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A High Reliability System for Intruder
Detection using Leaky Coaxial Cables
with 2D-Compressed Sensing*

Tomonori Sato

Abstract

There has been a great demand for wide-area intruder detection systems (IDS)
for important public facilities such as air ports, rail tracks, military bases, schools
and so on. As a wide-area surveillance system, the LCX (leaky coaxial cable)
based IDS has been proposed. LCX based IDS is composed of a pair of LCX
cables and an impulse response measuring equipment. It can detect intruders by
making efficient use of time-variation of the impulse response.

In order to measure the time variation of the impulse response, LS (least square)
algorithm has been proposed. Although LS is efficient in detecting the variation
of the impulse response, it is sensitive to the disturbance due to thermal noise
and motion of the obstacles surrounding the IDS. This implies that the LS algo-
rithm based IDS does not satisfy the requirement in false detection probability
performance.

In order to improve the false detection probability performance, this paper
proposes the use of compressed sensing (CS) algorithm. The proposed CS-based
IDS is capable of estimating the impulse response by making efficient use of

the sparse characteristics in the impulse response. Computer simulation result

*Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD1061012, March 31, 2013.
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shows the proposed two-dimensional CS-based IDS can improve the false detec-
tion performance against the conventional LS-based one by 1/10. This paper
also proposes the joint use of CS and LS algorithms for IDS and it can drastically
reduce the computational cost without large degradation in the false detection
performance.

Although the CS is effective for IDS, it requires huge computational cost. In
order to implement CS algorithm, further reduction in computational cost is
necessary. In this dissertation, we propose a modified matching pursuit (MMP)
algorithm. The proposed algorithm makes use of the last estimate of the impulse
response. The motion of the target is relatively slow compared with the measuring
interval. That is, there is no major change in the next measurement in the impulse
response. MMP can further reduce the computational cost by limiting the search
range in the vicinity of impulse estimated at the last measurement. Computer
simulation results show the proposed system can reduce the computational cost

in the conventional CS-based algorithm.

Keywords:

LCX, Intruder detection, Compressed Sensing, security, RADARO Low Complex-
ity Algorithm
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Parameters Values
LCX Length 50 [m)]
Width between LCX Cables 10 [m]
Measurement Time 4 [s]
Frequency 300 [MHz]
Bandwidth 60 [MHZ]
LCX Dielectric Constant 24
PN Code Size 63
FFT Size 32
Target Position 20 [m)]
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0 5.1 System Configuration

Parameters Values
LCX length 50 [m)]
Width between LCXs 10 [m)]
Time symbol(N;) 32
Frequency 300 [MHz]
bandwidth 60 [MHZ]
Elex 2.4
PN code size 63
Target speed 1.2[m/s]
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