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Problem Statement
Aim

A We want to be able to detect fluctuations
in the received signals via GNSS-R to

identify sea targets such as : i
A Ships
A Oil Slick
A Seaice |
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Problem sic Sealco Map detection vs OSISAF SIC 200022015
A There is a very significant signal response "
from the sea clutter )
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Conventional Sea Clutter Modelling

Conventional sea clutter models uses the Zavorotny - Voronovich model *
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A We can subtract the expected sea clutter DDM from received DDM the using ZV model

A Assumption: we have the true values of sea wind speed and sea wind direction. If this
assumption is violated, unwanted artefacts will be embedded in the DDM

A Aclean subtraction can reveal any component that are not due to sea clutter
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Delay Doppler Map Dataset

A DDM dataset: TDS-1 ( 3/12/2017 ) i H18 Group 35 indices 470 - 699
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A AR analysis needs to have temporal detrending applied to the DDM dataset
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Code Delay (Chips)

Sea Clutter DDMs: A slow varying process

A The following time series of DDMs show how correlated the sea clutter components are
to each other once we have properly normalised it.

A First Fresnel Zone resp.: High Amplitude. Slow varying from epoch to epoch.
Possible that signal DDM cells has temporal correlation
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Sea Clutter DDMs: A slow varying process

A The following time series of DDMs show how correlated the sea clutter components are
to each other once we have properly normalised it.

A First Fresnel Zone resp.: High Amplitude. Slow varying from epoch to epoch.
Possible that signal DDM cells has temporal correlation

A Large T resp.: Lower Amplitude and faster varying.

A Noise resp.: Low amplitude and fast varying.
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Code Delay (Chips)

Sea Clutter DDMs: A slow varying process

A The following time series of DDMs show how correlated the sea clutter components are
to each other once we have properly normalised it.

A First Fresnel Zone resp.: High Amplitude. Slow varying from epoch to epoch.
Possible that signal DDM cells has temporal correlation

A Large T resp.: Lower Amplitude and faster varying.
A Noise resp.: Low amplitude and fast varying
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Conventional: Sea Clutter Model Subtraction
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Conventional: Sea Clutter Model Subtraction
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Proposed: \
Low Pass Filter o o L
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Modelled Sea Clutter using LPF using a = 0.05
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Credit: http://e-rokodelnica.si/AO03/A003_EN.html
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Lowpass filtered using a = 0.05
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AutoRegressive (AR) Analysis: Methodology

Autoregressive (AR) Model

A Signal at epoch m can be expressed as
a linear combination of signals at
previous epochs m - k

p
Ym = Z CrYm—k
k=1

Partial Auto-Correlation Function (PACF) Auto-Correlation Function

A PACEF solves the Yule-Walker equations
to obtain the AR coefficients ¥» for p
ranging from 0o Ly, A 1ltdéds a measurfpe with si

A ACF is the correlation of a signal with a
delayed copy of itself

90! Yo o Y1 Y2 - |[e1] delayed versions of itself
Y2 i Yo Y1 e Y2 o
Y3l = | 72 " Yoo - | s >

L Vp L Yp—1 Yp-2  Vp-3 | Pp _

A If the PACF order (max. length) is much shorter than the ACF order (max. length), the
process is considered highly autoregressive.
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Auto Correlation Function (ACF)

Sample Autocorrelation

Sample Autocorrelation
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Partial Auto Correlation Function (PACF)

Sample Partial Autocorrelation

Sample Partial Autocorrelation
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Delay [chips]

AutoRegressive (AR) Analysis: Max. Lag
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System Gain vs. Max. Lag

ACF PACF

We need tohave avariable filter orderacross the various Delay
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