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ABSTRACT 

 

Color Doppler imaging is mainly used to observe the blood 

flow in the region of interest. The desired blood signal will 

be greatly affected by the clutter noises, and conventional 

linear clutter filter may not eliminate clutter noises 

effectively without the assistance of the thresholding 

mechanism. In this work, we proposed an adaptive 

thresholding mechanism with probability-based clutter 

power ratio (PCPR) incorporating temporal and spatial 

information based on the maximum-likelihood (ML) and 

maximum a posteriori (MAP) criteria. The proposed 

mechanism can verify the blood and tissue regions more 

accurately and eliminate all the undesired clutter noises in 

the verified tissue regions. The proposed mechanism has 

5~10 dB better performance than the referenced algorithms 

due to its nonlinear property. 

 

Index Terms— Color Doppler, Threshold, Ultrasound 

 

1. INTRODUCTION 

 

In color Doppler processing, one of the most 

important steps is the suppression of the clutter signal. The 

clutter signal is typically tens stronger than the signal of 

blood flow. Traditionally, high-pass filters are utilized to 

suppress clutter signal. However, due to fixed frequency 

response, conventional high-pass filters cannot adapt to 

clutter signal and blood flow with tissue movements and 

different range of flow velocity.  

In order to address the clutter signal adaptively, the 

eigen-based filtering method has been proposed [1]. In 

eigen-based method, the eigen-components representing 

clutter signal which is called clutter dimension is removed 

directly by different criteria. Moreover, Yu and Cobbold [4] 

considered deciding clutter dimension in the view of the 

relative distribution between eigenvalues and frequency.  

In color Doppler processing, the signal will be sent 

into the clutter filter to filter out the tissue noises. It cannot 

be guaranteed that all the tissue noises and white noises are 

eliminated, and a fixed threshold, Thfix, to reject the 

remaining signals is always required. A fixed threshold may 

not be always suitable for all the situations and cause over- 

or under-thresholding problems. On one hand, a fixed large 

threshold, which may cause over-thresholding problem, will 

eliminate most of the remaining noises in the tissue regions 

and weak blood flows. On the other hand, a fixed small 

threshold, which may cause under-thresholding problem, 

will preserve most of the blood signals while the remaining 

noises in the tissue regions are also preserved. 

Based on the knowledge after the processing of the 

adaptive eigen-based clutter filter [6], we proposed an 

adaptive thresholding mechanism with probability-based 

clutter power ratio (PCPR) incorporating temporal and 

spatial information based on the ML and MAP criteria in 

this work. We use the concept of maximum-likelihood (ML) 

and maximum a posteriori (MAP) for verifying the blood 

signals and clutter noises. By applying the proposed 

thresholding mechanism, we can have 5~10 dB better 

performance according to the simulation. 

This paper is organized as follows. The system model 

and conventional eigen-based clutter filters are listed in 

section 2, and the proposed PCPR thresholding is shown in 

section 3. The simulation results and comparisons are 

presented in section 4. 

 

2. SYSTEM MODEL AND  

EIGEN-BASED CLUTTER FILTERS 

 

2.1 Signal model  

 

It is important to suppress the clutter signals 

originating from stationary and slowly moving tissues in 

ultrasound Color Doppler imaging. In general, after 

beamformation, the signal model of Doppler signal follows 

that of Torp et al. [2]. The received complex sampled signal 

vector x consisting of N temporal samples from the same 

frame, which is composed by three independent components; 

the clutter component c originating mainly from tissue 

signal reverberations, the blood signal component b 

originating from moving the moving red blood cells, and the 

thermal noise component n. The signal can be written as the 

correlation matrix     : 
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x = c + b + n.                            (1) 

 

                              
        (2) 

 

where     is the clutter correlation matrix,    is the blood 

correlation matrix,   
  is the thermal noise variance, and I is 

the identity matrix. We estimate    by spatial averaging in a 

region and apply the discrete Karhunen-Lo`eve transform 

(DKLT) [3], the eigendecomposition of     is given by: 
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where           are the eigenvalues of  ̂ ,and 

      …   is the corresponding set of eigenvectors.   

