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An Advanced Contrast Enhancement Using Partially
Overlapped Sub-Block Histogram Equalization

Joung-Youn Kim, Lee-Sup Kim, and Seung-Ho Hwang

Abstract—In this paper, an advanced histogram-equalization al-
gorithm for contrast enhancement is presented. Histogram equal-
ization is the most popular algorithm for contrast enhancement
due to its effectiveness and simplicity. It can be classified into two
branches according to the transformation function used: global or
local. Global histogram equalization is simple and fast, but its con-
trast-enhancement power is relatively low. Local histogram equal-
ization, on the other hand, can enhance overall contrast more ef-
fectively, but the complexity of computation required is very high
due to its fully overlapped sub-blocks.

In this paper, a low-pass filter-type mask is used to get a
nonoverlapped sub-block histogram-equalization function to
produce the high contrast associated with local histogram equal-
ization but with the simplicity of global histogram equalization.
This mask also eliminates the blocking effect of nonoverlapped
sub-block histogram-equalization. The low-pass filter-type mask is
realized by partially overlapped sub-block histogram-equalization
(POSHE). With the proposed method, since the sub-blocks are
much less overlapped, the computation overhead is reduced by a
factor of about 100 compared to that of local histogram equaliza-
tion while still achieving high contrast. The proposed algorithm
can be used for commercial purposes where high efficiency is
required, such as camcorders, closed-circuit cameras, etc.

Index Terms—Contrast enhancement, histogram equalization,
POSHE.

I. INTRODUCTION

ENHANCING the contrast of images is one of the major is-
sues in image processing, especially backlit images. Con-

trast enhancement can be achieved by stretching the dynamic
range of important objects in an image. There are many algo-
rithms for contrast enhancement [1]–[8] and among these, his-
togram equalization [1]–[5] is the most common method used
due to its simplicity and effectiveness. The algorithms in [6] and
[7] employ connected components and edge detection for con-
trast enhancement. These methods require very complex com-
putation and hardware, so they cannot be applied to commer-
cial real time purposes. The gamma-processing algorithm [8] is
simple but produces low contrast-enhancement.

Histogram equalization can be categorized into two methods:
global and local histogram equalization. Global histogram
equalization uses the histogram information of the whole
input image as its transformation function. This transformation
function stretches the contrast of the high histogram region
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and compresses the contrast of the low histogram region. In
general, important objects have a higher and wider histogram
region, so the contrast of these objects is stretched. On the other
hand, the contrast of lower and narrower histogram regions,
such as the background, is lost.

This global histogram equalization method is simple and
powerful, but it cannot adapt to local brightness features of the
input image because it uses only global histogram information
over the whole image. This fact limits the contrast-stretching
ratio in some parts of the image, and causes significant contrast
losses in the background and other small regions. To overcome
this limitation, a local histogram-equalization method has
been developed, which can also be termed block-overlapped
histogram equalization [1], [5]. In this method, a rectangular
sub-block of the input image is first defined, a histogram of
that region is obtained, and then its histogram-equalization
function is determined. Thereafter, the center pixel of the region
is histogram equalized using this function. The center of the
rectangular region is then moved to the adjacent pixel and the
histogram equalization is repeated. This procedure is repeated
pixel by pixel for all input pixels. This method allows each
pixel to adapt to its neighboring region, so that high contrast
can be obtained for all locations in the image. However, since
local histogram equalization must be performed for all pixels
in the entire image frame, the computation complexity is very
high. For example, for a pixel image, the histogram
equalization must be performed maximally 307 200 times.

To reduce this computation complexity and obtain the advan-
tage of local adaptability of block-overlapped histogram equal-
ization, sub-block nonoverlapped histogram equalization can be
used. Even so, this nonoverlapped method will sometimes suffer
from blocking effects. Therefore, in this paper, partially over-
lapped sub-block histogram-equalization (POSHE) is proposed.
Using POSHE, the contrast of the input image can be enhanced
at a similar rate to block-overlapped histogram equalization,
while computation complexity can be reduced considerably and
any blocking effects eliminated.

