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Abstract  Accurate location awareness stimulates a wide range of applications, e. g. , smart homes,
virtual reality, and security surveillance. Therefore, wireless locating and tracking algorithm is
also one of the key research directions of Internet of Things, and even computing. Compared to
vision-based and laser-based methods, wireless localization and tracking methods have been emerging
due to less environmental impact and non-invasiveness. Device-free tracking does not need any
on-body equipment and exploits the reflected signal from the target for capturing the location of
moving targets at different moments. Despite that existing localization systems achieve high and

reliable accuracy in near-field scenarios, most are not capable of long-range target acquisition.
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Specifically, they do not meet the requirement of most industrial applications with a working
range of more than ten meters and centimeter-level localization accuracy, such as traveling crane
control, mechanical arm system, and train communication network design. Compared to close-
range localization, long-range localization faces two main unresolved challenges which need to be
addressed in the literature. On one hand, the sensing environment will be more complex within a
longer range. As the target is away from the sensor, reflections from static objects at similar
distances and secondary reflections from the target become comparable to the target’s direct
reflection, which might deteriorate localization accuracy sharply. On the other hand, multiple
targets can be in the monitoring area simultaneously. Their reflections will superimpose at the
sensor, making the localization of multiple targets harder. In this paper, we propose mi-Track,
the first method that passively tracks multiple targets in a long range with centimeter-level
accuracy and outperforms the state of the arts. mi-Track works on commercial mmWave devices
that transmit and receive frequency-modulated continuous wave signals, and utilizes the extracted
normalized range-velocity spectrum for tracking. In order to relieve the interference of static
reflection, secondary reflection, or random noises, mi-Track proposes an advanced particle filter
sensitive to moving targets algorithm that is capable of achieving long-range single-target tracking
with satisfying accuracy. Specifically, only when the target is detected to be moving will we
initialize the particles. Then initial distributions of particles will concentrate more on the moving
target rather than static surroundings. Considering the continuity of moving velocity and distance
change, we utilize both the predicted value from last moments and the observed value of normalized
range-velocity spectrum to adjust particles during the tracking process, which further reduces
environmental disturbances and minimizes localization error. Then we detect the multiple targets
in turn and propose a trajectory merging and matching algorithm, which accomplishes multi-target
counting and tracking. In addition, we merge the traces which belong to one target but are
divided into several segments due to specular reflection and obstruction between various targets.
We conduct extensive experiments in three typical environments and implement mi-Track on
COTS mmWave devices. Experimental results show that mi-Track achieves a median localization
accuracy of 2.4cm. In particular, when the distance between the target and device exceeds
10 meters, mi-Track has a median localization accuracy of 6.0cm, which is capable to achieve
centimeter-level localization accuracy.

Keywords wireless sensing; millimeter-wave; target tracking; frequency-modulated continuous

wave; long-range; multiple-target
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Background

Recent years have witnessed the ever-fast development
of RF-based localization and tracking, which is a key enabler
for a wide range of applications such as smart homes, virtual
reality, and security monitoring. Various RF technologies
have been developed for localization and tracking. including
Wi-Fi, mmWave, acoustic, and RFID. Some systems demand
the target to be measured to carry some specific device,
which limits their applications, including intrusion detection
and health care.

Device-free localization is capable of tracking targets
without carrying any device. However, most existing solutions
would deteriorate under long-range scenarios, which do not
meet the requirement of most industrial applications with a
working range of more than ten meters and centimeter-level
localization accuracy.

This paper addresses the two main challenges faced by
the problem: serious disturbances of environment and mutual
interference of multi-target. To handle these challenges, this
paper proposes to leverage an advanced particle filter sensitive

to moving targets algorithm and a trajectory merging and
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matching algorithm to achieve lone-range multi-target high-
precise tracking. In order to relieve the interference of envi-
ronment, we utilize both the predicted value of last moments
and the observed value of the device to adjust particles during
the tracking process, which further reduces environmental
disturbances and minimizes localization error. By trajectory
merging and matching algorithm, we deal with mutual inter-
ference of multi-target, which accomplishes multi-target
number counting and tracking. The extensive experiments
demonstrate that the proposed system could improve the
current state-of-the-art approach on three typical environments.
To be specific, our system decreases the average localization
error from 14. 0cm to 2. 4 cm under our experiments,
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relevant to wireless sensing, including wireless localization
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interaction.
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