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170 CHAPTER 7 Clustering

k-means cannot guarantee convergence to the global minimum of J (6, U) (which, hopefully, corre-
sponds to the best possible clustering). In other words, it returns clusterings corresponding to local
minima of J(#,U). Consequently, different initializations of the algorithm may lead to different
final clusterings. Care must be taken in the initialization of ¢; (see the practical hints that follow).
If the initial values for, say, m, of ¢; lie away from the region where the data vectors lie, they
may never be updated. As a consequence, k-means algorithm will proceed as if there were only
m—my 6’s.

Accurate estimation of the number of clusters (representatives) is crucial for the algorithm, since a
poor estimate will prevent it from unraveling the clustering structure of X. More specifically, if a
larger number of representatives is used, it is likely that at least one “physical” cluster will be split
into two or more. On the other hand, if a smaller number of representatives is used, two or more
physical clusters are likely to be represented by a single representative, which in general will lie in
a sparse region (with respect to the number of data points) between those clusters.

The algorithm is sensitive to the presence of outliers (that is, points that lie away from almost all
data vectors in X ) and “noisy” data vectors. Such points are the result of a noisy process unrelated
to the clustering structure of X. Since both outliers and noisy points are necessarily assigned to a
cluster, they influence the respective mean representatives.

k-means is suitable for real-valued data and, in principle, should not be used with discrete-valued
data.

Practical Hints

.

Assuming that m is fixed, and to increase our chances of obtaining a reliable clustering, we may run
k-means several times, each time using different initial values for the representatives, and select the
best possible clustering (according to J ). Three simple methods for choosing initial values for 0;’s
are (a) random initialization, (b) random selection of m data vectors from X as the initial estimates
of s, and (c) utilization of the clustering output of a simpler (e.g., sequential) algorithm as input.
Two simple ways to estimate m are:

— Use the methodology described for the BSAS algorithm.

—  For each value of m, in a suitably chosen range [Muin, Mmax], run the k-means algorithm nyy,
times (each time using different initial values) and determine the clustering (among the np,
produced) that minimizes the cost function J. Let J,, be the value of J for the latter clus-
tering. Plot J,, versus m and scarch for a significant local change (it appcars as a significant
“knee”). If such a knee occurs, its position indicates the desired number of clusters. Otherwise,
it is an indication that there is no clustering structure (that contains compact clusters) in the
data set.

Two simple ways to deal with outliers are (a) to determine the points that lie at “large” distances

from most of the data vectors in X and discard them, or (b) to run k-means and identify the clusters

with very few elements. An alternative is to use algorithms that are less sensitive to outliers (this is
the case with the PAM algorithm, discussed later).

Example 7.5.1. Generate and plot a data set, X3, that consists of N = 400 2-dimensional points. These
points form four equally sized groups. Each group contains vectors that stem from Gaussian distributions
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7.5 Cost Function Optimization Clustering Algorithms 169

k-Means, or Isodata, Algorithm

This is the most widely known clustering algorithm, and its rationale is very simple. In this case, the
parameter vectors 6; (also called cluster representatives or simply representatives) correspond to points
in the I-dimensional space, where the vectors of data set X live. k-means assumes that the number of
clusters underlying X, m, is known. Its aim is to move the points 6;,j = 1,...,m, into regions that are
dense in points of X (clusters).

The k-means algorithm is of iterative nature. It starts with some initial estimates 6 (0),...,60,(0),
for the parameter vectors 6,...,0p. At each iteration f,

« the vectors x; that lie close to each 6;(f — 1) are identified and then

+ the new (updated) value of 6, §;(r), is computed as the mean of the data vectors that lie closer to
0;(t—1).
i

The algorithm terminates when no changes occur in 6;s between two successive iterations. To run
the k-means algorithm, type

[theta,bel,J ) = k_means(X,theta_ini)

where

X is an /xN matrix whose columns contain the data vectors,

theta_ini is an [ xm matrix whose columns are the initial estimates of 6; (the number of clusters, m,
is implicitly defined by the size of theta_ini),

theta is a matrix of the same size as theta_ini, containing the final estimates for the s,
bel is an N-dimensional vector whose ith element contains the cluster label for the ith data vector,
J is the value of the cost function given in Eq. (7.1) (see below) for the resulting clustering.

Remarks

* k-means is suitable for unraveling compact clusters.

« The k-means algorithm is a fast iterative algorithm because (a) in practice it requires only a few
iterations to converge and (b) the computations required at each iteration are not complicated. Thus,
it poses as a candidate for processing large data sets.

