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ABSTRACT

In most of the computer aided diagnosis, segmentation is used as the preliminary stage and further can be
helpful in quantitative analysis. Ultrasound imaging (US) helps medical experts to understand clinical problem
efficiently with low cost as compared to its counterparts. In this paper, vector quantization based clustering
technique has been proposed to detect the tumour (malignant or benign) of the breast Ultrasound Images.
Presence of artefacts like speckle, shadow, attenuation and signal dropout, makes image understanding and
segmentation difficult for an expert. Here, we dealt with images having these artefacts and proposed fully
automatic segmentation technique using clustering. Firstly well known Vector Quantization based LBG
technique is used for clustering and eight clusters are obtained, sequential clubbing of these cluster are
suggested to obtain segmentation results. Improvement is suggested using two new techniques over LBG to form
clusters, known as KPE (Kekre’s Proportionate Error), and KEVR (Kekre’s Error Vector Rotation), further
same method of sequential clubbing of clusters is followed here as that of LBG and their results are compared.
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I. INTRODUCTION

Ultrasound imaging (US) is very important medical imaging modality to examine the clinical
problems. It has become more popular tool than its counterpart with its non invasive and harmless
nature to diagnose various abnormalities present in the human organs. Ultrasonography is relatively
inexpensive and effective method of differentiating the cystic breast masses from solid breast masses
(benign and malignant). It is also fully established method that gives the valuable information about
the nature and extent of solid masses and other breast lesions [1][2]. Detection of tumour manually is
inaccurate and time consuming process for a radiologist due to random orientation of the tumour and
texture (noise) present in the ultrasound images and accuracy is major concern in the medical
applications. Automated (without human intervention) segmentation of US images provides detection
of desired region (e.g. defected organs, abnormal masses) accurately and time efficiently. Due to
some inherent characteristic artifacts such as attenuation, shadows and speckle noise, the process of
segmentation of US images is quite difficult [3][4]. To acquire the accurate segmentation of US
images, removal of speckle is important [S]. Many image processing algorithms (techniques) are
developed and used on ultrasound image segmentation, such as texture, region growing, thresholding
[6], neural network, fuzzy clustering [7] etc. Most of these methods are influenced by speckle and this
makes speckle removal an important step. In this paper we are using Vector Quantization based
clustering and dealing images with speckle, without any pre-processing step. In breast ultrasound
images, defected area pixel (cystic or solid masses) is slightly darker than the pixel representing
normal tissues, but in some cases due to limitation of acquisition process, boundary pixels of defected
area is presented like normal tissue structure and this makes boundary detection difficult. Here we are
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exploring this phenomenon in clustering process. The other sections of this paper are organized as
follows. In section II, vector quantization is discussed with its use in segmentation. In section III,
three codebook generation algorithms based on VQ are explained with its use in clustering. Proposed
method is explained in section IV followed by conclusion in section V.

II. VECTOR QUANTIZATION

Vector quantization (VQ) is basically designed as image compression techniques [8][9] with
development of many algorithms for vector codebook generation and quantization [10-12], but now a
days it has been extensively used in many applications, like image segmentation [13], speech
recognition [14], pattern recognition and face detection [15][16], tumor demarcation in MRI and
Mammogram images [17][18], content based image retrieval [19][20] etc. In this paper, this method
has been used and implemented for demarcation of cysts and tumor (malignant or benign) in breast
ultrasound images.

A two dimensional image I is converted into K dimensional vector space of size M, V = {V,, V,,
Voo , Vum} (training set). VQ is used as a mapping function to convert this K dimensional
vector space to finite set CB = {C;, C,, C;, Cy,........ , Cx}. CB is a codebook of size N and each code
vector from C, to Cy represents the specific set of vectors of the entire training set of dimensions K
and size M. The codebook size N is much smaller than size of the training set M and gives the number
of clusters formed. It also influences the segmentation of US images. Here optimum size codebook is
designed using clustering algorithm in spatial domain.

In VQ technique, encoder divides the image into desired size blocks and these blocks then converted
into finite set of training vectors. Using codebook generation algorithms as discussed in section III,
the clusters are created. To form a set of clusters CL = {CL,, CL,, CL;,......... , CLy} representing
different regions of image, Squared Euclidean Distance (ED) between each training vector and code
vector is calculated and training vector with minimum ED is then added to the respective cluster
represented by particular codevector as shown in equation (1).

Vie CLi=MIN| i \p g j<n 1AOVEC) )

Where,
{d(Vi,Cj)} = Euclidean Distance (ED) between training vector Vi and codevector Cj as per
equation (2).

ED? =% (V, -C; )’ (2)
x=1

III. CODEBOOK GENERATION ALGORITHMS
3.1. Linde Buzo Gray (LBG) Algorithm [8][9][10]

This algorithm is based on the calculation of the centroid as first code vector by taking the average of
all vectors of training set. As shown in the Figure 1, two code vectors C; and C, are generated from
this first code vector by adding and subtracting constant error 1 respectively. Euclidean distance of
entire training set with respect to C; and C, is calculate as shown in equation (2) and two cluster are
formed based on the closest of C; or C,. This process is repeated until desired number of clusters has
been formed. As shown in Figure 1 for two dimensional cases, this technique has a disadvantage, that
the clusters are elongated and has constant angle with x axis of 45°. This elongation gives inefficient
cluster formation. Results of cluster images, clubbed images and superimposed images are shown in
Figure 5, 6 and 7 respectively.
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Figure 1: Clustering using LBG for two dimensional case

3.2. Kekre’s Proportionate Error Vector (KPE) Algorithm [20][21][22][23]

In this technique, first code vector is generated by taking the average of entire training set, same as
that of LBG, only difference is in addition and subtraction of proportionate error vector instead of
constant error 1 to generate two code vectors C; and C, respectively [20]. Rest of the procedure is
same as that of LBG.

