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Through Wall Sensing with
Multi-Frequency Microwave Radiometry:

A Proof of Concept Demonstration
Joel T. Johnson,Fellow, IEEE, Metin A. Demir, and Ninoslav Majurec

Abstract— A proof of concept demonstration of through wall
sensing with microwave radiometry is described. A multi-
frequency microwave radiometer with 37 channels from 2.1 to
17.35 GHz was used in two experiments to observe objects
through a cinder block wall of approximately 20 cm thickness.
Measured data show the clear ability of the radiometer to detect
thermal contrasts on the interior of the wall. A discussion of
the basic physical processes involved in the measurement is pro-
vided. When compared to active systems, microwave radiometry
for through wall sensing faces significant challenges, including
limitations in ranging, horizontal resolution, and corruption by
radio frequency interference, but also provides complementary
capabilities particularly with regard to thermal information. Fur-
ther consideration of microwave radiometry appears warranted
for applications where thermal information is of interest.

Index Terms— Microwave Radiometry, Remote Sensing

I. I NTRODUCTION

SENSING of building interiors is a topic of current interest
due to the wide range of public safety and defense appli-

cations. Electromagnetic sensors using microwave frequencies
are one of the competing technologies for this purpose, and
are useful due to their penetration of building walls while
retaining adequate resolution and standoff capabilities.Active
microwave sensors (i.e. radars) have been demonstrated ex-
tensively [1], and are beginning to reach a reasonable levelof
maturity in retrieving interior building information, although
extensive computations and measurements are required in
order to improve retrieval performance.

In contrast, almost no consideration has been given to
microwave radiometry for sensing building interiors, primarily
due to several limitations of passive methods when com-
pared to active approaches. In particular, passive sensorsdo
not directly obtain range information, but rather measure
information that has been integrated over range. Microwave
radiometers also have spatial resolutions that are limitedby
the antenna pattern (i.e. the formation of synthetic apertures
is not possible), so that horizontal resolutions can be an issue
particularly in standoff geometries. Radiometers also areinca-
pable of directly measuring along range velocity information.

Given these limitations, it may initially appear that further
consideration of microwave radiometry is not warranted for
through wall sensing. However, radiometry also has certain
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advantages when compared to radar systems. The primary
advantage is the ability of a microwave radiometer to obtain
thermal information that is unavailable from active measure-
ments. In addition, a microwave radiometer observes only a
one-way path through building walls, as opposed to a two-way
path for radar systems, so that attenuation effects are reduced
in radiometric observations. Finally, microwave radiometry is
completely passive, so that observations are more difficultto
detect by the persons or objects being observed.

This paper documents a basic proof-of-concept demonstra-
tion of microwave radiometry for through wall sensing. The
goal of the paper is simply to demonstrate that microwave
radiometer measurements are sensitive to changes in a building
interior, and that these changes are consistent with physical
expectations.

The next section describes the basic physics of building
interior observations with microwave radiometry, followed by
a description of the experiments performed and radiometer
system utilized. Results from a first and second set of experi-
ments are presented in Sections IV and V, respectively.

II. PHYSICS OF THROUGH WALL OBSERVATIONS WITH

MICROWAVE RADIOMETRY

A microwave radiometer is a receiver designed to measure
naturally emitted thermal noise power from the scene under
view; the basic physics of microwave radiometry is described
in [2]-[3]. Microwave radiometry has been used extensively
in remote sensing [2]-[3] as well as in sub-surface sensing
applications [4]-[9] and for thermal measurements in medical
treatment [10]-[11]. Millimeter wave passive systems havealso
been considered for a wide range of applications, including
most recently airport security screening [12], but such frequen-
cies are less useful for building interior sensing due to thehigh
attenuation through building walls at these frequencies.

Powers measured by a microwave radiometer include the
internally generated receiver noise, the noise produced bythe
radiometer antenna (which includes any antenna loss thermal
noise as well as received external noise power), and any radio
frequency interference (RFI) in the band due to man-made
transmissions. The impact of RFI on radiometry is important,
but can be reduced through the use of RFI detection and
mitigation algorithms (e.g. [13].) RFI is not considered further
in this paper.

