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ABSTRACT
We present and evaluate a system that uses two directional
antennas to estimate the location of different materials in a
region of interest.

1. INTRODUCTION
Material detection is broad problem that has been stud-

ied for decades across numerous fields [1], [2], [3]. Several
techniques have been developed and deployed for different
applications. However, existing solutions rely on expensive
and complicated hardware often ad-hoc to a specific well
understood task. The development of a simpler solution has
straightforward benefits like the reduction of cost. However,
progress in this direction would also allow for new applica-
tions.

One could imagine using a system like this to detect the
contents of unmarked boxes in an disorganized warehouse
being searched for specific types of objects and contents.
An expected measurement resulting from a specific mate-
rial, say the metal of a concealed weapon, could allow for
its detection by considering its difference to human body
and clothing values. Similarly, collecting expected responses
from say, humans and the structure of a building, could al-
low for many security and surveillance applications. Imaging
specifically intended for the detection of a well understood
type of material, e.g., computer hardware concealed in lug-
gage, could become simpler and cheaper. Values for objects
and materials could be collected and used for several pur-
poses.

The goal of this project is to build and test a system for
an application of this type.

2. RELATED WORK
The response specific materials have on signals has been

studied for various applications. One example is the design
of buildings intended for wireless communication. The NIST
Construction Automation Program resulted on several re-
ports on the attenuation of radio waves caused by different
materials commonly found in buildings [4]. Similarly, the
reflective coefficients of floor materials, e.g., wood, carpet,
vinyl, have been measured in an effort to better understand
their relationship to transmission loss [5]. Penetration loss
and reflection have been also measured for different mate-
rials in New York City in an attempt to understand their
effects on cellular communication at 28 GHz [6].

Some geophysical devices use radar pulses to image sub-
surfaces. Frequency-dependent attenuation coefficients can
be estimated by analyzing data from Ground-penetrating
Radar (GPR) for example. These values have been mea-
sured for materials like sand, clay and liquids [7]. Another
measurement commonly estimated for these applications is
the dielectric constant of different materials [8]. A GPR-

based approach for the analysis of hot-mix-asphalt uses the
information from reflected waves to calculate the thickness of
a given material if the dielectric constant is known [9]. The
publication also presents a method that uses the amplitude
of the reflected signal to estimate the dielectric constant of
a material in the case that the thickness is known.

Variants of the GPR device have been developed for pipe
scanning. For example, the ‘pipe penetrating radar’ uses 1.6
and 2.3 GHz frequency antennas to detect holes in concrete
pipes [10] and a similar solution uses of UWB antennas that
transmit and receive electromagnetic pulses [11].

A useful measurement that has been widely studied for ap-
plied electromagnetic and stealth technologies is the Radar
Cross-Section (RCS) [12]. This value depends largely on
the material of an object (along with size and shape) and
does not depend on emission strength or distance. Indeed,
materials have been studied and evaluated directly in or-
der to develop stealth-based buildings and vehicles not easy
detected by radar [13], [14]. Additionally, several methods
exist in the literature to measure the RCS values of differ-
ent materials [15] and to estimate the RCS parameters of
antennas [16].

An application recently presented uses RCS to detect pedes-
trians [17]. The publication describes an approach that con-
siders radio wave reflections in the 76GHz band and presents
their measurements of reflective intensity of different clothes.
Another application is the detection of humans and furniture
with a through-the-wall radar (TTWR) [18]. This TTWR
application uses the finite difference time domain (FDTD)
technique over the 1-5GHz frequency range to calculate RCS
in order to more reliably distinguish humans from objects.

Other examples of material detection applications pre-
sented in the literature include the use of polarimetric radar
techniques to detect large concealed weapons [19], an ultra-
wideband short pulse radar imaging system that considers
the effects of wall penetration and pulse fidelity for through-
the-wall applications [20], and a proposed approach for cheaper
imaging that relies on the analysis of backscatter as mea-
sured by radios found in household devices [21]. Finally,
quantities like absorption coefficient, transmission coefficient,
and index of refraction [22] characterize the behavior of
waves in materials and are widely used for numerous elec-
tromagnetic applications [23].

