
IJCSN  International Journal of Computer Science and Network, Volume 3, Issue 3,June 2014                             Impact Factor – 0.274         
ISSN    (Online) : 2277-5420 
www.IJCSN.org 

66 

 

 

TrackTrackTrackTrack----BeforeBeforeBeforeBefore----DetectDetectDetectDetect    TechniqueTechniqueTechniqueTechnique    for for for for Mitigating Sea Mitigating Sea Mitigating Sea Mitigating Sea 

Clutter Clutter Clutter Clutter BBBBased on Hough Transformased on Hough Transformased on Hough Transformased on Hough Transform    
 

 

1 Megha Chittapur, 2 Sharavana K 
 

1 Department of Compuer Science, M V Jayaraman College of Engineering, Bangalore 
Affiliated to VTU, Belgaum, India 

 

2 Associate Professor, Department of Computer Science, M V Jayaraman College of Engineering, Bangalore 

Affiliated to VTU, Belgaum, India  
 

 

 

 
Abstract- This paper presents architecture and method for 

Detection of small targets in the presence of noise and sea 

clutter interference which is a difficult task in a radar system 
design. An improved target detection scheme, applicable to 
search radars, using the Hough transform image processing 

technique is investigated. The track-before-detect processing 
method is involved in system concept which allows previous 

data to help in target detection. The detectability is improved 
due to better use of old energy and which is nothing but using 
a three-dimensional filter matched to the target trajectories 

along with the conventional target parameters. The effect of 

the Hough transform to achieve improved radar target 

detection and system detection performance, (i.e., probability 
of detection and false alarm rate as a function of signal to noise 

ratio) for small, slow targets is of much concern.  
 

Keywords—sea clutter, airborne, track before detect, hough 

transform.  

 

1. Introduction 
 

1.1 Background 
 

Small targets to be detected in the presence of noise and 

sea clutter interference, presents a formidable task in a 

radar system design. Radar delectability is proportional 

to the amount of energy returned from the target. In the 

presence of wide dynamic range non-Gaussian sea 

clutter and thermal noise, a small Radar Cross Section 
(RCS) target should be detected. Using the fact that 

target returns tend to correlate from scan to scan, while 

the clutter returns tend to decorrelate from scan to scan, 

the target is extracted from the clutter background. For 

the detection of relatively slow targets, spectral 

discrimination techniques using Doppler processing are 

not appropriate for the detection of relatively slow 

targets since the target may be stationary or have zero 

velocity relative to the local mean surface waves. 

 

High speed digital processor is used to implement a type 
of processing known as track-before-detect. The track-

before-detect method uses data collected before 

thresholding (or detection) and this data is processed 

into feasible tentative tracks on a scan-to-scan, or 

revisit-to-revisit basis. For each tentative track, the track 

strength, track quality and other track parameters are 

generated and tracks are declared when appropriate 

thresholds are exceeded. The loss of information caused 

by premature thresholding and discarding data processed 

on prior data scans are avoided which in turn improves 

detection sensitivity of this method. In this way 

information that takes longer than one scan, or revisit, to 

develop can be exploited. 

 

Carlson, Evans and Wilson introduced a method for 

track-before-detect which results in improved target 

detection an- d applied the method to an air-traffic 
control problem, namely detecting high speed targets in 

a clutter free environment. Here this technique is applied 

for the detection of small low speed targets in the 

presence of noise and sea clutter. The raw data from 

multiple scans are collected and translated into multi-

dimensional time range space using the Hough 

transform. The Hough transform is a curve or a "feature" 

detector, used in image processing. The targets that 

appear as hits or points in the time range space are 

translated into curves or "features" in the Hough domain. 

The Hough transform and the inverse Hough transform 
are used here to extract the detection tracks from the raw 

radar data. A track is created by the detected curve in 

Hough domain and this minimizes the need to revisit a 

detected target to accomplish the detection process. The 

performance of noncoherent integration from scan-to-

scan, from beam-to-beam, and from range cell-to-range 

cell is improved by proposed method. 

 

1.2 Objectives 
 

The objective here is to investigate track-before-detect 

signal processing that is applied to the returns of radar 

consisting of small moving or stationary targets along 

with additive noise and high sea clutter background. In 

track-before-detect process all the energy returned from 

the target is correlated prior to thresholding, which 

enhances the target detection. Here the effect of the 

Hough transform to achieve improved radar target 

detection is of major concern. The methodology used in 

this paper is as follows: 
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• Hough transform and inverse Hough transform 

algorithms was derived; 

• Probability of detection (Pd) or detection 

performance as a function of Signal to Noise 

Ratio (SNR) curves, and using Hough 

transform process, Pd as a function of 
probability of false alarm (Pfa) curves were 

determined and 

• Performance of Hough transform as a function 

of target and radar parameters was determined. 