II. CONVENTIONAL HISTOGRAM-EQUALIZATION TECHNIQUES

In histogram equalization [1], [2], the transformation function
is given by the following relation:

and (1)
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Fig. 1. Transformation function for histogram equalization.

where
probability density function (pdf) of the
input image level ;
total number of pixels in the input image;
input pixel number of level .

Hence, the transformation function represents the cumu-
lative distribution function (cdf) of the input image levels. This
transformation function is illustrated in Fig. 1. Using this cdf
as a transformation function, data regions that have high con-
centration are transformed into wider regions (the concentra-
tion is reduced), while other regions are transformed into nar-
rower regions (the sparse data become concentrated). Global
histogram equalization uses the overall histogram as its trans-
formation function, so it cannot adapt to the local light condition
of the image. This feature results in the contrast deterioration of
background and small objects.

Local histogram equalization, so-called block-overlapped
histogram equalization [1], [5], can obtain overall contrast
enhancement, regardless of the location in the input image. As
discussed in the previous section, block-overlapped histogram
equalization defines a sub-block and retrieves its histogram
information. Then, a histogram equalization is performed for
the center pixel of the sub-block using the cdf of that sub-block.
Next, the sub-block is moved by one pixel and sub-block
histogram equalization is repeated until the end of input image
is reached. Since the histogram equalization is performed with
each sub-block’s local histogram, this local histogram-equal-
ization method can adapt well to the partial light condition of
the image. Therefore, the difference of contrast enhancement
between objects and background can be omitted.

III. POSHE

In order to make the histogram equalization locally adap-
tive for higher contrast, and reduce the computation complexity,
nonoverlapped sub-block histogram equalization is essential, as
mentioned in the Introduction. In this method, all pixels in each
sub-block are histogram equalized using the sub-block’s his-
togram. Further, these sub-blocks are not overlapped with adja-
cent sub-blocks, so the computation complexity is reduced con-
siderably.

However, this nonoverlapped method cannot avoid a
blocking effect. To eliminate this effect, additional operations

Fig. 2. pdf of POSHE.

are needed. Blocking effects occur due to shape differences
between histogram-equalization functions of neighboring
sub-blocks. In the input image, adjacent sub-blocks have sim-
ilar brightness and the gray levels of neighboring pixels at the
boundaries of the sub-blocks change gradually. However, after
nonoverlapped sub-block histogram equalization is performed,
their brightness values are changed by each transformation
function. Since these transformation functions are obtained
from each sub-block’s histogram, they have shape differences.
As a result, the difference in brightness after transformation
between adjacent sub-blocks becomes large, so that sudden
level change can occur at the boundaries. This is known as the
blocking effect. On the other hand, in block-overlapped his-
togram equalization, the transformation functions for each pixel
are obtained from partially overlapped neighboring sub-blocks.
Therefore, the shape difference of the transformation functions
are very small and the blocking effect can be ignored.

To reduce shape difference in nonoverlapped sub-block
histogram equalization, the weighted sum of neighboring
sub-blocks’ histograms can be used for generation of the
transformation function for the current sub-block. Using a
mask, as shown in Fig. 2, the central sub-block’s transformation
function is obtained from the masked histogram of itself and its
eight neighboring sub-blocks. This mask resembles a low-pass
image filter (LPF), and its operation is in fact similar to that
of an LPF. Image LPF reduces the difference in brightness
between neighboring pixels, so that the resultant image is
blurred. This low-pass filtering for sub-block histograms
produces neighboring transformation functions that are similar
to each other, resulting in a reduction of the blocking effect.
As mask size is increased, blocking effects can be decreased
by increasing the computation complexity. Simulations have
shown that for mask sizes larger than , blocking effects
are undetectable with simple filtering and performance is com-
patible with that of block-overlapped histogram equalization.