In this project, we intend to leverage the ability to analyze
and measure the effects different materials have on signals
in order to relax the requirement of advanced and compli-
cated hardware. We will explore the idea of moving the
hardware with a robotic arm in hopes of getting more useful
information from simple devices. We will also investigate if
knowledge of shape and size of an area of interest is neces-
sary. We have found several experiments in the literature
where material properties have been measured with wireless
signals (directly and indirectly). However, the use of this
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Figure 1: FFT plots showing the attenuation caused by several objects at 4390, 3390, and 2390 MHz respectively.

data to detect materials does not seem to be the goal for
most of these applications.

3. APPROACH
In this section we present our proposed approach by de-

scribing its main components individually.

3.1 Material-Induced Loss
Propagating a signal through any medium results in re-

duction of power. However, signal loss can be due to multi-
ple reasons, e.g., path loss, refraction, reflection, diffraction,
absorption, scattering, alignment, etc. The proposed sys-
tem estimates the loss caused by the transmission medium
by maintaining several aspects of the resulting attenuation
fixed and comparing the remaining difference. We consider
the case where there are two directional antennas, one trans-
mitting Tx, and one receiving Rx, separated by some dis-
tance d. We can use the Friis transmission equation [24] to
represent the ratio in power between the antennas,

PRx

PTx = GTxGRx
(
λ

4πd

)2

where PTx and PRx are the power at Tx and Rx respec-
tively, GTx and GRx are the antenna gains, d is the distance
between the antennas, and λ is the wavelength at the trans-
mitted frequency. Note that free-space path loss, i.e, the loss
in signal strength in a line-of-sight path through free-space
is FSPL =

(
4πd
λ

)2 [25]. We can then calculate the received
power when propagating through free-space by considering,

PRx(d) = PTxGTx +GRx − 20 log 10
(4πd
λ

)
Let P̄Rx(d) be the measured power when transmitting

through free-space or a region of interest at distance d and
P̃Rx(d) be a second measurement taken s.t.

(
λ̄ = λ̃

)
∧(

ḠTx = G̃Tx)∧(ḠRx = G̃Rx)∧(P̄Tx = P̃Tx). Then, we can
estimate the material-induced loss by considering the differ-
ence,

L = P̄Rx(d)− P̃Rx(d).

The proposed system uses a narrow beam, therefore, L rep-
resents the loss caused by both absorption and scattering
induced by the material.

3.2 Straight-line Scanning Trajectories
A correspondence between the measured loss and posi-

tions in the scanned space is needed in order to estimate
the location of different materials in a region of interest.

The proposed system uses two redundant manipulators to
move two directional antennas along one axis. The result-
ing dual-arm trajectory maintains the antennas at a fixed
distance and orientation as well as at equal positions in the
remaining two axes while moving at a constant speed. The
pose of each arm consists of seven joint angles, i.e., jn =
(θ1, θ2, θ3, · · · , θ7) ∈ R7, and a corresponding end-effector
pose at this configuration qn = (p,R) where pn = (x, y, z)
represents the translation, Rn = (q0, q1, q2, q3) is a Quater-
nion that represents rotation [26], and f(.) is a mapping
q = f(j). Let d be the distance between the antennas during
the scan, T be the desired time of the resulting scanning mo-
tion and (qRx

i , qRx
f ), (qTx

i , qTx
f ) be the initial and final poses

of each end-effector. A straight-line scanning trajectory
jRx, jTx : [0, T ] ∈ R7 starts at f(jRx(0), jTx(0)) = qRx

i , qTx
i

and reaches f(jRx(T ), jTx(T )) = qRx
f , qTx

f with a sequence
of configurations s.t. ∀f(jRx(t), jTx(t)) ∈ [0, T ](

pRx
x = pTx

x

)
∧
(
pRx
z = pTx

z

)
pRx
y = −pTx

y

|pRx
y − pTx

y | = d

and,∫ T

0
∆RRx + ∆pRx

1 + ∆pRx
2 =

∫ T

0
∆RTx + ∆pTx

1 + ∆pTx
2 = 0

where p1 and p2 are the translation components correspond-
ing to the fixed dimensions, i.e., x and y when scanning
vertically and y and z when scanning horizontally.

