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Abstract. Doppler signals of body movement are measured and collected by using X-band continuous 
wave radar to extract the human motion characteristics of radar echo. In order to suppress the cross 
terms more effective and retain the high resolution time frequency resolution, This paper construct a 
window function to the kernel function of Cohen bilinear time-frequency distribution, thus obtain a 
improved type of Cohen time-frequency distribution. We achieve good result in extraction of micro 
Doppler frequency characteristics of human gait.  

Introduction 
Using radar to detect human motion, the echo contains the Doppler frequency information generated 
by the human motion modulation. The human body is in a non-uniform rigid body motion state, the 
Doppler echo is time-varying, the body of the body of the different movements of the body will make 
its echo spectrum has a side lobe or broaden[1]. This phenomenon is called the micro Doppler Effect. 
According to the definition of the Navy Research Laboratory, the micro motion is part of the target or 
targets in addition to the mass translation vibration, rotational, and accelerated motion. Micro Doppler 
features are described from the frequency of the target micro motion characteristics. Human body 
movement characteristics include the movement of human body, the body's rotation, swing, etc. The 
detection of human motion characteristics of radar can judge the motion state of the human body static 
targets, and walk and run, and can be used in battlefield surveillance, security door, biomechanical and 
kinematic studies. For example, human gait patterns hands and legs swing the echo signal Doppler 
frequency shift, the incentive of micro Doppler frequency approximate sinusoidal modulation, this 
unique modulation by the amplitude and frequency of the two parameters can be described. Using 
time-frequency analysis technique to extract the micro Doppler features, it can effectively estimate the 
motion law of the human body. At present, the research on the feature extraction of human motion 
radar is mainly based on the measured data, and the micro Doppler motion characteristics of the human 
body are extracted by using non-stationary signal processing method[2,3]. 

Acquisition Micro Doppler Radar Echo of Human Motion 
In target speed in the same conditions, the shorter wavelength radar Doppler frequency produced by 
more and more conducive to extract the target speed change minor character and therefore high band 
is more conducive to human motion characteristic extraction. In this paper, we use the X - band radar, 
and the working frequency is 10.5GHz, and the transmission power is 200mW. The height of the 
human body is 1.70 meters, including walking, running, crawling three kinds of motion state.  
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Fig. 1. Doppler frequency of human gait 

Micro Doppler estimation target motion parameter of the premise, extracting micro Doppler of the key 
lies in the micro Doppler radar echo signal instantaneous frequency is estimated with high precision, 
need to focus on breakthrough has high time-frequency resolution of time-frequency distribution[2] 
and its efficient computation. 

Feature Extraction of Human Gait based on Wigner-Ville distribution 
In 1948, J.Ville introduced the Wigner distribution of E.P.Wigner in 1932, and many scholars have 
followed suit. After nearly half a century of development, the time frequency distribution of the theory, 
or in the engineering application, have become mature [98]. The Cohen bilinear time-frequency 
distribution estimation, the essence of which is the signal energy distribution in frequency plane, based 
on Wigner Ville distribution, the distribution is proposed by Wigner in the study of quantum mechanics, 
this distribution can be expressed as follows[3]:  

( , ) ( ) *( )
2 2

j t
SVD t s t s t e dωτ τ

ω τ−= + −∫                                             (1) 

In the formula (1), the signal s(t) appears 2 times, without any window function, which avoids the 
linear time frequency distribution such as short time Fourier transform (STFT) in time and frequency 
resolution in each other to contain Wigner Ville distribution is not linear, i.e. two signals and the 
Wigner Ville distribution is not every signal Wigner Ville distribution and, out of which more than an 
additional term. The third one is the cross terms of the two. Cross is real and mixed in between, and its 
magnitude is two times, cross terms in the presence of serious interference with people understanding 
of Wigner Ville distribution, especially when the signal becomes complex, Wigner Ville distribution 
will become meaningless[4]. 

 
Fig. 2. Wigner-Ville distribution of human gait 

Improved Cohen Bilinear Time-frequency Distribution 
Although the distribution of Wigner-Ville is attractive, its application is limited. In 1966, 
time-frequency analysis of Cohen Leon proposed a new time-frequency distribution of Wigner-Ville 
distribution, and then constructed a new time-frequency distribution method. The method can be 
expressed as： 

( , ) ( , ) ( , )TFRs t f WVDs t f d dτ θ τ θ τ θ= Φ − −∫∫                                        (2) 
Where Φ(τ,θ) is kernel function. The work of Cohen has the milestone significance. By choosing 
different kernel functions, the time frequency distribution of the desired characteristics can be 
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generated. Cohen is used to smooth the Wigner-Ville distribution in order to suppress the cross terms 
of Wigner-Ville distribution, and it is the cost of the whole distribution. According to the definition of 
Cohen, the time-frequency distribution can be expressed as a bilinear time frequency distribution. 

