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Digital image contrast enhancement methods that are based on histogram equalization technique are still useful for the use in
consumer electronic products due to their simple implementation. However, almost all the suggested enhancement methods are
using global processing technique, which does not emphasize local contents. Therefore, this paper proposes a new local image
contrast enhancementmethod, based on histogram equalization technique, which not only enhances the contrast, but also increases
the sharpness of the image. Besides, this method is also able to preserve themean brightness of the image. In order to limit the noise
amplification, this newly proposed method utilizes local mean-separation, and clipped histogram bins methodologies. Based on
nine test color images and the benchmark with other three histogram equalization based methods, the proposed technique shows
the best overall performance.

1. Introduction

Contrast enhancement is currently still one of the active
research branches in digital image processing discipline. The
main aimof this research branch is to improve the appearance
of the acquired image [1]. Although both digital image
enhancement and image restoration share the same aim,
unlike image restoration, the results obtained from digital
image enhancement mostly are evaluate subjectively, where
the degree of image quality perceivedmight be different from
person to person [2]. Yet, recent researches in digital image
contrast enhancement also include some objective measures
in order to evaluate the performance of the algorithms.

Histogram equalization (HE) is one of the popular digital
image contrast enhancement methods [3]. This method is
simple and easy to be implemented. HE enhances the given
input image by using a monotonic mapping function, where
thismapping function is derived from the intensity histogram
of the input image.Themapping function also can be derived
from the probability density function (pdf), which is basically

the normalized version of the histogram [4]. In order to
produce an overall contrast enhancement, HE stretches the
dynamic range of the image’s histogram.

In spite of its simple implementation and popularity,
global HE (GHE), which is HE method that uses only
one transfer function calculated from the whole pixels in
the image, has several drawbacks. These drawbacks include
intensity saturation artifacts and washed out appearance.
Fortunately, Kim [5] has discovered that these undesired
problems can be reduced by simply maintaining the average
brightness level (i.e., average intensity level) of the input
image into the corresponding output image. As a conse-
quence from this important rule, many variations of GHE
have been proposed.

Many of these GHE variations work by equalizing two
subhistograms independently in order to preserve the mean
brightness. Within this framework, the method splits the
input image’s histogram into two sections, which is upper
and lower subhistograms, by using one splitting point. This
splitting point has normally been calculated by using the
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input image’s statistics, such as the average intensity value [5]
or the median intensity value [6].

In order to further improve the performance of the con-
trast enhancement method in terms of the mean brightness
preservation performance, several GHE based methods split
the input image’s histogram into more than two sections.
This multiple separated histogram is obtained by using more
than one splitting point. These separating points are typically
calculated based on each section’s average intensity values
[7], median intensity values [8], and local minimum or local
maximum values of histogram’s bin [9].

Yet, several other GHE based contrast enhancement
methods do not put any constrain on preserving the mean
brightness.Thesemethods avoid the appearance of unwanted
artifacts in their output images by controlling the enhance-
ment rate, which relates to the slope of the intensity mapping
function, by modifying the shape of the input histogram.
Suchmodifications are normally been carried out by clipping
the histogram [4], applying a weighting function to the
histogram’s bins [10], or creating a complementary histogram
[11].

However, GHE and its derivative methods process the
image globally, which mean that these methods use only one
monotonically increasing transformation function for each
input image. As mentioned in [11], the calculation for this
discrete transformation function is done by using discrete
values. Therefore, the contrast enhancement is obtained by
increasing the spaces between consecutive histogram bins.
Yet, mostly the histogram bins with small values will be
merged together, which lead to the deterioration of contrast
for intensity levels with low probability values.

Local HE, also known as adaptive HE, is still not been
fully explored. Unlike GHE based methods, local HE meth-
ods generally produce sharper images. As local HE is able
to introduce new intensity levels into the output image,
they may flatten the image histogram and thus increase the
information content (i.e., which normally can bemeasured by
using entropy value) [12]. One of the basic local HE methods
is the block overlapped HE (BOHE). BOHE works by using
a sliding window of size 𝑊

𝑀
× 𝑊
𝑁
, which defines a local

contextual region on the image [1].This local region is treated
as a subimage by BOHE, and thus a similar procedure to
GHE is applied in order to determine the local intensity
mapping function. However, for each windowing operation,
only the center pixel of the contextual region is assigned the
output value. As a consequence, for a given input image with
dimensions 𝑀 × 𝑁 pixels, BOHE needs MN local intensity
mapping functions, which leads to high computational time.