3.3 Localized Attenuation
Real-time information regarding the received signal is

recorded as the antennas move in the resulting straight-line
scanning trajectory. More specifically, the discrete Fourier
transforms (DFT) and all relevant data is continuously cal-
culated by an FFT and corresponded to the location where
the measurement took place. Let Σ : [0, T ] be a sequence
of antenna poses with corresponding DFTs, i.e., σ(t) =
(q(t),DFT(t)), representing the measurements obtained while
moving along a straight-line scanning trajectory with a to-
tal traversed distance of dσ along the scanned axis. We
divide the range into k segments S = (si, · · · , sk) of dis-
tance d∆ =

(
dσ
k

)
s.t. qi ∈ si and qf ∈ sk and assign all pose

and DFT information in the sequence to its corresponding
segment, i.e., si := {σ ∈ Σ : sp3i < qp3 < sp3i + d∆} where
qp3 is the translation in the scanned dimension and sp3i is
the location where the segment begins.
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We calculate an estimate of the total power in each DFT
by computing the sum squared amplitude [27],

P ′ =
N−1∑
i=0

A2
i

where N is the number of frequency bins in the DFT. Each
segment stores the mean of its associated DFTs as its power
estimate. The sequence is then compared to a base sequence
in order to estimate the attenuation at each segment.

For example, let S̄ be a sequence of localized power es-
timates of size k = 50 obtained while scanning an empty
container along the x-axis, i.e.,

S̄ = (P ′s̄i , · · · , P
′
s̄k )

0 10 20 30 40 50

Let S̃ be a second sequence obtained when scanning the
same container with a concealed object in an unknown lo-
cation.

S̃ = (P ′s̃i , · · · , P
′
s̃k )

0 10 20 30 40 50

Finally, let SL be the sequence with localized material-induced
loss estimates resulting from taking the difference in received
power measured during each sequence, i.e.,

SL = (Li = P ′s̄i − P
′
s̃i , · · · ,Lk = P ′s̄k − P

′
s̃k )

0 10 20 30 40 50

We can see that there is notable loss around segment s20.
Therefore, we can consider the possibility of a concealed
object in the locations corresponding to segments s19 − s25.

3.4 Material Identification
After attenuation is measured and localized, the mate-

rial of the possible object can be estimated by considering
the attenuation coefficients of several candidates. The to-
tal attenuation of an object of length l with an attenuation
coefficient α can be calculated by considering

ξ = α · l · f.

where f is the frequency [28]. Therefore, a list of possible
materials can be created by using an upper bound and ruling
out materials that are not able to cause the measured atten-
uation at a given transmission distance d (as l can not be
larger than d if the object is located between the two anten-
nas). More specifically, let ξ′ be the measured attenuation
at distance d, and let A be a list of attenuation coefficients of
candidate materials (several lists are available in the litera-
ture and online [4], [29]). Then, the list of possible materials
is

Ȧ = {α ∈ A : α · d · f ≤ ξ′}

The list can be further reduced by considering measure-
ments taken at multiple distances and multiple frequencies,
i.e., let Ω be list of measurement tuples ω = (ωd, ωf , ωξ).
The list of possible candidate materials can be represented
as

Ä = {ωα ∈ Ω×A : ωα · ωd · ωf ≤ ωξ}

The coefficient of a material of interest can be estimated
and used for future identification. The estimated attenua-
tion coefficient for a measurment with an attenuation mea-
surement ξ′ taken with a transmission distance d and a wave-
length λ of an object of length l can be represented as

α′ =
ξ′ −

(
4πd
λ

)2
l · f

where FSPL =
(

4πd
λ

)2 is the free-space path loss [25].
Finally, if the attenuation coefficient is known, the length

of the object can be estimated by considering

l′ =
ξ′ −

(
4πd
λ

)2
α · f

Figure 3: The real-time FFT readings shown as a metal-
lic lunchbox with a concealed peanut butter container is
scanned (see Figure 4). A decrease is visible in the spectro-
gram as well as in the FFT while the antennas move through
the region with the object.

