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Abstract. The analyses of the signal using the power spectrum and autocorrelation function are insufficient. We do 
not have complete information about such signals, because of the loss of the phase information in the power 
spectrum and autocorrelation function. In that case, it is very important using higher order statistics (HOS). We are 
using higher order statistics to differ moving object from noise. Besides, finding coherent components in spectrum 
gives a great opportunity in identification tasks. Experiments were done with IQ continue wave (CW) radar. 
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1. Introduction. 
 

Availability of radars gives huge opportunities in different areas. One of these areas is detection. 
Radars could be used for observation of huge areas for unwanted moving objects detection. The main 
detection methods are based on received signal energy spectrum estimating. As it is known, second order 
statistics, such as autocorrelation function and power spectrum provide only information amplitude 
information, but that information is not enough for pedestrian detection. For more information about moving 
human, such as pedestrian, we need more deeply analysis of received signal.  

  The reflected signal from narrative moving object with constant velocity estimation shows that in 
power spectrum there is only one useful frequency. That frequency is Doppler shift frequency. In case, when 
the object is moving with acceleration, there is spectrum correlation. The picks are appearing. It becomes 
more difficult to separate useful picks from noise. For example, separate useful picks, which are belong to 
moving pedestrian, from noise. Therefore, it is very important to estimate phase information. In this case, it 
is very important to use more powerful tool such as higher order statistics [1-3]. 

As it is known, the second order statistics, i.e. autocorrelation, power spectrum and etc are phase blind 
[4]. That is why cumulants and their Fourier transforms, known as higher order statistics, become very 
important. The phase information can be provided by higher order statistics such as third-ordered 
autocorrelation function and third-ordered spectra known as bispectrum [5]. Using of higher order statistics 
gives opportunities to find not only amplitude information, but phase information in addition. We are using 
higher order statistics to disclose pedestrian micro-Doppler signature.  

Receiving signals from moving objects, especially from pedestrian, are classified in special group. The 
pedestrian global motion consists of several micro-motions. He has center of gravity and his hands and legs 
are moving concerning that center. Pedestrian hands and legs are moving in opposite sides. The speed of 
pedestrian hands and legs are allocated between null and double of pedestrian body moving speed. So we 
have mathematical pendulums with opposite phases but with the same frequencies. This means that we have 
Doppler shift to different sides [6, 7]. In general, they are micro-Doppler shifts, because the pedestrian 
motion includes different body parts with different motion structure [8-11]. 

In this paper, we have received IQ signal using ground surveillance radar. That signal was received 
from moving target [12, 13]. At first sight in power spectrum, we have signal, which gives full description of 
pedestrian. However, deep analysis using HOS gives great opportunity to find phase coupled components in 
spectrum.  
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2. Method Description. 

Received signal contains useful information. For disclosing that information, it is necessary to find 
available length of reflected signal spectrum. The discretization step number is 4000N  . Analyzing time 
will be a dT NT , where aT is the analyzing time and 0.0001dT s  is a discretization time.      

As it is mentioned above, reflected signal from pedestrian is very difficult. It means we have signal, 
which includes frequencies, where 1,2,...i    
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where 1j   . 

(n, l)xR triple autocorrelation function and (p,q)xB  bispectrum are functions of two variables. (n, l)xR triple 
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  is the mean value. (p,q)xB bispectrum is 

complex-variable function of two independent frequencies p and q. It can be written as 2-D discrete Fourier 
transform of triple autocorrelation function: 
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Namely, for two 1f  and 2f independent frequencies equation (5) will be written as 

*
1 2 1 2 1 2(f , f ) S(f )S(f )S (f f )B                                                              (6) 

If 3 1 2f f f  or 3 1 2 1 2, (f , f ) 0B     . So, reflected signal from contains coherent components and 

those components can be found using HOS, i.e. by equation 6.  