  

2.2 Adaptive eigen-based clutter filter 

 

The general filter model can be represented by the 

matrix-vector multiplication as: 

 

y=Ax,                                       (4) 

 

where x is the input signal vector, A is the clutter filter 

matrix, and y is the filtered signal vector. The adaptive 

eigen-based clutter filter can adapt to the clutter signal 

characteristics, such as eigenvector regression filter.  

 

                                          ∑     
   

                           (5) 

 

where              is an orthonormal basis for the clutter 

signal space,   is the clutter space order, and      indicates 

the Hermitian operation. According to the energy spectrum 

of the Doppler signal shown in Fig. 2, by subtracting the 

signal component contained in the clutter space, the filtered 

matrix can A project the input signal vector x into the 

orthogonal component of the clutter space. 

To attenuate the clutter noise successfully by the 

regression filter, it is important to determine the clutter 

space order. [6] finds out that there will be a great 

descending ratio when clutter noises occur. The first part of 

the proposed adaptive method which set the threshold value 

by the relative eigenvalues:       

 

   {  |
  

    
    }                     (6) 

 

But when the blood flow signal energy is large and 

equivalent to the tissue energy, the relative ratio criteria will 

also remove some blood flow signals.   

 

 
Fig. 1 The eigenvalue distribution where greater descending ratio 

occurs in the presence of clutter noises [6].  

 

3. PROPOSED ADAPTIVE THRESHOLDING BASED 

ON CLUTTER POWER RATIO 

 

In this section, we will propose an adaptive 

thresholding with the knowledge of the eigen-based clutter 

filter. The proposed thresholding mechanism can accurately 

eliminate most of the clutter noises by incorporating the 

spatial and temporal information. 

 

3.1 Proposed adaptive thresholding based on expected 

clutter power ratio (ECPR) 

 

The remaining clutter noises may still be tens greater 

than the blood signals even after the process of the linear 

clutter filters in real cases. The remaining great clutter 

noises can be hardly eliminated with a fixed threshold. All 

we want to do is to propose an effective adaptive 

thresholding based on the eigen-based clutter filters.          

As the adaptive eigen-based clutter filter mentioned in 

section 2, we can reduce the signals lie on the clutter space 

according to the signal property.  The eliminated clutter 

power ratio (CPR) of each signal can be expressed as the 

signal power lying on the clutter space over the total signal 

power, 

 

     
| ∑     

  
     |

 

    
 

    ∑     
  

      

   
.             (7) 

 

We can further derive the expected clutter power ratio 

(ECPR) in (8), and find it takes almost no computation 

overhead with the eigen-based clutter filter. All we need is 

deriving the sum of diagonal elements in the autocorrelation 

matrix Rx and the first K eigenvalues in the clutter space, 

which are already derived in the eigen-based clutter filter. 

We preserve the signals verified as blood signals and delete 

the signals verified as clutter noises. 
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where ECPRth is the threshold of classifying blood signals 

and clutter noises. With the proposed adaptive thresholding 

mechanism, most of the signals can be correctly verified to 

be the clutter noises or desired blood signals. However, 

there are still some signals verified incorrectly, which will 

cause salt-and-pepper noises. We can then utilize the 

temporal and spatial information to further increase the 

accuracy of the adaptive thresholding mechanism. 

 

 
Fig. 2 Eliminated clutter power ratio respect to total signal power. 

 

3.2 Proposed probability-based CPR (PCPR) 

thresholding with temporal and spatial information 
 

The probability distributions of the blood signals and 

clutter noises respect to the eliminated power ratio (ECPR) 

are shown in Fig. 3 (a) and (b), respectively. We can 

observe that the distributions can be modeled as two 

exponential distributions. Two hypotheses can be made: H0 

and H1 indicate the blood signal and clutter noises, 

respectively. The conditional probability distributions are 

expressed in (10), where c0 and c1 are normalization factors 

such that the sum of the probability equals to 1. m0 and m1 

are the inverses of the means, where m1 > m0 by the 

observation of Fig. 3. 