The goal of microwave radiometry is to estimate the mean
external noise power received; the accuracy of the mean power
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estimation is improved by using long integration times in
the measurement and wide frequency bandwidths. Internally
generated noise contributions are accounted for through a
calibration process in which internal or external sources of a
known thermal noise power are measured. The measurements
to be described in Sections IV and V use an internal calibration
process to determine the observed antenna temperature, which
includes any antenna loss contributions as well as the impact
of all thermal noise sources within the antenna pattern. Cal-
ibration coefficients in this process were determined through
separate measurements of ambient and liquid-nitrogen-cooled
terminated coaxial cables placed on the radiometer’s antenna
port.

The antenna temperature measurements obtained are sen-
sitive to the brightness temperatures of any targets observed;
the brightness temperature of an object represents the physical
temperature of a black body target that would produce a ther-
mal noise power identical to the measured power. Brightness
temperatures of homogeneous objects at uniform temperature
and in free space are bounded by zero and the physical
temperature of the object. The ratio of such an object’s
brightness temperature to its physical temperature is called
its emissivity. The emissivity of an object depends both on its
material composition and on its geometry; generally objects
that absorb microwave power when illuminated have higher
emissivities, while those that reflect microwave power have
lower emissivities.

In realistic environments, observed objects both directly
emit thermal noise and transmit, reflect, or scatter the thermal
noise from other objects into the radiometer’s field of view.
For through wall sensing applications, the scene under view
contains an exterior (or an interior if the sensor is inside
the building) wall of a building, with the building interior
containing objects on the other side. It is to be expected that
building walls at frequencies from 2-18 GHz are likely to be
relatively high emissivity objects, given the fact that significant
attenuations through building walls are usually observed in
radar through wall measurements. Therefore the brightness
temperature observed is primarily that of the wall itself (esti-
mated around 70-90 percent of its physical temperature) plus
any contributions from thermal sources in the building interior
attenuated by the loss through the wall. Particular interior
sources should be distinguishable if they have a significant
thermal contrast with the surrounding environment inside the
building. A clear application of sensing the location of fire
inside buildings results. In such situations, changes of the
brightness temperature with frequency would be expected to
be dominated by changes in the attenuation through the wall.
A-priori knowledge of the wall attenuation versus frequency
should improve the retrieval of interior thermal information.

Two other mechanisms may also affect through wall ob-
servations. The first involves an interference process for lay-
ered media when multiple specular reflections are significant
[4],[6]. Such interference effects can produce an oscillation
in the brightness temperature versus frequency with the oscil-
latory pattern depending on the distance between the layers.
This effect was used to determine the depth of sub-surface
targets in [6], and could potentially allow range information
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Fig. 1. Approximate cinder block geometry (top view). Dimensions are in
cm.

to be determined in through wall measurements if a multiple
reflection geometry (e.g. a “flat” object close to the wall)
exists. Second, the extent to which any object of interest
fills the antenna pattern at a given range will also be an
important parameter in the observation, as the measurement
is sensitive to a pattern weighted sum of emissions from all
objects in the antenna field-of-view. In general, the fact that
the spatial resolution of radiometric measurements is limited
by the antenna motivates locating the antenna as close to the
observed scene as possible. While this raises concerns about
near-field effects on the antenna performance, such effectsare
less influential in radiometry due to the incoherent nature of
the measurements performed. Results in Section IV and V will
be shown to scale with the fraction of the antenna pattern that
an object of interest occupies (i.e. the target influence scales
as one over the distance squared to the target.)

III. D ESCRIPTION OF EXPERIMENTS AND RADIOMETER

SYSTEM

Two sets of experiments were performed. The first is a
proof-of-concept demonstration in a more realistic, but less
controlled, indoor environment, while the second was per-
formed in a more controlled outdoor environment to provide
additional verification of the results from the first demonstra-
tion. In both experiments, the walls used were constructed
of concrete cinder blocks of approximately 20 cm thickness.
Such blocks contain hollow cavity regions in the through-wall
direction, as illustrated in the top view of Figure 1.

Wideband horn antennas were utilized in both experiments,
with the antenna used in the first experiment (aperture di-
mensions 30 by 50 cm) larger than that used in the second
(aperture dimensions 11.4 by 22.8 cm). In both experiments,
through wall measurements of the background environment
were performed as well as through wall measurements of the
background plus a liquid nitrogen cooled absorbing target.
This target was constructed by placing microwave absorbing
material of dimensions 35.3 cm (width) by 29.2 cm (height) by
21.6 cm inside a styrofoam cooler and pouring liquid nitrogen
into the cooler. The brightness temperature of such a target
has been shown in the radiometer literature to be approxi-
mately equal to the 77 K physical temperature of the liquid
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nitrogen [14]. It should be expected that the liquid nitrogen
cooled absorber will produce a strong thermal signature, as
its presence will obstruct ambient temperature thermal noise
contributions from directly behind the absorber. A thermal
contrast of approximately 213 K (i.e. from∼ 290 K to 77 K)
should result; this contrast would then be attenuated by the
wall before being observed by the radiometer. The distance of
the target from the wall would also be important because the
target at larger distances would occupy a smaller portion of
the antenna field of view. Results from these observations will
be shown in Sections IV and V.