Because the computational requirements by BOHE are
very high, Pizer et al. [13] have proposed the interpolated
adaptive HE (IAHE). IAHE does not use the exact local
intensity mapping function to most of the pixels, but it
uses the approximation of the function by utilizing bilin-
ear interpolations. Another approximation of BOHE is the
method developed by Kim et al. [14] which is called the par-
tially overlapped subblock histogram equalization (POSHE).
Unfortunately, the blocking effect reduction filter (BERF)
used by POSHE is still not effective on removing some

blocking effect due to the significant difference of intensity
mapping functions of neighbouring subblocks.

Another approach to reduce the high complexity of
BOHE is by optimizing the way of creating the local intensity
histograms [12]. Yet, there is still a major problem associated
with BOHE, which is the noise amplification, thus causing
the existence of speckle noise in the resultant image. There-
fore, a few BOHE based methods that give constrain on
noise amplification, such as the contrast clipped adaptive
histogram equalization (CLAHE) [15] and multiple layers
block overlapped histogram equalization (MLBOHE) [12],
were designed.

In this paper, a new variation to BOHE,which is called the
local contrast enhancement utilizing bidirectional switching
equalization of separated and clipped subhistograms (LCE-
BSESCS), has been proposed. This paper is divided into
four sections. After this introductory section, Section 2 will
explain the methodology of LCE-BSESCS. The next section,
which is Section 3, will present the experimental results.
Finally, Section 4 will present the conclusion from this
research work.

2. Methodology

The main objective of LCE-BSESCS is to increase the image
contrast and sharpness, especially to images that suffer from
uneven illumination. LCE-BSESCS also aims to preserve
the mean brightness of the input image, so that intensity
saturation problem can be avoided. The basic ideas of LCE-
BSESCS are listed as follows.

(i) Reducing saturation artefact: LCE-BSESCS uses bidi-
rectional equalization, where the intensity mapping
moves towards the local mean value.

(ii) Reducing noise amplification: LCE-BSESCS utilizes
clipped subhistograms in order to avoid abrupt inten-
sity changes.

(iii) Reducing the processing time: switching approach
has been used, so that instead of calculating transfer
functions from both subhistograms, LCE-BSESCS
calculates one transfer function from one subhis-
togram only.

Themethodology for LCE-BSESCS is explained in the follow-
ing subsections.

2.1. Define the Contextual Region. Similar to BOHE, the
operation of LCE-BSESCS uses a sliding window of size𝑊

𝑀
×

𝑊
𝑁
pixels, where both𝑊

𝑀
and𝑊

𝑁
are odd integer numbers

(i.e., 𝑊
𝑀

= 2𝑊
𝐻
+ 1 and 𝑊

𝑁
= 2𝑊

𝑊
+ 1). Here, 𝑊

𝐻
and

𝑊
𝑊
are integer values, presenting the distance from the center

pixel of the sliding window to the window’s border in vertical
direction and horizontal direction, respectively.

This sliding window is used to define the local image, also
known as the contextual region (CR), for local processing. Let
us assume (𝑖, 𝑗) as the spatial coordinates of the pixel, and
(𝑦, 𝑥) represents the spatial coordinates for the center pixel
of the current CR. Using the sliding window, CR will only
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occupy the area with coordinates in the range of 𝑦 − 𝑊
𝐻
≤

𝑖 ≤ 𝑦 +𝑊
𝐻
and 𝑥 −𝑊

𝑊
≤ 𝑗 ≤ 𝑥 +𝑊

𝑊
.

In the implementation of LCE-BSESCS, truncation of the
sliding window has been applied for the pixels located near
the image border. For example, when coordinates (𝑦, 𝑥) are
at position (0, 0), the corresponding CR is truncated to the
size of (𝑊

𝐻
+ 1) × (𝑊

𝑊
+ 1) pixels, instead of 𝑊

𝑀
× 𝑊
𝑁

pixels. At this position, the “center pixel” of CR is not located
at the middle of CR but located at the top left. By using
truncation approach, the size of the original input image
can be maintained and we do not need to use any padding
operation (e.g., zero padding, padding with global average
value, or padding with global median value) toward the
input image. We believe that the sampled intensity values
from the truncation approach is more accurate than the
padding approach, as the sample will not be contaminated by
artificially added values.

