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ABSTRACT 

 A coastal surveillance system maneuvers in a predefined area which is intended to detect a 

suspicious object that appears within this area. Ship detection and classification are important 
to maintain a recognized Maritime Picture (RMP) for surveillance systems. An automatic 

detection and classification system leads to some specific problems since a coastal 
environment is a random changing background caused by water waves and light changes. 
Moreover, there are spatial and temporal changes characterized by a large dynamic range of 

radar and the image frames captured are very expensive. By using computer-based ship SAR 
image simulation an extensive image database can be generated. This affords a very cost 
effective method for acquiring radar images when compared to the alternative methods of 

acquiring real images, using vessels or ship models. A classification system is modeled for 
vessel classification based on neural classifiers. The research work proposed in this paper 

describes the development of ship classification program that is designed to analyze 
processed simulated SAR imagery rapidly and inexpensively through image frames using 
image processing techniques. The simulated SAR image background are generated by radar 

parameters and Back projection algorithm in which image fusion technique is used to derive 
the simulated SAR ship images. Classification system is constructed based on two statistical 

classifiers PNN and KNN. The customizable framework is designed for the simulation, 
implementation, and verification of vessel classification using simulated SAR images.  
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INTRODUCTION 

 

Classification of ship targets is initially intended to help ships from collisions, as well as 
assisting port authorities to better control sea traffic .AIS transponders on board vessels 
include a GPS (Global Positioning System) receiver, which collects position, movement 

details and vessel structural information .Vessel classification therefore essentially comes 
down to vessel size estimation which shows considerably more variation in their 

classification performance than in their detection performance. The data collection for the 
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considered research work is collected from the simulated SAR images. SAR simulators are 

important tools for developing new SAR systems as well as for analyzing acquired SAR data  
[2].  This is realized and a SAR ship image database is generated using back projection 

algorithm and fusion techniques. Based on the images out of numerous computational 
intelligence techniques, statistical classifiers have been used however to overcome the poor 
computational scalability of other conventional techniques especially with the growing ship 

database .This work has lead to improved classification functionality for the generated 
Simulated SAR database and figure 1 explains the systematic diagram for the discussed 

problem. Ideally, object classification can be attempted by using spatial information from a 
single simulated SAR image. However, that object recognition or classification from a single 
SAR image is a highly complex task. The implementation based on the systematic approach 

proves that the proposed classification reduces the reliance on the spatial primitives of the 
objects and offers a robust but computationally inexpensive way to perform. The organization 

of the paper is as follows. Section 2 deals with the creation of simulated SAR image database. 
Section 3 deals with segmentation of ship targets and its subjective results.  Section 4 
explains the derivation of spatial feature vectors. Section 5 proves the classification 

performance based on PNN and KNN. Section 6 gives the experimental results of the above 
structured research work. And section 7 ends with conclusion and its future extensions.   

 

SIMULATED SAR IMAGES 

Synthetic-aperture radar (SAR) is a form of radar whose defining characteristic is its use of 

relative motion, between an antenna and its target region, to provide distinctive long-term 
coherent-signal variations, which are exploited to obtain finer spatial resolution than is 

possible with conventional beam-scanning means[9].  
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Fig 1: Systematic diagram of the proposed system  

 
 

It originated as an advanced form of side- looking airborne radar (SLAR). SAR is a type of 
radar mounted on an aircraft or a satellite that can take high-resolution radar imaging in two 
dimensions from low-resolution aperture data[4]. It can be used over relatively immobile 

targets and moving targets. Synthetic Aperture Radar (SAR) is used to obtain high-resolution 
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images from broad areas of terrain and it is capable of operating under inclement weather 

conditions, day or night[7]. Processing of SAR data is required to extract relevant features, 
such as object and have been widely used for fishing vessel detection, ship traffic monitoring 

and immigration control[5][8]. Detection of such objects is based on the detection of locally 
bright pixels, followed by clustering of neighbourhoods of pixels. Numerous studies have 
been performed to develop ship detection algorithms in SAR images automatically. Ships can 

be identified as hard targets or by their wakes in the SAR image. In general, the Radar Cross 
Section (RCS) of ships is higher than the surrounding sea clutter. The ultimate objective of 

this paper is to generate SAR images of targets using SAR signals that can be used for ATR 
implementations. Simulation is carried for the above mentioned process.  

 

Radar simulation 

 

