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Abstract — A conventional global contrast enhancement is diffi-
cult to apply in various images because image quality and cont-
rast enhancement are dependent on image characteristics large-
ly. And a local contrast enhancement one not only causes a
washed-out effect, but also has a blocking effect. To solve
these drawbacks, this paper derives an optimal global equaliza-
tion function using variable size block based local contrast en-
hancement. The optimal equalization function makes it possible
to get a good quality image through the global contrast enhance-
ment. The variable size block segmentation is firstly executed
using intensity differences as a measure of similarity. In the
second step, the optimal global equalization function is ob-
tained from the enhanced contrast image having variable size
blocks. Conformed experiments show that the proposed algo-
rithm produces a visually comfortable result image.
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To acquire a good quality image by controlling
brightness, various approaches for contrast en-
hancement have been developed. They can be cate-
gorized by global contrast enhancements and local
contrast ones ™. Global approaches improve image
quality by extending dynamic range of intensity us-
ing the image histogram. Since GHE (global histo-
gram equalization) uses the intensity distribution of
the whole image, it may cause washed-out effect by
changing the average intensity™® . However, this
method is difficult to apply in various images be-
cause image quality and contrast enhancement are
largely dependent on image characteristics. To solve
these problems, local histogram equalization tech-
niques have been developed. POSHE ( partially
overlapped sub-block histogram equalization) tech-
nique proposed by Kim?' is an example of overlap-
ping sub-blocks. Its performance telling how much
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the blocking effect can be improved is determined
by the size of the overlapping as well as the block
size”'. So selection of an optimal block size be-
comes an important problem which increases the
computational time complexity™ . This paper deri-
ves an optimal global equalization function using
variable size block based local contrast enhance-
ment. To solve drawbacks of above methods, a
variable size block segment is firstly executed using
intensity differences for measuremeat of similarity.
Secondly, the optimal global equalization function is
obtained from the enhanced contrast image having
variable size blocks. In section 2, the variable size
block segment algorithm is executed through the in-
tensity similarity and the local contrast enhancement
is applied to each of the variable size blocks. Sec-
tion 3 derives the optimal global equalization func-
tion for the global contrast enhancement from the
local contrast enhancements. In section 4, an im-
proved performance of the proposed algorithm is
proved by the experiment where it is compared with
those of the conventional algorithms. Section 5
gives conclusions.

1 Local contrast equalization of vari-
able size block

1.1 Split-merge segment algorithm

Local contrast equalization is based on the split-
merge segmentation where the image is divided into
regions of uniform intensity. Before local contrast
equalization will be discussed, quadtree decomposi-
tion for the split-merge segmentation is stated.

The image is initially split into a certain number
of blocks by cutting it alternately in horizontal and
vertical directions. A variance of pixels in each
block is measured to split the block. The splitting of
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blocks goes on until not only the variance is smaller
than the predefined threshold, but also the dimen-
sion of the block equals quad-regions of size 8 X 8.
Empirically, the best result in terms of enhancing
the local contrast was obtained using quad regions of
minimum size 8 X 8. The splitting algorithm has a
convenient representation in the form of quadtrees,
in which each node has four exact descendants as
shown in Fig. 1.
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(a) Divided image

(b) Quadtree

Fig.1 Images corresponding to the nodes of quadtree

Neighboring blocks under the same intermedi-
ate nodes are checked for possible merges, to estab-
lish whether the single merged block can be ade-
quately approximated by a block in the reconstruct-
ed previous frame.

1.2 Local contrast enhancement methods

Histogram equalization techniquesm acquire the
scale factor from the normalized cumulative distri-
bution of the brightness distribution of the original
image and multiply this scale factor to the original
image to redistribute the intensity.

An image is represented as a set of data, X =
(XX, ENXy, Xy s X1 |, where
each component may have one of L intensity levels.
That is, X (i,j) represents the normalized intensity
of (i,j)th pixel in the image plane and X, is the
kth intensity level.

It is assumed that the number of blocks, which
are given by the above sprit-merge segment algo-

rithm, is N. To equalize the brightness histogram of
a given image 'X in any ith block, it is normalized
first to obtain the probability density function
(PDF) of the image, represented as

(X)) = 2,

[

n

1
for 0 X, << 'mand > px(X,) =1, (1)

k=0
where ‘n is the total number of pixels in ith block,
n, is the number that X, appears in ‘X in ith block.
To obtain a histogram equalization function, the cu-
mulative distribution function of X, is calculated
first from probability density function using the fol-

lowing Eq. (2)

L-1

sy = >, iPy(X,) =1, (2)
k=0
where k=0, 1, -, L—1and 'T(X, ,)=1. ‘s is

the value of the cumulative distribution function at
the kth intensity level in ith block. From 's,, the
histogram equalization function is obtained by mul-
tiplying the maximum gray level as

Ui (k) = s, x (L = 1). (3)

Fig.2 shows an example of enhancing the local
contrast of an image based on split-merge segment
algorithm.

