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Abstract—In previous work, we have observed significant
variability in radio-frequency (RF) noise within neighborhoods of
Boston, MA, USA [1]. Furthermore, the sources of this man-made
RF noise appear to be point-like in nature [2]. However, there
are no descriptions in the literature describing the relationship
between the spatial pattern of sources within a neighborhood
and the distribution of measured noise powers in the same area.
Therefore, we developed a simple model with completely spatially
random (CSR) point sources and compared the modeled results
with our measurements from Boston. Our results show that, at
the frequency studied, a simple CSR model effectively captures
the heavy-tailed behavior present in our measurements. A source
density of 280 sources per km?, a mean source power of 1 uW
and a standard deviation of 7 dB are a reasonable match to the
observed distribution in Boston, MA, USA.

I. INTRODUCTION

Radio-frequency (RF) noise is of interest because it effects
the performance of sensitive electromagnetic devices. In urban
environments, RF noise is dominated by man-made noise
which is produced by many electrical and electronic devices
[4]. Our current understanding of the urban noise field is
largely built on stationary measurements ([5], [6] among
others) resulting in a limited understanding of the spatial
variability of noise. To address this gap in the literature, the
Cold Regions Research and Engineering Laboratory (CRREL)
has built a mobile RF noise measurement system detailed in
[3]. In previous work, we have shown RF noise levels vary
significantly throughout a neighborhood as shown in Figure
1. Furthermore, the analysis also showed that the urban noise
field features point-like sources [2].

In this paper, we leverage our previous work to develop
a model of completely spatially random (CSR) point sources
[7]. The model assumes CSR “intensity” or likelihood of a
point source occurring at a given location is spatially constant
and the point source powers are normally distributed (in dB)
with a uniform mean throughout the environment. Through
comparison with our measurements in Boston, we show that
this simple model captures the heavy, high-powered tail we see
in our measurements and can yield insight into the density and
power of RF noise sources in Boston.

II. METHODS
A. Boston Measurements

We conducted a measurement campaign in downtown
Boston, MA, USA on July 17% 2019, during normal business
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Fig. 1.
histogram of all the measurement collected throughout downtown (top). Data
was collected July 2018. (Background map: (© OpenStreetMap.)

Splined map of RF noise in downtown Boston (bottom) and a

hours (9AM to SPM) [2]. Measurements were collected every
meter along each street and walkable-alleyway over a 0.15
km? section of downtown. Our measurement system, detailed
in [3], recorded a 250 ms sample of In-Phase and Quadrature
data in a 1 MHz effective bandwidth centered on 142 MHz, an
unused, federally exclusive portion of the spectrum. Following
[4] and [6], we use the median power as a summarizing
statistic for each 250 ms recording. Because spatial patterns
in median noise power are temporally consistent in downtown
Boston [1], we considered one survey sufficient to describe
the spatial variability of noise power.

From our point data, we created splined maps of median
power. To reduce the impact of temporal variations and smooth
data, we grouped measurements in 10-meter segments before
finding the median and splining. We used the QGIS GRASS
v.surf.bspline tool [8] with the bilinear interpolation algorithm,
a step of 8 meters and an output pixel size of 1 meter. The
resulting map is shown in Figure 1 along with a histogram of
our 1-meter interval measurements.

B. Synthetic Noise Field Generation

We developed a model for median noise power using CSR
noise sources with the following assumptions:

1) Urban noise sources behave like point-sources
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2) These point sources are distributed in the environment
according to CSR at a user-set density (sources per km?)

3) Point source powers are normally distributed in decibels.
The mean and standard deviation are user-set.

4) Noise propagates with free-space path losses (i.e. atten-
uation due to the built environment is unimportant)

C. Monte Carlo Simulation

To compare the model with our measurements, we use a
Monte Carlo (MC) analysis described in [7]. We estimated
our source density using the map in Figure 1 then ran
the model 100 times. We created a cumulative distribution
function (CDF) for each runs then saved the bounding CDFs to
create an envelope of model outputs. The envelope is intended
to capture a reasonable sample of possible CDFs based on
different realizations of the CSR spatial and source power
processes.

III. RESULTS

Our measurements in Boston showed the presence of point-
like sources, distributed in space, giving rise to a heavy-tailed
distribution of noise power. The MC model reproduces the
observed heavy-tailed behavior for a wide variety of source
densities. Figure 2 shows an example of the simple CSR model
run with a source density of 300 sources per km?, a median
source power of 1 uW and a standard deviation of 7 dB.
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Fig. 2. An example output from a the CSR point model. The noise field was
generated with a source density of 300 sources per km? and a source power
median of 1 wW and a standard deviation of 7 dB.

We estimated the measured point source density by assum-
ing local maximums in Figure 1 indicate a point source nearby.
The point source density in our survey area is about 280
sources per km”. Using 100 realizations of the CSR process at
a source density of density of 280 sources per km?, we can see
that the model reasonably captures the CDF behavior (Figure
3). The median of measured and MC models agree best with
a median source power near 1 uW and the tail behavior is best
reproduced with a standard deviation of 7 dB.
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Fig. 3. Monte Carlo (MC) Simulation CDF Envelope (shaded red) with
Boston data (blue line). The simulations were run with a source density of
280 source per km? and a source power standard deviation of 7 dB. The CDF
envelope is created from the upper and lower bounds of 100 model runs.

IV. DISCUSSION AND CONCLUSION

The results demonstrate that, at 142 MHz, a simple CSR
model can generate noise environments with similar CDFs
to measurements from Boston, MA, USA. Furthermore, the
model suggests that the density of point sources in downtown
of about 280 sources per km? and that the power of these point
sources can be described by a normal distribution (in dB) with
a standard deviation of 7 dB.

Further research is needed to understand and characterize
the distribution observed in the model and in our measure-
ments. Comparison of the model and measurements from
other dense urban environments would also help generalize
the behavior of RF noise in urban environment.
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