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takes into account the pulse response of the measurement 
system,  the  absorption and the scattering of the wxlium. 
The diffraction pheuomcnon which biases the at.tenuation 

did not consider it i l l  our ntodel 131. It, is usually accepted 
meawrement could be compensated by a filter [2], so we 

function of the frequency: o = Pf wllere 0 is the slope of 
that  attenuation 0, i n  ruost biological [,issues, is a linear 

llle al1,cll"atioli 

led  signal has a gauss ia~  form. 
I t  is also considncd Illat tlw spectral density ofthe emit- 

pling frequency of 4 0 0 M H r ,  an emitted  central frequency 
The  simulated echograpllic lines are obtained with a sam- 

of 4 5 M H r  and a bandwidth of 50%. The homogeneous 
medium is simulated for  dilTerent attrlrualion coelficient 
values ranging  from 1 to S d B / c m / M H r .  Far each atten- 
uation coefficient value, a set of 100 RF lines are com- 
pukd.  Wi1.h a wilvc veloci1.y of 1530,,r/s, the duration of 
the bacl~scal,tcrcrl aigunl corresponds to a d c p l l t  of Z ~ r o r ~ .  

111. Tt1e TIME-FI lEQUENCY ANALYSIS  

The  attenuation phenomenoll is usually observed i n  the 
frequency domain  through  the frequency shift observed as 
the  ultrasound pulse propagates i n  the soft rnedium. This 
time-frequency analysis is gellerally performed by a Fast 
Fourier Translorn1 (FFT)  [dl. 

A .  The short tzme  four.!^ o,mlyais 

Owing to  the  nonstationary  character of the radio- 
frequency signal, a Hamming window is sllifled with a c o w  
stant  step along the signal and in each window, the Power 
Spectral Dcllsi1,y (PSD] is evalualed via l . I~c  co~~ lp~ l f , a t i on  
or 1 1 x  l>lY, 'Vhis n d ~ o d  illlplica LI~ILI. WC I G ~ V C  t o  I U I ~ C  :L 

dtoiu: for l,l~c l r~~g l l c  a ~ ~ l  1,Iw ovor lq)  of I,II(: windows. 111- 

dced, the largcr the widows, the bcllcr i3 thc frcqucncy 
resolution but  the less the  stationarity Ilypothesis is ver- 

frequency and  time  resolulion,~. In order to have a better 
ified. The choice is obtained by a trade-oH between the 

compronrise, we propose the use of the Wigner-Ville trans- 
forlll. 

B. The W ~ ~ r ~ c r - \ ' i l l ~  (IVl") Lramforw 

study  nonstationary  phenomena. I t  seems to have a good 
The Wigner-Ville distribution is a well adapted tool to 

behavior for reflected signals [3] 
The Wigner-Ville distribution is defined by : 
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pond to  the pole p ,  are  evalualed by: 
The  resonating  frequencies (see Figure 2) that  corres- 

with a r g ( ; i )  E [0, T] and where J e  is the  sampliug fre- 
quency.  In  this case the  mean  reso~lating  frequency is given 
by : 

where f is t h e  normalized  frequency 0 5 f 5 0.5and U: is Figure 3 illustrates tlle evolution of fc i n  the nom 
the  white  noise  energy.  The  centroid  frequency [R] and  the parametric case a ~ l d  fn,r in parametric case. These  curves 
masinlum  energy  frequency [ i ] can be evaluated  directly are  averaged with 100 RF l ines. These curves are almost 
on the  spectrum.  The  centroid  is  given by : parallel to t.hose of theoretical  frequencies. A significant 

bias  appears far non-parametric  approaches,  but i l  does 
not  dislurh  attenuation  estimation  because  its  slope con- 
stitutes  the  relevant  information. 

S_'," f W 1 d f  
re = S_'," S(f)df 
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