 

 



Hakhoumian et al. || Armenian Journal of Physics, 2016, vol. 9, issue 2 

112 
 

3. Moving Object Detection.  

Reflected signal from pedestrian consists of several micro-motions. They are  
micro-Doppler shifts, because the pedestrian motion includes different body parts with different motion 
structure [6].In power spectrum the phase relations between micro-Doppler harmonics are lost. Therefore, it 
is impossible to recover phase-coupled frequencies by energy spectrum estimation. So to keep phase 
information is essential. Under those circumstances, using in-phase (I) and quadrature (Q) components is 
sufficient for keeping phase information to retain useful picks in bispectrum graph. Ground surveillance 
radar’s block-scheme is illustrated in Fig. 1. 

 
 

 

 

 

 

 

 

 

 

Fig. 1. Simplified block-diagram of Ku-band CW Radar.  

 

Take in account that Doppler frequency of pedestrian in Ku-band is lying on 10 Hz to 100 Hz due to 
phase features distortion phase noises have the highest importance. For this reason in ground surveillance 
radar system VCO and LO are chosen ultra-low phase noise. Although, LO has high linearity. There is need 
to estimate whole spectrum because pedestrian can move away and toward the radar. In Fig. 2 are illustrated 
pedestrian moving away (a) and toward (b) the radar.   
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a) 

 

b) 

Fig. 2. The spectrum of moving pedestrian away (a) and toward (b) the radar. 

As it is shown on Fig. 2 with coherent components, which we have received from moving object, we 

infuse two non-coherent components which picks are situated in 900f Hz . Those non-coherent signals 

can be jammers, clutter, oscillator and etc. This was for show one of the main properties of bispectrum, i.e. 
phase coupling phenomenon [11]. In Fig. 3 are illustrated complex fast Fourier transform (FFT) and 
bispectrum estimation of received signal. There we have clutter and generated non-coherent signals.   
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a) b) 

Fig. 3. Complex FFT (a) and bispectrum (b) of the received signal.  

As it is shown on Fig. 3 (a) from both sides on 900f Hz  we have non-coherent signal. Signal to 

noise ratio is 15SNR dB , But on Fig. 3 (b) we have no such kind of picks because they are non-coherent 
signals, henceforth they aren’t phase coupled. 

Ground surveillance radar emitted signal is reflected from all oscillating parts of the moving object. 
The complex FFT and bispectrum estimation of moving object are shown on Fig. 4.  

a) b) 

Fig. 4. The complex FFT (a) and bispectrum estimation (b) of moving object 

As it is seen from Fig. 4 (b) non-coherent components on bispectrum graph are suppressed. There is 
only useful information, i.e. reflected signal from the moving target with its own coherent components. At 
the same time signal to clutter ratio for complex FFT is 25dB , meanwhile for bispectrum is 35dB . 
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Comparative analysis the result in Fig. 4 a) and b) allows to summarize that the benefits purchased by 
bispectrum-based approach is approximately10dB  . 

 
Fig. 5. Bispectrum XOY cross section 

 The most important property of bispectrum is disclosing of target motion structure. As it is shown on 
Fig.5 the bright points are phase coupled components. They are 

(60 ,60 ),(110Hz,30Hz), (30Hz,110Hz), (80Hz,70Hz)and(70Hz,80Hz)Hz Hz  .These all components 

belong to moving target.  

 4. Conclusions. 
 

Thus, in this paper was shown one of the most important property of HOS i.e. phase-coupled 
frequencies finding. In particular, phase information finding using HOS has been examined. The most 
important points of HOS and bispectrum estimation are given and it has been shown that they could provide 
information, which is impossible at second order statistics. Besides, the SNR of bispectrum better, than FFT. 
Finally, moving target identification method was presented. It gives opportunity to detect and find phase 
coupled components i.e. the coherent signals. Certainly, the results are very promising.  

 
References.    

