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Abstract—Tagless identification and tracking with throughwall received signal strength-based radio tomographic imaging
(RTI) allows emergency responders to learn where people are
inside of a building before entering the building. Use of directional
antennas in RTI nodes focuses RF power along the link line,
improving system performance. However, antennas placed on a
building’s exterior wall can be detuned by their close proximity
to the dielectric, thus sending power across wider angles and
resulting in less accurate imaging. In this paper, we improve
through-wall RTI by using an E-shaped patch antenna we design
to be mounted to an exterior wall. Along with its directionality,
the E-shaped patch antenna is designed to avoid impedance
mismatches when brought into close proximity of a dielectric
material, thus increasing radiation through the exterior wall
and along the link line. From our experiments, we demonstrate
that the E-shaped patch antenna can reduce the median root
mean square localization error by up to 43% when compared to
microstrip patch and omnidirectional antennas. For equal error
performance, the E-shaped patch antenna allows an RTI system
to reduce power and bandwidth usage by using fewer nodes and
measuring on fewer channels.

I. I NTRODUCTION
First responders, security personnel, and tactical forces
can operate with increased safety when they know where
people are located in a building prior to entering the building.
RF sensing has been a popular choice for localizing people
through walls because of its ability to sense moving people
through non-metallic obstructions, through smoke, in any
lighting condition, and without tags [1]–[4]. Prior research
has shown how radio tomographic imaging (RTI) provides a
low power and low cost-per-unit solution for imaging motion
through walls and buildings and thus locate people inside [1],
[5], [6]. To use RTI in security scenarios, first responders
deploy nodes around the perimeter of the building. Facilitating
rapid (and thus safer) deployment of the nodes is of great
importance. For example, a requirement for SWAT use of an
RTI system is that the system is easily deployable to keep first
responders safe [7]. We propose attaching nodes to the exterior
wall as a means of making the system easily deployable. We
envision first responders launching or opportunistically placing
nodes directly on the exterior walls of a building. After the
nodes are attached to the walls, the nodes record pairwise
received signal strength (RSS) measurements, and an image
map is estimated of the motion inside of the building.
There are particular challenges with RTI for through-wall
imaging in these tactical scenarios. First, multipath fading does
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not always match the assumed spatial model. RTI is based
on the assumption that changes in RSS on a link are due to
the presence of a person on the link line, the imaginary line
segment that connects the two nodes. If most of the power
does not travel along the link line, then the person’s presence
on the link line does not have a strong impact on the RSS,
thus degrading the accuracy of RTI. A second challenge is
that, with nodes attached to a wall and their antenna main
lobe directed through the wall, the antenna impedance can
be detuned. The antenna’s center frequency can shift and its
radiation pattern can be altered. A detuned antenna results
in high attenuation of the multipath components which travel
along the link line. RTI’s localization performance, in turn, is
negatively affected by the model mismatch.
In this paper, we propose addressing these two challenges
and improving localization performance of RTI by equipping
nodes with an E-shaped patch antenna we specifically develop
to be attached to an exterior building wall [8]. Our E-shaped
patch antenna is a directional antenna that focuses most of its
power through the wall to which it is attached and thereby
amplifies multipath on or near the link line and attenuates
those far from the link line.
Prior research has addressed the use of directional antennas
for RTI [5], [6]. In particular, [5] used directional antennas for
through-wall RTI, but localization accuracy results, in comparison to omnidirectional antennas, were mixed. We address this
counter-intuitive result by showing that the classical microstrip
patch antenna used in [5] is detuned when placed against common building materials. Our E-shaped patch antenna naturally
has a wider operating bandwidth such that it is not strongly
negatively affected when it is brought into close proximity to
a dielectric material [9].
In experiments we perform, we compare the performance
of our E-shaped patch antenna against both omnidirectional
antennas and microstrip patch antennas at two different houses,
one made of brick and the other of fiber cement siding.
Both materials are known to have high RF losses, and thus
through-wall localization should be particularly challenging.
Using moving average-based and variance-based RTI [1], we
show that the E-shaped patch antennas reduce the median root
mean squared error (RMSE) by up to 43% compared to the
omnidirectional and microstrip patch antennas. Alternatively,
we demonstrate that we can deploy fewer nodes and measure
fewer channels, and thus use less power and bandwidth, with

