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ABSTRACT —The aims of this paper to study and analyze 
target classification of ground targets in FSR using (NN) under 
high noise levels. This paper unveils the potential and 
utilization of Neural Network (NN) in radar applications for 
target classification in forward scattering radar (FSR) in 
hostile environment recent works reported in the literature 
review had shown that FSR can be effectively used for 
classification and (NN) is perfect approach for automatic 
classification. As proof, result from FSR experiment were 
used. The target used for this experiment was a ground 
vehicles represented by typical cars and finally A NN model 
for target classification is proposed. 
Keywords— Neural network, Signal to noise ratio, 
ForwardScattering Radar 

I. INTRODUCTION 
Radar is a system that uses electromagnetic waves to detect and 
locate a target of interest. Radar can identify the Range, 
altitude, speed and direction of targets such as aircrafts, ships, 
vehicles, personnel, and Terrain and weather formations.  
When the radar transmitter transmits an electromagnetic Wave, 
and the target (for example an aircraft) is present within the 
radar coverage area, the Wave will be scattered back to the 
receiving antenna and the target can be detected. Forward 
scattering radar (FSR) is a special configuration of bistatic 
radar that occurs when the angle is 180 degree in bistatic radar. 
Currently there has been increase of interest of researches in 
this area .This is because it is configuration simplicity and 
detection sensitivity due to the enhanced target radar cross-
section (RCS).The Principles and basics of FSR can be found 
in the works of Willis[1-2].FSR is a special setup of more 
general class of radar, namely, bistatic radar (BR). The key 

peculiarity of FSRs is that, in contrast to their monostatic and 
bistatic counterparts, they exploit an effect  
of electromagnetic wave shadowing a target rather than 
scattering from the target. This fact puts an essential restriction 
on the FSR topology as the target shadow exists within a 
relatively narrow corridor (20°) around the baseline, that is, the 
line connecting the transmitter and the receiver. Consequently, 
the system loses its range resolution. The FSR received power 
equation is derived from the Bistatic radar equation [3].  Thus, 
the radar equation for a Bistatic radar system can be written in 
SNR as: 
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where PT is the transmitted power, GT is the Antenna gain, 
GR is the receiver antenna gain,  is the radar wavelength, and 
B is the bistatic RCS of the target, while FT and FR are the 
‘cover-all’ pattern defined by Willis [1] to model the spatial 
variations of antenna beam shape, multipath, diffraction and 
refraction, on the transmitter-target and target-receiver paths, 
respectively.  In addition, the terms Kb, and F represent 
Boltzman’s constant, reference temperature (290K) and 
receiver noise Figure, respectively.  The different ranges from 
the transmitter to the target and from the target to the receiver 
are given by RT and RR, respectively.  The remaining 
transmitted and received losses are not covered explicitly 
(such as cable losses, signal processing losses, etc.) and they 
are represented by terms, LT and LR.  
Generally FSR system as depicted in Fig. 1 [4] comprises of a 
transmitter (Tr) with fc central frequency and an appropriate 
wavelength λ, and of a receiver (Re) separated by a distance b 
from the transmitter. The target (Ta) is assumed to be moving 
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along a trajectory that crosses the baseline with speed V, has 
zero elevation and the system operates in a ground plane.  
Assuming the transmitting signal bandwidth Δƒ , the Bistatic 
range resolution ΔRBR could be specified[5] by 

ΔR → ∞           β → 180°  _______(2) 
 

ΔR ∆ƒ              _______(3) 

Where c is the speed of light, b is the Bistatic angle and for the 
FSR 

 
Figure 1 An FSR system 

As one can see, the transmitting signal bandwidth in the 
limiting case does not influence the range resolution and a 
continuous wave (CW) can be effectively used in FSR. It is 
important to mention that in the case of moving targets, the 
shadow signal experiences Doppler shift, ƒDBR. It can be 
evaluated[1] as 

 ƒ cos δ cos β 2  __________(4) 

When β =170°can be considered as a boundary of the FS 
corridor absence of range resolution and low Doppler shift 
even for relatively high-speed targets introduces a big threat 
for the FSR from ground clutters. At the time that β (MPN 
angle) approaches 180° , the target blocks part of the transmit 
signal, which leads to a reduction of the received signal 
power. In this case, the target acts as an aperture antenna with 
a maximum gain [6] equal to 

G __________(5) 
 

II. METHODOLOGY 
In this section, the experimental scenarios and data collection 
are described concisely. However more details can be found in 
[1,5] 

 
Figure 2 FSR system block diagram 

During the experiment, signals of vehicles (back scatter 
signal) were collected and recorded. Figure (3) shows a 
sample of the signature waveform in time domains, this signal 
is generated with unique signature when the vehicle is passed 
between the transmitter and receiver. This signature contains a 
Doppler components which will be fed later to our suggested 
Model for the classification purpose. The data used in this 
study is token from experiment done previously by from M. 
Khalfalla and Raja Abdullah [7-8]. real experiment for ground 
target vehicle which is represented by typical car on a public 
road has been conducted and data has been collected 
accordingly ,It is worth to mention that the ANN approach has 
been used before in [1] they tested different type of vehicles 
and each target have special signature, Several experiments 
have been carried out and analysis to the three vehicle with 
different noise level and the study show out the  effectiveness 
of the neural network in classification . In this study one type 
has been selected with SNR level range from 100dbm to -
39dbm with more critical analysis and more noise masking the 
received signal which consequently make the target 
classification process is more complicated. 
 