4. IMPLEMENTATION
We build and test a proof-of-concept scanning system that

uses robotic arms to move two narrow beam directional an-
tennas. The details are presented in this section.

4.1 Hardware
We use two USRP N210 radios with SBX 400-4400 MHz

Rx/Tx daughterboards [30]. Both peripherals used WA5VJB
2.1-11GHz directional antennas [31]. The USRPs were con-
nected to a single laptop using a Netgear Gigabit Ether-
net switch. Each antenna is moved with a seven degree-of-
freedom arm on a PR2 robot [32]. A Microsoft Kinect [33]
infrared-based time-of-flight camera is used to record color
and depth information.

An end-effector Cartesian controller is used to generate
straight-line trajectories along a given axis. The controller
takes the initial and final poses and linearly interpolates in
Cartesian space between positions and orientations. Inverse
kinematic solutions [34] are computed by using the Jacobian
Pseudoinverse method [35]. The antennas are moved at a
fixed orientation with a constant transmission distance of
d = .48m. The horizontal scan moves the antennas for 0.37m
forward and then returns to them to their initial position in a
motion totaling in 15s. The vertical scan moves the antennas
upward for 0.25m and then returns to them to their initial
lower position in a motion totaling in 12s.

During the scanning motion, the transmitting antenna
sends a constant signal and the receiving antenna takes con-
tinuous measurements. We test frequencies f = 2390MHz,
3390MHz, 4390MHz. All experiments were carried out in
the G415 area in the Stata building.
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Figure 2: (a) Spectrograms at each trajectory segment for a horizontal scan of free-space and a metallic box at 2390 MHz
(see Figure 4). (b) Losses at each segment when scanning the metallic box and the metallic box with a concealed object along
with the resulting difference. (c) Spectrograms at each trajectory segment for a horizontal scan of a plastic box and a plastic
box with a concealed object (see Figure 7). (d) The resulting difference in loss at each segment for the measurements shown
in (c).

4.2 Software
We use GQRX [36] and GNUradio [37] for real-time FFT

computations and for I/Q recording and playback, the Robot
Operating System (ROS) [38] to control the PR2 robot and
to publish all relevant data, and ØMQ [39] to send the real-
time FFT and I/Q readings to robot. We save images and
point clouds [40] from the Kinect sensor on the robot along
with the real-time pose of the arms.

We compute DFTs with a bin size of 512 at 60fps using
GQRX. Each DFT is stored along with the correspoding
pose (position and orientation) of each antenna. We divide
each trajectory in k = 50 segments, which result in incre-
ment distances of d∆ =

(
dσ
k

)
=
(

0.37m
50

)
= 0.0074m and

d∆ =
(
dσ
k

)
=
(

0.25m
50

)
= 0.005m for horizontal and vertical

trajectories respectively.

5. EVALUATION
Material-Induced Loss: We measure the attenuation

resulting from placing several objects between the two an-
tennas. We record the DFT values estimated when trans-
mitting at frequencies 2390, 3390, and 4390 MHz with a
transmission distance of d = .48m.

Alignment Error: We test the ability of our system to
maintain a fixed orientation, distance, and relative position
between the two antennas while traversing scanning trajec-
tories. We log position information for both end-effectors
while performing several scanning trajectories and compute
the difference in translation in the fixed axes.

