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Abstract— Backscatter power measurements are collected to
characterize indoor radar clutter in monostatic sensing
applications. A narrowband 28 GHz sounder used a quasi-
monostatic radar arrangement with an omnidirectional transmit
antenna illuminating an indoor scene and a spinning horn receive
antenna offset vertically (less than 1 m away) collecting
backscattered power as a function of azimuth. Power variation in
azimuth around the local average is found to be within 1 dB of a
lognormal distribution with a standard deviation of 6.8 dB.
Backscatter azimuth spectra are found to be highly variable with
location, with cross-correlation coefficients on the order of 0.3 at
separations as small as 0.1 m. These statistics are needed for
system-level evaluation of RF sensing performance.

Index terms— sensing, backscatter.

I. INTRODUCTION

There is an increasing interest [1][2][3][4] in the use of
communication  signals for sensing, often termed
Joint/Integrated Communications and Sensing (JCAS or ISAC).
Often the goal is to detect and localize a static or moving object,
termed “target”, such as a person, vehicle, robot, or UAV, in the
presence of the rest of the environment, the response to which
is termed “clutter”. Indoor applications include [5] detection of
people, robots in indoor spaces for safety (collision avoidance
in factories, frail person in room monitoring in healthcare
settings), security (intruder detection). In these applications, the
person/robot is either standing or lying on the floor.

Clutter echoes are often stationary, e.g., buildings outdoors,
walls and furniture indoors but may also include moving objects
such as people, vehicles, as well as vegetation and various street
furniture that sway with the wind. Sensing scenarios of interest
include monostatic, with collocated transmitter/receiver
measuring backscatter, e.g., a single base station or terminal, as
well as bi-static where transmitter and receiver are separated,
e.g., signal traveling from one base station to another, scattering
along the way. Various use cases for joint communication and
sensing are under consideration by the 3GPP [5].
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Algorithms for detection, localization and, possibly,
classification, of objects need to be tested in realistic scenarios,
requiring representative models of both clutter and target.

It is desirable for the model to be easily implementable.
Standardized models such as 3GPP TR 38.901 [6] describe
communication models which have been adopted in proposals
for statistical channel models for communications and sensing
[8][9][10]. While such formulations are very general,
determination of properties such as strength of backscatter
remains open, particularly for clutter. Clutter may be viewed as
either an extended object or a collection of many objects.
Backscatter from clutter is then critically dependent on the
number and scattering strength of such objects, as well as
multiple scattering from them. This information is not available
from current 3GPP communication channel models or single
object target models developed in radar.

Deterministic models, such as ray tracing, are general
enough to be used in both monostatic and bi-static arrangements
[16]. Hybrid models such as quasi-deterministic models
[14][15] (see also references therein) supplement site-specific
cluster/ray generation from ray tracing with stochastic
components to capture the complexity and uncertainty of the
environment and the targets. Aside from issues with accuracy
[7][11], such models require use of specialized, often licensed,
software making standardization difficult.

Models developed for communication channels are often
inapplicable to many of the sensing tasks. For example,
monostatic RF sensing measures backscatter, not of interest in
communication channels where the signal of interest goes from
transmitter to a well separated receiver.

In this work we propose a measurement-based monostatic
indoor backscatter model. Narrowband measurements of
backscatter power as a function of azimuth at 28 GHz were
collected in 3 cities in 251 indoor locations from 27 rooms of
different sizes, allowing formulation of a model for indoor
backscatter validated though a statistically significant data set,
in environments containing both metal and dielectric materials.
This data was used [17] to report that average measured clutter
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backscatter power ratio generally decreases with increasing
room size, well modeled by a simple function of distance,
similar to free space path loss.

In present work, the backscatter power ratio is represented
as varying over azimuth about an average, with variation
statistics derived from measurements. Azimuthal power spectra
measured at locations every 10 cm allowed an assessment of
variability at closely spaced locations. Key results include:

e Variation of clutter backscatter about its local average is
within 1 dB of a lognormal distribution

e  Backscatter azimuth spectra are found to be highly variable
with location, with cross-correlation coefficients on the
order of 0.3 at separations as small as 0.1 m.

II. BACKSCATTER FROM A CLUTTER

For the quasi-monostatic antenna arrangement studied here, the
transmit and receive antennas are (nearly) collocated and
received radar power of a signal backscattered from an object R
meters away with effective backscatter cross-section (RCS)

O 1S given by the radar equation [12]:
ﬂ’ 2O-ba(:kF?l' GT GR
(47) R* (M)

back

where A is carrier wavelength, Pr is the transmit power, Gt and
Gr are the antenna gains.

In the case of an extended scatterer, such as a rough wall or
a dense collection of distributed scatterers, (1) generalizes [12]
to an integral over the surface of the extended scatterer:

_ /12Pr }/back (Q)
Pclut - (472_)3 J]dA GT (Q) GR (Q) R4 (2)

Where ¥y, (Q) is a (unit-less) backscattering cross-section

of the clutter surface per unit area, as a function of illumination
angle Q.

Backscatter power ratio for clutter:
_ P,

clut

P 3)

is characterized via measurement in the following section.

