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ABSTRACT 
 

With the development of space technology and continuous exploration of outer space, more extensive use 
of electromagnetic spectrum and high speed of target will make electromagnetic environment become more 
and more complex. So the influence of clutter can not be ignored. How to model and analyze clutter is very 
important in the research field of radar. In this paper, we research on the principle of ZMNL (Zero Memory 
Nonlinearity) method and the basic way of clutter modeling. Then based on the characteristics of Rayleigh 
distribution, we use ZMNL method to generate Rayleigh distribution clutter. Simulation results show that 
the generated clutter approaches the theoretical value and the method is effective. Finally, the whole paper 
is summarized. 
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1. INTRODUCTION  
 

The word radar is an abbreviation for radio 
detection and ranging, which seems to have 
achieved universal acceptance all over the world. 
The invention of radar is inspired by the 
echolocation animals, such as bats and dolphins. 
The radar’s basic function is intimately related to 
properties and characteristics of electromagnetic 
waves as they interface with physical objects. With 
the improvement of modern technology, radar 
develops rapidly with various needs of people. All 
early radars use radio waves, but some modern 
radars today are based on optical waves and the use 
of lasers. Development of radar technology was 
accelerated during World War Ⅱ. Since that time 
development has continued such that present-day 
systems are very sophisticated and advanced. More 
and more modern radar are proposed, for example, 
cognitive radar[1], MIMO radar[2], etc. 

With the development of space technology and 
continuous exploration of outer space, more 
extensive use of electromagnetic spectrum and high 
speed of target will make electromagnetic 
environment become more and more complex. The 
influence of clutter can not be ignored. Clutter from 
ground and sea makes an influence on radar 
performance. Modeling clutter accurately can 
improve radar detection performance and provide a 
realistic simulation environment of radar clutter. So 
it is becoming a hot topic in the research and 
engineering field. 

In [3], the authors propose a new method of 
modeling and simulation of temporal-spatial-
correlated (TPC) clutter, based on the weighted 
norm in discrete complex linear space and a simple 
matrix transformation. In [4], the authors propose a 
clutter model for such scanning radar applications 
taking the effect of scanning on the clutter 
correlation into consideration. In [5], the authors 
present a statistically non-Gaussian, space-time 
clutter model in varying bistatic geometrical 
scenarios to validate the potential space-time 
adaptive processing (STAP) algorithms for airborne 
bistatic radar clutter suppression under non-
stationary and non-Gaussian clutter environments. 
In [6], the authors propose an improved empirical 
model for radar sea clutter reflectivity. In [7], the 
authors propose a model for generating low-
frequency synthetic aperture radar (SAR) clutter 
that relates model parameters to physical 
characteristics of the scene. In [8], using data-sets 
with different characteristics, the authors 
investigate the effects of quantization error, 
measurement noise, generalization of the neural net 
over ranges and sampling rate on the RBF clutter 
model. In [9], the authors suggest using curved 
wave spectral estimation (CWS) that yields reliable 
results for any refractivity profile, in contrast to 
plane wave spectral estimation. In [10], the authors 
show a sample of results from a statistical and 
spectral analysis of a set of sea spikes selected from 
the radar returns, focusing on their Doppler 
properties, the spike duration and the temporal 
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interval between spikes. In [11], the authors analyze 
three sets of high-resolution, coherent, and 
polarimetric radar sea clutter data and compare with 
radar sea clutter models. 

In this paper, we first research on the principle of 
ZMNL method and the basic way of clutter 
modeling with it. After analyzing the characteristics 
of Rayleigh distribution, we use ZMNL method to 
generate Rayleigh distribution clutter. Finally, we 
compare the generated clutter with the theoretical 
value in simulations. 