 
 

 
Figure 3 FSR system block diagram 
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1. Neural Network 
Neural network: NNs are composed of many simple neurons 
working in parallel to solve the classification problems. 
Neurons work by processing information. They receive and 

provide information. The aim of the neural network is to 
transform the inputs into meaningful outputs. The NN is 
trained with the available data samples to investigate the 
relation between inputs and outputs, and give the error 
percentage. In this study, feed-forward back-propagation 
based on levenberg-marquardt minimization method was used 
The learning process is controlled by cross-validation 
technique based on random division of initial set of data in 
three subset for training (weight), for learning (validation) and 
for evaluation of quality of approximate (testing) can 
evaluated.By using fitting tool wizards which consisted of 
(input –output and curve fitting) the map between data set of 
numeric input and numeric target, it’s evaluate by using mean 

square error (MSE) and Regression(R) analysis. The neural 
parameters has been tested and evaluated several time in-order 
to choice the effective one, hidden layer (number of neurons) 
is selected to 20 ant it have been selected carefully taking 
intoconsideration processing speed and classification 
effectiveness but it can be increased or decreased according to 
data size,however the parameter shown below: 

Table 1 Parameters 
 

White Gaussian noise have been selected in this study because 
it has been a common technique that experimented in many 
researches, several experiments have been carried out with 
different noise level, the figure below show some  

Figure 4 Time domain FSR signature after adding noise 
2. Training and Testing Data 

After adding the noise to the original signature neural network 
trained with the original signal several times, then noisy 
signals has been used as inputs to the ANN then, the training 
data is fed into the input layer to extract the input features 
these features are propagated to the hidden layer and then to 
the output layer, the output value compared with the target and 
the error percentage calculated and fed again into the network 
for updating.The bellows figures show neural output plots for 
(validation, training state and test) MSE and R this plots 
shows the error between input and targets.  

No. Name  Parameters/ Values 
1 Data size 25001*1 
2 Number Hidden layer 20 
3 Hidden layer function Sigmoid 
4 Output layer function Linear 
5 Training 75% 
6 Testing 15% 
7 Validation 15% 
8 Noise type  White Gaussian 

(A) SNR 60dBm (B) SNR 14dBm (C) SNR 10dBm 

(D) SNR 2dBm (E) SNR-7dBm (F) SNR -16dBm 
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Figure 5 neural output fitting and regression  

From the figures above, MSE (mean square error) expresses 
the different between output and target this approximation is 
better if MSE smaller (closed to zero). The fit function 
between the target and the input, when the fit fall along a 45 
degree line (perfect fit) means that the outputs are equal to the 
target. The regression for (training, validation ,testing and 
overall) which display the network output with respect target , 
this measure the correlation between correct outputs and those 
provided by network , when person’s correlation coefficient 

(R) is closer to one (1) the approximation is better , also when 
the fit along 45 degree its perfect . 

III. RESULTS AND DISCUSSION 
The neural network training percentage was 70% and 15% 
validation use to validate that network is generalizing and to 
stop the training before over fitting, testing 15% used to 
completely independent test of network generalization. So if 
the performance on the training is good but performance of 
test is worse it will be over fitting so decreasing number of 
neurons will solve it, and if the training perform poor then 
increase number of neurons.  
The neural network which designed  gives a good results but 
at a certain extent of noise level for classify the noisy 
signature, it was tested by 30 level of noise, it’s give high 
success rate at (-4dBm) with overall performance 98%.The 

figure below show the MSE and regression with the noise . 
Figure 6 neural classification result  

After training and testing phase of the received FSR signal, 
ANN model is used for the classification process. The 
evaluation and performance criteria for the classification 
effectiveness was the regression. Signals were processed in 
their original form as they were collected from the 
experiments with high SNR .Fig (6) shows the classification 
results, from the figure the trained ANN successfully classify 
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the input signals .The figure shows the successful classified 
targets represented in regression percentage green, orange is 
MSE and the red is value of SNR. 
Obviously the highest value of the regression occurs at high 
SNR and it degrades gradually to zero (0) as the SNR value 
approaches to 18dbm .At this point the high noise level mask 
the features of the time domain signals and hence complicate 
the classification process of the ANN model to recognize the 
input signals regardless of the training and testing samples. 
However there are a marginal variance and the regression 
values between the different cares in the range between 5 to -
16 dBm .As result in general the ANN classification 
performance degrades significantly as the signals goes below 
0 dBm . 
 

IV.  CONCLUSION 
Form the results obtained in this study showed that: 

 After training the (NN) with specific vehicles signals 
(signatures) with different noise level, the system will 
classify the input with high success rate and (NN) can 
be effectively employed in FSR as an automatic 
classifier 

 This study developed an expert system that can be 
used in FSR signal classification by using artificial 
neural network with huge experiments of SNR that 
showed above. So, it is proved that FSR system with 
NN classification method has a huge potential to be 
used as an alternative system for target classification.  
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