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PHASES : 
PHASE 1: PREPROCESSING NOISE REMOVAL 
PHASE 2: WAKE DETECTION UNDER ROUGH SEA CONDITION 
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BACKGROUND STUDY- Ocean surface signatures
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§ Low backscatter ocean features due to wavelength polarization and incidence angle
§ Oil slicks
§ Fish processing discharge
§ Natural biogenic slicks
§ Rain effects and sea ice

◦ Sea state
◦ Wind speed
◦ Swell

Many ocean surface signatures in SAR imagery are characterized by relatively low normalized radar cross section 
values therefore distinguishing among these signatures objectively can be very difficult

OCEANOGRAPHIC CONDITIONS FOR ROUGH SEA  
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SAR IMAGE CHARACTERISTICS  
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Ship wakes are often used as a primary means of detecting a ship in synthetic aperture radar (SAR) images 
since they last for often many hours, thus leaving a trail that can extend for kilometers. 

The wake is always characterized by a dark streak behind ships originated from the turbulent vortex
created by the ship.

The appearance of wakes in radar images depends on various parameters: 
• the shape of the hull 
• the sea state
• the observation geometry 
• the characteristics of the radar

The probability of the occurrence of back scattering signals will highly contribute noise in the captured 
SAR image  which leads to complexity in detection of ship wakes   

BACKGROUND STUDY Denoising  & Wake Detection  

However, wake detection task is still more complicated when the sea state is high, 
since it hides the wakes
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SAR images under normal condition

SAR images under rough sea condition

DATA SET COLLECTION

LINKS REFERRED FOR SAR IMAGE DATA COLLECTION 

1. https://earth.esa.int/web/guest/-/ers-sar-tropical-
5883

2. https://earth.esa.int/handbooks/asar/CNTR1-1-
6.html

3. https://en.wikipedia.org/wiki/Sea_state

file:///D:%5CNPOL%5Cnpol%2520mid%2520term%2520evaluation%5CRough%2520sea%2520conditions.docx
https://earth.esa.int/web/guest/-/ers-sar-tropical-5883
https://earth.esa.int/web/guest/-/ers-sar-tropical-5883


SAR IMAGES OF SHIP WAKES WITH ROUGH SEA CONDITION COLLECTED FROM DIFFERENT SOURCES
Training Dataset –Single target
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SAR IMAGES OF SHIP WAKES WITH ROUGH SEA CONDITION COLLECTED FROM DIFFERENT SOURCES

Training Dataset –Multiple Target

Testing Dataset

Single Target Single Target Multiple Target
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PROPOSED METHODOLOGY 

Implementation of proposed phases of the project
ü Phase I : Optimal Denoising method
ü Phase II : Optimal Wake detection method
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SAR images contain speckle noise which is based on multiplicative noise or rayleigh noise.

Speckle noise is the result of two phenomenon,

ü Coherent summation of the backscattered signals

ü Random interference of electromagnetic signals

PHASE I : OPTIMAL DENOISING METHOD

The drawback of DWT are:

It is computationally intensive and less efficient for the large proportion of speckle noise where wavelet coefficients are

suppressed in both decomposition and reconstruction phase that leads to produce ineffective denoised SAR image.

ALPHA (α) is a sparsity parameter that plays an important role for the selection of 
penalized threshold which is choosen by novel optimization technique

Synergistic Fibroblast Optimization (SFO) algorithm
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VISUAL ASSESSMENT OF DENOISING METHODS 

Training Dataset –Single Target

contd….

Original Image Wavelet filter based  db family Optimized Wavelet filter based db family 



Training Dataset –Multiple Target

Testing Dataset
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Original Image 

Original Image Wavelet filter based  db family 

Wavelet filter based  db family 

Optimized Wavelet filter based db family 

Optimized Wavelet filter based db family 

11
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Training Dataset 

Objective evaluation of PSNR – training dataset Objective evaluation of MSE – training dataset

contd….



Training Dataset 

Objective evaluation of MAE – training dataset Objective evaluation of CORLN – training dataset

GEOSPATIAL WORLD FORUM 2023 135/10/23



5/10/23 GEOSPATIAL WORLD FORUM 2023 14

Testing Dataset 

Objective evaluation of PSNR – testing dataset Objective evaluation of MSE – testing dataset

contd….
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Testing Dataset 

Objective evaluation of MAE – testing dataset Objective evaluation of CORLN – testing dataset



PHASE 2 : OPTIMAL WAKE DETECTION 
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Two reasons are more important to detect the wake patterns in SAR images namely,

1. Wake pattern is larger and more distinct than the ship signature, and it can yield a better

estimate of the ship’s true location.

2. The ship wake pattern can yield information about the ship’s heading and speed.

But, the internal waves on the surface may be detectable in SAR image and not all the wake

components are visible in every image due to characteristics such as different orientations of the

SAR sensor, variation in ship size and speed as well as varying ocean and wind conditions.

Thus, the project challenges to develop an approach to locate, identify ship wakes under critical

characteristics of SAR image especially under rough sea conditions.

16
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TASK 1: IMPLEMENTATION OF RADON TRANSFORM 

The Radon Transform calculates the angle that a straight line perpendicular to the track makes 

with the x-axis in the center of the image 

contd….