« It can be shown that the k-means algorithm minimizes the cost function

N m
JO.U) =" uijlli— 411 .1
1

i=1 j=

where 6 = [9|T, ..,8117 |1.]| stands for the Euclidean distance, and u;; = 1 if x; lies closest to ¢; 0
otherwise. In words, k-means minimizes the sum of the squared Euclidean distances of each data
vector from its closest parameter vector. When the data vectors of X form m compact clusters
(with no significant difference in size), it is expected that J is minimized when each 6; is placed
(approximately) in the center of each cluster, provided that m is known. This is not necessarily the
case when (a) the data vectors do not form compact clusters, or (b) their sizes differ significantly, or
(c) the number of clusters, m, has not been estimated correctly.
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162 CHAPTER 7 Clustering

Remarks

* Inits original form, BSAS is suitable for unraveling compact clusters (i.e., clusters whose points are
aggregated around a specific point in the data space).

» The algorithm is sensitive to the order of data presentation and the choice of the parameter ©. If the
data are presented in a different order and/or the parameter © is given a different value, a different
clustering may result.

* BSAS is fast, because it requires a single pass on the data set, X; thus, it is a good candidate for
processing large data sets. However, in several cases the resulting clustering may be of low quality.
Tmprovements can be achieved in a refinement step, as discussed in the following subsection.

* Sometimes, the clustering returned by BSAS is used as a starting point for other more sophisticated
clustering algorithms, to generate clusterings of improved quality.

¢ BSAS results in a rough estimate of the number of clusters underlying the data set at hand.

To more accurately estimate the number of clusters in X, BSAS may be run for different values of ®
in a range [ ©yin, Omax]. For each value, r runs are performed using different orders of data presentation;
then the number of clusters me most frequently met is identified and a plot of me versus © is performed.
“Flat” areas in the plotis an indication of the existence of clusters; the flattest area is likely to correspond
to the number of clusters underlying X (sometimes it is useful to also consider the second flattest area,
provided that it is “significantly” large).

7.4.2 Clustering Refinement

Reassignment Procedure

This procedure is applied on a clustering that has already been obtained. It performs a single pass over
the data set. The closest cluster for each vector, x, is determined. After all vectors have been considered,
each cluster is redefined using the vectors identified as closest to it. If cluster representatives are used,
they are re-estimated accordingly (a usual representative is the mean of all the vectors in a cluster).

To apply the reassignment procedure, type

[bel,new_repre] = reassign(X, repre,order)

where new_repre contains in its columns the re-estimated values of the mean vectors of the clusters; all
other parameters are defined as for function BSAS.

Merging Procedure

This procedure is also applied on a clustering 91 of a given data set. Its aim is to merge clusters in i that
exhibit high “similarity” (low “dissimilarity”). Specifically, the cluster pair that, according to a pres-
elected dissimilarity measure between sets (clusters), exhibits the lowest dissimilarity is determined.
If this is greater than a (user-defined) cluster-dissimilarity threshold, M, the procedure is terminated.
Otherwise, the two clusters are merged and the procedure is repeated on the resulting clustering.

Merging is sensitive to the value of parameter M, the choice of which mostly depends on the problem
at hand. Loosely speaking, M| is chosen so that clusters lying “close” to each other and “away” from
most of the rest are merged. This procedure should be used only in cases where the number of clusters
is “large”. In all cases, it is desirable to have the merging of clusters approved by an expert in the field
of application.
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170 CHAPTER 7 Clustering

k-means cannot guarantee convergence to the global minimum of J (0, U) (which, hopefully, corre-
sponds to the best possible clustering). In other words, it returns clusterings corresponding to local
minima of J(0,U). Consequently, different initializations of the algorithm may lead to different
final clusterings. Care must be taken in the initialization of 6; (see the practical hints that follow).
If the initial values for, say, mj, of ¢; lie away from the region where the data vectors lie, they
may never be updated. As a consequence, k-means algorithm will proceed as if there were only
m—m 6;’s.

Accurate estimation of the number of clusters (representatives) is crucial for the algorithm, since a
poor estimate will prevent it from unraveling the clustering structure of X. More specifically, if a
larger number of representatives is used, it is likely that at least one “physical” cluster will be split
into two or more. On the other hand, if a smaller number of representatives is used, two or more
physical clusters are likely to be represented by a single representative, which in general will lie in
a sparse region (with respect to the number of data points) between those clusters.

The algorithm is sensitive to the presence of outliers (that is, points that lie away from almost all
data vectors in X ) and “noisy” data vectors. Such points are the result of a noisy process unrelated
to the clustering structure of X. Since both outliers and noisy points are necessarily assigned to a
cluster, they influence the respective mean representatives.

k-means is suitable for real-valued data and, in principle, should not be used with discrete-valued
data.