A. Multi-frequency radiometer

The multi-frequency radiometer (MFRAD) used in these
experiments is a standard Dicke switching, direct detection
radiometer, with 37 distinct receiver channels from 2.1 to
17.35 GHz. Reference [7] provides a list of the channel
frequencies and bandwidths (channel frequencies will alsobe
apparent in the data plots to be shown in Section IV.) Twenty-
one of these channels are in the2.1 to 7.8 GHz band expected
to be more useful for through wall sensing applications.
Experimental data sometimes showed channels (especially
those at2.1 and 3.4 GHz) to contain RFI contributions; RFI
corrupted data were discarded from the results to be shown.
The MFRAD enclosure is temperature controlled to maintain
calibration stability of the system, and internal noise-generator
and reference load sources are also available to further improve
stability. Measurements are performed sequentially for a 92
msec duration in each of four states (antenna, external termi-
nator, internal reference load, and noise generator); including
switching times, a single radiometer “state” is then output
to a data recording computer approximately every 435 mil-
liseconds. Data recorded from multiple radiometer states can
then be integrated to attempt to improve radiometer sensitivity;
each state represents 92 msec of effective integration time.
The data to be shown in the first experiment are averaged
over 9 measurements for a total of 0.828 seconds of antenna
observation time. Antenna temperature standard deviations in
individual frequency channels range from 0.12 to 0.5 K in a
manner that is consistent with the varying bandwidths of the
channels. Results from the second experiment are averaged
over approximately 100 measurements to further improve
sensitivity.

IV. F IRST EXPERIMENT DESCRIPTION AND RESULTS

Results will be shown in this section that qualitatively
illustrate passive microwave through wall observations ina
realistic indoor environment. Figure 2 illustrates the basic
measurement configuration for the first experiment. The 30
cm by 50 cm aperture wideband horn antenna was used with
the multifrequency radiometer system to observe objects inside
the room temperature (∼ 290 K) kitchen of the ElectroScience
Laboratory building. The radiometer horn antenna was placed
in an adjacent room against the wall of the kitchen.

This experiment provides through wall observations of a
realistic building interior, but the complex background en-
vironment of the ESL kitchen makes a direct comparison

Fig. 2. Experiment setup illustrating top view (left) and side view (right).
Moving directions labeled in the left figure indicate that objects within the
room were observed at multiple locations.

of measurements with and without the presence of the wall
more difficult. The results to be reported in Section V address
this issue by performing measurements in a more uniform
background outdoor environment.

For the first experiment, the radiometer antenna was placed
at a height of approximately 1 m; a video camera was also
placed on the interior of the wall in the kitchen in order to
record the movements of objects within the room. The kitchen
contains several pieces of furniture, a refrigerator, sink, and
other objects, all of which remained stationary throughout
the measurements. Measurements will be reported for two
objects that were moved in the room: the liquid nitrogen
cooled microwave absorber located 1 m above the floor
and a standing human target. Measurements were performed
with these targets either inside or outside the room and at
varying distances from the wall. Although measurements were
sometimes made as a function of horizontal position within the
room, only data with these targets at varying distances normal
to the wall and directly in front of the radiometer antenna will
be reported. The relatively small antenna aperture at the lower
frequencies indicates that the antenna should be sensitiveto
emission from a wide range of horizontal positions within the
room. The liquid nitrogen cooled absorber (located within a
styrofoam cooler) was placed on a metallic cart, so that the
presence of the cart can also impact the measured data.