This LPF can be realized by moving sub-blocks using a par-
tially overlapped scheme and performing histogram equaliza-
tion for those sub-blocks. To make a mask, as shown in
Fig. 2, a sub-block is moved by a half of the sub-block size to
partially overlap the next sub-block, and histogram equalization
is performed for all pixels in the sub-block. This means, if the
sub-block size is 120, then the step size is 60. So each sub-block
is overlapped by 60, which is the half of sub-block size. Each
pixel is histogram equalized more than once and the result for
each pixel is accumulated. After partially overlapped sub-block
histogram equalization is completed, each accumulated pixel
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Fig. 3. Image plane for POSHE.

value is divided by its accumulation frequency. The image plane
of POSHE is illustrated in Fig. 3. Through simple formula ex-
pansion illustrated in the following section, it can be seen that
this procedure results in a LPF mask. By decreasing the
step size moved each time, the mask size can be increased. As
the mask size is increased, the transformation function shape
difference is decreased, so that the blocking effect is diminished.
If the step size is taken as a quarter of the sub-block size, then
the mask size is . Similarly, for a step size, the mask
size becomes . Therefore, mask size can be changed
easily by manipulating the step size moved. By taking a step
size that is equal to the quotient of the sub-block size divided
by a number that is a multiple of 2, most divisions can be per-
formed by shift. Because sub-blocks are partially overlapped,
this method is named POSHE. It will be shown in the following
section that the computation overhead for a -sized mask
POSHE is less than 1% of block-overlapped histogram equal-
ization.

The procedures of POSHE are as follows.

1) Define an -sized output image array for an
input image and set all values to zero.

2) Assign an sub-block. For computational simplicity,
a sub-block size is selected to be equal to the quotient of
the input image size divided by a multiple of two. Assign
the sub-block origin using the input image origin.

3) Perform local histogram equalization for the current sub-
block. Unlike block-overlapped histogram equalization,
the histogram equalization is performed over the whole
sub-block, and the results are accumulated in the output
image array.

4) Increase the horizontal-coordinate of the sub-block
origin by the horizontal step size and repeat procedure
3. When the horizontal coordinate equals the horizontal
input image size, increase the vertical coordinate of the
sub-block origin by the vertical step size and repeat
horizontal POSHE. Repeat these steps until POSHE
covers the whole input image plane.

5) After sub-block histogram equalization finished, divide
each pixel value in the output image array by its sub-block
histogram equalization frequency.

6) If a small blocking effect is generated at the sub-block
boundaries, eliminate it with a blocking-effect reduction
filter.

In procedure 6, a blocking effect reduction filter (BERF) is
used. This is a simple filter to eliminate small blocking effects
that sometimes occur. With the low-pass filtering effect of the

mask, the blocking effect is almost completely eradi-
cated and the average brightness of neighboring sub-blocks is al-
most equal. But at some sub-block boundaries, a few gray-level
discontinuities may be generated and these discontinuities may
show up as blocking effects. There is a small possibility that
these small blocking effects may occur, so a protection method
for small level difference is needed. When level discontinuity
arises at sub-block boundaries, the filtering procedure starts.
The occurrence of a blocking effect can be detected by the dif-
ference in brightness of adjacent pixels at the boundaries. To dis-
tinguish between the original edge and “POSHE-ed” boundary,
the edge information of the original image can be used. BERF is
a kind of low-pass filter, but it is applied to the blocked-bound-
aries.

The BERF procedures are as follows. First, blocking-ef-
fect detection is needed. Since blocking effects occur at
each sub-block boundary, only these boundaries need to be
checked. To exclude the original object edge on each sub-block
boundary, the original edge information at sub-block bound-
aries must be checked as well. Namely, if there exists some
level discontinuity at sub-block boundaries in POSHE-ed
image but not in the original image, a blocking effect is gen-
erated. Second, when a blocking effect is detected, filtering
starts from each sub-block boundary. An average of the two
adjacent boundary pixels is calculated and the brightness
values of these two pixels are replaced by this average. Third,
in a perpendicular direction to the boundary, pixel values in an
increasing/decreasing order are replaced by slowly changing
values. This replacing value starts from the average, increases
by a predetermined step size for the brighter sub-block, and
decreases for the darker sub-block. This filtering is terminated
when the termination condition is met. The increasing/de-
creasing brightness step size is selected such that the human
eyes cannot differentiate the discontinuity in brightness at
the sub-block boundaries. This unrecognizable brightness
level is known to be about 3–4 levels in 256 gray-level image
through experimentation [9]. This means that through BERF,
the blocking effect at sub-block boundaries are eliminated.
These procedures are repeated for all sub-block boundaries.
Termination occurs under the follow conditions.
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Fig. 4. Example of BERF.

