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ABSTRACT A two-dimensional (2D) dynamically reconfigurable metasurface aperture is presented to
perform frequency selective through wall imaging (TWI) with an unknown structure of the wall. Generally,
in TWI, the medium properties and thickness of the wall need to be known in advance, which is not
always possible. Moreover, compensating for these effects can significantly increase the computational
complexity. We propose a two-stage method that leverages the concept of a dynamically reconfigurable
metasurface antenna (DMA) in a narrow frequency band in which the effects of the wall are minimum
to perform TWI. First, two simple probe antennas are used to evaluate the reflection response of the
wall by means of a simple backscatter measurement. Based on these characteristics, a narrow band
frequency selective window is identified. Second, a DMA consisting of an array of tunable metamaterial
elements is used for TWI in the identified frequency selective window. The DMA aperture enables the
scene information to be sampled through a set of spatio-temporally varying quasi-random modes using a
single-channel transmit and receive architecture. This physical-layer compression scheme can significantly
simplify the data acquisition while the quasi-random sampling of the scene information eliminates the
need for conventional raster-scan based modalities.

INDEX TERMS Reconfigurable antennas, microwave imaging, through wall imaging, metasurface.

I. INTRODUCTION

THROUGH wall imaging (TWI) has become a promis-
ing way to detect and recognize various objects in a

plethora of applications, such as rescue operations, surveil-
lance, and reconnaissance [1]–[4]. Despite the capability of
electromagnetic (EM) waves at microwave frequencies to see
through optically opaque materials, to minimize distortions
in the reconstructed images, imaging through a wall struc-
ture requires that the electrical and physical characteristics
of the wall are known as a-priori information. In practi-
cal applications, this not only can be unfeasible, but also,
accounting for the effects of the wall structure can be a

computationally expensive process [5], [6]. Furthermore, in
many practical scenarios, both the object to be imaged and
the structure of the wall are unknown. Unfortunately, in that
case, the wall contributes to increasing the clutter level of
the measurements. The reason is that it may no longer be
possible to separate the wall contributions from those beyond
this structure.
Recently, active computational imaging techniques have

received significant attention [7]–[9]. These techniques allow
backscattered signals to be encoded into a series of
indirect measurements through the use of quasi-random,
spatio-temporally incoherent radiation patterns synthesized
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from metasurface-based antennas. In contrast to conven-
tional multi-pixel raster scan-based imaging systems, such
as synthetic aperture radar (SAR) [10], [11] and phased
arrays [12], [13], the computational imaging modality relies
on probing the scene information using spatio-temporally
incoherent modes and compressing the backscattered data
into a single channel. Therefore, it can substantially improve
the data acquisition speed and reduce the complexity of the
hardware layer [14].
Frequency-diversity and dynamic apertures are two modal-

ities that can be leveraged to create an ensemble of
quasi-random sensing fields with spatial diversity [14]. In
the frequency-diverse approach, the radiated fields from the
aperture are governed by a frequency sweep with each
frequency radiating a different radiation pattern. This can
be achieved by various structures of metasurfaces, such as
a parallel plate waveguide with metamaterial elements and
mode-mixing cavities [15]–[30]. However, frequency-diverse
apertures pose several drawbacks, such as the necessity to
sweep a rather large bandwidth to synthesize a sufficient
number of measurement modes, the extra complexity of the
design of the radiofrequency (RF) hardware due to the large
bandwidth requirements for imaging, and possible frequency
interferences due to the microwave spectrum congestion.
Alternatively, it is possible to take advantage of dynam-