2.2. Create Local Histogram. As mentioned in previous sub-
section, at every “center pixel” (𝑦, 𝑥), one CR is defined. If the
input image, denoted as X = {𝑋(𝑖, 𝑗)}, has the intensity levels
within the range [0, 𝐿 − 1] (i.e.,𝑋(𝑖, 𝑗) = {𝑋

0
, 𝑋
1
, . . . , 𝑋

𝐿−1
}),

the subimage defined by CR, XCR(y,x) = {𝑋CR(𝑦,𝑥)(𝑖, 𝑗)}, also
has the intensity levels [0, 𝐿 − 1]. Using this CR, a local
intensity histogram𝐻CR(𝑦,𝑥) is defined as

𝐻CR(𝑦,𝑥) (𝑋𝑘) = 𝑛𝑘, for 𝑘 = 0, 1, . . . , 𝐿 − 1, (1)

where 𝑋
𝑘
is the 𝑘th intensity level and 𝑛

𝑘
is the number of

pixels within CR with intensity level𝑋
𝑘
.

2.3. Separate Histogram into Two Subhistograms. With the
aimofmaintaining the localmeanbrightnesswithinCR, local
mean-separation methodology has been used. The mean-
separation methodology was first introduced by Kim [5] in
his method known as brightness preserving bi-HE (BBHE).
Unlike BBHE that uses global average intensity value as the
splitting point, the local splitting point 𝑋CR(𝑦,𝑥) in LCE-
BSESCS is the average intensity value from the sampleswithin
CR. This local separating point is defined as

𝑋CR(𝑦,𝑥) = ⌊
∑
𝐿−1

𝑘=0
(𝑋
𝑘
× 𝐻CR(𝑦,𝑥) (𝑋𝑘))

𝑊
𝑀
×𝑊
𝑁

⌋ , (2)

where ⌊⋅⌋ is the floor function.

2.4. Clip the Corresponding Subhistogram. A special consid-
eration is given in order to limit the amplification of speckle
noise which may degrade the appearance of the resultant
contrast enhanced image. In LCE-BSESCS, histogram clip-
ping approach has been utilized. By clipping histogram bins
which are exceeding certain threshold value, we can control
the enhancement rate defined by the local intensity mapping
function.Therefore, the enhanced pixel value at (𝑦, 𝑥)will not
deviate too much from its surrounding homogenous region.
Adapted from bi-HE with a plateau limit (BHEPL) [16], the
threshold value 𝑇CR(𝑦,𝑥) for the histogram clipping process
is obtained by using the average value from subhistogram.

However, unlike BHEPL, a switching approach has been used.
The value for 𝑇CR(𝑦,𝑥) is defined as

𝑇CR = {
𝑇
𝐿

𝑋(𝑦, 𝑥) ≤ 𝑋CR(𝑦,𝑥),

𝑇
𝑈

otherwise.
(3)

Where

𝑇
𝐿
=

[
[
[

[

∑
�̃�CR(𝑦,𝑥)
𝑘=0

𝐻CR(𝑦,𝑥) (𝑋𝑘)

𝑋CR(𝑦,𝑥) + 1

]
]
]

]

+ 1,

𝑇
𝑈
=

[
[
[

[

∑
𝐿−1

𝑘=�̃�CR(𝑦,𝑥)+1
𝐻CR(𝑦,𝑥) (𝑋𝑘)

𝐿 − 𝑋CR(𝑦,𝑥) − 1

]
]
]

]

+ 1.

(4)

By using this threshold value, LCE-BSESCS clips the
histogram bins as follows:

𝐻

(𝑋
𝑘
) = {

𝑇CR 𝐻CR(𝑦,𝑥) (𝑋𝑘) ≥ 𝑇CR,

𝐻CR(𝑦,𝑥) (𝑋𝑘) otherwise.
(5)

Next, subhistogram from the clipped histogram𝐻
 needs to

be normalized, so that pdf of that histogram section can be
obtained. In order to do this, the total number of pixels from
the modified subhistogram 𝑛

𝑇
is calculated

𝑛
𝑇
=

{{{{{{

{{{{{{

{

�̃�CR(𝑦,𝑥)

∑

𝑘=0

𝐻

(𝑋
𝑘
) 𝑋 (𝑦, 𝑥) ≤ 𝑋CR(𝑦,𝑥),

𝐿−1

∑

𝑘=�̃�CR(𝑦,𝑥)+1

𝐻

(𝑋
𝑘
) otherwise.