The radar parameters used are Angle, Region of Interest and Detector spacing[1]. Three 

major steps involved in simulating the SAR images are radar parameters, back projection 
algorithm and image fusion concepts. Firstly simulated SAR images are generated by radar 

parameters and back projection algorithm in which Simulated SAR ship target images are 
generated by image fusion concept. The Back projection algorithm which is also called as 
background projection algorithm is used to generate images using radar parameters [3]. It is a 

method of projecting pictures onto a translucent screen so that they are viewed from the 
opposite side which basically projects each detected photon back from the detector through 

the slits of the grid pairs to all possible locations for its origin on the Sun[13]. This creates a 
probability map made up of parallel ridges aligned with the slit orientation at that time. The 
spacing between ridges is equal to twice the FWHM resolution of the sub collimator. This 

projection algorithm is repeated for each detected photon and the resulting probability maps 
are summed to form the so-called dirty map. The final image is retrieved by adding all the 

subaperture images together and the radar data will be transformed to the polar coordinates 
rather than the Cartesian coordinates, where the Global backprojection works. When the 
entire subapertures is combined together, interpolation is implemented to obtain a reasonable  

quality image. Interpolation algorithms will add more operations through the processing and 
therefore, there will be a trade-off between the image quality and the processing time. In this 

paper, the function used in back projection algorithms are rad, window3 and skernel. The rad 
function is carryout to compute the line integral for the generated image. The window 
function is called for apply grey colouring to the generated images[1]. Finally, the skernal 

function used to compute discrete convolution kernel and fig 2 shows the result of simulated 
SAR image.  

 

 Image fusion for SAR ship image generation  

 

The goal of image fusion is to integrate complementary information from all frames into one 
new image containing information the quality of which cannot be achieved otherwise [6]. 

Here, the term “better quality” means less blur and geometric distortion, less noise, and 
higher spatial resolution. A reasonable goal of the fusion is a discrete version of image that 
has higher spatial resolution than the resolution of the low resolution images and that is free 

of the volatile blurs. In the sequel, this fused image will be referred as a high resolution (HR) 
image f [i, j].  
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     Fig 2 : Simulated SAR images                            Fig 3: Simulated SAR  ship images 
 

A reasonable goal of the fusion is a discrete version of image that has higher spatial 
resolution than the resolution of the low resolution images and that is free of the volatile 

blurs. In fusion concept, Pixel based method is carried out for combing two images. One of 
the simplest of these image fusion methods just takes the pixel-by-pixel gray level average of 

the source images. This simplistic approach often has serious side effects by blurring cause 
which directly affect on the contrast of the image. In pixel based method, Alpha factor is 
carried out and it is used to vary the proportion of mixing of each image. When Alpha factor 

is equal to 0.5 the two images are mixed equally. When Alpha Factor is less than 0.5, the 
contribution of background image will be more, when it‟s greater than 0.5, the co ntribution of 

foreground image will be more. An element by element multiplication of image array with 
alpha factor is carried out and then pixel intensity value comparisons is done to find out the 
maximum intensity value and it is used for output image. Finally fused image that contains all 

the high intensity value of the pixel will be generated.  
 

TARGET SEGMENTATION 

 

The detection of ships relies on three individual modules that are run independently, and 

whose results are combined in a subsequent fusion step. Initial ship detection is based on 
median noise filtering, which is combined and analyzed in this section. The main purpose of 

segmentation algorithm is to precisely segment the image without under or over 
segmentation. The connected component technique gives better evaluation on SAR images. 
Every SAR image taken has been implemented with morphological reconstruct ion, extended 

maxima transformation using thresholding . The extended maxima transformation is the 
regional maxima computation of the corresponding h-maxima transformation. This 

morphological operation suppresses all points whose value with respect to their neighbors is 
smaller than a threshold level h. It is computed using:    
            ……………………………….....…………..…. (1) 

 

where Rf (f − h) is the morphological reconstruction by dilation of image f with respect to f − 
h. The transform is then followed by an extended maxima operation to identify all regional 
maxima: 

 

                  ……………………………...(2) 

Morphological filters like the h-maxima transform belong to the class of connected operators. 
A connected-component labeling operation is performed, in order to evaluate the 
characteristics and the location of every object[12]. As a second object reduction step, objects 

not located within a region of another object, are also discarded, since target objects are not 
typically clustered. The region of interest (ie) the target is got by connected component 

h fHMAX f R f h

h hEMAX f RMAX HMAX f
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segmentation in which the relevant pixels of the object will be grouped and extorted. The 

extended-maxima transform computes the regional maxima of the H-maxima transform 
which refers to nonnegative scalar.  

 

 
 

Fig 4: Segmentation based on Connected Components 

 

FEATURE EXTRACTION 

 

       Feature extraction is a special form of dimensionality reduction. Features extracted from 
the simulated SAR ship targets are 

 Area: Area is amount of surface the 2D shapes covers. It is usually measured or 
defined on a flat surface, also called a Euclidean plane, or on a spherical surface.  

 Length: Length may be distinguished from height, which is vertical extent, and width 
or breadth, which is the distance from side to side, measuring across the object at right 

angles to the length.  

 Convexity: A geometric shape is convex if all its edges "point outwards". That is no 

part of it curves or faces inwards. If a shape is convex, a line segment drawn between 
any two points on the shape will always lie inside the shape. 

 Solidness: The collective term for all bounded three-dimensional geometric figures is 

called solidness.  

 Roundness: The quality of a cylindrical work piece characterized by the entire length 

of the work piece having the same diameter relative to a common axis.  

 Form Factor: Form factor is the proportional energy transmitted by an object that 

can be transferred to another object.  

  

CLASSIFICATION BASED ON STATISTICAL NEURAL NETWORK 

 

      Classification of remotely sensed data is used to assign corresponding levels with respect 
to groups with homogeneous characteristics, with the aim discriminating multiple objects 
from each other within the image[11].  