(a) Original lenas image  (b) Variable size block segmentation

Fig.2 Local contrast enhancement based on variable
size block segmentation

In Fig.2, the result image acquired by applying
a local contrast enhancement where the original Le-
na’s image with 512 X 512 pixels is divided by vari-
able size blocks. Fig.2 shows an extreme example of
blocking effect generally occurring in a block-based
contrast enhancement technique where the blocks
are not connected smoothly. To reduce this blocking
effect, some approaches divide the blocks so that
the boundary pixels of the neighboring blocks are
overlapped™?'.

1.3 Global contrast enhancement using local
contrast enhancement

Although partially overlapped block-based ap-
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proach looks like a reasonable solution for the prob-
lems caused by global and local contrast enhance-
ment approaches, its performance depends fairly on
the size of block and the overlapping ratio between
the neighboring blocks. To be considered as a visu-
ally comfortable image, a contrast enhancement
scheme should remove blocking and washed-out ef-
fects while intensity is well distributed.

In this paper, taking the above conditions as
the goal to achieve, a new global contrast enhance-
ment scheme which uses a local contrast enhance-
ment based on variable size block segmentation.
The flow of the proposed algorithm is shown in
Fig.3.
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Fig.3 Block diagram of the proposed algorithm

As shown in Fig. 3, the proposed algorithm
largely consists of two steps, the local contrast en-
hancement is executed after dividing the original
image into various size blocks in the first step. For
every block, the local contrast equalization scheme
is applied. Then, the optimal global equalization
function is derived from the result of the local cont-
rast enhancement and applied to the original image
to produce the result image.

Once variable size blocks are equalized using a
local contrast enhancement scheme, the global
equalization function is derived from the locally
equalized image. Supposing the number of variable
size blocks in segmented image is Q, probability
density function of a segmented image is given as

_ A
P (X)) = Q,Z; n
1 "n 271‘ Qnt
= ol e g e v )
:%('PX(Xk)+2PX(Xk)+--'+QPX(Xk)),
L-1
for 0

<X, <land D Pc(X,) =1. (4
k=0

In Eq. (4), Q is the number of the variable size
blocks ‘n the segmented image and 'n is the number

of pixels in ith block. And ‘n, is the number of pix-
els that have k level intensity in the ith block, and
‘P.(X,) is the probability density function of the
ith block. Eq. (4) explains that global probability
density function is determined by the average of the
probability density functions for all blocks.

The cumulative distribution function of the seg-
mented image to generate the optimal equalization
function for global contrast enhancement is given by
Eq. (5) according to Eq. (2) and Eq. (4).

Sp = T(Xk) = ZPX(Xk>

cl,ziCPﬂXk) +2 Py (X,) + - +Py(X,))

- %(ITX<XA») +2TX(XIe) + oo +QTX(Xk))a
fOrOng <1 and TX(XL*I) = 1, (5)

where ‘T (X, ) is the cumulative distribution func-
tion of the ith block. In Eq. (5), the histogram
equalization function for global contrast enhance-
ment can be acquired. Since the cumulative distribu-
tion function is defined as the average of those of
individual sub-blocks, the most suitable block equal-
ization function can be determinee as the optimal
equalization function. Fig. 4 shows the equalized
image which is! applied the optimal global equal-
ization function to the original image. It can be con-
firmed by eyes that the result image shows the best
result that a blocking! effect is minimized without
deterioration of the image quality.

Fig.4 Result images acquired by applying the proposed
method to the Rena’s image

2 Experiments

Performance of the proposed algorithm is eval-
uvated by comparing the edge images of the result
images acquired by the proposed algorithm with thos
by the conventional approaches, GHE and POSHE
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techniques. The reason of using the edge images for
comparison is that the better result images may gen-
erate clearer edges if the contrast is well enhanced.

(a) Original image

'l L8]
)

(c) GHE image

(g) Proposed image (h) Edge of image

Fig.5 Result images acquired by applying various cont-
rast enhancement techniques to a person and simple
background image

The test image consists of a person and simple
background as shown in Fig.5(a). Hair and back-
ground show a clear difference of brightness in the
image. It is emphasized in the case of using GHE as
shown in Fig. 5(c) whose edge image clearly shows
the boundary between the person and the back-
ground as shown in Fig.5(d). At the same time, the
brightness difference among the pixels in the back-
ground is also emphasized so that the brighter pixels
appear as noise in the result image. POSHE devel-
oped for reducing the block effect has produced the
result image in Fig. 5(e) where the brightness dif-
ference is excessively emphasized over the whole im-
age so that the background became so complex. One
positive effect is that the contrast inside the face
and clothes regions are improved so that they can be
discerned clearly. The edge image of Fig. 5 (e)

shown in Fig. 5(f) has too much noise in the back-
ground and edges inside the face as expected. The
result image acquired by using the proposed algo-
rithm is shown in Fig.5(g) where the local and glo-
bal features are reasonably emphasized. Noise in
background is minimized and the facial features ap-
pear clearer than in other images.

3  Conclusions

This paper derived an optimal equalization
function for global contrast enhancement using the
variable size block segment. To find the global
equalization function, an image with variable size
blocks is locally equalized for each block. The local
enhancement functions are calculated from variable
size blocks with other homogeneous specification.
They make the global equalization function be opti-
mal for global contrast enhancement. Through the
experiment using the test images with lots of edge
components, it has been proved that the proposed
algorithm reduces blocking effect and washed-out
effect, so a visually comfortable image are pro-
duced.
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