5/10/23 GEOSPATIAL WORLD FORUM 2023 18

Discrete Radon Transform (DRT) is a two dimensional function f(x, y) that represents the data points projected

at an angles θ, 0 ≤ θ<π. DRT is an efficient mathematical transform for the detection of line in the entire image

domain. Here, DRT equation (2) is applied to the detection of ship wakes in Synthetic Aperture Radar (SAR) images.



TASK 2: IMPLEMENTATION OF OPTIMIZED RADON TRANSFORM 
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The drawbacks of RT are

The intensity integration is performed over the entire length of the image and has no capability of providing

information about the positions of the endpoints of these shorter line segments, or on line length which may not

produce suitable peaks or that leads to misidentification of linear signatures in SAR images.

The mathematical expression of radon transform (ρ0, θ0) is equivalent to the integral of the input denoised SAR image over the 
line equation ρ0 = x.cos θ0 + y. sin θ0 is written as follows.

𝑹𝑰 𝜽, 𝝆, 𝝈 = 𝑹𝑳𝒐𝒄 𝑹𝑰 = 𝒇∫𝒙𝒎𝒊𝒏
𝒙𝒎𝒂𝒙∫𝒚𝒎𝒊𝒏

𝒚𝒎𝒂𝒙𝒇(𝒙, 𝒚) 𝜹 𝝆 − 𝒙𝒄𝒐𝒔𝜽 − 𝒚𝒔𝒊𝒏𝜽 𝒅𝒚𝒅𝒙 (1)

Where    xmin = min(ρ cos θ – σ sin θ, ρ sin θ – (σ+λ) sin θ) ,   xmax = max(ρ cos θ – σ sin θ, ρ sin θ – (σ+λ) sin θ)
ymin = ρ sin θ + σ cos θ ,ymax = ρ sin θ + (σ+λ) cos θ
σ = shift parameter , λ = length of the line segment of integration (LSOI)

The shift parameter is utilized to construct sinusoidal wave by using angle and offset value from the range of discrete set of 
known data points. The value of shift parameter falls within range of 0.0 to 10.0 within the interval of 0.25. 

The shift parameter value is applied to construct a curve that has the best bit over a series of data points. The novel 
Synergistic Fibroblast Optimization (SFO) algorithm is utilized to choose shift parameter.
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VISUAL ASSESMENT FOR WAKE DETECTION METHOD 

Sample Dataset –Single Target

Original Image Wake Detection  Optimal Wake Detection  
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VISUAL ASSESMENT FOR WAKE DETECTION METHOD 
Training Dataset –Single Target
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Training Dataset –Multiple Target
VISUAL ASSESMENT FOR WAKE DETECTION METHOD 
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Testing Dataset-Single target
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Testing Dataset-Multiple target
VISUAL ASSESMENT FOR WAKE DETECTION METHOD 
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SUBJECTIVE ASSESSMENT  
Assessment of wake detection algorithms (00-1790) – Training dataset (single target)

Assessment of wake detection algorithms (00-1790) – Training dataset (multiple targets)

contd….



Assessment of wake detection algorithms (00-1790) – Testing dataset (single target)

Assessment of wake detection algorithms (00-1790) – Testing dataset (multiple target)
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INVESTIGATION ON TRAINING DATASET WITH SINGLE TARGET
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INVESTIGATION ON TRAINING DATASET WITH MULTIPLE TARGETS
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INFERENCES FROM THE RESULTS TRAINING DATASET 
contd….

From the observation of experimental results, it is inferred that, linear signature is identified by

both conventional RT and optimized RT methods for single target.

A visual assessment of SAR image with multiple target training dataset , it is identified that,

there are large number of ships visible as bright spots followed by wakes. Moreover, it shows

the numerous dark patches which results from oil discharged from ships.

Optimized RT is able to detect number of linear features with respect to different coordinates 

or offset value given in the projection angle.



5/10/23 GEOSPATIAL WORLD FORUM 2023 30

contd….
INVESTIGATION ON TESTING DATASET WITH SINGLE /MULTIPLE TARGETS
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INFERENCES FROM THE RESULTS TESTING DATASET

1. Based on the visual inception of first image of the testing dataset with single target, it is assumed that, SAR image shows a single

ship wake and oil clutter or oil slick discharged by ship present in it.

• From the observation of experimental results, it is inferred that, wake is identified by both conventional RT and optimized

RT methods, whereas Optimized RT is able to detect extra linear features present in SAR images and it gives better

results than conventional RT method.

2. A visual analysis on the second image of the testing dataset with single target, it is assumed that, SAR image shows a kelvin wake

present in it.

• It is indicated that, a linear signature or single streak is identified by conventional RT method whereas optimized RT

method is able to detect two wake lines in form of kelvin pattern with the source of the wake at the vertex of the V.

3. From the visual insight information third image of the testing dataset with multiple targets, it is assumed that, SAR image shows

three wakes and three oil clutter present in it.

• Conventional RT method is able to detect single linear signature whereas three linear features are identified by Optimized

RT method.
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• An optimized denoising algorithm is developed to substantiate the preprocessing phase  

• An optimized wake detection algorithm is developed for SAR images under rough sea 

condition

• The efficiency of the proposed algorithm is validated with the ground truth SAR imagery taken 

from ESA sentinel Copernicus database and the improvement of the algorithm is measured 

using standard performance metrics. 

• An important property of the proposed method is its reliability, simplicity and low 

computational cost

CONCLUSION 
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