1) When the brightness difference between pixels that have
previously undergone the BERF procedures and the
present pixel is smaller than the step size, the BERF pro-
cedure is terminated. This condition is satisfied when the
brightness starts with the average value at the sub-block
boundary and reaches the original “POSHE-ed” bright-
ness.

2) When the brightness difference between the present pixel
and the next pixel is large enough to indicate that there is
an object edge (noton boundary), the BERF procedure is
terminated.

3) If the brightness of the next pixel is smaller/bigger than
the present pixel while BERF is being carried out, and the
phase is increasing/decreasing, the increasing/decreasing
rule is violated. BERF is therefore terminated.

This BERF procedure is performed maximally with a half of
the step size in each direction. An example of BERF is shown
in Fig. 4. The numbers indicate the pixel luminance. The levels
in the figure are exaggerated to show the filtering effect clearly.

IV. A NALYSIS OF POSHE

A histogram equalization function is the cumulative distribu-
tion function of the input image as shown in (1). Let us suppose a
region is composed of four partially overlapped sub-blocks for a

mask. Since the step size is a half of the sub-block size, the
region is divided into nine sub-regions. POSHE is performed for
the four sub-blocks with a step size of half the sub-block. This
region is illustrated in Fig. 5. There are four sub-blocks, 1, 2, 3,
and 4, and nine sub-regions, , and .

The sub-region is “POSHE-ed” by four sub-blocks 1, 2,
3, 4. The peripheral sub-regions , and affect
the histogram equalization of the target sub-region. Let
the histogram equalization functions of each sub-block be

, and , respectively. Then, the
POSHE function of the sub-regionis written as

(2)

and each histogram equalization function can be written as

(3)

Fig. 5. Four partially overlapped sub-blocks.

(4)

(5)

(6)

where
is the number of pixels in the entire region,
represents the number of pixels in sub-regionwith
th level, and

.
From (2) to (6), the histogram equalization function for sub-

region is as in (7), shown at the bottom of the next page. From
(7), the pdf for POSHE of the sub-regioncan be written as
follows:

(8)

where represents the probability of levelin region ,
where . The summation of this pdf is

, which satisfies the condition of
the probability density function, namely that the accumulation
of pdf must be 1. This probability density function can be illus-
trated as in Fig. 2. As mentioned previously, when we decrease
the step size, the pdf mask size increases. In general, for a step
size which is of a sub-block size, a
mask is generated. A mask is illustrated in Fig. 6.

Complexity comparison between block-overlapped his-
togram equalization and POSHE is needed to verify the
effectiveness of the proposed algorithm. Since an accurate
comparison is difficult, only histogram-equalization repetition
frequency is considered in this paper. In histogram equalization,
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Fig. 6. 7� 7 mask using 1/4 sub-block-sized step.

obtaining the transformation function is the most demanding
computative task because the transformation is performed by
just memory access. For block-overlapped histogram equal-
ization, the sub-block histogram-equalization function must
be obtained for every pixel in the input image frame. For an

image, this operation has to be repeated times.
Since block-overlapped histogram equalization transforms the
center pixels of each sub-block, half sub-block sized regions of
four edges are histogram equalized with other methods. If we
assume that the local histogram equalization is not performed
for the edge pixels, then its complexity takes the
minimum value as follows for an sized sub-block and
it can be represented with a sub-block histogram equalization
complexity

(9)

In POSHE, sub-block histogram equalization frequency is
proportional to the sub-block size and step size .
Since the sub-block histogram equalization is performed with
increasing sub-block’s origins by the step size until its origins
reach to or , the histogram equalization fre-
quency can be obtained from the input image size

Fig. 7. Histogram-equalization frequency of POSHE.

divided by the step size . The histogram equalization
frequency is represented in Fig. 7 and in (10)

(10)

where is a sub-block divisor and
is a step divisor.

