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Abstract: Atmospheric Signal processing has lot of scope for development of new and efficient tools for Cleaning of the
spectrum, detection and estimation of the desired parameters. The purpose of this project is to study the data processing
techniques and the matching algorithms for the MST Radar. This project deal with signal and data processing techniques.
The proposed algorithms estimate the similarities between the signatures. We evaluated the following algorithms SAD
(Sum of Absolute Difference), SSD (Sum of Squared Difference), ED (Euclidean Distance) and Correlation.
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| INTRODUCTION

Radar systems send out modulated waveforms using antennas in order to transmit electromagnetic energy into a
specific volume of space to search for targets. Objects (i.e. targets) within a certain volume will reflect part of the energy
(radar returns or echoes) back to the radar. From these radar returns, the radar receiver then extracts information such as
velocity and range, angular position, and other identifying characteristics. If relative motion exists between target and radar,
the shift in the carrier frequency of the reflected wave (Doppler Effect) is a measure target’s relative (radial) velocity and
may be used to distinguish moving targets from stationary objects.

1.1. Atmospheric Radar Principle:

It uses the principle of back scattering mechanism. The target of interest for the Atmospheric radars is the clear air
echoes without ionisation. The primary mechanism of backscatter from the clear atmosphere is the radio refractive index
fluctuation experienced by an electromagnetic wave due to the presence of localised scattering centres known as refractive
index irregularities that are flowing in the background mean flow.

I1. MST RADAR

A Mesosphere, Stratosphere, Troposphere (MST) Radar was constructed at Gadanki (13.5%", 79.2°E) in south
eastern part of India. MST Radar uses radio wave signals to investigate the atmospheric changes. The name itself is
reflecting that it observes the changes in Mesosphere, Stratosphere, Troposphere layers of the earth atmosphere. The MST
Radar makes use of the scattering and reflection from the variations of humidity, temperature and electron density, induced
by the turbulence and fluctuations in the refractive index of the atmosphere.
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The MST Radar is capable of providing estimates of the atmospheric parameters with very high resolution and
on a continuous basis. It can operate at any time throughout the day. The main advantage with this is the providing
continuous data. MST Radar uses the echoes obtained over the height range of 1-100 Km to study winds, turbulence. The
main specification of the system is displayed in the Table 1. The Indian MST Radar has been operational for scientific
studies of the atmosphere in the height range of 2-20 km. (troposphere and lower stratosphere), 60-90 km (mesosphere),
100-150 km (E region) and 150- 800 km (F region). India has been operating 53 MHz atmospheric radar (Mesosphere,
Stratosphere and Troposphere radar) for studying structure and dynamics of lower, middle and upper atmosphere.

Table 1 :Specifications of the MST Radar System

Aspect Specification

Location Gadanki(13.5N, 79.2 E)

Operating Frequency 53 MHz

Wave Length 5.66 m

Peak Power Aperture Product 7x10° w-m?

Peak Power 2.5MW

Spatial Resolution Range 150 m(pulse width)

Maximum Duty Ratio 2.5%

Velocity Resolution 0.1 m/sec

Time resolution 0.5 min

Antenna Phased array with 1024 Yagi-Uda antennas

No of range bins Up to 256

Pulse width 1-32 ps

Pulse Repetition Frequency Maximum 8KHz

Beam width 3°

Maximum of FFT Points User defined; Maximum 512(for online processing)

Data Acquisition Two channel PCl-card based data acquisition system with
14 bit ADCs

I11. MATCHING ALGORITHMS

The fundamental computational operation performed by the radar system is to match an incoming live signature
against a library of pre-recorded signatures. In order to evaluate different algorithms efficiently, we utilize the data
collection mode of the radar for the three wind signatures. Each algorithm computes a single match value when executed on
a library signature and live signature pair. The wind corresponding to the library signature that exhibits the best match with
the live signature is selected. We evaluate the following algorithms.

3.1. Sum of Absolute Differences (SAD): The total difference between the two signatures is calculated by adding the
absolute value of differences between the samples. The match with the smallest total difference is taken as best. The
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algorithm for SAD is shown in Fig 1.
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Fig 1: The algorithm for SAD

3.2. Sum of Squared Differences (SSD): The total difference between the two signatures is calculated by adding the
square of differences between the samples. The match with the smallest total difference is taken as best. The algorithm for

SSD is shown in Fig 2.
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Fig 2: The algorithm for SSD
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3.3. Euclidean Distance (ED): The total distance between the two signatures is calculated by taking the square root of
the sum of squared differences. The match with the smallest total difference is taken as best. The algorithm for ED is shown

in Fig 3.

9
Read the MST
Radar Dlata

v

Incoherent Integration

v

Clutter quoval
\ 4

Spectrum Smoothing
v
Noise Level Estimation and Removal of Noise
v
Compute the ED
v

End

Fig 3: The algorithm for ED

3.4. Correlation (C): The correlation between the two signatures is calculated by taking the average pairwise product of
the samples. The match with the maximum correlation is taken as the best. The algorithm for Correlation is shown in Fig 4.
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Fig 4: The algorithm for Correlation
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IV. RESULTS

4.1. Power spectrums with Doppler shift of the MST Radar Data of 24/07/2013 at 3:33:30PM:

The quadrature signal components are converted from time domain to frequency domain by using Fourier
transform with appropriate sampling frequency that is with Nyquist rate. From this, the power spectrum will be computed
by squaring the magnitude spectrum. Further analysis will be taken from the power spectral only.The below Figures 5-10
are the power spectrums in different directions taken. The vertical axis contains the Range in Km, while the horizontal axis

represents the Doppler Shift in Hz.
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4.2. Moments Calculation:

The whole signal processing is done to extract the spectral zeroth, first and second moments and from the
moments the total power, Doppler shift and spectral width will be obtained. From these the Doppler velocity will be
computed. The Equations (1)-(3) represents the total power, Doppler shift and spectral width of the signal respectively.

Mo=P = [ 775" S(w)dw 1)
Mi=0 == [ us(w)de  (2)
My=W? = = [7/¥"= (4, — n)S(w)de  (3)

The Figures 11(a)-(c) represents the total power, Doppler shift, and spectral width of the signal respectively.
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4.3. Comparison of Matching Algorithms: The results of this evaluation are depicted in Figure 12. The vertical axis
contains the percentage of correct matches, while the horizontal axis represents the varying number of signatures being
averaged.
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Fig 12: Comparison of Matching Algorithms
V. CONCLUSIONS

In this paper, the following proposed matching algorithms SAD (Sum of Absolute Difference), SSD (Sum of
Squared Difference), ED (Euclidean Distance) and Correlation are evaluated for the MST Radar data. According to the
Results, the algorithm with the best performance is the SAD algorithm which exhibits maximum accuracy. The SSD and
ED algorithms exhibit moderate performance, and the Correlation algorithm performs poorly.
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