A. Liquid nitrogen cooled absorber

Figure 3 describes the approximate set of distances of the
liquid nitrogen cooled absorbing target from the kitchen wall
used in the experiment. The “frame” quantity used to describe
these positions refers to the set of image frames recorded by
the video camera inside the kitchen. The experiment involved
first moving the target from approximately 1.8 m from the wall
up to 0.18 m, followed by a few repeat measurements of the
target at similar locations (right hand plot of Figure 3.) The
liquid nitrogen target was removed from the room from frames
218 to 295 and during the intervals between positions seven
through ten in the right hand plot of Figure 3. The entire video
sequence was 600 frames, representing 395 seconds of data.
The radiometer acquired data continuously during this period.
Motion of the liquid nitrogen target cart was performed by
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Fig. 3. Description of locations of liquid-nitrogen cooledabsorbing target.
“Frame” number is used as the “position number” on the horizontal axis of
Figures 4 and 5. Right plot positions were performed subsequent to those in
the left plot. Target is not in the room during the intervals between positions
six through ten.

a human operator who entered the room during the periods
between the frame locations marked in Figure 3 (e.g. from
frames 37 to 44, etc.). No influence of the human operator
was observed during the periods when the cart was stationary.

Measured data averaged over the entire time period showed
variations versus frequency that are likely related to antenna
impedance effects given the strong reflection experienced with
the antenna placed directly against the wall. These variations
were removed by subtracting the mean over time from each
frequency channel’s data; the mean over time was computed
during a time when the liquid nitrogen target and human oper-
ator were not in the kitchen. The average over frequency (using
19 channels from 2.2 to 7.8 GHz) of the resulting changes in
brightness temperature is plotted in Figure 4 as a function
of time, here represented in terms of the closest camera frame
number. Periods of time when the liquid nitrogen cooled target
was stationary in the room are indicated by the horizontal lines
in the upper portion of the Figure, and the distance of the target
from the interior side of the wall in cm is also labeled.

The results clearly show the ability of the radiometer to
detect the presence of the liquid nitrogen cooled target, with
the frequency-averaged brightness perturbation droppingmore
than 9 K when the target is at its closest position (frames or
position numbers 187-217.) Significant but smaller perturba-
tions are observed when the target is at larger distances from
the wall; a measurable change is still observed even with the
target at its largest distance (frames 558-576.)

Figure 5 provides an image of the complete dataset versus
target position number and frequency; the linearly scaled
frequency axis was obtained by interpolating measured datato
a uniform 64 point grid in frequency. The results again clearly
show the perturbations observed in Figure 4, and also indicate
that changes with frequency appear to be consistent with an
increased wall attenuation as the frequency is increased. An
observable signature is obtained even at frequencies greater
than 10 GHz.

Further information on trends versus frequency is provided
in Figure 6, which plots the change in brightness versus
frequency averaged over positions 187 through 217, when
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Fig. 4. Change in brightness temperature due to liquid nitrogen cooled
absorbing target, averaged over frequencies less than 8 GHz. Distances of
target in cm from the wall indicated in upper portion of figure. Figure
3 provides additional information on the relationship between the position
number on the horizontal axis and the location of the liquid nitrogen cooled
target.

Fig. 5. Spectrogram of brightness temperature changes (in Kelvin) due to
liquid nitrogen cooled absorbing target, interpolated to auniform grid in
frequency. Figure 3 provides the relationship between the position number
on the horizontal axis and the location of the liquid nitrogen cooled target.

the target was in closest proximity to the wall. The results
again suggest that variations in frequency in this case are
dominated by an increasing attenuation through the wall as the
frequency is increased. A simple exponential curve fit is found
to reproduce the measured data reasonably well, although
some indication of oscillatory behavior versus frequency is
observed in the measured data. Measurable signatures of the
liquid nitrogen target are observed even up to 11.4 GHz. A
more quantitative analysis of the apparent attenuation through
the wall as observed by the radiometer is reported in Section
V.

Brightness perturbations averaged over frequency channels
less than 8 GHz are plotted versus target distance from the
interior side of the wall in Figure 7. The decreasing trend
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Fig. 6. Change in brightness temperature versus frequency for liquid
nitrogen cooled absorbing target with center 0.18 m from thewall. Results
are compared to an exponentially decaying curve fit.
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Fig. 7. Change in brightness temperature averaged over frequency channels
less than 8 GHz versus distance from interior side of wall forliquid nitrogen
cooled absorbing target. Results are compared to a one over distance squared
curve fit.

with distance is clearly evident; a curve fit is included using
a one over distance squared function, although the distance
used is increased from that of the horizontal axis to account
for the wall thickness. It was found in this process that the best
fit was obtained using an increase of 26.7 cm (curve shown)
as opposed to the 20.3 cm thickness of the wall. An increase
would be consistent with accounting for a greater phase delay
through the wall. In general, the results of this experiment
clearly show the capability of a microwave radiometer system
for measuring through wall thermal contrasts.

