
Real-Time Speckle and Impulsive Noise Reduction

in 3-D Ultrasound Imaging based on Order Statistics

Francisco J. Gallegos-Funes¹, Volodymyr I. Ponomaryov²

National Polytechnic Institute of Mexico

Mechanical and Electrical Engineering Higher School

'U. P. Zacatenco, Av. IPN s/n, Edificio Z, Acceso 3, 3er. piso; Col. Lindavista, 07738,

Mexico D.F., Mexico, Phone/Fax (52-55) 5729-6000 ext. 54622, Email: fgallegosf@ipn.mx
2 U. P. Culhuacan, Av. Santa Ana 1000, Col. San Francisco Culhuacan, 04430,

Mexico D.F., Mexico, Phone/Fax (52-55) 5656-2058, Email: vponomar@ipn.mx

Abstract. This paper presents an approach based on order statistics for speckle
and impulsive noise reduction in the 3-D ultrasound images. The proposed
technique uses the Rank M-type (RM) estimators and these ones are adapted to
3-D image processing applications. The theory and the real-time implementa-
tion of such a technique are presented and verified using real clinical ultrasound
images. The real-time implementation of 3-D image filtering was realized on
the DSP TMS320C6711. In addition, the results from known techniques are

compared with the proposed method to demonstrate its performance in terms of

noise suppression, fine detail preservation, and processing time criteria.
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1 Introduction

The ultrasound imaging has been considered as one of the most powerful techniques

for medical diagnosis and it is often prefer over other medical imaging modalities due
it is noninvasive, portable, and versatile [1-6]. It does not use ionizing radiations, and
is relatively low-cost. One of the areas where research in this field has addressed is the

fundamental problem of speckle noise influence, which is a major limitation on image

quality in ultrasound imaging [2].
Imaging speckle is a phenomenon that occurs when a coherent source and a nonco-

herent detector are used to interrogate a medium, which is rough on the scale of the

wavelength. Speckle noise occurs especially in images of the liver and kidney whose
underlying structures are too small to be resolved using long ultrasound wavelength.
The presence of speckle noise affects the human interpretation of the images as well
the accuracy of computer-assisted diagnostic techniques. As a result, speckle filtering

is a critical pre-processing step for feature extraction, analysis, and recognition from
medical imagery measurements [1, 2]. Current speckle and impulsive noise reduction
methods have been addressed in medical systems and others such as remote sensing,
communication, etc., to resolve the problem of noise during the acquisition and resto-

ration of image information in three dimensions [3, 4, 7-11].
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The possibility to process 3-D images presents a new application where it is neces-

sary to improve the quality of 3-D objects inside the image, suppressing a noise of
different nature (impulsive, Gaussian noise, or may be by speckle one) that always
affects the communication or acquisition process [7]. Multiplicative (speckle) noise is
common for any system using a coherent sensor, for example, the ultrasound trans-

ducer [2-6]. Other problem that is not trivial is the adaptation and implementation of
the current filters, that have been investigated in different papers in the case of 2-D

image processing to process objects in 3-D by use multiframe methods to increase the

signal-to-noise ratio (SNR) [7, 12].

In this paper, we captured 3-D ultrasound images, these images are processed ap-
plying different non linear order statistics filters [8-11]. The Texas Instruments DSP
TMS320C6711 was used for implementing of the algorithms and obtaining the proc-
essing time needed in the case of each a 3-D filter [13-15]. Based on the processing
time values of each a 3-D filter, different configurations of sweeping cubes (voxels)
were used to obtain a balance between the processing time and quality of the restora-

tion of the 3-D images [7, 12]. The goal of this paper is the capability and real-time
processing features of the robust RM-KNN (Rank M-type K-Nearest Neighbor) filters

[16, 17] for the removal of speckle and impulsive noise in 3-D ultrasound images.
Extensive simulation results have demonstrated that the proposed filter can consis-

tently outperform other filters by balancing the tradeoff between noise suppression
and detail preservation.

2 Proposed 3-D Filtering Scheme

In recent works [16-18], we proposed the combined RM (Rank M-type) -
estimators for applications in image noise suppression. These estimators use the M-
estimator combined with the R-estimator, such as the median, Wilcoxon or ABST
(Ansari-Bradley-Siegel-Tukey) estimator. It was demonstrated in [16] that the robust
properties of the RM-estimators exceed the robust properties of the base R- and M-
estimators for the impulsive and speckle noise suppression. The RM-estimators used

in the proposed 3-D filtering scheme are presented in such a form [16-18]:

wilM = MED
isj

ABST M = MED

0medM =MED{X,p(X, -MED{X)),i=1,...,.N}

{[x,p(x, -MED{X}+ x ,p(x, -MED{X}}} i=1

X(X, -MED {X}),

[XF(x, -MED {})+ x,F(x,-MED {X )]

(1)

(2)

si N

(3)
N

22

where MedM, wilM, and ABSTM are the Median M-type, Wilcoxon M-type, An-

sari-Bradley-Siegel-Tukey M-type estimators, respectively, ✗ are data samples
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Table 5. Processing time for the MM-KNN filters in the case of different cube configurations.

Voxel

configuration

MMKNN (Hampel) MMKNN (Cut)

Impulsive Noise Percent

10 20 30 10 20 30

a 1.763 1.787 1.812 1,594 1.643 1.659

b 2.053 2.077 2.101 1.866 1.908 1.916

C 4.618 4.635 4.692 4.807 4.823 4.872

d 4.696 5.201 5.264 4.754 5.199 5.252

c 4.66 4.628 4.690 4.804 4.816 4.869

f 4.616 4.642 4.693 4.800 4.830 4.871

8 9.939 10.04 10.06 10.06 10.06 10.06

h 9.969 10.02 10.04 10.05 10.07 10.08

i 21.02 21.26 21.75 20.61 20.66 20.87

5 Conclusions

We have investigated novel 3-D order statistics filters modifying several known 2-D
ones for 3-D imaging. The experimental system, which allows the investigation of the
3-D objects in the ultrasound imaging has been designed. The RM-KNN filters have
the better performance in the most of cases suppressing the impulsive and speckle
noise, and preserving the fine-scale details in 3-D images. Different proposed cube
configurations of the voxels investigated in the paper permit to obtain the compro-
mise between filtering quality performances and processing time.
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