ically modulated metasurface apertures to synthesize the
quasi-random radiation patterns. Using dynamically modu-
lated apertures, the radiation of spatio-temporally varying
modes is achieved by electronically tuning the radiating
metamaterial elements on the aperture over a narrow oper-
ating bandwidth or even at a single frequency [31]–[38].
As the generation of spatio-temporally varying modes only
requires a narrow frequency band (or even just a single
frequency), the dynamic modulation approach can rely on a
substantially simplified RF backend architecture in compar-
ison to the frequency-diversity approach. In this context, a
preliminary study on computational TWI using a dynamic
metasurface antenna (DMA) was presented in [37]. However,
the work presented in [37] exhibits several limitations, such
as (i) the structure of the wall needs to be known, which is
not practical, (ii) compensation for the effects of the wall
needs to be carried out using layered Green’s functions,
significantly increasing the computational complexity, and
(iii) the use of one-dimensional (1D) metasurface limits the
imaging field-of-view (FoV) only to a single axis in the
transverse plane.
In this paper, leveraging two-port, two-dimensional (2D)

DMAs operating over a narrow frequency bandwidth, com-
putational TWI is presented with no a-priori knowledge of
the wall structure. First, two probes are used to evaluate the
EM response of the wall in a range of frequencies. Based
on these characteristics, a narrow frequency band, called
“frequency selective window” or “transmission window”, is
chosen to maximize the transmission through the wall. Next,
a DMA including an array of sparsely distributed, tunable
metamaterial elements is used to achieve TWI within the

selected frequency window. To reconfigure the metasurface
aperture, the metamaterial elements are integrated with PIN
diodes that are reconfigured in a binary fashion (on or off ).
By tuning the states of the diodes randomly, the dynamic
manipulation of the radiated fields is realized. TWI is then
computed in the near-field region by leveraging the dynam-
ically radiated characteristic of the DMA with no a-priori
knowledge of the wall composition and structure, and with-
out the additional need to compensate for the effects of the
wall in the signal-processing layer.
This work is the first to demonstrate a computational

DMA imaging concept for TWI without the need for a-priori
knowledge of the imaging medium. Moreover, in compari-
son to [37], we achieve a 2D FoV in the transverse plane for
TWI, which is a significant step forward compared with the
1D metasurface concept limited to single-axis TWI in the
transverse plane. In addition, this work differs from [38] in
two major ways. First, whereas the imaging scenario studied
in [38] is only valid for free-space applications, the presented
technique in this work can handle dielectric media. Second,
whereas the major contribution of [38] is the DMA design,
the focus of this work is not the antenna design, but rather
the computational TWI technique achieved using a sensor
fusion scheme to realize, simultaneously, (i) physical layer
compression for single-pixel TWI and (ii) eliminating the
need for layered Green’s functions for TWI.

II. DETERMINATION OF THE FREQUENCY SELECTIVE
WINDOW
First, we will investigate the EM characteristics of the
wall, including reflectance, transmittance and absorbance
responses, when an incident wave illuminates and interacts
with the wall. In this work, as the wall structure, we use a
Terrace stone wall (εr = 7.9, tan δ = 0.15) [39] and note
that different types of materials can also be chosen without
loss of generality. For the presented TWI concept, K-band
frequencies are considered. Fig. 1(a) shows a simple unit
cell formed by a Terrace stone medium with a thickness of t
and a width of λ0/2, where λ0 is the free-space wavelength.
Here, the incident wave is a plane wave with an incident
angle of 0◦. Figs. 1(b)-(d) show the transmittance, reflectance
and absorbance of the wall, respectively, as a function of
frequency and wall thickness. It is observed that when the
thickness of the wall increases, a growing number of oscilla-
tions in the transmittance, reflectance and absorbance spectra
appears across the studied frequency range, and vice versa.
Further analyzing the results in Figs. 1(b)-(d), it is possi-
ble to choose certain sub-bands in the frequency range of
18–24 GHz. In this work, we assume that the thickness of
the wall is 15 mm. Without having this information as a-
priori, one can perform a frequency analysis to find an ideal
sub-band in which the reflection from the wall is minimized,
offering a maximized transmission through the wall. In other
words, by doing a simple measurement of the wall struc-
ture, it is possible to identify an ideal frequency-band of
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FIGURE 1. (a) Full-wave simulation setup of a wall’s unit cell in CST Microwave Studio, (b) transmittance, (c) reflectance, and (d) absorbance at K-band frequencies for normal
incidence under different thickness of the wall. Frequency selective window is highlighted.