(6)

2.5. Create the Bidirectional Intensity Mapping Function.
After the corresponding normalized clipped subhistogram
has been found, intensity mapping function 𝑓 for the use in
LCE-BSESCS is defined. Function 𝑓 is defined as

𝑓 (𝑋
𝑘
) = {

𝑓
𝐿
(𝑋
𝑘
) 𝑋 (𝑦, 𝑥) ≤ 𝑋CR(𝑦,𝑥),

𝑓
𝑈
(𝑋
𝑘
) otherwise.

(7)

Where

𝑓
𝐿
(𝑋
𝑘
) =

[
[

[

𝑋CR(𝑦,𝑥)

𝑛
𝑇

×

𝑘

∑

𝑗=0

𝐻

(𝑋
𝑗
)

]
]

]

, (8)

𝑓
𝑈
(𝑋
𝑘
) =

[
[
[

[

(𝐿 − 𝑋CR(𝑦,𝑥) − 2)

𝑛
𝑇

× (𝑛
𝑇
−

𝐿−1

∑

𝑗=𝑘

𝐻

(𝑋
𝑗
))

]
]
]

]

+ 𝑋CR(𝑦,𝑥) + 1.

(9)

It is worthnoting that the equalization process defined
by (8) propagates from the left to the right side of the
subhistogram. On the other hand, equalization process given
by (9) propagates in opposite direction. There are two main
advantages by using bidirectional equalization. First, by using
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this design, the transformed intensities with high histogram
values will be given values similar to the local mean value
𝑋CR(𝑦,𝑥). Therefore, this condition will enable LCE-BSESCS
to have a better brightness preservation ability.

The second benefit that can be obtained from bidirec-
tional equalization is the prevention from intensity saturation
artifact. In normal local histogram equalization based meth-
ods, equalization process always propagates from the left side
to the right side of the histogram. Thus, if the “center pixel”
𝑋(𝑦, 𝑥) has the highest intensity value within CR, the cor-
responding output pixel 𝑌(𝑦, 𝑥) will be assigned the highest
intensity level (i.e., intensity𝑋

𝐿−1
) that normally corresponds

to the whitest pixel. As a consequence, the output image
might suffer from intensity saturation artifact. However, this
is not a problem to LCE-BSESCS as the equalization process
by this method is moving towards 𝑋CR(𝑦,𝑥) instead of 𝑋

0
or

𝑋
𝐿−1

.

2.6. Map the Center Pixel. Finally, the output intensity value
that corresponds to the “center pixel” 𝑌(𝑦, 𝑥) is given as:

𝑌 (𝑦, 𝑥) = 𝑓 (𝑋 (𝑦, 𝑥)) . (10)

After the value of 𝑌(𝑦, 𝑥) is determined, the sliding window
slides to the next adjacent pixel and repeats the same
procedure until all the pixels in output image Y get their
corresponding contrast enhanced values.

As compared with GHE based contrast enhancement
methods, which use one monotonic intensity mapping func-
tion for each input image, LCE-BSESCS uses𝑀×𝑁 intensity
mapping functions. In LCE-BSESCS, each pixel has its own
transformation function. As a consequence, LCE-BSESCS is
able to introduce new intensity levels into the output image.
In this method, the histogram bins can be merged, as well as
being broken up into several bins. Therefore, similar to other
local HE methods, most of the histogram bins will be filled
up with values. Hence, the utilization of the dynamic range
in LCE-BSESCS is more effective than GHE based method.
It is expected that LCE-BSESCS will produce a larger entropy
value.

3. Experimental Results

Nine digital images of size 3264 × 2448 pixels (i.e., 7.99-
megapixel images) are used in this experiment in order to
evaluate the performance of LCE-BSESCS.All of these images
are 24-bit-per-pixel color images and were acquired using the
camera from the same smartphone. This images are shown
in Figure 1. In order to process these color images, in this
experiment, we treat each color channel (i.e., red (R), green
(G), and blue (B) color channel) as an independent 8-bit-
per-pixel grayscale image. Therefore, in order to process one
color image, LCE-BSESCSwill be executed three times, where
each execution corresponds to one color channel. Thus, in
this experiment, the level of quantization 𝐿 is set to 28 = 256.