Care is taken to keep code vector C, and C, within the limit of vector space while adding
proportionate error. As shown in the Figure 2, unlike the LBG, clusters are not elongated and formed
in different direction, so it gives efficient clustering than LBG. Results of cluster clubbing and
superimposing segmentation using KPE algorithm are shown in Figure 8 and 9 respectively.
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Figure 2: orientation of the line joining two code vector C1 and C2 after addition of proportionate error to the
centroid.

3.3. Kekre’s Error Vector Rotation (KEVR) Algorithm [24][25]

In this algorithm, two code vectors C; and C, are obtained by adding and subtracting error vector with
first code vector respectively. As shown in the Figure 3, error vector matrix E is generated for
dimension K and error vector ¢; is the i" row of the error matrix. To generate error matrix, binary
sequence of number from O to K-1 is taken and O is replaced by 1, 1 is replaced by -1. With the
addition and subtraction of error vector the cluster formation is rotated in different direction and
elongated clusters are not formed, so cluster formation is efficient than LBG and KPE. Results of
cluster clubbing and superimposing segmentation using KEVR algorithm are shown in Figure 10 and
11 respectively.
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Figure 3: Error Matrix generated for K dimensions [25]

IV. PROPOSED METHOD

Using codebook generation algorithms discussed in the section III, eight cluster images are obtained.
Here, a method has been proposed to merge the cluster images one-by-one and forms another set of
eight cluster images. Merging is done sequentially, like first cluster is added with second, resultant
cluster is then added with third and so on. Eight cluster images, eight merged cluster images and eight
superimposed images are shown in Figure 5, 6 and 7 respectively for LBG algorithm, implemented on
original image shown in Figure 4. Same technique has been followed for KPE and KEVR algorithm,
eight merged cluster images and eight superimposed images are shown in Figure 8 and 9 for KPE,
Figure 10 and 11 for KEVR respectively. From Figure 6, 8 and 10, third clubbed image gives
acceptable segmentation and KEVR gives better result amongst all three. This fully automatic method
is implemented using MATLAB 7and tested on 30 images, from which, results of 15 images are
shown in Figure 12 and only acceptable sequentially clubbed images are displayed. In Figure 12, first
column shows all original images and second column gives clubbing sequence to obtain segmentation
results for different algorithms, shown in column three, four, and five. This program is run on Intel
Core2 Duo 2.20GHz with 1 GB RAM. Time required to get segmentation result is 2 to 3 seconds for
image size 140 x 180, this is very less as compared to segmentation using manually traced method
used by radiologists.

Figure 5: Eight cluster images obtained from Figure 4 using LBG: 1 to 8 from right to left
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Figure 6: Eight images obtained by clubbing clusters sequentially of Figure 5 using LBG: 1 to 8 from right to
left - Best sequence 1+2+3, indicated in red box.
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Figure 7: Eight images obtained by superimposing images of Figure 6 on original image of Figure 4: 1 to 8
from right to left
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Figure 8: Eight images obtained by clubbing clusters sequentially of KPE: 1 to 8 from right to left - Best
sequence 1+2+3, indicated in red box
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Figure 9: Eight images obtained by superimposing images of Figure 8 on original image of Figure 4: 1 to 8
from right to left
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Figure 10: Eight images obtained by clubbing clusters sequentially of KEVR: 1 to 8 from right to left - Best
sequence 1+2+3, indicated in red box
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Figure 11: Eight images obtained by superimposing images of Figure 10 on original image of Figure 4: 1to 8
from right to left
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Figure 12: Segmentation result - Clubbed images superimposed on original images for LBG, KPE and KEVR
algorithms

V. CONCLUSIONS

In this paper, a method has been proposed for tumour demarcation of breast ultrasound image and
implemented on 30 images, out of which 16 images are shown in the paper. As shown in Figure 4,
defected region (tumour) is represented by the dark pixels than the normal pixel and this phenomenon
is common for all ultrasound images, so this has been explored in clustering. Clusters are formed
using VQ based codebook generation algorithms and further these clusters are clubbed together
sequentially to obtain the segmented image. Three methods are discussed and implemented for
codebook generation, in LBG, as shown in Figure 1, the cluster elongation is unidirectional therefore
cluster formation is inefficient for ultrasound images, where speckle is the dominant artefact. To
overcome this drawback, in KPE, proportionate error has been used to improve the formation of
clusters. As shown in Figure 2, for two dimensional vector spaces, orientation has changed but its
variation is limited to the first quadrant, and proportionate error for ultrasound image would have
small magnitude, so results will be similar to LBG. In KEVR, this limitation is overcome by using
rotation of error vector and produced clusters with new orientation every time. Here vector is rotated
in different direction and clusters are formed. Accuracy of the segmentation depends on the
orientation and texture present in the image, and Clubbing sequence is varying as per representation
of original image. As shown in second column of Figure 12 all images having different clubbing
sequence for the best segmentation, but for all algorithms best segmented image have same clubbing
sequence. As per the domain expert (Radiologist) the segmented images obtained using KEVR are
better than LBG and KPE. As compared to LBG and KPE, KEVR images are having less amount of
over segmentation. As shown in Figure 12, second and third clubbed images are giving the acceptable
segmentation in 75 % cases and in rest of the cases, first, fourth or fifth clubbed image gives better
segmentation.
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