 
[1]. Miao Liu, Sheng Li, HaoLv, Ying Tian, Guohua Lu, Yang Zhang, Zhao Li, Wenzhe Li, Xijing Jing, 

and Jianqi Wang “Human Detection Algorithm Based on Bispectrum Analysis for IR-UWB Radar”, 
“Advanced in Neural Networks” part 1,pp. 674-681, Dallan, China 2013 by Springer 

[2]. A. Totsky, I. Kurbatov, V. Lukin, A. Zelensky, ”Use of 2-D filtering of bispectrum estimations for 
1-D signal  reconstruction in mixed noise environment”, Proc. Second International Workshop on 
Spectral Methods and Multirate Signal Processing SMMSP’2002, Toulouse, France, pp. 171-178, 
2002.  

[3]. A. Totsky, O. Krylov, I. Kurbatov, V. Lukin, J. Astola, and K. Egiazarian, “Statistical investigations 
of bispectral and image restoration for Gaussian and non-Gaussian noise environments”, Proc. 
International TICSP, Workshop on Spectral Methods and Multirate Signal Processing 
SMMSP’2001, Pula, Croatia, pp. 231-241, June 2001.  

[4]. Saeed V. Vaseghi “Advanced digital signal processing and noise reduction” second edition, 2000 
UK by John Wiley & Sons, Ltd. 



Hakhoumian et al. || Armenian Journal of Physics, 2016, vol. 9, issue 2 

116 
 

[5]. Totsky A.V., Lukin V.V., Zelensky A.A., AstolaJ.T., Egiazarian K.O., Khlopov G.I., 
MorozovV.Ye., Kurbatov I.V., Molchanov P.A., Roenko A.A., Fevralev D.V. “Bispectrum-based 
methods and algorithms for radar, telecommunication signal processing and digital image 
reconstruction”  pp. 1-43. 

[6]. Avagyan, H. and Hakhoumian, A. and Hayrapetyan, H. and Poghosyan, N. and Zakaryan, T. “Novel 
Method of Cardiac Activity Extraction in L-Band Cw Radars.” Armenian Journal of Physics, 6 (2). 
pp. 92-96. ISSN 1829-1171, 2013. 

[7]. Avagyan, H. and Hakhoumian, A. and Hayrapetyan, H. and Poghosyan, N. and Zakaryan, T. 
“Portable Non-Contact Microwave Doppler Radar For Respiration And Heartbeat Sensing.” 
Armenian Journal of Physics, 5 (1). pp. 8-14. ISSN 1829-1171, 2012. 

[8]. P. Molchanov  “Radar Target Classification by Micro-Doppler Constributions” Tampere University 
of Technology, pp. 2-3 Tampere, 2014. 

[9]. V.I.Lutsenko, I.V. Lutsenko, G.I. Khlopov "Microwaves and UHF - range backscatter spectral 
model of biological objects", "Electronic waves and electronic systems" vol.12, pp. 9-21, 
"Radiotekhnika", 2007. 

[10]. A.A. Hakhoumian, E.R. Sivolenko “Pedestrian detection using higher order statistics (HOS) or 
polyspectral analyses”,  proceedings of the International Conference on “Microwave and THz 
Technologies and Applications”, p 68-71, 2014 Aghveran, Armenia. 

[11]. A.Muzhikyan, A.Hakhoumian, S.Martirosyan, V.Nikoghosyan, N.Poghosyan, T.Poghosyan, 
K.Rustamyan, and T.Zakaryan, “Short-Range Ku-Band Hybrid-Mode CW-LFM Radar” Proc. of 11-
th International Radar Symposium (IRS-2010), Vilnius, Lithuania, 16-18 June, 2010, pp.478-481 

[12]. A.A. Hakhoumian, E.R. Sivolenko “Pedestrian Micro-Doppler Signature Disclosure as a Carrier 
Suppressed Amplitude Modulated Signal Detection” Armenian Journal of Physics, 2015, vol. 8, 
issue 4, pp. 180-184. 

[13]. W. Kicinski, A. Szczepanski “Quadratic Phase Coupling Phenomenon and its Properties” Akademia 
Marynarki Wojennej, pp. 81-103 Gdynia, Poland.  