One experiment has been carried out in order to inves-
tigate the suitable filter size to be used by LCE-BSESCS.
One test image, which is Image 1, has been used for this
purpose. In this experiment, we has limit the shape of the

filter to be square by setting 𝑊
𝑀

to be equal to 𝑊
𝑁
. The

enhanced versions of Image 1 by using different filter sizes
are shown in Figure 2. As shown by this figure, LCE-BSESCS
successfully sharpens the input image. However, we can see
that LCE-BSESCS with smaller filter size does not enhance
much contrast as compared to LCE-BSESCSwith bigger filter
size.

In order to understand the reason for this situation, we
have investigated the number of nonempty histogram bins
on local histograms versus the size of LCE-BSESCS filter.
The statistics from this investigation are presented as box
and whisker plots in Figure 3. It is known that for local HE,
the contrast of the output image is depending much on the
number of nonempty histogram bins [12]. From the graph,
it is shown that when the size of the filter is small, the
number of nonempty histogram bins is also small, and thus
majority of the local histograms have many empty bins. The
number of nonempty histogram bins is increasing when the
filter size increases. Based on both Figures 2 and 3, we think
that LCE-BSESCS with size 129 × 129 pixels is adequate for
the enhancement. With this window size, almost half of the
local histograms (i.e., based on the median value) has 128 or
more nonempty histogram bins (i.e., more than 𝐿/2 intensity
levels), and the output image is well enhanced.

Then, in order to bench-mark the performance of LCE-
BSESCS, three other common HE based contrast enhance-
ment methods have been implemented.These three methods
are GHE [1], BOHE [12], and CLAHE [15]. In this implemen-
tations, the filter size for both BOHE and CLAHE is set to
be exactly the same with the size of the filter used by LCE-
BSESCS, which is 129 × 129 pixels. The plateau limit used in
CLAHE is set as 10%from themaximumhistogrambin value.
Examples of the results are shown in Figures 4, 5, and 6.

Two image quality measures has been used for the
evaluation process. As the images are color images, in this
research work, the measurements will be carried out on the
luminance value of the image. The luminance value 𝐼 of the
pixel at position (𝑦, 𝑥) is calculated by using the following
equation [1]:

𝐼 (𝑦, 𝑥) =
(𝑅 (𝑦, 𝑥) + 𝐺 (𝑦, 𝑥) + 𝐵 (𝑦, 𝑥))

3
, (11)

where 𝑅 is the red color component, 𝐺 is the green color
component, and 𝐵 is the blue color component.

The first measure is the mean brightness error (MBE) [5].
MBE has been widely used as a qualitymeasure for histogram
equalization based methods. MBE is defined as:

MBE =

𝐼
𝑌
− 𝐼
𝑋



𝑀 × 𝑁
, (12)

where 𝑀 is the height of the image, 𝑁 is the width of the
image, 𝐼

𝑌
is the average luminance value of the enhanced

image, and 𝐼
𝑋
is the average luminance of the original input

image. It is expected that a good contrast enhancement
method can preserve the mean luminance and therefore has
small value of MBE.
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(a) Image 1 (b) Image 2 (c) Image 3

(d) Image 4 (e) Image 5 (f) Image 6

(g) Image 7 (h) Image 8 (i) Image 9

Figure 1: Nine input color images used in this experiment.

The second measure is the speckle noise strength (SNS),
which is defined as follows:

SNS =
∑
𝑁−1

𝑦=0
∑
𝑀

𝑥=0


𝐼 (𝑦, 𝑥) − 𝐼 (𝑦, 𝑥)



(𝐿 − 1) ×𝑀 ×𝑁
× 100%, (13)

where 𝐼 is the approximation to a clean, enhanced image. In
this work, 𝐼 is obtained from the version of 𝐼 that has been
filtered by amedian filter of size 25×25 pixels.This filter size is
still relatively small when compared with the size of the input
image (i.e., 𝑀 and 𝑁) and works well even when the image
has been corrupted by high density of impulsive noise. Good
enhancement method is expected to give small value of SNS.

Tables 1 and 2 show the measured MBE and SNS values,
respectively: The bold font in these tables refers to the best
result. As shown by Table 1, the proposed method, which is
LCE-BSESCS, has the lowest average MBE value. Its average
MBE value is significantly lower than others. This outcome
shows that LCE-BSESCS has the highest ability to maintain
themean brightness of the image.Themean brightness of the
input image is well maintained in the corresponding output
image by LCE-BSESCS.