III. MEASUREMENT DESCRIPTION

The sensing measurement set-up was adopted from a
narrowband channel sounder [13]. The resulting sensing
sounder consisted of a transmitter and receiver placed on the
same cart, separated vertically, isolated from each other by
absorbing foam to avoid contamination of receive signals with
direct path arrival. The measurement system is meant to emulate
an indoor access point (AP) transmitter with a nearly collocated
sensing receiver, both placed within 2 m above the floor, with
antennas illuminating the interior space where people/robots
might be, also within 2 m above the floor. A 28 GHz CW tone
at 22 dBm was transmitted from an omnidirectional antenna,

with vertical beamwidth of about 70°. This transmitter was
placed on a lower shelf of a plastic cart (Fig. 1), 0.4 m above the
floor to illuminate the surrounding area uniformly in all
azimuthal directions. A spinning directional receive antenna,
placed on an upper shelf of the cart, 1.1 m above the floor, was
a 24 dBi horn with 10° half-power beamwidth performing a full
azimuthal rotation every 200 ms. Received power is sampled at
740 samples/sec and recorded, together with azimuth of the
antenna aim. Calibration measurements were carried out to
assure minimal scatter from the cart, with multiple layers of
absorbing foam to attenuate the direct Tx-Rx signal path.

e

Fig. 1. 28 GHz narrowband backscatter radar arrangement, wit
omnidirectional Tx antenna on lower cart shelf illuminating the scene and a
spinning horn receiver collecting backscatter power vs. azimuth on top cart
shelf.

The data was collected in 3 different building types in New
York City, New Jersey office building and a university building
in Chile. The cart was placed in 251 locations from 27 rooms of
varying sizes, from 3x3 m offices to 20x30 m cafeteria,
collecting backscatter azimuth spectra like one shown in Fig. 2.
Room materials varied, with some rooms containing metal
furniture along the walls, others with primarily wood furniture
and drywall walls. Some rooms had metal furniture and
metalized windows, others wooden furniture and plain glass
windows. Measured clutter backscatter power ratio as a function
of azimuth is analyzed to create a statistical backscatter model.
The backscatter power ratio is represented statistically as an
average over azimuth and variation around that azimuth. At
each location, an azimuthal average of backscatter power ratio
is computed from measurements as:

(P (9)),

<Phack( )>¢ :T @)

indicated as a dashed circle in Fig. 2. Gr is the gain of the
transmit antenna, Gt=1 for the antenna used here. Thus (4) is
the average of (3). Backscattered clutter power ratio (4) was
shown in [17] to be independent of the antenna pattern of the
(high gain) receive antenna. This makes (4) independent of



measurement apparatus here and characteristic of the
environment under study. The observed average backscatter
value varied from location to location. The average backscatter
power is found to decrease as the room size increases. It is also
observed that clutter backscatter in rooms with metal clutter is
generally higher than from dielectric clutter. In [17] a simple
deterministic formula for average clutter power, dependent on
average distance to clutter, was derived. In current work, we
report on the observed deviations of backscattered power from
that average as antenna rotates.

90°

270°

Fig. 2. Sample measured backscattered power ratio vs. azimuth. Dashed line
is average backscattered power ratio (4)

IV. OBSERVED AZIMUTH VARIATION STATISTICS

As illustrated in Fig. 2, measured backscattered power
exhibits variation with azimuth around its local average. The
distribution of observed power variations relative to observed

average power (PClut (¢)>¢ is plotted as a solid line in Fig. 3. The

power P (¢)relative to local average

P (9)
(P (#)), ©)

is seen in Fig. 3 to be within 1 dB of the lognormal
distribution

Prel (¢) =

10l0g,, (P (#)) ~ N(1.0), & =6.8 dB,
4 =—10log,, *"" )’ 5.3 4B ©)

The standard deviation o is the adjustable parameter, while
the mean g is a function of o , to assure (Prel (¢)> ;= 1, which

follows from normalization (5).

Spatial wvaribility of observed azimuth spectra was
examined in a lab, with locations along a 1 m long line segment
every 10 cm, for a total of 11 azimuthal spectra. Cross-
correlation coefficient p(d, —d,) of azimuthal spectra was

computed for different separationsd, —d, using measured
spectra P(¢,d) at locations d|, as:

p(dz _dl) = (P(¢, dz)p(¢: dl))a
P(4,d,)—-(P(4.d,))

p(¢>dn) = 2
<(P(¢,d,,)_<P(¢9dn)>) >

TR n=12 (7)

Cross-correlation coefficient computed from data is plotted
in Fig 4 as a function of location separation |a’2 —d1|. The

correlation coefficient is seen to drop to about 0.3 for location
separation as small as 0.1 m, indicating rapid variation in
azimuthal spectra even with small displacement.
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V.CONCLUSIONS

A simple statistical monostatic radar channel model for
indoor clutter is developed for indoor applications, requiring
only a handful of parameters, including room dimensions,
materials and measurement-derived standard deviation of
azimuthal power variation. A narrowband 28 GHz sounder was
used in a quasi-monostatic antenna arrangement with an
omnidirectional transmit antenna illuminating the scene and a
spinning horn receive antenna collecting backscattered power as
a function of azimuth. Distribution of power variation in
azimuth around this average is reproduced within 1 dB by a
random azimuth spectrum with a lognormal amplitude
distribution and random phase. Such statistical models are
essential for large-scale system-level evaluation of RF sensing
performance.
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