operation in which the thickness of the wall would corre-
spond to multiples of λg, where λg denotes the wavelength
inside the wall structure at the centre frequency within the
investigated frequency band of operation. When this con-
dition is met, transmission through wall will peak at the
corresponding frequency. From Fig. 1, the presence of two
such sub-bands is evident: 18-19 GHz and 22-23 GHz. In
this work, the sub-band (or frequency selective window)
of 22–23 GHz is chosen as the ideal band for computa-
tional TWI. It should be noted here that, according to the
power conservation rule, for the analyses presented in Fig. 1,
transmittance + reflectance + absorbance = 1.
In a practical implementation of this scenario, we use two

rectangular waveguide probes placed in front of the wall to
investigate the response of the wall, as shown in Fig. 2(a).
The probes are set at the same distance of d to the sur-
face of the wall. The wall has a width of 6λ0 at the centre
frequency of the 22-23 GHz band and a thickness of t. Next,
the backscattered signal is analyzed to present the reflectivity
of the wall. As can be seen in Fig. 2(b), in the presence of the

Terrace stone wall, a large amount of the power from Port
1 transmitting to the wall is reflected and transferred to Port
2 in most of the frequency range, except in the bands of 18–
19 GHz and 22–23 GHz. Within the 18-19 GHz frequency
band, the thickness of the wall is approximately t = 2.5λg at
the centre frequency. Performing a simple Smith Chart anal-
ysis, it is evident that impedance is repeated at every 0.5λg
interval with the wall structure. In practice, this would sug-
gest that, moving along the wall structure, if the thickness of
the wall is 0.5λg (or multiples of it), it then becomes possi-
ble to consider the wall structure, in terms of its impedance
response, collapsing onto an infinitely thin plane. Similarly,
for the 22-23 GHz band, the thickness of the wall is approxi-
mately t = 3λg, which is also a multiple of 0.5λg. As a result,
in Fig. 2(b), at both 18-19 GHz and 22-23 GHz, we observe
frequency selective windows, and this outcome is in good
agreement with the plane-wave analysis presented in Fig. 1,
where two transmission windows were identified between
18-19 GHz and 22-23 GHz. In this work, we choose the 22-
23 GHz frequency band as the frequency selective window,
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FIGURE 2. (a) Full-wave model of the wall illuminated by two probes, (b) the
backscattered signal levels from the wall (Terrace stone medium with t = 15 mm),
and (c) the backscattered signal levels as a function of distance d when the thickness
of the wall is fixed to t = 15 mm. Frequency selective window is highlighted.

corresponding to a transmission amount of greater than 55%
and a reflection amount of below 5% when the wall thick-
ness approaches t = 3λg (see Fig. 1). Next, the backscattered

signal levels are shown in Fig. 2(c) for different distances d
when the thickness of the wall is fixed. As can be seen in
Fig. 2(c), when d changes, the frequency-selective window
within this band is not significantly affected, proving that the
process of identifying the transmission window is reliable.

III. DMA DESIGN FOR COMPUTATIONAL TWI
In this section, a two-port, 2D DMA consisting of an array of
sparsely-distributed, tunable metamaterial elements is intro-
duced for TWI in the identified frequency selective window.
We leverage the capability of the DMA to operate over
a narrow frequency bandwidth for TWI with no a-priori
knowledge of the wall structure and characteristics. To this
end, the 2D DMA developed in [38] will be used to eval-
uate the proposed method. In [38], the DMA operates in
the 20-22 GHz frequency band to perform polarimetric
computational imaging. In this work, the operating band
of the DMA is extended to 22–23 GHz, which is one of
the frequency-selective windows identified in Section II to
achieve TWI. It should be noted here that once the trans-
mission window is identified, the operating frequency of
the DMA can be tuned electronically to match with the
frequency of the transmission window. Albeit the DMA is
required to operate across a narrow frequency band (i.e.,
transmission window), this narrowband imaging capability
does not necessarily imply that the DMA cannot be tuned
outside this window if the transmission window were to
occur at another frequency when a different wall material is
present.
Before discussing the TWI operation, we briefly demon-