2. FUNDAMENTAL PRINCIPLE OF ZMNL 
 

We consider a modern radar system. Figure 1 is 
block diagram of cognitive radar. Different from 
traditional radar, cognitive radar is constructed 
using three parts: intelligent signal processing, 
information feedback loop, and soft information 
processing. In cognitive radar system, the radar 
continuously learns about the environment through 
experience gained from interactions of the receiver 
with the environment, the transmitter adjusts its 
illumination of the environment in an intelligent 
manner and the whole radar system constitutes a 
closed-loop dynamic system. 

 

 
Figure 1: Block Diagram Of Cognitive Radar 

 
In the diagram, we can see that radar scene 

analyzer is an important part in cognitive radar, the 
basis of which is clutter modeling and analysis. The 
function of the radar-scene analyzer is to provide 
information on the environment to the receiver, 
which is very important to the decisions made by 
the receiver on possible targets of interest. This 
function builds on two sources of information-
bearing signals. Radar returns, which are produced 
by the environment in response to the radar’s own 
transmitted signal. Other relevant information on 
the environment (e.g., temperature, sea-state, 
pressure, humidity), which is gathered on the fly by 
sensors other than the radar itself. These two 
sources of inputs constitute the stimuli for the 

outside-in part of radar cognition. So it is very 
necessary to model and analyze clutter accurately.  

The simulation of clutter data should not only 
meet a certain probability distribution in amplitude, 
but should also meet the requirements in correlation 
properties. That is to say, the first-order and 
second-order characteristics of the data have to be 
produced to meet the requirements of the clutter. In 
addition, sometimes it is required to produce 
coherent and incoherent signals, so that there is also 
a coherent related sequence and incoherent related 
sequence division in corresponding clutter signal in 
system simulation. 

There are three methods in radar clutter 
simulation. The first one is Monte-Carlo simulation. 
If we want to simulate single point statistics (first-
order characteristics), there are many methods 
which are also quite mature. According to statistical 
model provided by the theoretical and actual data, 
the method of producing relevant random sequence 
which has a certain probability are under 
investigation, among which are three relatively 
representative related radar clutter simulation 
methods at present: the method of spherically 
invariant random process (SIRP), the method of 
zero memory nonlinearity transformation method 
(ZMNL) and the method of stochastic differential 
equation (SDE). By contrast, ZMNL and SIPR two 
methods are relatively mature, and the application 
is more widespread. This paper mainly uses ZMNL 
method. 

ZMNL can realize the simulation of several 
common distribution clutters, and the application of 
it is restricted to some factors, for example, the 
shape of power spectrum. ZMNL is the most 
commonly used method in the simulation of related 
radar, as it realizes easily and has a fast simulation 
rate after the generation of related Gaussian 
sequences. 

The second one is according to the physical 
model of electromagnetic scattering theory, take 
computer numerical simulation considering several 
kinds of environment and radar working conditions. 
The third one is clutter simulation methods 
employed in radar function simulation based on 
radar equation, contrary to specific radar 
environment and parameters.  

For inputting Gaussian random process, any 
ZMNL dose continuate its output spectrum 
smoothly. In the actual derivation process, the 
expression is too complex to deal with. We have to 
make necessary approximation to make it easier, 
although it will cause certain differences in the 
results.  
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Usually the difference is very small, because the 
given related function attenuates quickly or before 
and after nonlinear transformation, the relation of 
input/output correlation function is close to linear. 
Some people also pointed out that we should keep 
the balance between correlation and PDF. 

The basic method of ZMNL is to transfer the 
relevant Gaussian random sequence process to the 
required relevant random process by a sort of 
nonlinear transformation. After selected nonlinear 
transformation form through the relationship of 
clutter distribution function, the relevant 
characteristics of Gaussian process before the 
transformation can not be optionally designated, we 
should find out the transformation relationship 
between the correlation function before and after 
the transformation according to the concrete 
transformation method. Then we can derive 
correlation function of Gaussian process before the 
transformation by the given non-Gaussian process 
related function, which is the key to this method.  