From (10), it can be shown that the frequency of POSHE is
proportional to and . This can be easily understood because
when and are increased, the sub-block and step size are
decreased, so more sub-block histogram equalization must be
performed.

In addition, POSHE needs extra computation time for BERF
and output scaling. Since final output scaling is of a fixed com-
plexity that is small compared with histogram equalization and
BERF, it can be replaced with a constant. Because the BERF
procedure must be performed for each boundary that is formed
by a step-sized sub-block moving and the number of bound-
aries is the multiplication of an image size , a step di-

(7)
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Fig. 8. HE repetition frequencies of block-overlapped HE and POSHE. (a) FromS = 0 to S = 640. (b) Zoomed version of (a) fromS = 0 to S = 160.

Fig. 9. Weighted summing of global and local histogram.

visor and a BERF performing frequency. If we assume that the
BERF procedure is always performed at the sub-block bound-
aries without conditions, the following equation can be formu-
lated for BERF repetition frequency.

(11)

A BERF procedure is composed of two subtracts for checking
level discontinuity (one for original and one for POSHE-ed) at
boundaries, one add and one shift for averaging, and one to sev-
eral increases and decreases. Sub-block histogram equalization
is composed of 255 adds (for 8-bit image), 256 shifts, and
increases, so the BERF procedure for each pixel takes about

th of the computation of sub-block histogram equalization.
Therefore, overall POSHE complexity can be obtained
from (10) and (11) as a function of

(12)
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Fig. 10. Simulation results. (a) Original image. (b) Histogram equalized
image. (c) Block-overlapped HEed image. (d) POSHEed image.

By using (9) and (12), setting the sub-block size of each
method equal, a complexity comparison between the two algo-
rithms can be done. Assuming the image size is and
the sub-block divisor is fixed at 4, histogram equalization fre-
quency of POSHE becomes a second-order polynomial of.
Their graphs for are illustrated in Fig. 8.

Fig. 8 shows that the proposed algorithm takes much less
time compared to block-overlapped histogram equalization.
From Fig. 8(a), it can be seen that two lines meet between

and . It is clear that when , the
step size of POSHE is larger than 1, so the histogram
equalization frequency is smaller than that of block-overlapped
histogram equalization. Similarly, when , the step size

is smaller than 1 and the opposite situation occurs.
Through many simulations, it has been shown that when the
step size is th of the sub-block size, the blocking effect
cannot be seen. In this case, the step size is , and the
step divisor is 32. Sub-block histogram equalization is per-
formed only 1028 times. This is 0.59% of the block-overlapped
histogram equalization frequency, which is performed 172 800
times.

V. OVER-ENHANCING PROBLEM AND SOLUTION

The object of local histogram equalization is overall contrast
enhancement regardless of location. As a result, local contrasts

of both target object and background are enhanced, and there-
fore a much clearer image is generated from a numerical point
of view. For special purposes, such as closed-circuit camera sys-
tems or image recognition of background in order to search
for something, this overall high contrast is important. But, in
the case of commercial camcorders or enhancement of general
poorly-lit pictures, this feature may distort an image by over-en-
hancing the background. The human recognizes an image as
only a target object and background. Since the uniform contrast
enhancement feature of local histogram equalization makes the
background as clear as the target object, the emphasized back-
ground confuses the human sense of distance. This image dis-
tortion is caused from the fact that local histogram equalization
uses only local histogram information.

To overcome this over-enhancing problem, local histogram
equalization must be modified to include global histogram
information. When sub-block histogram equalization is per-
formed, its sub-block histogram can be mixed with a global
histogram in a proportional ratio. When this local/global his-
togram information-mixing ratio is increased, local information
increases, so that the local contrast enhancement is empha-
sized. As a result, the contrast of the background becomes more
emphasized. For the opposite case when global information
is increased, the contrast of the background decreases. This
histogram mixing can be performed easily by a proportional
summing of sub-block histogram and global histogram. By
changing the ratio, the contrast of the background/target objects
of the transformed image can be varied to meet the purposes.

