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Abstract— In this paper we introduce a new smoothing
technique based on a noise model for the speckle noise as
represented in the image. Using this model and measure-
ments reported earlier in literature we are able to distin-
guish speckle noise from important resolvable details. All
individual speckles are located, and exploiting our knowl-
edge on the speckle classification, the filter removes the
noise speckles, while it preserves valuable details.

We show that applying the proposed technique yields a
significant speckle suppression in the image, while valuable
image data are preserved.
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I. INTRODUCTION

Ultrasound imaging is gaining more and more im-
portance in medical practice nowadays. It is especially
useful in imaging soft tissue like liver, spleen, lungs,
the heart, and the neonatal brain. Advantages of ul-
trasound imaging are that it is quick, cheap, and the
machinery is highly portable. An ultrasound image
can be made in a few seconds, while standing next to
the bed of the patient. This is especially useful when
the patient is in need of intensive care, as is usually
the case with neonates which are born too early.

A common problem with the interpretation of ultra-
sound images though, is the presence of speckle noise.
Several techniques for suppressing speckle noise have
been developed [1-6]. Most of them involve the use of
general speckle statistics, and not all are equally well-
suited for medical ultrasound images, because they
do not take into account the special features that are
typical for medical images. Examples of such fea-
tures are: bright large scale interfaces between organs,
structure with dimensions comparable to speckle size,
and boundaries between two regions with slightly dif-
ferent grey levels.

The new speckle suppression method we present in
this article, is designed to remove a lot of speckle noise,
while preserving valuable medical image data. It is

based on the following noise model, which is adopted
for speckle noise in images:
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Herein represent: x the observed signal, s the noise-
free signal, and n the noise [5]. This model implies
that, on homogeneous regions, where s can be as-
sumed constant, the image variance is proportional
to the mean.

This model is particularly suitable for our purpose,
since the presented filter works on the images as dis-
played by the ultrasound machine, rather than the
envelope detected echo signal. Wagner et al. have
shown that the envelope detected echo signal of the
fully developed speckle has the Rayleigh distribution
with the mean proportional to the standard devia-
tion [7,8]. However, in [5] the above mentioned model
is proven to hold for the images of speckle, i.e., after
nonlinear processing such as logarithmic compression,
which is performed in the display system of the ultra-
sound machine.

In [6] this has been confirmed experimentally.
Around each pixel (7,7) an 11 x 11 window W was
taken, and the mean and variance were calculated as
follow:
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The signal-to-noise-ratio p(; ;) is defined as:
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For phantom images a value of p; ;) = 2.5 was

found, and for real medical images a value of p(; ;) =
2.0.



Fig. 1. Ultrasound image.

In the next paragraph we will describe a new speckle
suppression filter which exploits this information in
removing the speckle noise, while preserving valuable
medical image data at the same time. We will apply it
on a couple of test images, and conclude that the pro-
posed technique outperforms several well-known clas-
sical techniques.

II. FILTER

In order to filter the speckle noise without losing
resolvable objects in the image, we developed a tech-
nique which identifies each individual speckle, and de-
cides, depending on the signal-to-noise-ratio of its di-
rect environment, whether it is a resolvable object or
noise. We start with giving a detailed description of
the method. After that we will motivate each step:

1) Let T be the global maximum grey value in the
image. Choose a pixel (4, j) with grey value a(; jy = T".
This pixel serves as a seed pixel for a region procedure,
controlled by the grey value of the pixels. We consider
the eight surrounding pixels of our seed pixels. Each
of those which differs in absolute value less than a
predefined threshold T from I'" is appended to the re-
gion. After that we again consider each surrounding
pixel of the region grown so far, compare its grey value
with I, and depending on that, decide to append it
to the region or not. We continue doing this till none
of the surrounding pixels has a grey value within the
specified range anymore.

In short: to test whether a pixel (m,n), with grey
value oy, ), belongs to the region of a seed pixel (i, j),
the following must be satisfied:

- Pixel (m,n) is “connected” to pixel (i, j),
- Q) > I'-1T,

Fig. 2. Speckles as found by proposed technique.

- Pixel (m,n) does not belong to a speckle which
has already been grown, or to the border of one of
those speckles (i.e., (m,n) is also not adjacent to one
of the earlier grown speckles).

In this way we isolate one single speckle X..

2) Next we determine the centre of gravity gs, of
>, and take a square W of 11 x 11 pixels around gs.
Within W we calculate the signal-to-noise-ratio py; as
described in paragraph I

3) If py, > 2.0, we conclude that the speckle can
be considered as a resolvable object, and hence the
speckle ¥ need not be removed. We go back to 1) and
grow the next speckle. Note that from now we do not
take ¥ and all pixels adjacent to it (we call this the
“border” of X)) into consideration anymore. (So I' will
now be the maximum grey value of all pixels in the
image except those in 3 and its border).

DIf py, <= 2.0 then the pixel is located in a ho-
mogeneous region, and hence is noise that should be
removed. We calculate the mean vy, of the grey values
of all the pixels adjacent to 3 (its border), and give
all pixel of 3 the value vy. In this way actually “cut
off” the speckle.

5) We repeat the whole process (from step 1), in
which we disregard 3 and its border. We continue
doing this until the maximum I' becomes smaller than
a fixed lower border A.

Both T and A are adjustable parameters of the fil-
ter. In all images we processed, we obtained optimal
results with 7' = 23 and A = 80.

In the figures 2 and 7?7 the speckles, as they are
found by step 1), are indicated.



Fig. 3. Original image.

In step 1) we hit the core of the method by first
identifying the individual speckles. According to the
specific characteristics of speckle, they are located by
means of their higher grey value. A region grow-
ing procedure is applied to isolate them. For each
speckle found this way, the signal-to-noise-ratio of its
direct neighbourhood is calculated, and, exploiting
our knowledge on the signal-to-noise-ratio of homo-
geneous tissue, we determine whether the speckle is
noise, in which case it is removed, or a resolvable ob-
ject. This way we succeed in removing lot of speckle
noise, while the valuable medical features are well-
preserved.

III. EXPERIMENTAL RESULTS

We applied the proposed method on the image in
figure 3 and 7. The result is shown in figures 6 and 10.
In figures 4, 8, 5, and 9 we have processed the same
images with two classical speckle suppression filters,
namely the Lee [1] and the Frost filter [2]. The re-
sults are shown on the next pages. Our conclusion
is, that the proposed method performs much better
with regard to speckle suppression than the Lee and
the Frost filter, and in addition leaves the original
contrast better intact. Furthermore our method is
computationally not intensive in comparison with i.e.
wavelet based techniques. Processing an image of 722
x 506 pixels (this is the size of the example image) on
a Pentium II took 25 seconds.
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Fig. 7. Original image.

properties of radio-frequency and envelope-detected signals
with applications to medical ultasound,” J. Opt Soc. Amer.,
vol. 4, no. 5, pp. 910-922, May 1987.

Fig. 10. Proposed method.



