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Abstract. Most of the current clutter simulations are based on theoretical models, radar emission wave and undulating 
ground, vegetation cover and other factors considered less, this could lead to lower degree of simulation. This paper 
presents a clutter simulation method based on digital terrain model, combined with ground data and radar emission waves 
to generate a more realistic ground clutter data. 
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1. INTRODUCTION 

Radar target environment simulation is a combination of modern analog technology and radar technology. It is 
the establishment of radar system model, the use of hardware and software means to reproduce the radar system 
dynamic work process means. The radar simulator based on this technology is a powerful tool for debugging and 
testing radar and also can be widely used in radar military simulation training. Clutter simulation is an important part 
of the radar target environment simulation, and it is also an important factor in the evaluation of the environmental 
model in the system. 

The existing clutter simulation model, most of them need to set the model parameters, and then produce a 
specific model of the clutter, such as Rayleigh model, logarithmic normal model, these models cannot effectively 
combine radar-transmitted wave and antenna-related features, such as radar sidelobe effects, etc., and cannot be 
based on real-time changes in terrain and geomorphology to re-change the model parameters, access to real-time 
closer to the real clutter model. Based on the above conditions and the status quo, this paper presents a simulation 
model of generated clutter based on digital terrain model, make it closer to the real natural environment to get more 
realistic simulation results.  

2. RESEARCH STATUS 

At present, the clutter is generally regarded as a random process, different clutter amplitudes conform to a 
specific probability distribution model. One of the main statistical properties of the clutter is clutter amplitude 
distribution characteristics, commonly used classical statistical models include Rayleigh distribution, Weibull 
distribution, and logarithmic normal distribution and so on. 

2.1 Rayleigh distribution model 

The Rayleigh distribution is suitable for describing meteorological clutter, chaff interference, ground clutter of 
low resolution radar (Antenna beam width greater than 2 ° , pulse width greater than 1 us ) and when the radar 
clutter in a clutter cell contains a large number of independent, no strong scattering point, the clutter envelope obeys 
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the Rayleigh distribution. According to stochastic process theory, the orthogonal two-way signal of Rayleigh 
distribution clutter can be composed of two related Gaussian sequences.  

If x  represents the envelope amplitude of the Rayleigh distribution clutter echo, the probability density function 
of x  is: 
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The distribution function is: 
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Where δ is the standard deviation of the clutter. 
Since the noise in the radar target environment also follows the Rayleigh distribution, therefore this model can 

also be used to represent noise in a radar target environment. 
The simulation results shown in Figure 1: 

 
FIGURE 1. Rayleigh distribution clutter simulation. 

2.2 Logarithmic normal distribution model 

In many practical applications, when the high-resolution radar on the ground for low incidence angle detection, 
the distribution of clutter is obviously different from Rayleigh distribution, the probability density function of its 
clutter envelope will have a long tail, and with the ground ups and downs increased, the deviation between the actual 
clutter distribution and the Rayleigh distribution also increases. Through the analysis of the experimental results, 
when selecting the appropriate parameters, Log-Normal distribution and the measured curve can be a good fit, that is 
to say, with the improvement of radar discrimination ability, the tail of the clutter becomes longer and the 
backscattering characteristic deviates from the Rayleigh distribution and conforms to the Log-Normal distribution. 

If x  represents the envelope amplitude of the Log-Normal distributed clutter echo, the probability density 
function of x  is: 
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The distribution function is: 
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Where μ is the scale parameter, representing the mean of the distribution, δ is the shape parameter, indicating the 
deviation of the distribution, ( )...erfc is the residual error function. 

Advances in Engineering Research, volume 123

531



The trailing of the Log-Normal distribution increases with increasing δ, the ratio of the mean to the median 
2

2ρ e
δ

=  can be used to control the shape of the distribution, survey about the actual noise data show that: The value 
range of ρ is generally [1.065,1.93], δ corresponds to a range of [0.355,1.147]. 

