition capabilities,
the UWB radar has emerged as one of the most optimal
choices for through-wall human detection. In [6], the de-
tection of trapped human beings below rubble by means
of M-sequence UWB radar was demonstrated, and a de-
tection of buried people in wet rubble became possible
by enhancing specific signal features using filtering algo-
rithm. A further study of the above method has been
proposed in [7-9]. The process of UWB radar signal has
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been presented which consists of the solution of the sig-
nal processing tasks such as raw radar data pre-
processing, background subtraction, target detection,
target trace estimation, target localization, and target
tracking, and multiple target detection was also investi-
gated. Also, for through-wall moving target, tracking by
M-sequence UWB radar was also described in [9] as a
complex procedure consisting of such phases as raw radar
data pre-processing, background subtraction, detection,
time of arrival estimation, wall effect compensation,
localization, and tracking itself. In [10], an ultra-wideband
pseudo-noise radar was used for the detection of moving
people and trapped people. The experimental results
showed that the performance of antennas and of the radar
electronics connected with powerful and clever algorithms
were important for the successful application of human
detection with UWB radar. In [11] and [12], some algo-
rithms for through-wall human detection for three types
of walls, that is gypsum wall, wooden door and brick wall,
were discussed.

Although UWB radar technology can obtain good
achievement in through-wall human detection, UWB
radar generate large amounts of data and bring great
pressure to data acquisition hardware. On the other
hand, the data needed by the human being detection are
far less than the actual sampling amount of data, which
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means that a lot of data collected are useless. In 2006,
Donoho and Candes proposed a new theory called com-
pressive sensing (or compressed sampling (CS)) based
on signal decomposition and approximation theory
[13,14]. The theory suggested that a high-dimensional
signal can be projected into a low-dimensional space
with a random measurement matrix when the signal was
sparse or compressible. Then the original signal can be
reconstructed from the low-dimensional information by
solving an optimization problem. That is, the low-
dimensional signal contained the main features of the
original signal.

In this paper, we would propose an algorithm for
through-wall human detection based on randomly col-
lected UWB radar data with compressive sensing theory.
The remainder of the paper is organized as follows: In
Section 2, the compressive sensing theory will be intro-
duced. Then the collecting procedure of the UWB radar
with compressive sensing will be described and the sin-
gular value decomposition (SVD) of compressed UWB
radar data will be presented for through-wall human
detection in Section 3. Experimental results for human
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being detection under gypsum wall will be shown in
Section 4. Conclusion and discussion is in Section 5.

2 Compressive sensing theory
Assuming signal x € RY, it can be expressed as:

N
x= Z ¢,0;orx = OO (1)
i1

where @ is the N x N orthonormal transform basis and
0 is the expansion coefficient vector in the orthonormal
basis. If K elements in vector 6 are not zero and K is far
less than N, signal x can be called a K sparse signal.
Compressive sensing showed that the signal may be
acquired with a small set of non-adaptive, linear mea-
surements as long as the signal is sparse in some basis.
So, we can capture the signal x via linear measurements:

y = ¥Yx = YOO (2)

where W is a M x N random measurement matrix and
M < N. Here, (O,¥) is a pair of orthobases which
followed the incoherence restriction. The coherence
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Figure 1 The singular values of compressed UWB radar data without target for gypsum wall. (a) The singular values of the first 15
compressed measurements. (b) The singular values of the second 15 compressed measurements.
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between the measurement basis ¥ and the orthonormal
transform basis @ is [15-20]:

w¥, @) =VN-

max [, ¢>;\ (3)

The coherence measures the largest correlation
between any two elements of ¥ and ®. As for how large
and how small, it follows from linear algebra that u
(¥, (D)e[l,\/ﬁ] . Also, compressive sensing is mainly
concerned with low-coherence pairs.

If x is termed as K sparse in the orthonormal basis, we
only need to collect M = O(K log(N/K)) random mea-
surements to recover the signal by searching for the
lo-sparsest that agrees with the measurements [21]:

0 = arg min||0||, subject to y = ¥x = YO (4)

where the [, pseudo-norm |l «ll, corresponds to the
number of non-zero elements. As we know, Equation 4
is a daunting NP-complete combinatorial optimization
problem which is hardly solved directly in practice.
Compressive sensing theory seeks to solve the ‘closest
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possible’ tractable minimization problem by solving the
/;-minimization, and it leads to a much simpler convex
problem.