strate the structure of the DMA and refer to [38] for a
more detailed analysis of the DMA architecture. As shown
schematically in Fig. 3, the DMA consists of a parallel-plate
waveguide structure with copper cladding on both sides and
a via fence along the edges of the waveguide, creating a
cavity. The front surface of the cavity is loaded with an
array of two orthogonally oriented Jerusalem cross comple-
mentary electric-LC (JC-cELC) metamaterial elements. The
metamaterial elements were designed to operate at K-band
frequencies. This is achieved by populating the metasurface
aperture with JC-cELC elements exhibiting slightly different
resonant frequencies to cover the investigated frequency band
of operation – similar to the metasurface concepts introduced
in [14], [28]. The JC-cELC elements are distributed across
the metasurface layer in a random fashion. Excitation of the
metasurface is achieved using two coaxial probes located at
P1 and P2 as shown in Fig. 3. Both ports launch a cylindri-
cal wavefront inside the dielectric substrate bounded by the
cavity boundaries. Upon reflection from the via fence, the
field distribution inside the cavity is diverse (i.e., devoid of a
regular pattern) and undergoes spatial variation as a function
of frequency [14].
In addition to the frequency-diversity, the DMA aperture

achieves an additional layer of spatio-temporal diversity due
to the active modulation of the metamaterial elements across
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FIGURE 3. Configuration of the developed cavity-backed polarimetric
DMA presented in [38].

the metasurface layer. In this implementation, each metama-
terial JC-cELC element is loaded with two PIN diodes as
depicted in Fig. 3. When the diodes are forward-biased, they
effectively short-circuit the JC-cELC elements, ensuring that
they cannot couple to the guided-mode inside the cavity, and
hence, do not contribute to radiation in free-space. When
the diodes are reverse-biased, the JC-cELC elements couple
to the guided-mode at the intended frequency band, hence,
contributing to radiation in free-space. As a result, when
the frequency is fixed, the DMA can still radiate spatio-
temporally varying field patterns by dynamically tuning the
metamaterial elements across the metasurface layer on and
off in a random fashion. In other words, at a single frequency,
the interaction of the metamaterial elements with the guided-
mode controls the amplitude and phase of the transmitted
wave from the DMA aperture, such that spatio-temporally
varying field patterns (or modes) can be generated by mod-
ifying the on/off states of the elements randomly along the
aperture surface. It is important to emphasize here that both
diodes are simultaneously switched on and off for a given
JC-cELC element across the metasurface. Hence, the bias-
ing of the unit cell structure can be achieved using a single
DC terminal that is shared between the two diodes. Such a
biasing structure can be realized using a radial-stub based
network originally presented in [31].
The complex fields formed within the cavity project

into the region to be imaged by superposing the contribu-
tions from each of the radiating metamaterial elements. In
this DMA implementation, each configuration of the meta-
surface aperture (as it is dynamically tuned) is called a
mask. These masks further allow for multiplexed backscat-
ter measurements of a scene to be post-processed for
imaging.

A significant advantage of the DMA-based computational
TWI concept can be appreciated by considering the single-
pixel physical layer compression offered by this architecture.
The electrical size of the DMA is 8λ0×8λ0. A conventional,
raster-scan based imaging modality would require this aper-
ture to be sampled at the Nyquist limit (λ0/2), suggesting
that, conventionally, 17 x 17 individual antenna elements are
needed to synthesize an aperture of this size. Facilitating the
computational TWI concept with the DMA, however, only
a single aperture with one transmit and one receive channel
is used to synthesize the same aperture size.
In the design phase of the DMA aperture for computa-