In Fig. 9, a global histogram, local histogram, and their
weighted sum are shown. This weight can be represented as
ALPHA. ALPHA is defined as the ratio of local histogram
information over global histogram information. By increasing
ALPHA, the background contrast can be increased. In this
example, ALPHA is taken as 0.5 and the local histogram is
taken from the sub-block in the background. Each histogram
is normalized with a sub-block pixel number. This result is
shown in Fig. 9. It can be seen that the resultant sub-block
histogram also makes use of global information. Therefore,
this summing effect can solve the problem of over-enhancing
of the background in local histogram equalization by enabling
the local sub-block histogram equalization to adapt to global
light conditions of images.

VI. SIMULATION RESULTS

Previous algorithms and the proposed algorithm are simu-
lated on several images, and the results are illustrated to show
the performance of each.

The results show common features as follows. Global his-
togram equalization enhances the contrast of dark objects and
larger regions while it de-emphasizes the contrast of the back-
ground and smaller regions. Block-overlapped histogram equal-
ization produces the best image, and POSHE generates a slightly
less enhanced image than block-overlapped histogram equaliza-
tion. These results are simulated on -sized input im-
ages with a -sized sub-block. POSHE step size is set
to be to make a sized mask. Using these two
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(a) (b)

(c) (d)

Fig. 11. Histograms of Fig. 10. (a) Original image. (b) Histogram-equalized image. (c) Block-overlapped HEed image. (d) POSHEed image.

Fig. 12. Simulation results. (a) Original image. (b) Histogram-equalized image. (c) Bock-overlapped HEed image. (d) POSHEed image.

methods, the contrast of the background is drastically enhanced
compared with global histogram equalization.

Observing the histograms, some common features exist also.
For all images, the global histogram equalized images give sim-
ilar shaped histograms to the original images. Block-overlapped
histogram equalization and POSHE produce histograms that are

completely different from the original histograms. The resultant
histograms have almost flat shapes. This, in effect, shows that
the images have almost uniform pdfs.

Simulation results of a low-contrast image and its histograms
are shown in Figs. 10 and 11. It can be observed simply that
the contrast of the block-overlapped histogram equalized
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(a) (b)

(c) (d)

Fig. 13. Histograms of Fig. 12. (a) Original image. (b) Histogram-equalized image. (c) Block-overlapped HEed image. (d) POSHEed image.

image and “POSHE-ed” image are enhanced more favorably
compared to that of an original image and global histogram
equalization. The indoor benches and outdoor background
should be observed. In particular, the background information
of the histogram equalized image is nearly lost. But contrasts
are enhanced in block-overlapped histogram equalization
and POSHE, so the background can be recognized clearly.
Although block-overlapped histogram equalization produces a
better image, POSHE requires much less computation.

In Fig. 12 and Fig. 13, results of another simulation and his-
tograms are shown. The input image is a backlit image. Through
histogram equalization, the contrast of the dark object is en-
hanced, but the contrast of the background is rather worse than
the original image. The block-overlapped histogram equaliza-
tion enhances the contrast of both the dark object and the back-
ground. The POSHE also enhances the overall contrast.

VII. CONCLUSION

In this paper, a new contrast enhancement algorithm, termed
POSHE, is proposed. POSHE is derived from local histogram
equalization, but it is more effective and much faster compared
to this. The effectiveness results from its local adaptability, and
its speed from the partial overlapping feature. The most impor-
tant feature of POSHE is a low-pass filter shaped mask that
obtains a sub-region probability density function, and the fact
that the mask size can be varied to achieve quality improve-
ments at the expense of calculation complexity. POSHE gives
large contrast enhancements which global histogram-equaliza-
tion methods cannot achieve, and proves to be simpler than local
histogram equalization without incurring any blocking effects.

As the simulation results show, the contrast is enhanced more
than the global method, and the computation overhead is de-
creased drastically without incurring any blocking effects. The
powerful contrast enhancement capability of POSHE is useful
in many consumer electronics fields, such as commercial cam-
corders, digital still cameras, and especially closed-circuit cam-
eras. Due to its simplicity, POSHE can be realized in simple
hardware and processed in real-time.
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