B. Human target

Expectations for radiometric signatures of a human target
are more difficult to quantify. The thermal contrast is approx-
imately 14.5 K, but the emissivity of a human target may
be lower than that of other objects due to the high dielectric
constant of water at microwave frequencies.

Fig. 8. Description of locations of human target. “Frame” number is used as
the “position number” on the horizontal axis of Figures 9 and 10. Right plot
positions were performed following those in the left plot, and occurred as a
more rapid motion toward the wall. Human target is not in the roomduring
the intervals between target positions one through three inthe left hand plot.

Figures 8 through 11 are analogous to Figures 3 through 6
for the human target observations. In this case, the experiment
involved observations of the human at distances of 56 cm, 117
cm, and 239 cm from the wall (left plot of Figure 8) followed
by a more rapid motion toward the wall from distances of
2.5 m to 38 cm (right plot). The human target was not in the
room during the intervals not corresponding to positions one
through four in the left hand portion of 8.

The mean over time was again subtracted from each fre-
quency channel in the following datasets. Due to the smaller
thermal contrast of the human target, only frequencies lessthan
8 GHz are used in what follows. The average over frequency
of the changes in brightness temperature is plotted in Figure
9 as a function of the closest camera frame number, again
with distances to the interior side of the wall indicated in
the upper portion of the Figure. Signatures in this case are
increases in brightness temperature, and are much smaller
than those obtained with the liquid nitrogen cooled target
due to the smaller thermal contrast. The results nevertheless
show that the human target presence can be observed. Note
the averaging operation over frequency further improves the
standard deviation of the resulting brightnesses by a factor of
approximately 4.3, so that a standard deviation less than 0.1
K is achieved. Signatures again show a consistent decrease
as the distance to the target is increased. The final sequence
of motion toward the wall is too rapid for the radiometer to
resolve individual motions, but shows the expected increasing
trend as the distance is decreased.

The complete data image in Figure 10 (interpolated for
frequencies less than 8 GHz to a 32 point linear axis in
frequency) shows the perturbations observed in Figure 9, but
with reduced contrast compared to the liquid nitrogen case.
A decreasing trend of the perturbations with frequency is
observed.

Brightness perturbations are plotted in Figure 11 versus
frequency for distance 56 cm from the wall, and again show an
approximate exponential decrease with frequency. An increase
in brightness greater than 3 K is observed at the lowest
frequencies.
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Fig. 9. Change in brightness temperature due to human target, averaged over
the frequencies illustrated in Figure 11. Figure 8 providesthe relationship
between the position number on the horizontal axis and the location of the
human target. Human target is in the room during intervals having a horizontal
line in the upper portion of the Figure.

Fig. 10. Spectrogram of brightness temperature changes (in Kelvin) due to
human target, interpolated to a uniform grid in frequency. Figure 8 provides
the relationship between the position number on the horizontal axis and the
location of the human target.

V. SECOND EXPERIMENT DESCRIPTION AND RESULTS

The results of the first experiment qualitatively demonstrate
the ability of a microwave radiometer to observe thermal
contrasts through walls. In order to provide a more quantitative
demonstration, a second experiment was performed in an
outdoor environment with a more uniform background scene.
This scene enables measurements of the absorbing target at
ambient temperature and cooled with liquid nitrogen to be
more directly compared with and without the wall. In addition,
a direct network analyzer measurement of the through wall
attenuation (described later) was also performed to provide
further information.

These measurements utilized a wideband horn antenna of
aperture dimensions 11.4 by 22.8 cm; two identical antennas
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Fig. 11. Change in brightness temperature versus frequency for human target
with center 56 cm from the wall. Results are compared to an exponentially
decaying curve fit.

Fig. 12. Photographs of second experiment configuration. Left illustrates
wall, radiometer antenna, and absorbing target with base, while right illustrates
target with liquid nitrogen at distance 0 cm from the wall.

were used for the network analyzer attenuation measurement.
A cinder block wall of dimensions 158.75 cm wide by 19.37
cm thick by 135.9 cm high was constructed using blocks
similar to those in the ElectroScience Laboratory building
walls (although no mortar or paint was placed on these blocks.)
The lower edge of the radiometer antenna was placed at a
height of 80 cm above the ground at a distance of 15.25 cm
from the wall; the horn antenna aperture was directed normally
to the wall.