Log-Normal distribution has a longer tail, and therefore apply to low incident angle, complex terrain clutter data 
or flat area high resolution ground clutter data. 

The simulation results shown in Figure 2: 

 
FIGURE 2. Logarithmic normal clutter simulation. 

2.3 Weibull distribution model 

Weibull distribution is the general case of Rayleigh distribution and Log-Normal distribution, the dynamic range 
is between the Log-Normal distribution and the Rayleigh distribution, so that the actual clutter distribution can be 
accurately represented in a wider range. 

If x  is the envelope amplitude of the Weibull distribution clutter echo, the probability density function of x  is: 
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The distribution function is: 
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Where q is the scale parameter, representing the mean of the distribution, p is the shape parameter, indicating the 
deviation of the distribution. When the q is fixed, the trailing of the Weibull distribution increases with the decrease 
of p. The Log-Normal distribution and the Rayleigh distribution are special examples of the shape parameter p of the 
Weibull distribution. 

In general, terrestrial clutter can be described by Weibull distribution in the case of high resolution radar and low 
incidence angles. 

The simulation results shown in Figure 3: 

 
FIGURE 3. Weibull distribution clutter simulation. 
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2.4 Shortages 

(1) Directly using the classic model for simulation, without considering the terrain changes, so that the 
simulation results tend to idealized. 

(2) There is no connection with the radar launch wave, ground clutter generated out of thin air, the result is not 
realistic. 

3. BASIC THEORY 

Set the radar to send the wave signal to ( )s t , after a delay of dkt , the clutter echo signal ( )kc t  of the Kth 
clutter tile is obtained. The following expression can be assumed: 

   ( ) ( )k dkc t L s t t= ⋅ −                                                                        (7) 

Among them, L  is the voltage amplitude attenuation coefficient, including distance attenuation, gain of the 
antenna in this direction, RCS variation of clutter tiles, and the like. 

The relationship between the transmit power and the received power: 
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Whereby the attenuation coefficient L  is obtained: 
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Where the antenna gain G  varies with the angle, that is, the antenna pattern, you can get the relevant data 
through the table, σ  is the equivalent RCS of the clutter tile unit. Therefore, the final formula is: 
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RCS is equal to the product of the backscatter coefficient 0σ and the ground clutter tile area, 0σ  is an important 
concept in the study of ground clutter properties, and is also the most basic research object, clutter characteristics of 
a key indicator. Many scholars at home and abroad through a large number of field experiments and experimental 
data obtained by the statistical analysis of a variety of empirical models, such as Morchin models. 

Morchin proposed a posterior scattering empirical model for a variety of landforms, this model takes into 
account the reflection components of the vertical mirror, as follows: 

   
( )20

0 2
0 2

0

tansin cot exp
tan

c BA u
θs θs β

λ β
 −

= + − 
 

                                       (11) 

Among them, 0 4.7u f= , ( )arcsin 4c ehθ λ π= , 2.2
09.3eh β= .This model is suitable for a variety of 

landforms, such as desert, farmland, hills, mountains, etc., have a higher accuracy. 
In addition there are γ  models, fγ −  models and so on. Choose the appropriate model will be able to get 

more accurate 0σ  value 
By the above formula, ground clutter and radar launch wave, antenna pattern, equivalent RCS and other factors 

established contact, by doing so, and the more realistic clutter simulation results are obtained. 

4. CONCLUSION 

In summary, traditional research mainly uses statistical methods to extract clutter statistical characteristics, 
different clutter models are proposed for different irradiation environments and radar systems, such as Rayleigh 
distribution, lognormal distribution, Weibull distribution and so on. These models are obtained from the data itself 

Advances in Engineering Research, volume 123

533



and the statistical assumptions, they cannot effectively combine the radar emission and antenna pattern of the 
relevant characteristics, such as radar sidelobes, etc., and cannot be based on real-time terrain changes to change the 
model parameters, get real-time closer to the real clutter model, therefore, this paper presents a generation of clutter 
simulation model based on digital terrain model, and makes it closer to the real natural environment. 
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