Practical Hints

Assuming that m is fixed, and to increase our chances of obtaining a reliable clustering, we may run

k-means several times, each time using different initial values for the representatives, and select the

best possible clustering (according to J ). Three simple methods for choosing initial values for 6;’s

are (a) random initialization, (b) random selection of m data vectors from X as the initial estimates

of 6;’s, and (c) utilization of the clustering output of a simpler (e.g., sequential) algorithm as input.

Two simple ways to estimate m are:

— Use the methodology described for the BSAS algorithm.

— For each value of m, in a suitably chosen range [#min, Mmax], run the k-means algorithm 7,
times (each time using different initial values) and determine the clustering (among the n,,,
produced) that minimizes the cost function J. Let J;;, be the value of J for the latter clus-
tering. Plot J,, versus m and scarch for a significant local change (it appcars as a significant
“knee”). If such a knee occurs, its position indicates the desired number of clusters. Otherwise,
it is an indication that there is no clustering structure (that contains compact clusters) in the
data set.

Two simple ways to deal with outliers are (a) to determine the points that lie at “large” distances

from most of the data vectors in X and discard them, or (b) to run k-means and identify the clusters

with very few elements. An alternative is to use algorithms that are less sensitive to outliers (this is
the case with the PAM algorithm, discussed later).

Example 7.5.1. Generate and plot a data set, X3, that consists of N = 400 2-dimensional points. These
points form four equally sized groups. Each group contains vectors that stem from Gaussian distributions
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7.5 Cost Function Optimization Clustering Algorithms 169

k-Means, or Isodata, Algorithm
This is the most widely known clustering algorithm, and its rationale is very simple. In this case, the
parameter vectors 6 (also called cluster representatives or simply representatives) correspond to points
in the /-dimensional space, where the vectors of data set X live. k-means assumes that the number of
clusters underlying X, m, is known. Its aim is to move the points 6j, j=1,...,m, into regions that are
dense in points of X (clusters).

The k-means algorithm is of iterative nature. It starts with some initial estimates 6} (0),...,6(0),
for the parameter vectors 6y,...,0m. At each iteration ¢,

« the vectors x; that lie close to each 6;(t — 1) are identified and then
« the new (updated) value of 6, 6(t), is computed as the mean of the data vectors that lie closer to
Gi(t—1).
The algorithm terminates when no changes occur in 6;’s between two successive iterations. To run
the k-means algorithm, type

[theta,bel,J ] = k_means(X,theta_ini)

where

X is an /xN matrix whose columns contain the data vectors,

theta_ini is an [ xm matrix whose columns are the initial estimates of 0; (the number of clusters, m,
is implicitly defined by the size of theta_ini),

theta is a matrix of the same size as theta_ini, containing the final estimates for the 6;’s,
bel is an N-dimensional vector whose ith element contains the cluster label for the ith data vector,
J is the value of the cost function given in Eq. (7.1) (see below) for the resulting clustering.

Remarks

* k-means is suitable for unraveling compact clusters.

e The k-means algorithm is a fast iterative algorithm because (a) in practice it requires only a few
iterations to converge and (b) the computations required at each iteration are not complicated. Thus,
it poses as a candidate for processing large data sets.

It can be shown that the k-means algorithm minimizes the cost function

N m
JOU) =" ujlli— 6|12 (1.1)

i=1 j=1

where 6§ =[67,... ,0,5]7. |I.|| stands for the Euclidean distance, and u;; = 1 if x; lies closest to 6;; 0
otherwise. In words, k-means minimizes the sum of the squared Euclidean distances of each data
vector from its closest parameter vector. When the data vectors of X form m compact clusters
(with no significant difference in size), it is expected that J is minimized when each 6; is placed
(approximately) in the center of each cluster, provided that m is known. This is not necessarily the
case when (a) the data vectors do not form compact clusters, or (b) their sizes differ significantly, or
(c) the number of clusters, m, has not been estimated correctly.
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162 CHAPTER 7 Clustering

Remarks

« Inits original form, BSAS is suitable for unraveling compact clusters (i.e., clusters whose points are
aggregated around a specific point in the data space).

« The algorithm is sensitive to the order of data presentation and the choice of the parameter ©. If the
data are presented in a different order and/or the parameter © is given a different value, a different
clustering may result.

» BSAS is fast, because it requires a single pass on the data set, X; thus, it is a good candidate for
processing large data sets. However, in several cases the resulting clustering may be of low quality.
Tmprovements can be achieved in a refinement step, as discussed in the following subsection.