tional TWI, the scattering parameters (or S-parameters) play
an important role. Firstly, the DMA is required to exhibit
a good impedance match to ensure that the exciting signal
feeding the DMA is accepted with minimal reflection within
the identified transmission window for imaging. Secondly,
to ensure that the weak scattering from the imaged object
behind the wall is not dominated by the cross coupling
between the feeding ports of the DMA, this coupling level
should be reasonably low. In Fig. 4, the simulated reflec-
tion coefficient and cross coupling patterns of the DMA are
shown in free-space (i.e., in the absence of the wall structure
and the imaged object). For this analysis, we have chosen
four different mask configurations for brevity, but a similar
analysis can be performed for a different number of masks
without loss of generality. Analyzing Fig. 4(a), it is evident
that the reflection coefficients of the DMA at the feeding
ports remain around or below −10 dB across the selected
frequency band of 22-23 GHz, ensuring that signals from
both ports can transmit and receive efficiently. Similarly,
in Fig. 4(b), the coupling level between the ports of the
DMA is around or below −10 dB throughout the selected
transmission window.
For the analyses presented in Fig. 4, it should be noted that

the S-parameter optimization of the DMA does not have a
unique solution. This is because, every time the DMA mask
configuration is modulated (i.e., varying masks), the distri-
bution of the radiating and non-radiating JC-cELC elements
across the metasurface layer varies on a quasi-random basis.
This, in turn, effectively, changes the boundary condition
with which the guided-mode interacts at the metasurface
layer. In other words, the guided-mode pattern inside the
dielectric substrate is dependent on the metasurface mask
configuration. As an example, one can appreciate that, feed-
ing the antenna from the first port, when mask 4 is used,
the S11 pattern is around or below the −10 dB level across
the entire band (solid black line in Fig. 4(a)), whereas when
mask 1 is used, we have certain bands where the S11 level
becomes closer to −8 dB at some frequencies (solid blue line
in Fig. 4(a)). Moreover, as well as the boundary condition
imposed by the corresponding metasurface mask configura-
tion, the impedance match is also a function of the location
of the feeding port determining where the guided-mode is
launched inside the dielectric substrate. As an example, it can
be seen in Fig. 4(a) that, when the DMA is fed through port
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FIGURE 4. Simulated (a) reflection coefficient at each feeding port,
and (b) cross-coupling between the feeding ports of the DMA.

2, the S22 patterns are below the −10 dB level throughout
the investigated frequency band for mask 2 and 4 configu-
rations (dashed red and black lines in Fig. 4(a)). A similar
outcome can also be observed for the cross-coupling patterns
presented in Fig. 4(b). Analyzing Fig. 4(b), the dependency
of the cross-coupling levels on the mask configuration is evi-
dent. As an example, for mask configurations 1 and 2, the
cross-coupling level between the feeding ports remains below
−10 dB for the entire investigated frequency band, whereas,
for masks 3 and 4, the −10 dB value is slightly exceeded
closer to 23 GHz. As a result, we use the term “around
−10 dB” to accommodate slight variations above the −10 dB
level. It is worth noting here that whereas the S-parameter
analyses of the DMA between 22–23GHz are presented in
Fig. 4, the S-parameters of the DMA between 20–22GHz
were validated in [38]. This is important, because, in the next
section, we will carry out computational TWI studies at both
these frequency bands and provide a comparison between the
reconstructed images to highlight the importance of operating
within the transmission window.

FIGURE 5. Simulated near-field patterns of the electric-fields radiated from the
DMA with (a) mask 1, (b) mask 2, (c) mask 3, and (d) mask 4 at 22.5 GHz when exciting
port 1. Colorbar: dB.

Another critical aspect in the design of the DMA aper-
ture is the diversity of the field patterns radiated by the
DMA [38]. In Fig. 5, we present the electric near-field
patterns of the DMA aperture for four different mask
configurations. Analyzing this figure, the diversity in the
DMA radiated field patterns achieved as a function of
varying masks can be appreciated. This is a key compo-
nent for the quasi-random operation to encode the radar
measurements using the DMA structure of Fig. 3. An
increased diversity in the radiated field patterns from the
DMA corresponds to an increased orthogonality between
the measurement modes – a key aspect in reducing the
information redundancy in the measurements collected by
the DMA. The DMA concept eliminates the conventional
raster-scan requirement because of the diverse field patterns
that it generates, such as the ones presented in Fig. 5. This,
effectively, eliminates the need for conventional, multi-pixel,
raster-scan based transceiver architectures for imaging.