Table 2 shows that all the contrast enhancement methods
evaluated in this research increase the strength of the speckle
noise. Yet, among these tested methods, LCE-BSESCS pro-
duces the lowest average SNS. Although CLAHE also uses
clipping histogram approach similar to LCE-BSESCS, LCE-
BSESCS has a better performance in SNS. This indicates that
a better restriction for noise amplification can be obtained by
combining the clipped histogramapproachwith bidirectional
equalization using subhistograms.

Qualitative evaluation, by inspecting the appearance of
the output images visually, has also been carried out in
this research. Some of the output images are shown in
Figure 4 to Figure 6. As shown by this figures, BOHE and
CLAHE tend to enhance the edges too much, which make
the resultant images lost their global contrast. On the other
hand, images produced by LCE-BSESCS appear to be more
natural. Furthermore, as also shown by these figures, LCE-
BSESCS maintains the basic shape of the original histogram.

4. Conclusions

In this research work, a new contrast enhancement method
has been proposed. This method is based on local HE



6 Mathematical Problems in Engineering

(a) Filter size 3 × 3 (b) Filter size 5 × 5 (c) Filter size 9 × 9

(d) Filter size 17 × 17 (e) Filter size 33 × 33 (f) Filter size 65 × 65

(g) Filter size 129 × 129 (h) Filter size 257 × 257 (i) Filter size 513 × 513

Figure 2: Enhanced versions of Image 1 by using LCE-BSESCS of different filter sizes.

3 5 9 17 33 65 129 257 560

0

64

128

192

256

N
um

be
r o

f n
on

em
pt

y 
hi

sto
gr

am
 b

in
s

The width of the window, WN

Figure 3: Statistics of the number of nonempty histogram bins
versus the size of filter used.

method, where themethod emphasizes onmaintainingmean
brightness, while improving contrast of small details on
the image. The degree of enhancement can be adjusted by

Table 1: MBE values obtained from nine input images.

GHE [1] BOHE [12] CLAHE [15] LCE-BSESCS
Image 1 11.3669 6.3181 7.0035 4.6966
Image 2 0.6324 6.0483 9.8283 6.8152
Image 3 23.3245 15.2141 10.5754 5.1724
Image 4 10.4738 13.5890 9.3127 1.3990
Image 5 39.4145 45.6867 28.2706 3.1002
Image 6 25.6025 28.3861 11.9334 0.7755
Image 7 52.9224 62.2760 42.9693 4.4040
Image 8 52.4181 80.1929 51.8291 3.4763
Image 9 24.2728 38.7048 30.5922 1.2740
Average 26.7142 32.9351 22.4794 3.4570

changing the filter size, which is the only parameter used
for LCE-BSESCS. As shown by the results, the proposed
method has the best performance in terms of preserving the
mean brightness and avoiding significant noise amplification.
Qualitative evaluation shows that the proposed method
produces relatively more natural images. Therefore, it can be
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(a) Image 1 (b) Enlarged version from (a)
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(c) Histogram of (a)

(d) Result from GHE (e) Enlarged version from (d)
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(g) Result from BOHE (h) Enlarged version from (g)
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(j) Result from CLAHE (k) Enlarged version from (j)
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(m) Result from LCE-BSESCS (n) Enlarged version from (m)
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Figure 4: Image 1 and its enhanced versions.
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(a) Image 5 (b) Enlarged version from (a)
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Figure 5: Image 5 and its enhanced versions.
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(a) Image 9 (b) Enlarged version from (a)
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Figure 6: Image 9 and its enhanced versions.
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Table 2: SNS values obtained from nine input images.

Original GHE
[1]

BOHE
[12]

CLAHE
[15] LCE-BSESCS

Image 1 3.4545 7.7319 13.2477 9.5568 6.3514
Image 2 2.2514 7.2053 20.6303 18.9394 8.0975
Image 3 5.0863 10.4602 18.2116 12.6374 7.8931
Image 4 3.9052 15.9535 23.8075 14.9450 6.5358
Image 5 5.2880 7.0348 19.8410 13.8103 7.4881
Image 6 7.8513 13.6009 22.8940 14.1334 9.1318
Image 7 1.3906 20.8070 30.4298 20.1688 5.2793
Image 8 0.5047 20.4854 44.9306 32.5611 3.5101
Image 9 1.0342 12.8723 21.9976 17.5813 3.8881
Average 3.4185 12.9057 23.9989 17.1482 6.4639

concluded that the proposed method shows the best overall
performance.
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