( )1( , ; ) ( , ) ( ) *( )
2 2 2

j t t
xP t f e x x dud dθ ω µθ τ τ

φ φ τ θ µ µ τ θ
π

− + −= + −∫∫∫                       (3) 

By choosing different kernel functions, the time-frequency distribution of different performances can 
be obtained. The convolution of the Fourier Transform of the time domain multiplication of the 
functions corresponding to the Fourier Transform (3) can be written as: 

21( , ; ) ( ) ( , ) ( , )
2x xP t f t W d dφ τ ω θ τ θ τ θ
π

= Φ − −∫∫                                      (4) 

Where Φ(t,ω) as the kernel function ϕ(τ,θ) of the two-dimensional Fourier Transformation. 
( )( , ) ( , ) j tt e d dθ ωτω φ τ θ θ τ− +Φ = ∫∫                                                  (5) 

It is known from (5), ( , ; )xP t f φ understanding for the two-dimensional convolution of the signal WVD 
and the kernel function of the WVD, convolution is equivalent to the filtering operation. The formula 
(4) expressed as below. 

( )1( , ; ) ( , ) ( ) *( )
2 2 2

j t j
xP t f e x x e d d dθ ωτ µθτ τ

φ φ τ θ µ µ µ τ θ
π

+∞ +∞ +∞− +

−∞ −∞ −∞

 = + −  ∫ ∫ ∫            (6) 

( )1( , ; ) ( , ) ( , )
2

j t
x xP t f e A d dθ ωτφ φ τ θ θ τ τ θ

π

+∞ +∞ − +

−∞ −∞
= −∫ ∫                                                 (7) 

In the fuzzy domain, the signal energy concentrated near the origin and cross energy will move away 
from the origin, through in ambiguity domain proper .By selection of kernel function ( , )φ τ θ , Cohen 
bilinear time-frequency distribution retain only the signal and eliminate the cross terms, thus we can 
obtain high time-frequency resolution time frequency distribution. In the time-frequency domain, 
Cohen bilinear time-frequency distribution is the result of kernel function of two-dimensional Fourier 
transform of the Wigner Ville distribution for smooth, smooth the Cohen bilinear time-frequency 
distribution of the signal spreading. When the frequency resolution reduce, sometimes even lose some 
good performance. A wide of the smoothing function, the ambiguity domain is a narrow weighted 
window. At this time the window function can better suppress the cross terms, makes Cohen bilinear 
time-frequency distribution of signals is not focused, on the contrary, a wide of the smoothing function, 
the ambiguity domain is a wide window weighted, it makes Cohen bilinear time frequency distribution 
of signal is more concentrated, but inhibited cross ability is poor. Therefore, the selection of smoothing 
functions needs to be a compromise between the suppression of the cross term and the improvement of 
the resolution[5]. 
In order to more effective for suppressing the cross terms, at the same time as possible to retain the 
high resolution time frequency resolution, this paper in Cohen bilinear time-frequency distribution 
based on kernel function were windowed processing, thus obtained for a class of improved type of 
Cohen class time-frequency distribution[6]. we refer to as the core and window Cohen bilinear 
time-frequency distributions. Through to kernel windowing and Cohen class time-frequency 
distribution ability to suppress cross terms has been greatly improved, at the same time frequency 
resolution has been retained as far as possible, because can change the shape of the window function, 
so that the energy of the kernel function in fuzzy domain concentrated in the neighborhood of the origin, 
so as to improve the cross term suppression ability. Signal s(t) of the nuclear and Cohen type bilinear 
time-frequency distribution can be expressed as follows. 

( )1( , ; ) [ ( ) ( , ) ( )] ( ) *( )
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Among them, ( )g θ  and ( )h τ are respected as in frequency domain and time domain smoothing 

window. Before window processing of kernel function 
2 2
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−

=  (where σ> 0), the fuzzy domain 
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energy of kernel function distribution is more dispersed. After window processing of kernel function, 
the result is shown as below. 

 
Fig. 3. Improved Cohen Bilinear distribution of human gait 

Conclusion 
As shown in fig.3, kernel function in fuzzy domain energy will be concentrated in the vicinity of the 
origin, so kernel windowed Cohen class time-frequency distribution has better cross term suppression 
ability. Selecting a proper window function to the weighted kernel function, then processing 
two-dimensional filtering of the Wigner Ville distribution of signal ( )s t , we can effectively suppress 
the cross terms, and be as far as possible to retain the Wigner Ville distribution of the advantages of 
high frequency resolution. In the ambiguity domain, the signal energy concentrated near the origin and 
cross energy will move away from the origin, through in the ambiguity domain proper window function 
of kernel function ( , )φ θ τ  are weighted, Cohen bilinear time-frequency distribution in fuzzy domain 
energy completely distributed near the origin, in order to inhibit cross terms. In practice, we can use the 
window function including Hamming window, Hanning window, Bartlett window, Blackman window, 
Gauss window and Kaiser window. 
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