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1. Introduction 

Ultrasound diagnostic equipment using a pulse-echo 
method has been widely used in clinical situations. In 
conventional ultrasound diagnostic equipment, 
ultrasound images are composed of amplitudes of 
received ultrasound echoes, and it is known that the 
image quality is degraded by speckle noise. Therefore, 
the suppression of speckle noise is an important issue for 
more accurate diagnosis. In general, a transducer used in 
ultrasound diagnostic equipment has a narrow-band 
characteristics. Therefore, the emitted ultrasound pulses 
show reverberations. Thus, the speckle pattern occurs 
due to the interference between scattered waves, and a 
blurred image is obtained. For this reason, for example, 
thin arterial walls and cancers in very thin bile ducts are 
difficult to be imaged by conventional ultrasound 
imaging. 

In this report, we have developed a processing 
method using Wiener filter[1,2] as a technique to broaden 
the bandwidth of the received signal for suppressing 
speckle noise. In particular, the transfer function of the 
transducer and the signal-to-noise ratio (SNR) as a 
weighting function have been discussed to obtain a 
desirable filter. 
 
2. Principle 

The Wiener filter, which weights to the frequency 
characteristic of the filter by considering the SNR, is 
used as a method for speckle noise suppression. The 
model using a Wiener filter is shown in Fig. 1. 
Frequency spectrum        of the output signal                     
of the Wiener filter is given by 
 
 
 
 
 
where i and j are the beam number and the frame number, 
respectively. In addition, Gi,j( ), Hj( ), N( ), and Mj( ) 
are the frequency spectra of the echo from an object, the 
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transfer function of the transducer, noise, and the impulse 
response of the inverse filter, respectively. In eq. (1), 
PN( ) and PF( ) are the averaged power spectra of noise 
and estimate     of the echo from an object, 
respectively. Wiener filter Mj s to 
minimize the mean squared difference between the 
measured signal gi,j(t) and model       and is designed 
using the transfer function Hj . Hj  is substituted by 
the absolute value |Hj( )| in order to avoid the influence 
of the time delay of the transducer response. Furthermore, 
determination of the weighting function using the inverse 
of the SNR included in eq. (1) is essential. It is difficult 
to use PF( ) in the actual processing since it is the output 
of the Wiener filter. Therefore, the SNR is determined by 
the following magnitude-squared coherence function 
(MSCF)[3] | i( )|2. 
 
 
 
MSCF | i( )|2 is a function evaluating the phase 
coherency of echoes in different frames. Assuming that 
the signal component has the phase coherency and the 
noise component is not coherent, SNR is given by 
 
 
 
where Nbeam is the number of beam positions. 

As shown in Fig. 1, Gi,j( ) is the frequency spectrum 
of the echo signal obtained by ultrasound equipment. 
Assuming that fi,j(t) is the group of impulses, it is 
considered that Gi,j( ) is the sum of {Hj( )} with 
different phase characteristics due to time delays of the 
impulses. In this case, dips occur at particular 
frequencies in Gi,j( ) and, therefore, |Gi,j( )| is different 
from |Hj( )|. The dips of amplitude spectra randomly 
occur because of the randomness of scatterer positions. 
Therefore, the transfer function (transducer response) 
|Hj( )| is estimated by averaging {|Gi,j( )|} obtained at 
different ultrasound beams. |Hj( )| is given by 
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Fig. 1. Wiener filtering model (i: beam position number, 
j: frame number). 
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Figure 2 shows power spectra of echoes from 
different targets obtained using a 10-MHz linear-type 
ultrasound probe. Since a fine wire can be assumed as a 
point scatterer, a dip does not occur as shown in Fig. 2(c). 
In the case of a glass plate, the ultrasound pulses are 
almost reflected from the surface of glass. Therefore, the 
frequency characteristics in all beams are similar as 
shown in Fig. 2(b). On the other hand, in the case of the 
silicone plate, there are dips in measured power spectra, 
as shown in Fig. 2(a), because there are many scatterers 
inside the silicone plate. Thus, the feasibility of the 
proposed method was examined using the silicone plate 
because biological tissue also contains scatterers. 
 
 
 
 
 
 
 
 
 
 
 
 

Furthermore, both the transfer function Hj( ) and the 
weighting function PN( )/PF( ) in eq. (1) were 
normalized to suppress the influence of the reflectivity of 
the target. 
 
3. Results 

As a basic examination, we measured echoes from a 
silicone plate mimicking ultrasound RF echoes scattered 
from point scatterers in biological tissue using a 10-MHz 
linear-type ultrasound probe (equipped to Aloka, 
SSD-6500) at a sampling frequency of 40 MHz. The 
number of beams was 344, frame rate was 30, and beam 
spacing was 0.1 mm. The power spectrum of an echo 
from the silicone plate |Gi,j( )|2 is shown in Fig. 3. The 
bandwidth of |Gi,j( )|2 is broadened by applying the 
Wiener filter. 
 
 
 
 
 
 
 
 
 
 
 
 

Figures 4(a) and (b) show B-mode longitudinal 
images of a carotid artery. In addition, Figs. 5(a) and (b) 

show RF signal and the envelope of the 126-th beam in 
the 0-th frame in Fig. 4. As shown in Fig. 5, T2 and T4 
show lumen-intima boundary (LIB), T3 and T5 show 
media-adventitia boudary (MAB), T3-T2 and T5-T4 show 
intima-media thickness (IMT), and T4-T3 shows 
intravascular lumen. By multiplying the Wiener filter, the 
difference in the brightnesses between the adventitia and 
the intima-media complex (IMC) was reduced, and the 
IMT can be detected more easily. Also, the half width of 
the echo from the adventitia between T5 and T6 obtained 
by the conventional method is 0.75 mm and that of the 
proposed estimate is 0.62 mm. The improvement of the 
spacial resolution by applying the Wiener filter was 
confirmed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusion 

In this study, a method for speckle noise suppression 
by the Wiener filter was developed using the spatial 
averaged spectrum of amplitude spectra {|Gi,j( )|} of 
received echoes {gi,j(t)} from an object as the transducer 
response Hj( ). 
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Fig. 2. Power spectra obtained for (a) silicone plate, (b) glass 
plate, and (c) wire (13 µm in diameter). 

(a) (b) (c) 

Fig. 3. Power spectra obtained in measurement of the 
silicone plate (i = 150, j = 0). 
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Fig. 5. Echo from silicone and estimate (i = 126, j = 0). 
(a) RF signal. (b) Envelope. 

Fig. 4. B-mode longitudinal images of carotid artery. 
(a) Conventional. (b) With Wiener filter. 
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