Compressive sensing theory shows that the signal can
be sampled and compressed simultaneously. Also, the
acquired low-dimensional signal contained the main
features of the signal under the premise of an appropri-
ate measurement matrix. Therefore, the CS theory pro-
vided an effective way to overcome the complexity of
through-wall human detection in a large amount of
UWB radar data.

3 UWB radar data collected and SVD processing

The through-wall detection of human being is based on
the fact that the human body is always in a state of mo-
tion even if it sleeps or is trapped because of breathing.
These tiny human motions would cause periodic
changes of electromagnetic wave which is emitted by
the UWB radar and returns through walls from the
human body target [11]. Multiple echo signals of the UWB
radar can reflect this periodic change. Thus, a P x N
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Figure 2 The singular values of compressed UWB radar data with target for gypsum wall. (a) The singular values of the first 15
compressed measurements. (b) The singular values of the second 15 compressed measurements.
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compressed measurements. (b) The singular values of the second 15 compressed measurements.

Figure 3 The singular values of compressed UWB radar data without target for brick wall. (a) The singular values of the first 15
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Figure 4 The singular values of compressed UWB radar data with target for brick wall. (a) The singular values of the first 15 compressed
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Figure 5 The singular values of compressed UWB radar data without target for concrete wall. (a) The singular values of the first 15
compressed measurements. (b) The singular values of the second 15 compressed measurements.

compressed measurements. (b) The singular values of the second 15 compressed measurements.
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Figure 6 The singular values of compressed UWB radar data with target for concrete wall. (a) The singular values of the first 15
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matrix E can be constructed using P echoes with length
N of each echo:

s11  s21 sP1
s12 s22 sP2

E=1" sP3 (5)
SIN s2N sSPN

With the random measurement matrix ¥ € ZN * M,

the compressed echo signals can be collected based on
compressive sensing theory. Thus, a P x M matrix D can
be obtained.

SVD is an effective signal processing algorithm for the
extraction of signal characteristics. The SVD of D can be
denoted as:

D=usvT (6)

where the columns of I/ are the eigenvectors of the DD
matrix and the columns of V are the eigenvectors of the
D'D matrix. S is a diagonal matrix with the definition of
the non-diagonal elements of diagonal matrices being
zero. The diagonal elements of S are a special kind of
values of the original matrix. They are termed as the sin-
gular values of D.

Combining the reconstruction theory of CS and SVD
theory, the singular values can indicate not only the sig-
nal characteristics of compressed matrix D but also
those of original matrix E. Therefore, through-wall hu-
man detection could be achieved by comparing the
changes of singular values.

4 Results and analysis

In this paper, we used the P220 UWB radar (Time Do-
main Company, Huntsville, AL, USA) as the measure-
ment tool which worked in monostatic mode in which
waveform pulses were transmitted from a single omni-
directional antenna and the scattered waveforms were
received by a collocated omnidirectional antenna. In the
experiments, the P220 UWB radar worked in a center
frequency of 4.3 GHz with 10-dB bandwidth at 2.3 GHz
and a resolution of 6.5 cm.

In the project, we have taken measurements of
through-wall detection for still human being with the
P220 UWB radar at gypsum wall, brick wall, and con-
crete wall.

Each of the 30 measurements was taken with people
and without a target. A random Gaussian matrix was
used as the measurement matrix for compressed UWB
radar data acquired. Then the SVD of the compressed data
was implemented. The results are shown in Figures 1, 2, 3,
4,5, and 6.

Figures 1, 2, 3, 4, 5, and 6 show the singular values of
15 compressed measurements without a human target
and with a human being where the compressive ratio is
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0.5. From the results, it can be seen that there were
minor changes in singular values at the same status of
‘with target’ or ‘without target’ for the three kinds of
walls. However, the singular value was increased at the
status of ‘with target’ especially the main singular value.
In other words, the singular values of compressed UWB
radar data can be used for through-wall human detec-
tion for gypsum wall, brick wall, and concrete wall.

5 Conclusion

UWB radar is one of the most favorable methods for
through-wall human detection due to its strong penetra-
tion ability. Because of the large amount of UWB radar
data, the paper proposed the SVD algorithm for com-
pressed UWB radar data to detect through-wall human
being with compressive sensing theory. The experiments
for human detection under the status for gypsum wall
were tested, and the results demonstrated that the singu-
lar values could effectively reflect the presence of the
human target.
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