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Abstract

Comparison of four different clutter profiles (border, seaside, free space and forest) using Forward Scatter Radar (FSR), which operates
in Ultra-High and Very High Frequency (UHF and VHF) bands, is analyzed in this paper. Clutter levels ranging from low, medium,
strong and very strong on each profile were studied. Based on the standard deviation of each clutter profile, border suits the best profile
as the strongest clutter profile amidst seaside and free space, while the forest is determined as the lowest clutter profile. Subsequently, the
characteristics of the clutter are investigated and compared based on the five distribution models (Log-Normal, Log-Logistic, Gamma,
Weibull and Nakagami). The parameters of the five distributions are evaluated using Root Mean Square Error (RMSE) in order to prove
that the distribution model fits best to the clutter data. It can be concluded that Gamma distribution is the best distribution model for all

cases of frequency bands and profiles.
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1. Introduction

The idea of a wireless network for situational awareness based on
FS sensors has been introduced in [1]. The system could detect
and classifies moving target within the coverage area. In order to
establish networks between sensors, the system utilizes omnidirec-
tional antennas, hence it operates in a strong multipath environ-
ment and the absence of range resolution causes the clutter to
collect from a larger volume around the FSR position.

Clutter is an unwanted echo from surrounding. It is usually mask-
ing target signal thus complicates the target detection and de-
grades the radar performance, which could give false alarm [2]
Numerous researches have been conducted to understand and
characterize clutter behavior, its distribution and model it Differ-
ent factors such as wind, location, radar topology and frequency
used which affect the clutter are studied in [3].

The measured clutter signal can be described probabilistically due
to the fact that it is based on an uncertainty of the environment.
There are numbers of distribution models that have been used to
model the clutter signal in the literature especially for FSR. As
reported in [4], Weibull distribution was used to model the clutter
signal measured using FSR in dense woodland with VHF/UHF
carrier frequency. In [5], ground clutter signal was measured in a
dense forest and it was found that Log-Logistic model is the best-
fitted model. Other areas such as open air, seaside and border are
also investigated. However, to the best of the authors’ knowledge,
none of the works are focused on comparison of clutters from
different places based on FSR. Therefore, in this paper, foliage

clutter varies from open space to the dense environment, which
involved forest, seaside, border and free space, which may affect
the FSR performance is compared and investigated. Clutters were
collected from different locations/profiles in order to observe its
pattern and characteristics.

2. Clutter Data Collection

Considering the previous study [3], experiments have been con-
ducted in four different locations with sensors baseline of 50m;
measured up to 40 samples data in the form of RSSI signals. The
experiments have taken place in:

i Forest — a dense canopy planted forest,

ii. Seaside — beach area with less existence of

variable height of trees,

iii. Border — area between the seaside and forest

with less dense of woods,

iv. Free space area — empty parking space.
Clutter signals are taken at three different frequency bands, which
are 64 MHz, 151 MHz and 434 MHz simultaneously.

3. Clutter Spectral Analysis

Clutters are categorized based on its strength: low, medium, strong
and very strong. In the previous research [3], wind speed has been
used as the method to categorize the clutter; however this method
is inaccurate due to the fact that the measurement of the wind
speed was taken once before each data is collected. Furthermore,
throughout 20 minutes of measurement, the wind speed can be
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fluctuated/varied. Therefore, in order to organize and categorize
different strength of clutter, standard deviation (STD) of each
clutter data is calculated based on the equation below:

| ] =
= J¥Eix =) 6

Subsequently, the clutter strength is divided into four different
clutter strengths based on the equation in [3]:

high 5TD value—low STD value
4

sTD=( ) + Low STD value @)
Figure 1 displays the RSSI signals for the UHF and VHF frequen-
cies measured at different four test sites for low clutter strength.
As we can observe, the clutter increases in amplitude as the fre-
quency escalates from 64 to 434 MHz. At 64 MHz we can see that
the lowest amplitude is 1.32V (in the forest) and the highest am-
plitude is 1.82 V (at the border), while for frequency 151 MHz
verified the lowest and highest amplitude are 1.48 VV and 1.72 V at
Forest and Border, respectively. Contrarily, the highest amplitude

is 1.79 V measured at a Border site for 434 MHz while the lowest
is 1.523 V at Forest. It can be seen is an increment in the ampli-
tude as the frequency gets higher.

