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Compressive Sensing Based Device-Free Moving Target Trajectory Depiction

WANG Ju CHEN Xiao-Jiang CHANG Li-Qiong FANG Ding-Yi XING Tian-Zhang NIE Wei-Ke

(School of Information Science and Technology . Northwest University, Xi’an 710127)

Abstract  Without relying on devices carried by the target, device-free trajectory depiction is
attractive to many applications, such as wildlife monitoring and asset protection in industrial
facilities. To deal with the challenges, such as repeatedly positioning calculation, high data volume
and the energy consumption, existed in most of current device-free trajectory depiction methods,
this paper introduces a novel compressive sensing based device-free target trajectory depiction
(CSTD) method. The key observation is that: (1) the location estimation has the time-independence
and spatial-uniformity. Different locations can be mapped into a unified physical space and depict
target trajectory one time, thus, avoid the repeatedly positioning calculation; (2) the target
trajectory has the sparse property, which can apply the compressive sensing to track the target
accurately even with just a few measurements, thus, we can reduce the data volume and the
energy consumption. More importantly, CSTD can be easily scaled to work in large areas. We also
design a sparse recovery algorithm which can recovery the signal without requiring the sparse level.
Results from the real-world deployment of 48 nodes in an 8 m X 8 m area demonstrate that CSTD

can provide an improvement of 63% accuracy.
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Background

Localization has long been playing one of the key roles in
our daily life such as finding the lost object, route navigation
applications. There are many Radio-Frequency based locali-
zation devices/systems, for example, RADAR, Horus, EZ
and etc. Current localization systems typically can locate the
target when it carries devices. These systems may not be
applicable in some scenarios. For instance, in case of the
intrusion detection, it is impossible to pre-install the tracking
devices on the intruders. Similarly, in the wild animal moni-
toring, it is hard to attach any device to the animal body and
zoologists do not favor to do that either. Given these limita-
tions, it has been of a great interest in both the academia and
industry to enable RF based Device-Free Localization (DFL)
to perform more pervasively for wild animal monitoring,
intrusion detection privacy-enhanced monitoring, and personal
security when stepping into dark alleys.

The concept of received signal strength (RSS)-based
DFL was born of the seminal work by Youssef et al. who
conducted the localization by explicating the RSS changes
distorted by target and modeled the DFL as a fingerprint

matching (location matched with the RSS changes) problem.
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Compared with the similar techniques, such as video based
DFL and infrared based DFL, one main advantage of using
RSS for DFL is that the RSS readings are readily available in
existing wireless infrastructures and without requiring
additional devices (such as camera and infrared sensor).

Most of current device-free localization and trajectory
depiction method surfer from the problems such as repeatedly
positioning calculation, high data volume and the energy
consumption. To deal with the challenges, this paper introduces
a novel compressive sensing based device-free target trajectory
depiction (CSTD) method, which apply the compressive
sensing to track the target accurately even with just a few
measurements and depict the trajectory at one calculation.
Thus, reduce the energy consumption and avoid the repeatedly
positioning calculation.
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