IV. COMPUTATIONAL TWI
A. THEORY OF COMPUTATIONAL IMAGING
The computational imaging process was outlined in detail
in [28]. First, using the first Born approximation, a sensing
matrix, H, proportional to the antenna radiated fields, H ∝
ETxERx, is computed. Here, ETx and ERx denote the fields
radiated by the transmit and receive apertures propagated to
the imaged scene domain. Next, the backscattered radar mea-
surement vector, g, is captured at the receiver. The relation
between g, H and the scene reflectivity, f, is as follows:

gM×1 = HM×NfN×1 + nM×1 (1)

where n is the measurement noise. Here, the scene reflectiv-
ity, f, can be estimated by means of several computational
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reconstruction algorithms, such as pseudo-inverse, matched-
filter, least-squares, and TwIST+TV [29]. To have a realistic
imaging environment, the signal-to-noise ratio (SNR) for the
imaging scenarios studied in this paper is 20 dB. The noise is
added to the measurement vector as a Gaussian distribution
with zero mean and variance of σ 2 = SNR|g| [29]. Here,
|g| denotes the average received signal over all frequencies
and masks.
It should be noted that, in Eq. (1), we use the bold font

only to denote the vector-matrix notation while the fields
forming the sensing matrix are scalar. In Eq. (1), M denotes
the number of total measurement modes radiated by the
DMA to sample the scene information whereas N is the
number of pixels into which the imaged scene is discretized.
Because the sensing matrix is not necessarily a square matrix,
i.e., M �= N, it does not have a direct inverse. In this work,
the matched-filter technique is used for image reconstruction.
Using matched-filtering, an estimate of the imaged scene can
be reconstructed as follows:

fest = H†g (2)

where the symbol .† denotes the Hermitian transpose
operator.

B. IMAGING PERFORMANCE
In this section, we focus on demonstrating the capability of
the developed DMA to achieve computational TWI over a
narrow operating bandwidth with no a-priori knowledge of
the wall structure. Additionally, a comparison between the
images reconstructed in the frequency range of 20–22 GHz
and 22–23 GHz is also provided. This comparison is of key
importance for the presented technique because whereas our
analyses in Figs. 1 and 2 show that the 22-23 GHz band
exhibits a transmission window, the 20-22 GHz band is dom-
inated by the strong reflections from the wall. To demonstrate
computational TWI, using the DMA aperture, we image two
different objects, an L-shaped object and a T-shaped object,
located behind a wall. In imaging these objects, we dis-
cretize the selected frequency band of operation into Nf = 51
frequency points, and at each frequency, the aperture of the
DMA is reconfigured to synthesize 15 mask configurations.
Fig. 6(a) shows the TWI configuration for the L-shaped

object rotated by 45◦ imaged using the DMA. For this study,
we demonstrate the extraction of target reflectivity, fest, in
Eq. (2) using the numerical, full-wave simulated backscat-
ter measurements of the imaged object in CST Microwave
Studio. For this simulation, the wall is placed at z = 80 mm
from the aperture surface in the near-field region. Then, the
conductive target is placed behind the wall at z = 5 mm
from the wall surface. The reconstructed image, fest, of the
L-shaped phantom is shown in Fig. 6(b) for 22–23 GHz and
in Fig. 6(c) for 20–22 GHz.
Analyzing the reconstructed image in Fig. 6(b), it can be

observed that both diagonal strips of the L-shaped phan-
tom exhibit a similar signature with equal amplitudes. For
comparison, an outline of the imaged phantom is plotted on