5.1 Concealed Object Detection
We scan several containers with concealed objects and at-

tempt to estimate their locations by considering regions with
notable differences in transmission loss when compared to a
baseline measurement. More specifically, we store a range-
image of the scanned environment and compute the regions
which show significant differences in loss. Because all mea-
surements are coupled with their corresponding locations,
we can render our estimate directly on the range-image and
verify if the location is accurate. We test the following sce-
narios,
Metallic lunch box: A peanut butter container is placed
inside a mettalic lunch box (see Figure 4, video).
Liquid detection: Five plastic cups are placed in a line
with the second to last one containing water (see Figure 5,
video).
Cardboard box: A peanut butter container and metallic
plate are placed inside a cardboard box (see Figure 6).

Plastic box: A juice bottle and a soup can are placed inside
a plastic lunch box (see Figure 7, video).
Textbook: A CD is placed between the pages of a closed
textbook (see Figure 8, video).
Phone hidden in clothing: A phone is concealed in the
front pocket of sweatshirt (see Figure 9, video).

6. RESULTS
Material-Induced Loss: Figure 1 shows the FFT plots

for all objects at the different frequencies evaluated. The
objects considered can be seen below.

These are shown in Figure 1 as box, spam, lunch, metal,
jiff, soup, book, cd, cup, juice, cup+water and correspond
to a cardboard box, a metallic box, a plastic box, a metallic
plate, a peanut butter container, a soup can, a textbook,
a CD, a plastic cup, a juice bottle, and a plastic cup with
water respectively.

The plots in Figure 1 show that the attenuation caused
by each object is distinct. Small differences, e.g., the dif-
ference in attenuation between an empty plastic cup and
one with water, seemed to be easily registered. Indeed, we
observed that the resulting attenuation caused by certain
materials are similar to those measured in other publica-
tions [6], [4]. However, we also note that attenuation varied
across frequencies. We only considered the frequencies in
the 2-4.5 GHz range and took measurements at minimal
transmission distance, yet the frequency seemed to play a
substantial role in the resulting loss. It is clear that a sys-
tem designed to robustly detect and localize objects in this
frequency range should consider multiple frequencies simul-
taneously and to augment its analysis with other types of
data. Another possible extension would be vary the trans-
mission distance during the scan. Because the relationship
between distance, wavelength, and object length is well un-
derstood, considering measurements from multiple transmis-
sion distances could improve the reliability of the system.

Alignment Error: We execute the horizontal and ver-
tical trajectories described in the previous section several
times and record the position information of both end-effectors.
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These are published at approximately 60 Hz. For each posi-
tion recorded, we compute and store the Euclidean distance
between p̂Rx and p̂Tx, i.e., derr = ‖p̂Rx − p̂Tx‖ where p̂Rx

and p̂Tx are the positions of the receiving and transmitting
antennas and p̂ is the translation of x and z, i.e., p̂ = (x, z),
as y is fixed at the transmission distance d throughout the
trajectory. A rendering of the observed error at each of the
segments in the horizontal and vertical trajectories is below.

0 10 20 30 40 50

0 10 20 30 40 50

The highest distance between the antennas occurs at the
end of the trajectory. This is possibly due to the vibra-
tion caused by the change in direction. Note that the robot
moves the antennas in a straight-line and returns to the
original position. One possible way to reduce this error is to
slow down the transition between movements. We include
the recorded minimum, maximum, and mean differences in
position in the table below.

Traj. Dist. Step Size Min. Diff. Max. Diff. Mean Diff. Std. Dev.

x 0.37 0.0074 0.0026 0.014 0.0078 0.0024

z 0.25 0.005 0.0025 0.0064 0.0039 0.0011

Table 1: Recorded distances in position for horizontal (x)
and vertical (z) trajectories.

The evaluated system uses Cartesian trajectories instead
of directly specified joint-by-joint trajectories that could pro-
vide higher precision. This type of trajectories were used to
allow for rapid computation and execution of straight-line
scanning motions that are easily specified and require little
engineering. This allows the system to be more general and
adaptable to multiple scanning tasks but results in increased
trajectory error.