The concrete block diagram of the clutter 
modeling with ZMNL method is as follows: 

 

Linear Filter 
H(z)

( )w k ( )y k Nonlinear 
Transformation

( )z k

 
Figure 2: Block Diagram Of The Clutter Modeling  

With ZMNL Method 
 
As is shown in the figure 2, white Gaussian 

random process change into relevant (non-ferrous) 
Gaussian process after getting through the filter 

( )H z , this process can obtain the required clutter 
sequence ( )z k  after the nonlinear transformation. 
No breaking generality, assuming that ( )w k  is a 
unit power white Gaussian random process whose 
mean value is zero, and the coefficient of the filter 

( )H z is normalized, so ( )z k  should have unit 
variance. 

The premise of the application of this method is 
that we should get the nonlinear relationship 
between the input and output of correlation function 
in nonlinear transformation. But because the 
nonlinear transformation will make the spectrum 
broaden, making the autocorrelation function 
between ( )z k  and ( )y k  has a very complex 
transformation relationship. So for some 
distribution model of the clutter simulation, it is not 
easy to get the autocorrelation function of ( )y k  
from the autocorrelation function of ( )z k , such as 

Weibull distribution clutter and K distribution 
clutter. 

The basic way of clutter modeling with the 
method of ZMNL is as follows: 
(1) Produce white Gaussian noise sequence ( )w k ; 
(2) Make white Gaussian noise sequence ( )w k  get 
through a linear filter ( )H z , so that we can get 
relevant Gaussian sequence ( )y k ; 
(3) After making nonlinear transformation in 
relevant Gaussian noise sequence ( )y k , we can 
get  related sequence ( )z k  with certain probability 
distribution. 

 
3. GENERATION OF RAYLEIGH 

CLUTTER 
 

The probability density distribution function of 
Rayleigh distribution is  

2

2 2exp( )       0
2v v

x xx xρ( ) = − ≥
σ σ

      (1) 

where x  is clutter amplitude, vσ  is standard 
deviation of clutter. Curve of probability 
distribution of Rayleigh clutter is in figure 3. 
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Figure 3: Probability Distribution Of Rayleigh Clutter 
 
The distribution function according to probability 

density distribution function is  
21 exp[ ( ) ]R

v

xF = − −
σ

                (2) 

In order to well describe the relationship of 
parameter vσ  and environment, let v 0σ = σ/λ  
into formula (1), we can get  

2 2 2

2 2exp[ ], 0
2

x xx x0 0λ λ
ρ( ) = − >

σ σ
      (3) 
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where 0λ  is radar working wavelength. So 
parameter is independent with wavelength. 

 
Rayleigh distribution clutter generation is 

relatively simple. The principle diagram of 
generation of Rayleigh distribution clutter is as 
follows: 

 

1n

2n

a

b
( )H z

 
Figure 4:  Principle Diagram Of Generation Of  

Rayleigh Distribution Clutter 
 
In figure 4, 1n  and 2n  are subject to 2(0, )N σ , 

which is an independent white Gaussian noise. 
After getting through linear filter ( )H z , the power 
spectrum density of clutter’s two orthogonal 
components is 

2 2| ( ) |jw
aa bbP P H e= = σ    (4) 

Among them, 2 2x a b= +  obey the Rayleigh 
distribution. 

We can obtain Rayleigh distribution clutter after 
making amplitude transformation to Gaussian 
distribution clutter, so the key to produce Rayleigh 
distribution clutter lies in designing filter according 
to the noise power spectrum characteristic, which 
can make two non-related Gaussian sequences 
change into related Gaussian sequences. We will 
use the method of Fourier series expansion to 
design filter, making noise sequence have the 
characteristics of Gaussian spectrum. 