FIGURE 6. TWI of the L-shaped phantom rotated by 45◦: (a) imaging setup in CST
using the DMA with an example diverse radiation pattern plotted on top,
(b) reconstructed image in 22-23 GHz with the outline of the imaged object plotted on
top, and (c) reconstructed image in 20-22 GHz with the outline of the imaged object
plotted on top. Colorbar: dB.

top of the reconstructed image. From Fig. 6(b), it is evi-
dent that, when the DMA is activated within the selected
transmission window (22-23 GHz), the reconstructed image
of the L-shaped object is in line with the actual outline
of the object. On the contrary, when TWI is carried out
within the 20-22 GHz band (i.e., outside the transmission
window), the reconstructed image is significantly distorted.
From this study, it can be concluded that the reconstruction
of the L-shaped object produces a higher fidelity image when
computational TWI is performed in the frequency range of
22–23 GHz, that is, the frequency selective window, so that
the effect of the wall in the backscattered signal is minimized.
In other words, the rather significant difference between the
two cases is because the effect of the wall in the frequency
range of 22-23 GHz is minimized whereas the backscattered
signal in the frequency range of 20-22 GHz is dominated
by the contribution from the wall.
In the presented computational TWI technique, once

the transmission window is identified, the DMA aperture
is activated to facilitate computational TWI within the
selected frequency band. This, effectively, constitutes a sen-
sor fusion scheme working in a successive fashion. It is
worth mentioning here that the reconstruction fidelity in
Fig. 6(b) can be further increased by increasing the number
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FIGURE 7. TWI of the T-shaped phantom: (a) imaging setup in CST using the
DMA with an example diverse radiation pattern plotted on top, (b) reconstructed image
in 22-23 GHz with the outline of the imaged object plotted on top, and
(c) reconstructed image in 20-22 GHz with the outline of the imaged object plotted on
top. Colorbar: dB.

of masks and using a larger aperture. However, increas-
ing these parameters would also result in a significantly
increased computational complexity for the full-wave simu-
lations. Thus, rather than further improving the quality of the
reconstructed images, we focus on the relative comparison
between the reconstructed images when the DMA is activated
within the identified transmission window and outside of the
transmission window.
Following the imaging of the L-shape phantom, we next

image the T-shaped object as depicted in Fig. 7. The
object is located behind the same wall structure. Similar
to the computational TWI study in Fig. 6, for this sce-
nario, the DMA apertures are tuned to operate at two
different frequency bands: 22-23 GHz (transmission win-
dow) and 20-22 GHz (outside the transmission window).
The reconstructed images are shown in Figs. 7(b) and (c).
Analyzing the reconstructed images in Fig. 7, it is evident

that leveraging the DMAs within the identified transmission
window (22-23 GHz) helps significantly with eliminating
the contribution of the wall response in the backscattered
data, and hence, in the reconstructed image. On the con-
trary, by imaging within the 20-22 GHz frequency band, the
reconstructed image of the T-shaped object is significantly
distorted by the wall reflections.

V. CONCLUSION
In this paper, we presented a sensor fusion scheme to
achieve a computational TWI technique at microwave
frequencies. This technique consists of a two-stage process.
First, two probes are used to evaluate the EM characteris-
tics of the wall, and an ideal transmission frequency band,
called frequency selective window, is identified. Second, a
DMA is leveraged to achieve TWI of an object within the
selected frequency band. The DMA aperture is essentially a
single-pixel microwave camera, eliminating the need for a
raster-scan based approach to sample the scene information.
The DMA concept achieves this by radiating diverse (or
spatio-temporally varying) field patterns and encoding the
backscattered scene information onto these measurements.
Using this concept, the scene information is compressed into
a single receiver channel per DMA. We showed that, by iden-
tifying an ideal transmission frequency band and limiting the
operation frequency of the DMA to this band, TWI can be
achieved without the need for a-priori knowledge of the wall
characteristics. The obtained full-wave results confirm the
feasibility of such a sensor fusion scheme to facilitate compu-
tational imaging for TWI, and potentially, other applications
involving imaging through dielectric media.
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