We are currently exploring the possibility of using detailed
antenna position and orientation information when calcu-
lating losses. This would improve the performance of the
system and could also allow for more complicated scanning
motions which could make it possible for a system to differ-
entiate between losses that are caused by absorption from
those caused by scattering and other effects.

More specifically, antenna gain can be related to directiv-
ity D(θ, φ), i.e., G = ERxD(θ, φ), and to gain in a particular
direction, i.e, G(θ, φ) = ERxD(θ, φ). Therefore, the geomet-
ric orientation of the antennas can be included directly in
the Friis transmission equation [41]

PRx

PTx = ETxERx

(
λ2DTx(θTx, φTx)DRx(θRx, φRx)

4πd

)2

where E is the antenna efficiency [42] and direction is
expressed as an elevation θ and azimuth φ.

Even though the current system logs all relevant direc-
tivity information and could easily be adapted to include
scanning trajectories with multiple orientations, we leave
this aspect of the analysis and corresponding experiments
for future work.

6.1 Concealed Object Detection
We discuss the location estimates for the concealed objects

described in the previous section.

Metallic lunch box: We take measurements during a
horizontal scan at 2.39 GHz. Figure 4 shows the location
of the concealed object along with two estimated locations
and sizes corresponding to the box and the container inside
(shown as the blue and green rectangles on the range-image
respectively). The baseline measurement (empty metallic
box) is shown in Figure 3.4 along with localized loss se-
quences for (i) difference of free-space and the empty box
(ii) box with the concealed object and (iii) the difference of
the empty box and the box with the concealed object. We
observed that the size estimate corresponding to the metal-
lic box was slightly larger than the object. Similarly, the
estimate for the location of the concealed object begins a
few segments after the actual location of the object and is
smaller in size. Finally, we note that there is noticeable dif-
ference in loss at the beginning of the sequence. This effect
seems to be only be present when the object is placed in-
side the metallic box. There are multiple possible causes for
this difference such as reflections and alignment error. More
measurements would be required in order to truly isolate
these types of effects.
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Figure 4: Horizontal scan of a metallic box with a con-
cealed peanut butter container at 2.39 GHz. The estimated
location and size of the box and object are displayed in the
range-image as the blue and green rectangles respectively.
The loss sequences used for the estimates are shown besides
the range-image.

Liquid detection: We attempt to detect the presence of
liquid inside several plastic cups. We scan the cups horizon-
tally at 4.39 GHz. The resulting estimate is shown in Figure
5. This estimate was computed by considering the difference
in loss between a free-space scan and the scan of the plas-
tic containers. The difference in loss occurs at the correct
location, allowing the estimate to detect the cup containing
water. We note a difference at the beginning of the sequence
similar to that seen in the loss sequence for the metallic box.
Reflections and initial vibration are possible causes for this
measurement.

Cardboard box: We scan a cardboard box with two con-
cealed objects, a metallic plate and a peanut butter con-
tainer, at 4.39 GHz. Figure 6 shows the estimated location
and size of the peanut butter container on the range-image
taken with the box and on the range-image taken when the
box was removed. We used a free-space scan as the baseline
as we were not able to obtain significant power loss infor-
mation when scanning the empty box. The resulting loca-
tion estimate correctly detects the location of the container
within the box. However, we notice a slight shift in the x-
axis which also seems to be present in other tests. We then
scan for a second object, a metallic plate, which was placed
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Figure 5: Horizontal scan of several plastic cups (one with
water) at 4.39 GHz. The spectrograms measured at each
location are shown on the left. A estimated size and location
of the cup containing water is shown as a green rectangle in
the range-image. The loss sequence used for the estimate is
shown besides the range-image. This sequence is the result
of the difference in loss between a free-space scan and the
scan of the cups.

towards the center of the box (not pictured). The loss se-
quence computed when comparing to a free-space baseline
is below.
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The estimated size and location of the metallic plate was
accurate. We note that this scan was particularly clear as
the attenuation caused by cardboard and metal at 4.39 GHz
is significantly different.
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Figure 6: Horizontal scan of a cardboard box with a con-
cealed object. The estimated size and location of the object
is shown on the range-image taken with the box as well as
on the range-image taken when the box was removed. The
loss sequence used for the estimate is shown on the right.