« Sometimes, the clustering returned by BSAS is used as a starting point for other more sophisticated
clustering algorithms, to generate clusterings of improved quality.

* BSAS results in a rough estimate of the number of clusters underlying the data set at hand.

To more accurately estimate the number of clusters in X, BSAS may be run for different values of ©
in arange [®,in, ©max]. For each value, r runs are performed using different orders of data presentation;
then the number of clusters me most frequently met is identified and a plot of me versus © is performed.
“Flat” areas in the plot is an indication of the existence of clusters; the flattest area is likely to correspond
to the number of clusters underlying X (sometimes it is useful to also consider the second flattest area,
provided that it is “significantly” large).

7.4.2 Clustering Refinement

Reassignment Procedure

This procedure is applied on a clustering that has already been obtained. It performs a single pass over
the data set. The closest cluster for each vector, x, is determined. After all vectors have been considered,
each cluster is redefined using the vectors identified as closest to it. If cluster representatives are used,
they are re-estimated accordingly (a usual representative is the mean of all the vectors in a cluster).

To apply the reassignment procedure, type

[bel,new_repre] = reassign(X, repre, order)

where new_repre contains in its columns the re-estimated values of the mean vectors of the clusters; all
other parameters are defined as for function BSAS.

Merging Procedure

This procedure is also applied on a clustering 9t of a given data set. Its aim is to merge clusters in it that
exhibit high “similarity” (low “dissimilarity”). Specifically, the cluster pair that, according to a pres-
elected dissimilarity measure between sets (clusters), exhibits the lowest dissimilarity is determined.
If this is greater than a (user-defined) cluster-dissimilarity threshold, M, the procedure is terminated.
Otherwise, the two clusters are merged and the procedure is repeated on the resulting clustering.

Merging is sensitive to the value of parameter M1, the choice of which mostly depends on the problem
at hand. Loosely speaking, M is chosen so that clusters lying “close” to each other and “away” from
most of the rest are merged. This procedure should be used only in cases where the number of clusters
is “large”. In all cases, it is desirable to have the merging of clusters approved by an expert in the field
of application.
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audios for some audiences and asked them to assign a score, regarding 10
naturalness and clarity, to compute mean opinion score (MOS) measure.

Comparison of our results with that of some conventional approaches,
some were based on decision tree and triphones, shows that our proposed
method received a higher score on clarity. We also note that there are
possible approaches to improve the naturalness of generated sentences.

Details on such approaches are discussed in this thesis. "
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Abstract

In this thesis, a codec system is designed for high resolution textual images based on
super resolution. Spatial resolution is very important in textual images, but this feature will
increase the storage size of the images. Due to the limitation of digital memories and large
size of these images, textual images compression seems necessary, But there are some
problems; 1) Compression can cause destructive effects on textual images. 2) In methods like
JPEG and JPEG2000, compression ratio or output bit rate, is limited.

The main idea in this thesis is to provide a good way to further compression ratio and
also reduce the damaging effects on compressed image. To achieve greater compression ratio
we use the idea of reducing the size of textual images. It should be noted that the resizing
may has a effect on image quality and may cause degradation in image quality. So a
procedure must be chosen that can increase the size of textual images and improve the
devastating effects on images. In this result, the idea of super resolution combined with

compression methods has been used.

The methods of super resolution based on interpolation and based on learning in the
step of reconstruction, have been utilized. In the method based on interpolation, input low
resolution image is divided into three layers and then each layer based on its importance, has
been magnified with a special method. At last magnified layers have been combined to each

other and have formed the final high resolution image.

In the method based on learning, at first a suitable data base of high resolution and
low resolution textual images, have been caused. Fore making dictionary, 3*3 and 5*5
patches have been used. The dictionaries have been based on feature and four high pass filters
for having high frequency components of images have been used to make dictionaries.

Dictionaries have been learned for 50000 and 100000 atoms.

The created database including real document images with high and middle
resolution. For an image that was scanning with spatial resolution 600dpi, JPEG and
JPEG2000 methods can compression up to 0.07 and 0.015 bit rate respectively; proposed
method for this image can compression up to 0.004 bit rate for both methods. The results
based on Optical Character Recognition (OCR), Mean Opinion Score (MOS) and Peak



Signal-to-Noise Ratio (PSNR) criterions, have been evaluated and compared with each other.
Proposed method based on OCR and MQOS criterions that are important in textual images,

has better results than all other methods but the PSNR for proposed method was not good.

Keywords: text image compression, JPEG compression, JPEG2000 compression, SPIHT
compression, super resolution, Optical Character Recognition (OCR), High resolution text

images.
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