 

2. Track-Before-Detect Process 
 

2.1 Track-Before-Detect Basis 
 

The primary objective of Track-Before-Detect (TBD) is 

to enhance target delectability.  TBD algorithm is used 

for detecting trajectories, whereas in conventional 

approaches single dwell target return is detected and 

trajectories for those returns were assembled. Rather 

than applying over the multiple pulse repetition intervals 

that form an individual dwell, TBD is applied over 
multiple dwells. In the TBD process the time between 

updates is in the order of seconds and significant target 

motion can occur between these updates. This motion is 

associated over several updates and also the resolution 

cells that correspond to the target motions. The track-

before-detect comes from the truth that a sequence of 

associated resolution cells that comprise a time history 

of the target or track much before detection is declared. 

The track-before-detect algorithm for coherent search 

radar that is capable of measuring the range rate, range, 

and azimuth angle of the target, contains the following 

set of procedures: 

• Radar signals received over the dwell time of 

the radar beam that is scanning is integrated; 

• Amplitude threshold of each resolution cell is 

set to lower than normal and is compared with 

integrated signals; 

• Associated cells are formed that are called 

templates, over a number of scans 

corresponding to possible target motions; 

• The number of scans for each template are 

counted where exceeding amplitude threshold 
is found and call this number m; 

• m out of M test meaning  to declare target 

detection if in a template m ≥ M and where M 

is an integer that is selected to be less than N; 

and 

• The process of forming new templates is 

continued and those that yield detections by 

application of repetition of the rules of 

association. 

 

The TBD concept is implemented for short exposure 
targets as a linear velocity filter. The sea clutter returns 

and normalised target are plotted on a scan to scan basis. 

A linear velocity template is the implementation of TBD 

filter, which is then matched to a particular trajectory of 

target. And for each realizable target velocity requires 

one template and is consistent with the radar range 

resolution. For example, if the linear velocity template 

set contains at least 9 target responses when target is 

exposed for 12 scans, detection is said to occur. And if 

at least noise and nine random sea spikes match the 

template response, false alarm is said to occur. But if 

only one data set is viewed at a time, the possibility of 

the target present or not becomes uncertain. 

 

Rather than thresholding after each dwell or revisit, and 

then making a decision based on a single data point, we 

consider an automatic detection system where a 

detection decision can be made by thresholding a score 

that is a function of all the amplitudes along each 

potential target trajectory. A noncoherent integration is 

defined along the candidate trajectory, in where TBD 

functions as an adaptive noncoherent integrator 
following the target motion. Thus, the conventional 

noncoherent integration that are inefficient because of 

target motion can be replaced by TBD, as the position 

cell of the return of target  in TBD will be correlated 

from dwell to dwell, whereas the positions of the noise 

spikes will not correlate. 

 

2.2 Hough Transform 
 
The Hough transform is a method to detect complex 

patterns in binary image processing. It determines 

specific values of parameters that characterize the 

patterns. Spatially compact features are produced by 

transforming spatially extended patterns. Easily solved 

local peak detection problem in a parameter space is 

converted by HT which was supposed to be a difficult 

global detection problem in image space. The idea on 

which HT is based, can be explained by considering sets 

of collinear points in an image. A set of image points (x, 

y), lying on a straight line can, be defined by a relation f, 
such that 

 

�����, �̂	, �
, �	� = � = ��
 + �̂ 

 

where m and c are two parameters, the slope and 

intercept, that form the line. Each value of the parameter 

combination (m, c) is mapped on to a set of image points 

by the above equation. And the equation is viewed by 

HT as a mutual constraint between parameter points and 

image points, and thus is thought of as one to many 

mapping from an image point to a set of possible 

parameter values. The parameters of all straight lines 

belonging to the set that passes through a given image 

point (x, y) is calculated. This phenomenon is called 

back projection of the image point; the relation achieved 

this is given by 

 

���
�, ��	, ��, �	� = �� = 
�� + � 

 

A straight line in the (mc) parameter space is defined or 

back projected by each image point (x, y). One is a point 
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image, and the other shows the parameter lines obtained 

by back-projection of image points into parameter space 

using above equation. And in the other, in parameter 

space collinear points in image space intersect at a 

common point, and the coordinates of this parameter 

point characterises the straight line that connect image 

points. These points of intersection in the parameter 

space are identified by HT. The process of determining 

the point of intersection in the parameter space is easier 

than detecting extended point patterns in image space.  

 

3. Algorithm Description 
 

3.1 System Configuration 
 

The system configuration deals with the system 

implementation and the considerations of designs of the 

various parameters used in the simulation. 

 

Fig.1 Architecture 

 

There are three main modules in the algorithm. 

• Radar data simulation 

• Hough based detector function 

• Performance evaluation 

 

The first module is the radar data simulation that 

generates the time range date map. The inputs to the 

block include:  

• Radar system parameters, such as antenna scan 

rate, Pulse Width (PW) peak power and system 

losses; 

• Environmental conditions radar grazing angle, 
sea clutter characteristics and sea swells;  

• Target characteristics, which define the location 

in space, target radar cross section and 

manoeuvring information. 

A random variable is generated as the output of this 

function and is the coherent sum of the three 

components of the radar returns, namely target signal, 

noise and sea clutter. The output of the first block is 

served as the input to the Hough based detector function. 