Plastic box: We scan a plastic lunch box at 3.39 GHz and
attempt to detect two concealed objects, a juice bottle and a
soup can. We noticed that we were unable to get significant
measurements when scanning the empty box. Therefore,
free-space scans were used as the baseline. Figure 7 shows
the estimated location and size of the juice bottle (green)
and the soup can (blue). The location of the juice bottle
was fairly accurate. However, changing the concealed object
seemed to greatly affect the signal response.

We noticed that the loss sequences computed for the soup
can were not consistent with the rest of the results obtained
during this round of tests. We use the collection of segments
corresponding to the region with the highest difference for
the estimate (approximately located at s15 − s30). This re-
sults in a roughly accurate estimate of the object (shown
next to the range-image in 7). Yet, we observe several sub-
stantial differences in power elsewhere in the sequence. We

are unable to characterize this measured behavior but sus-
pect it might be caused by scattering and reflections induced
by the materials and shapes in this particular scenario.

We include several loss sequences for completeness. These
correspond to the differences in loss between scans of the
box containing the soup can and the free-space scans at
frequencies 2.39 GHz, 3.39 GHz, and 4.39 GHz respectively.
They are shown below.
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Figure 7: Estimated locations of a juice bottle and soup
can within a plastic lunch box displayed on the range-image
as green and blue respectively. Measurements were taken at
3.39GHz.

Textbook: We perform a horizontal scan at 4.39 GHz in
order to attempt to localize a CD placed inside a closed
textbook. Figure 8 shows the arrangement of the objects
(the CD is slightly visible in the image on the left). We use
a scan of the textbook without the disc as a baseline. The
resulting loss sequence has a region with notable decrease
(segments s5 − s19) which includes the highest difference in
the sequence at its center (segments s12 − s13). We show
the considered loss sequences below. These correspond to
the scan taken with the textbook, the scan of the textbook
with the CD, and finally the difference in loss between these
two.
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Figure 8: A CD is hidden inside a textbook. The estimated
location of the disc is shown on the range-image as a green
rectangle. The loss sequence used for the estimate is shown
on the right. The scan was performed at 4.39 GHz.
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Phone hidden in clothing: In order to test the feasibil-
ity of using a system of this type to detect an object in an
unknown region (i.e., one for which a baseline scan is not
available) we attempt to localize a phone concealed in the
front pocket of sweatshirt. A vertical scan is performed at
2.39 GHz while a human subject stands between the anten-
nas. We use a free-space scan as our baseline. The resulting
sequence is shown in Figure 9. The region with the most
significant difference corresponds to the location of the con-
cealed phone.

We are able to observe a second region above the esti-
mated location. The cause of this second difference in loss
is not clear given the available information. One possible
way to increase the reliability of the estimates is to consider
the attenuation coefficients of the human body [29] and to
use size information (from a range-image or by using the
transmission distance as an upper bound) to estimate the
expected power loss. We leave a more detailed evaluation of
the use of this system for this type of applications for future
work.
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Figure 9: A vertical scan is performed at 2.39 GHz. The
estimated location of the concealed object is shown as a
green rectangle on the range-image. The loss sequence is
shown on the right.

7. CONCLUSION
We presented and evaluated a proof-of-concept implemen-

tation of our proposed system. Our limited results are some-
what encouraging as detection and coarse localization was
possible with minimal measurements and basic analysis. We
expect that it is possible to relax the hardware requirements
further by expanding the analysis to consider multiple as-
pects in more detail. We suggest several potential extensions
to the approach in the report.
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