 

Probabilistic neural network  

 Probabilistic neural networks are forward feed networks built with three layers 
derived from Bayes Decision Networks[14]. They train quickly since the training is 
done in one pass of each training vector, rather than several. The probabilistic neural 

network uses Parzen or a similar probability density function. This is calculated for 
each test vector. Vectors must be normalized prior to input into the network. There is 
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an input unit for each dimension in the vector. The input layer is fully connected to 

the hidden layer. The hidden layer has a node for each classification. Each hidden 
node calculates the dot product of the input vector with a test vector subtracts 1 from 

it and divides the result by the standard deviation squared. The output layer has a node 
for each pattern classification. The sum for each hidden node is sent to the output 
layer and the highest values wins.  

 The Probabilistic neural network trains immediately but execution time is slow and it 
requires a large amount of space in memory. The training set must be a thorough 

representation of the data. Probabilistic neural networks handle data that has spikes 
and points outside the norm better than other neural networks.In order to classify a 
feature pattern vector x  that is to assign the pattern to one among k predefined 

classes, the conditional density  of each class  is estimated since it 
represents the uncertainty associated by the rule of bayes that allow making optimal 

decision. One possible way of looking at this technique is to build sphere of influence 
p(s,x) around each training sample s and to add them up for each of k classes.  

                                           
 The data used are chosen from simulated SAR ship target. The samples were divided 

into three classes, class A is tanker ships and class B is passenger ship and class C 

boat.  
    

K-nearest neighbor classifier   

 
The K-Nearest Neighbor classifier is a supervised learning algorithm and the purpose of 

this algorithm is to classify a new object based on attributes and training samples [15]. The 
training samples are described by n-dimensional numeric attributes. Each sample represents 
a point in an n-dimensional pattern space. More robust models can be achieved by locating 

k, where k > 1, neighbours and letting the majority vote decide the outcome of the class 
labelling. A higher value of k results in a smoother, less locally sensitive, function. The data 

for KNN algorithm consists of several multivariate attributes names Xi that will be used to 
classify the object Y. The data of KNN can have any measurement scale from ordinal, 
nominal, to quantitative scale, this study deals only with quantitative Xi and binary 

(nominal) Y. All training samples are included as nearest neighbors if the distance of this 
training sample to the query is less than or equal to the Kth smallest distance. In other 

words, the distances are sorted of all training samples to the query and determine the Kth 
minimum distance. The unknown sample is assigned the most common class among its K-
Nearest Neighbors. These K training samples are the closest k nearest neighbors for the 

unknown sample. Closeness is defined in terms of Euclidean distance, where the Euclidean 
between two points, X = (x1, x2,….xn) and Y= (y1,y2,…yn) is given in eqn (4)  
 

                                      
 The drawback of increasing the value of k is when k approaches n, where n is the size 

of the instance base, the performance of the classifier will approach that of the most 

straightforward statistical baseline, the assumption that all unknown instances belong 
to the class most frequently represented in the training data. The high degree of local 

sensitivity makes nearest neighbor classifiers highly susceptible to noise in the 
training data. 
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PERFORMANCE EVALUATION 

 
Vessel classification classifies different class according to the feature vectors extracted from 

the simulated SAR ship target images. Classification is needed to classify different target 
according to their specified classes. In this paper, neural classifiers are performed for 

classification of the ship target. The probabilistic neural network classifier and KNN is 
performed for training and testing the dataset. The PNN classifier was often chosen because 
of its simplicity, robustness to noise, and nonlinear decision boundaries and the practical 

benefits that it allows adding or reducing training samples without a long term to retrain. Fig 
5,6 and 7 also proves that the PNN to be the best in the database generated using simulated 

SAR images. The experimentation is carried out exclusively based on the simulated database. 
A simple and efficient learning algorithms PNN and KNN is compared in which several 
motivating and significant features different from traditional KNN algorithm. For training 

data 50 samples are been taken and for testing data 20 samples are been taken.  
 

                         
Fig 5: Classification results using PNN           Fig 6: Classification results using KNN 

 

 

Fig 7 : Classifier performance based on accuracy 
      
 CONCLUSION  

 

From the research work, it can be seen that vessel classification has been the major 
application in coastal surveillance system. Several researchers have explored and 

implemented different approaches for vessel classification. The success of a particular 
approach depends largely on the problem domain. In other words, a method that is successful 

in robot navigation may not be equally successful in automated surveillance.  In comparable, 
classification of ship targets are performed by identifying the best spa tial features thereby 
extracts relevant information from the simulated SAR ship images. The extracted features 

were evaluated for goodness and tested on test images based on KNN and PNN. The 
approach has numerous advantages such as low technical risk due to the use of pattern 
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recognition algorithms of increasing complexity and easier and more efficient retraining 

procedures than for large classifiers .Performance and computational advantages of applying 
the neural classification approach to target the ship images are experimentally proved. This 

move toward is to improve the recognition process and also tries to condense human 
intrusions. This work also leads to a system in which there are much scope for future 
investigation and analysis based on the performance of tracking targets. 
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