Here it performs the task of the Hough transform, 

inverse Hough transform and system detection 

performance evaluation. At the third part of the system 

conventional detection schemes performance evaluation 

is done and so it establishes a baseline for detection 

performance comparison. 

 

3.2 Radar Data Simulation 
 

The three main components of the radar returns are 
generated, i.e., target signal, noise and sea clutter, for 

simulation of maritime radar data map. The signal plus 

interference random variable generated is given by, 

 

��� = ���� − ��� 	� + ��� � 

 

where vs is the steady voltage, rni and rnq are the 

components of the interference that are inphase and 

quadrature. There are two types of targets that are 

considered, the non fluctuating target and the Swerling 
type I target. The nonfluctuating target is modelled as a 

constant signal, where the amplitude is given by the 

radar equation as, 

 

� = �� ����� 
�4"	#$%  

 

Where Pt is the radar peak power, G the antenna gain, σ 

the target cross section, R the detection range and L the 

overall system losses. A model is used to simulate a 

Swerling I target, that describes the fluctuation in 

amplitude of target as caused due to the changes in 

rotation or vibration of target scattering sources, target 

aspect angle or changes in radar wavelength. Hence a 

Rayleigh target amplitude fluctuation is assumed by 

Swerling case 1, the results of which is an exponential 

cross section distribution given by, 

 

&��, �'	 = 1
�' exp �

�' 

 

where �' is the target mean radar cross section. Sea 

clutter is considered to be K-distributed. 

 

3.3 Hough Transform Based Detector 
 

The Hough transform algorithm provides the method of 
transforming data from the time-range space to the 

Hough space. This presents the configuration of the 

Hough space parameters and the time-range space 

parameters used for the simulations. The time history is 

composed of 100 scans and time range space is divided 

into 128 range gates and the scan time is defined by the 
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radar parameters. The time-range space is obtained with 

dimensions of 128 by 100 for a total of 12800 data cells. 

A primary threshold level is determined by the initial 

probability of false alarm requirement and then is 

compared with raw data, and that allows most of the 

target returns to pass through with some noise spikes. 

Main objective is to reduce computation load, which is 

proportional linearly to number of time-range cells that 

cross the primary threshold. In parameter space applying 

secondary threshold leads to target peak detection. 

 

Binary Integration Hough Transform 

 

If one target larger than the other, then masking of small 

target by the large target in Hough space is called 

dynamic range problem due to the Hough transform 

integration approach, a large target peak will be much 

higher than the small target peak. If the threshold is set 
low enough it will increase false alarm, while setting too 

high results in loosing small targets. Therefore, choosing 

a threshold that allows detection of small targets while 

avoiding detection of false targets is a difficult task. One 

solution to this is to use binary integration in Hough 

space. The data points in the time-range space that cross 

primary threshold are assigned to value one and then 

mapped into Hough space accordingly. Thus difference 

between targets due to their size is eliminated. But some 

noise or clutter peaks that cross primary threshold level 

might cause false alarm. 
 

 

Optimum Parameter Selection 

 

There are some parameters that affect performance of 

Hough based detector. First is the granularity of 

parameter space. The optimum granularity selects 

desired Pfa such that the granularity is not too fine that 

splits the target between more than one cell in Hough 

domain. Other parameters are the selection of primary 

and secondary threshold value. High primary threshold 

value resulting in fewer data points crossing the 
threshold. Then use low values for secondary threshold 

to get target trajectory. Low threshold value causing 

most of time-range points to be transformed and high 

secondary threshold values to avoid false alarms. 

 

3.4 Hough Transform Detection Performance 
 

Hough transform based detectors are efficiently 

evaluated by determining the detection statistics (i.e., 
probability of detection as a function of input SNR for a 

given Pfa) 

 

Probability of False Alarm 

 

The probability of false alarm must be determined as a 

function of secondary threshold. In Hough detector false 

alarm is to find a line or trajectory in the Hough domain 

where no target exists in time-range space. “Accessible 

Hough space” is used to find the probability of false 

alarm. The process is to put one in all the range time 

cells of image space, and then Hough transforming 

them. Some cells in the Hough domain will have a zero 

value indicating that not all the cells in the Hough 

domain can be back projected into the time-range 

domain. 

 

Probability of Detection 

 

Hough based detector must find a predefined target 

trajectory in the time-range space. Target trajectory is 

simulated and combined with the simulated Rayleigh 

noise and sea clutter along with target according to 

desired SNR. The accumulator cell values in Hough 

space is obtained by transforming to parameter space. 

Probability of detection is calculated by counting the 

number of detections achieved in appropriate Hough cell 
divided by overall number of simulations. 

 

4. Results 
 

From the study it is clear that it is possible to detect the 

target under clutter or noise in air-air combat or air-sea 
combat using radar through track-before-detect 

algorithm and Hough Transform. Figures convey the 

process after applying first and secondary threshold. 

 

 
Fig.2 

 

 
Fig.3 
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Fig.4 
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