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Abstract 

The existing recognition methods of radiation source signal are extremely sensitive to the 

change of signal-to-noise ratio (SNR). In order to solve this problem, in this paper, it 

proposes a radar signal recognition method based on fractal box dimension and neural 

network under the condition of unstable SNR. Firstly, it extracts box counting dimension 

features of four different radiation source signals, and then uses the characteristic values of 

stable box counting dimension as the inputs of the neural network. Finally, it can recognize 

the four different kinds of radiation source signals. Simulation results show that, taking the 

box counting dimension characteristics as the input of the neural network to train, test and 

classify, it has good recognition rate in a certain changed range of SNR, and it has more 

widely application in the application environment. 
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1. Introduction 

Radar signal recognition [1] is an important part of the modern electronic 

reconnaissance and electronic support system. It is also the key problem need to be 

solved in radar signal processing. The traditional identification methods [2-4] usually 

recognize radar signals based on several important parameters characteristics, including 

the pulse width PW, signal pulse repetition intervals PRI,  signal carrier frequency RF, 

intra-pulse modulation information MOP, signal arrive angle AOA, signal pulse 

amplitude PA, and signal pulse arrival time TOA, etc. First, estimating these 

parameters, and then using them to match with the characteristic parameters in the 

database to reach the purpose of recognition. However, with the signal environment 

getting more and more complicated and the emerging of different radar signals , the 

recognition rate is always low using the traditional characteristic parameters. And it has 

high requirements of the stability of noise environment. With the rapid development of 

science and technology, people began to focus on some of the strong anti -interference 

signal characteristics. While the fractal box dimension [5]
 
has been widely used in 

mechanical fault diagnosis [6], exploration [7] and other areas. This article will 

introduce the fractal box dimension as the characteristic parameters to the radar signal 

recognition, in preparation for the subsequent identification. Because the fractal box 

dimension has good noise immunity, so even if the SNR unstable environment, the 

value of extracted features is still relatively stable. 
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The article first proposed the fractal box dimension characteristics of four kinds of 

radar signals for feature extraction, and using neural network classifiers [8-9] to 

classify four radar signals under the instability signal to noise ratio. Using the good 

robustness characteristic parameters combines with the neural network classifiers which 

has strong adaptive ability, even if the signal to noise ratio changes in the environment , 

it can still sort of radar signals with good recognition results.  

 

2. Basic Theoretical Knowledge 
 

2.1. Theory of Fractal Dimension 

Fractal dimension [10] is the main parameters in fractal theory. It can quantitatively 

describe the complexity of fractal sets; measure the extent of irregular signals. Among 

them, Hausdorff dimension is the basic fractal theory of fractal dimension. In practice, 

the calculation of the Hausdorff dimension is very difficult, so many people usually use 

fractal box dimension to describe the measure of the signal information.  

Fractal box dimension is defined as follows: Make a metric space  ,X d , H is a non-

empty compact set of X ,  ,B x   is a closed ball with the center of x  and the radius 

of  . Let A be a non-empty compact set of X , for every positive number  , let 

 ,N A   be the number of the smallest closed ball covering A, the radius of the closed 

ball is  , so: 
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x x x  are the different points of X . So the definition of box dimension 

can be described as follows: 
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The fractal box dimension can depict the variation of signals, and it has the characteristics 

of not sensitive to noise. Therefore, it will have good recognition results for radar signal 

feature extraction.  

 

2.2. Basic Theory of Neural Network 

ANN (Artificial Neural Networks, ANNS), also known as Neural Networks (NNs), is 

a mathematical model which simulation the biological neural networks for information 

processing. Among them, the artificial neuron is the basic information processing unit 

of artificial neural network. The artificial neuron model is shown in Figure 1, which is 

the basis of artificial neural network design. 
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Figure. 1. The Unit of Artificial Neuron Model 

The work process of neural network can be summarized as follows: 

Suppose the input pattern vector is expressed as follows: 

1 2( , , , )k na a aA                                                (3) 

Where 1, 2 , ,k m . m  is the number of learning patterns and n is the number of 

input layer units.  

The output corresponding for the input mode is: 

1 2( , , , )k qY Y Y Y                                               (4) 

Where q  is the number of output layer units. 

First, calculate the middle layer of each input unit: 

1

n

j i j i j

i

S a 


                                                 (5) 

Where 1, 2 ,j p , 
i j

  are the connection weights between input layers and middle 

layers, 
j

  is the threshold of middle layer unit, and p  is the number of middle layer 

unit. 