The filter's transfer coefficient expression is 

0
( )

N
i

i
i

H z g z−

=

= ∑                    (5) 

Frequency response is 

2

0
( )

N
jwT i fTj

i
i

H e g e π−

=

= ∑             (6) 

And the Gaussian spectrum density of clutter is 
known as 

2

2( ) exp( )
2 f

fS f = −
σ

               (7) 

When the input for white noise 
2( ) | ( ) |S f H f=            (8) 

Therefore the Gaussian response of designed 
filter is 

                  
2

2| ( ) | exp( )
4 f

fH f = −
σ

             (9) 

 
Make expansion for Fourier series 

0

1
| ( ) | cos(2 )

2

N

n
n

CH f C fnTπ
=

= + ∑   (10) 

   Take absolute value of formula (6), according 
to the even function characteristic knowledge of 
frequency spectrum, nC  in formula (9) is equal to 

ia  in formula (6), which is the weighting 
coefficient of this filter, due to the frequency 
response is known, it is easy to determine the 
coefficient of Fourier series is 

2 2 2 2
0

02 f n T
n fC T e ππ −4σ= σ            (11) 

In this formula, 0T  is sampling cycle, the 
relationship between the filter coefficient g  and 
the Fourier series C  is 

1 0
2
1
2

i

i

i

C i N
a

C N i N

               ≤ ≤= 
          ≤ ≤ 2  


          (12) 

 Through the analysis above, the filter coefficient 
can be determined. The power spectrum of the 
sequence of random after getting through this filter 
has the characteristics of Gaussian spectrum. Then 
we will make Rayleigh distribution clutter 
simulation in a certain condition through the steps 
we have told above, and analyze the results of 
simulation. 

The following are the situations whose amplitude 
obeys Rayleigh distribution. 
(1) Ground clutter, sea clutter and weather clutter 

of low-resolution radar; 
(2) Weather clutter, foil and sea clutter of high-

resolution radar under big grazing angle; 
(3) Ground clutter in undeveloped terrain under 

big grazing angle. 
 
4. SIMULATIONS 
 

In this section, we will compare the generated 
clutter with the theoretical value. 

Simulation parameters are set up as follows. The 
length of the random sequence is 8000 points, 
power spectrum using Gaussian spectrum model. 
Sampling frequency 2000sf Hz= , standard 
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deviation of random sequence 1.2vs = , the 

center frequency 0 0f Hz= , wavelength 

0 0.08l = . Simulation results are in figure 5 to 
figure 8. 
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Figure 5:  Independent Non-Relevant Gaussian  

Random Sequence 
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Figure 6: Rayleigh Distribution Clutter 

 
Figure 5 to figure 8 present the results of 

Rayleigh distribution clutter simulation with the 
method of ZMNL. Figure 5 is independent non-
relevant Gaussian random sequence, and figure 6 is 
Rayleigh distribution clutter obtained in simulation. 
We can get the changes of sequences before and 
after the simulation comparing figure 5 with figure 
6.  
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Figure 7: Distribution Of Clutter Amplitude 

Figure 7 shows the comparison between actual 
amplitude distribution of clutter and the theoretical 
amplitude distribution of clutter. It can be seen that 
both are basically consistent with each other.  
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Figure 8: Clutter Spectrum 

 
Figure 8 adopts the method of Pburg to estimate 

the power spectrum of clutter that has been 
generated, and shows the comparison with 
theoretical Gaussian power distribution. It can be 
seen that both are consistent with each other. 
Spectrum broadening is small, and the error of high 
frequency part is smaller. 

 
5. CONCLUSIONS 
 

In this paper, take cognitive radar for example, 
we describe the importance of radar clutter 
modeling and analysis. After making a detailed 
analysis of ZMNL, we use it to generate Rayleigh 
distribution clutter. Simulation results show that 
actual amplitude distribution of clutter and the 
theoretical amplitude distribution of clutter are 
basically consistent with each other. Actual 
Gaussian power distribution and theoretical 
Gaussian power distribution are consistent with 
each other. Spectrum broadening is small, and the 
error of high frequency part is smaller. So we can 
conclude that the generated clutter approaches the 
theoretical value and our method is effective.  

How to model and analyze clutter is very 
important in the research field of radar, as well as in 
the engineering field. It is very necessary to 
develop more accurate and faster clutter generation 
methods in the future research. 
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