The microwave absorbing target from the first experiment
was placed on the opposite side of the wall at distances ranging
from 0 cm to 45.7 cm. In order to eliminate the effect of
the metallic cart used in experiment one, the target in this
experiment was placed on a cubic styrofoam base of height
48.3 cm. Figure 12 provides photographs of the wall, target,
and stryofoam base, as well as the antenna utilized.

Measurements were performed with no target, with the
ambient temperature target at varying distances from the wall
and with the liquid nitrogen cooled target at the same distances
from the wall. This set of measurements was also repeated with
the same distances between the radiometer antenna and target
with no wall.

Figure 13 plots calibrated antenna temperatures for these
datasets versus target distance from the wall at 2.21 (upper
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Fig. 13. Calibrated antenna temperatures versus target distance from the
wall for ambient and liquid nitrogen cooled absorbing targets. Upper and
lower plots are for 2.21 and 5 GHz, respectively. Left and right plots are
without and with the wall, respectively.

plots) and 5 GHz (lower plots). The left and right hand
side plots respectively are cases without and with the wall.
Results for the ambient temperature absorbing target show
only very small variations with target distance, due to the fact
that the background environment has a brightness temperature
similar to that of the ambient temperature target. The cooled
target however produces a much stronger change in brightness
that is reduced as the target is moved further from the
radiometer antenna. Without the wall, a decrease in brightness
of approximately 30-40 K is observed with the target at its
closest position; these changes are reduced to 6-10 K with the
wall. Dependencies on target distance are matched reasonably
well by a one over the distance (including the wall thickness)
squared function.

Figure 14 is identical to Figure 13 but with the antenna
temperatures in the absence of the target subtracted. Such
differences provide clearer evidence of the impact of the target,
as contributions from background emitters outside the target
region should be removed. Again the ability of the radiometer
to observe thermal contrasts through the wall is apparent.

An estimate of attenuation through the wall can be obtained
from the radiometer by dividing the cooled target brightness
differences in Figure 14 in the cases with and without the
wall. Such an estimate can then be compared with the at-
tenuation measured by the network analyzer. The network
analyzer measurement utilized the radiometer antenna as the
transmitter, and an identical antenna as the receiver placed
at the same height and at the same set of distances from the
wall as the target in the radiometer measurements. Attenuation
was estimated with the network analyzer by taking the ratio
of calibratedS21 measurements with and without the wall for
antennas separated by the same distances.

Figure 15 illustrates the network analyzer measured wall
attenuation versus frequency in the left hand plot, with the
receive antenna located 7.6 cm from the wall. The results
show attenuations ranging from 3.2 to greater than 25 dB in
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Fig. 14. Same as Figure 13, but with no-target antenna temperatures
subtracted.
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Fig. 15. Network analyzer measured wall attenuation versus frequency (left)
and comparison of network analyzer and radiometer estimated attenuation
versus frequency (right). Radiometer target or network analyzer receive
antenna located at 7.62 cm from the wall.

an oscillatory pattern over the range of frequencies illustrated.
These values are roughly consistent with values reported in
the literature at 2 GHz [15]-[16], and oscillatory patternsare
also expected due to the layered and periodic geometry of
the cinder block wall (see Figure 1). For comparison with
the radiometer estimated attenuation, the network analyzer
results were power averaged in frequency over bandwidths
corresponding to the radiometer channels. The comparison
of network analyzer and radiometer estimated attenuationsin
the right hand plot of Figure 15 shows similar behaviors,
and the level of agreement is reasonable given the fact that
the radiometer estimate uses only a single antenna while
the network analyzer uses two. The oscillatory attenuation
behavior observed in experiment two is also consistent with
the smaller but similar oscillations in Figure 6 from experiment
one.

VI. CONCLUSIONS

The results of this study provide a clear proof of concept
demonstration for the use of microwave radiometry in through
wall sensing measurements. The microwave radiometer es-
sentially can provide, at greatly reduced spatial resolution,
a capability similar to that of an infrared camera for heat
sensing, but with the possibility of measuring thermal contrasts
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through obstructing objects such as the cinder block walls
considered here. The results showed that measurable signa-
tures were observed both for strong (liquid nitrogen cooled
target) and weak (human target) thermal contrasts. While
these results are promising, it is clear that further analysis
and experimentation will be required in order to transition
such systems into practical applications. One apparent area of
application of these ideas could involve the detection of fires
or burning objects inside buildings due to the strong thermal
contrasts that should be present in such cases.
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