As tabulated in Table 1, RSSI level of the three frequency chan-
nels at forest recorded the lowest clutter compare to the other three
locations and the strongest clutter was observed for border at
higher frequencies; 151 and 434 MHz. The low clutter in the for-
est is due to the fact that the nature of the tropical forests itself,
which has different heights of trees and a canopy layer (broad-
leaved evergreen trees). This may cause low penetration of wind
from reaching the forest floor where the sensors were placed and
minimized the swaying of the trees. In distinction, border is an
area in between seaside and forest, which allows the swaying of
wind more sturdy. Hence, strong magnitude of clutter signal could
easily detect by the sensors.

Figure 2 demonstrates the example of Doppler signal for 64, 151
and 434 MHZ respectively at border test site.
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Figure 1: RSSI signals for (a) 64, (b) 151 and (c) 434 MHz channel frequencies at low clutter for (a) seaside, (b) forest, (c) free space and (d) border.
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Figure 2: Doppler signals for 64, 151 and 434 MHz channel frequencies at low, medium, strong and very strong clutter.

Table 1: Tabulated data for standard deviation value at seaside, forest, free space and border.

Location Seaside | Forest | Free space | Border
Clutter strength Frequency (MHz)

64 151 434 64 151 434 64 151 434 64 151 434
Low 0.0124 0.0132 0.0278 0.0151 0.0018 0.0044 0.0030 0.0001 0.0116 0.0005 0.0013 0.0080
Medium 0.0146 0.0155 0.0312 0.0160 0.0022 0.0056 0.0093 0.0030 0.0269 0.0013 0.0020 0.0089
Strong 0.0158 0.0178 0.0346 0.0168 0.0026 0.0068 0.0157 0.0051 0.0422 0.0020 0.0023 0.0096
Very Strong 0.0180 0.0201 0.0380 0.0319 0.0030 0.0080 0.0220 0.0071 0.0576 0.0027 0.0027 0.0104

4. Probability Density Function Models

This section shows the clutter data with different distribution
models in terms of the probability distribution function (PDF).
The measured clutter signal is represented in a histogram form to
show the probability of the clutter amplitude before the amplitude
of the histogram is tested against the distribution models. Five
distribution models as listed in Table 2 are used in this analysis.

Figure 3 shows the PDF comparisons between the clutter data of
64 MHz, 151 MHz and 434 MHz with the distribution models for
low, medium, strong and very strong clutter, respectively. From
the figures, it can be clearly seen that Gamma model fits best to
the clutter data for all levels of clutter strength.

In order to prove that the distribution model fits best to the clutter
data based on the plot observation, goodness-of-fit (GOF) test is

Table 2: Distribution

used in this analysis, which is a root mean square error (RMSE).
The test is vital in calculating the error between the amplitude of
measured clutter data and the amplitude of statistical model. The
equation for RMSE is stated as [6]:

L . .
RMSE = 1'.|; =) 3)
where the clutter data number of sample represents by i, clut-
ter data amplitude value denoted by [1[1; while 111 is the

statistical model’s amplitude value.

The calculated errors for clutter signal 64 MHz, 151 MHz and 434
MHz using RMSE are tabulated in Table 3. From the table, the
RMSE for Gamma model record the smallest error for all frequen-
cies as compared to the other four models, indicating that it is the
best model that fits the clutter signal.

model parameters.
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Figure 3: Comparison of distribution models for (a) 64 MHz, (b) 151 MHz and (c) 434 MHz.
Table 3: Average estimated RMSE.
Frequency Distribution Models
Log-Normal Log-Logistic Gamma Weibull Nakagami

64 MHz 0.0017 0.0019 0.0016 0.0024 0.0038
151 MHz 0.0034 0.0022 0.0016 0.0027 0.0031
434 MHz 0.0032 0.0020 0.0015 0.0030 0.0036

5. Conclusion

This paper shows the comparison of four different ground clutter
profiles based on FSR Micro-Sensor Network at 64 MHz, 151
MHz (VHF) and 434 MHz (UHF). The clutter data were collected

at the border of a dense forest, seaside, forest and a free space area.

The analysis was done by calculating the standard deviation of the
clutter and categorizes the clutter signal to four levels clutter
strength. From the analysis, border is chosen as the strongest area
of clutter while forest as the lowest clutter strength area.

Histogram of different five types of distribution which are Log-
Logistic, Log-Normal, Gamma, Weibull and Nakagami demon-
strated the modelling of the clutter signal tested in this experiment.
Comparing the five distributions model, Gamma is chosen as the
accurate distribution model. GOF test (by calculating RMSE)
proved the Gamma distribution model as the most accurate for 64,
151 and 434 MHz frequency band, as the lowest error recorded.
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