Suppose 
j

S  as a function (Sigmoid function), calculate the output of each middle 

layer unit: 
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Where 
j

b are the activation values of middle layer units.  

Calculate the input and output of each output layer units similarly to equation (7), 

(8): 
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Where 1, 2 , ,t q , and 
j t

  are the connection weights between middle layers and 

output layers. 
t

Y  is the threshold of output layer units. 

Currently two categories of classifier design have been widely used. One is based on 

the theory of classification decisions, and one is the neural network classifier. 

Compared with the decision theory, ANN algorithm does not require pre-determined 

threshold characteristics, and the whole identification process is a comprehensive 

analysis and determination using global features. There is no global impact or other 

defects due to the features without order as well as some of the features are distorted 

which will bring to inaccurate identification. So the ANN algorithm has better 

performance, and it improves the probability of correct identification in greater extent. 

 

3. System Identification Block Diagram based on Fractal and Neural 

Network 

Based on the above theoretical analysis, radar signal identification system block 

diagram is shown in Figure 2. 
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Figure 2. Radar Signal Identification System 

First pre-process the four intercepted radar signals, then extract their fractal dimension 

features, and calculate the fractal box dimension of different radar signals. As the fractal 

dimension has good anti-noise performance, therefore, it can extract relatively stable feature 

vectors as the input of neural network. Put one part of the extracted signal characteristics as 

training samples to the input of neural network system to train. And after accommodating the 

weights of each hidden layer of neural network, put another part of the extracted signal 

characteristics as the test sample into the trained neural network system to test the 

performance of the recognition classification system. Finally, calculate the recognition rate. 

 

4. Simulation Results and Analysis 

Select four radar signals FSK, PSK, LFM, CSF, which all have 1024 samples. 

Extract the fractal box dimension characteristics of four kinds of signals. The range of 

SNR is -20dB~ 20dB, calculate the fractal dimension characteristics values of four 

kinds of signals which is shown in Figure 3. 
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Figure 3. Fractal Dimension Characteristic Values of Four Signals under 
Different SNR 

From the curve in simulation graph, the following conclusions can be drawn: 

1. The fractal dimension characteristics of CSF signal is in a steady state with the 

changes of signal to noise ratio; 

2. When the SNR is 0dB, the box dimension values of CSF signal curve gradually 

began to have a clear gap contrast to the other three kinds of radar signals,; 

3. Observe the vertical axis of simulation graph, the fractal dimension values of 

different signals have little change with the variety of signal to noise ratio. When the 

signal to noise ratio is relatively in small fluctuations, it also has good stability. 

Based on the fractal dimension feature extraction, 200 samples of each signal are get, 

put the value of the extracted features as input of neural network, 100 signals as the 

training samples and 100 samples as the tested samples. Get the classification results as 

the output. Calculate the radar signal recognition rate in different SNR, compared the 

recognition rate under different SNR which is shown in Table 1. 

Table 1. The Radar Signals’ Recognition Rate under Different Changing 
SNR 

The range of SNR 10~15 12~17 14~19 16~21 18~23 

Recognition rate（%） 77.5 92.5 100 100 100 

 

In order to adapt the changing and instability of actual SNR environment, this 

experiment calculates the recognition rate of different signals in a certain changes range 

of SNR. Therefore, compare with the recognition rate calculating under stable SNR 

conditions, the recognition results is relatively low. However, from the statistical 
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results and the observation shown Table 1, with the SNR changing in the range of 5dB, 

it already reached a high recognition rate when the SNR is greater than 12dB. 

The eigenvalue of fractal box dimension has strong anti-noise performance, stability 

and good features. The neural network has the characteristics of adaptive capacity. 

Combined with the advantages of both methods, it can achieve good recognition results. 

The Recognition method of this article is more adaptive using in unstable environment 

compared with the traditional classification methods. So it can be used more widely in 

practical applications. 

 

5. Conclusion 

Fractal box dimension is an important parameter of fractal theory. It has the 

characteristics of good anti-noise performance, low complexity, and it can well describe 

the complexity of the signal. Neural network classifier has powerful pattern recognition 

ability. It can adapt the changes in the environment, and it can well handling the 

nonlinear problems. It also has better robustness and potential fault tolerance, so it has 

high recognition rate in practical.  

Extract the signals’ characteristics using fractal box dimension, and using neural network 

classifiers to classify and identify the radar signals, design the radar signal recognition system 

combined with the advantages of both, it will have good recognition results under a range of 

changing SNR. So it has wider application in engineering. 
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