The derivation of the decision rule for H0, which is 

verified as desired blood signals, based on the maximum-

likelihood (ML) criterion is listed in (11)-(13). There are 

several parameters such as the threshold of successive 

eigen-ratio, eliminated energy ratio, spatial and temporal 

window sizes. The successive eigen-ratio, rth, is defined in 

(6) to verify the clutter space if the successive eigenvalue 

ratio is greater than rth. The ECPR of each location is 

defined as Rel in the following equations. The log-

likelihood-ratio (LLR) of single event can be approximated 

as (11),   

In general cases, the probability distribution of the 

signals of adjacent pixels are mostly similar and we can do 

the region-based oversampling with the knowledge of the 

neighborhood signals. We can derive the sufficient statistics 

to be ∑      which can be easily calculated in (12).  

According to the maximum likelihood (ML) decision 

criterion, the decision rule with the knowledge of adjacent 

M signals, which are seemed as spatial information, is 

simplified to be the equation in (13). 

 

   
(a)                                            (b) 

Fig. 3 (a) The probability distributions of blood signals and  

(b) clutter noises respect to the eliminated power ratio. 
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In natural cases, the probability distribution of the signals at 

the same location seldom changes a lot in the successive 

color Doppler frames. In other words, we can utilize the 

temporal information to improve the performance of the 

proposed thresholding. With the maximum a posteriori 

(MAP) criterion, the value of          can be derived in 

(14)-(16). At last, we should only judge if the         is 

smaller than        to classify the signals to be blood 

signals or not. The overall flow chart of the proposed 

adaptive thresholding mechanism with PCPR incorporating 

temporal and spatial information based on the ML and MAP 

criteria is shown in Fig. 4. 

 

  
       

        

       
        

   
       

        

       
        

   
     

     
 

 

    ECPRML, current frame  + ECPRML, previous frame .         (14) 
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Fig. 4 The flow chart of the proposed PCPR adaptive thresholding 

with temporal and spatial information. 

 

4. SIMULATION RESULTS AND COMPARISONS 

  

In this section, simulations are presented to show the 

image quality of the proposed PCPR thresholding 

mechanism in the color Doppler processing. For the 

convenience of numerical comparison, synthetic images 

generated by using the Field II program [5] are employed. 

For quantitative evaluation, the signal-to-clutter ratio (SCR) 

[6] is used to evaluate the effectiveness of clutter rejection. 

The performance of the proposed method is compared with 

the referenced works, and 5~10 dB better performance can 

be shown in the following simulations.  

From Fig. 5 and Table 1, the proposed adaptive PCPR 

thresholding is able to accurately suppress the clutter noise 

while retaining the blood flow. We use three different data 

to ensure the stability of the performance, and it is obvious 

that our algorithm has 5~10 dB better performances than the 

referenced works. 
 

 

Fig. 5 Clutter filtered images of Field II simulation. 

Table 1. Metrics obtained when applying the clutter filters. 

 Unfiltered 

data 

Joint-

decision 

clutter 
filter 

[13 ] 

 Proposed 

adaptive 

thresholding 

Proposed 

adaptive 

thresholding 

incorporating 

temporal and 

spatial 

information 

Data 1 

SCR(dB) 
-20 11 14 21 

Data 2 
SCR(dB) 

-10 24 26 30 

Data 3 

SCR(dB) 
-5 26 28 31 

 

5. CONCLUSIONS 

 
In this work, we proposed an adaptive thresholding 

mechanism with probability-based clutter power ratio 

(PCPR) incorporating temporal and spatial information 

based on the ML and MAP criteria. Compared with the 

referenced works, we have 5~10 dB better performance due 

to its nonlinear property. According to the operating 

environment, the PCPR thresholding can adaptively perform 

an effective suppression of the main clutter noises 

encountered in the ultrasound system. 
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