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ABSTRACT

Contrast and Brightness are two major factors, which affect the superiority of an image for
easy or stainless or pleasant viewing. Overall lighting condition and darkness condition of the
image collectively called as brightness, whereas differences in brightness or intensity range
between the low and high-intensity value of an image are called as contrast. Histogram
equalization is a very famous approach for image contrast adjustment or enhancement in
image processing, but which produces sometimes washed out appearance, especially for a
small region of the grayscale image. Contrast adjustment is part of the noise filtering or
smoothing process, which is essential in automatic identification or recognition systems like a
fingerprint or any other biometric-based recognition systems to get higher efficiency.
Histogram-based equalization is simple in terms understandability and implementation,
which is referred as one of the greatest advantages of this contrast adjustment method.
Histogram equalization is less expensive compared to another similar type of contrast
adjustment or enhancement algorithm. The novel approach planned in this paper controls
dominating gray levels before applying histogram equalization process so that it performs
enhancement of the image without over brightness or over darkness, which makes smaller
part of the image invisible or loss of details in that portion of the image. This method
outperforms histogram equalization method by enhancing the contrast with intermediate
brightness or neither too bright nor too dark. In this paper, we compare different types of the
grayscale image using the novel method and global histogram equalization method using
MATLAB.

Keywords: Histogram equalization, Contrast enhancement, Washed out appearance,
Brightness, Image processing.

1. INTRODUCTION :

Contrast adjustment methods are extensively used for image processing to attain wider dynamic range
and which is considered as preprocessing stage, especially in Automatic recognition system based on
different types of images like a fingerprint, face, iris etc. The different four possible ways in which
brightness and contrast can be misadjusted is shown using Figure 1. When brightness is too high all
the pixels of the image turn into lighter, conversely when the brightness is too low all the pixels of the
image turn into darker. When the intensity is a too high, lighter area of the image becomes lighter and
darker area of the image becomes darker.

Distinct contrast enhancement methods have already been developed and advanced which make use
of easy linear or non-linear gray level transformation functions in addition to complicated evaluation
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of special image capabilities. Amongst them, histogram equalization (HE) [1-4] is a very popular
technique for contrast adjustment or enhancement of images, especially grayscale images.

(a) Brightness too high (b) Brightness too low  (c) Contrast too high  (d) Contrast too low

[5]

Fig. 1: Brightness and Contrast misadjusted [5]
In general, the histogram equalization distributes pixel values consistently and produces an outcome
in a superior image with the linear increasing histogram. Some useful applications of HE
enhancement consist of scientific image processing, speech recognition, fingerprint identification and
texture synthesis, which might be typically employed with histogram adjustment [6-9].
Histogram based techniques strategies for image enhancement is in most cases primarily based on
equalizing the histogram of the image and increasing the dynamic variety corresponding to the image.
Histogram equalization (HE) technique has two foremost flaws which affect performance of this
technique. Histogram equalization assigns one gray level into two diverse neighbor gray levels with
distinctive intensities. If maximum of an image consists of a grey level, histogram equalization assign
a gray level with higher intensity to that gray level and it causes a phenomenon as we referred to as it
washed out. Figure 2 indicates this effect. Even though in histogram after washout appearance
dominating bins appears, this is part of another area of the image. Compared to initial image, some
parts of the initial image are washed out in the histogram equalized image.

Original Image [10] Histogram of original Image after applying Histogram of image
image Histogram after applying HE
equalization

Fig. 2: Washout appearance of an image after Histogram equalization [10]
In this study, a new method is proposed to overcome the domination of the gray levels, which
increases the image contrast based on histogram equalization without making the loss of any details of
the image. Usually, in global histogram equalization, some gray level of the image having more
accumulations compared to some other gray levels which have fewer accumulations. Usually, a higher
bin component dominates over lower bin points. In this new method more or fewer accumulations or
frequencies are equalized by shorting the higher bins and adding an extra bin to lower bin gray levels.
The contrast adjustment can be used for fingerprint image enhancement process [11-13].The
remaining part of the paper is arranged as follows. Section 2 describes Review on existing work.
Section 3 explains the objective the study. Section 4 describes the methodology of the proposed
method. Section 5 describes the Global histogram equalization and proposed a new method using the
algorithm. Section 6 presents some experimental results of using novel approach and Histogram
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equalization with the aid of MATLAB. Section 7 shows the snapshots of the coding of the new
method used in this study through MATLAB programming. Section 8 makes concluding remarks.

2. RELATED RESEARCH :

Different techniques of making use of histogram equalization are determined in the literature. Global
histogram equalization (GHE) [1] makes use of the entire information of the input image to map into
new distinct intensity levels of the image. Although this Global technique is suitable for ordinary or
general enhancement, it fails to consider with the local brightness capabilities of the entered image.
The gray ranges with very excessive frequencies (wide variety of occurrences) dominate over the
opposite gray levels having decrease frequencies in an image. In any such situation, GHE remaps the
gray levels in a way that the contrast stretching turns into confined in some dominating gray levels
having large image histogram components, and it causes sizable contrast loss for other small ones.
Local histogram equalization (LHE) [1] can overcome the problem encountered in GHE. LHE uses a
small window that slides on all pixel of the image sequentially and handiest the block of pixels that
fall within this window are taken into consideration for HE and then gray level mapping for
enhancement is carried out for the center pixel of that window. Therefore, it may make splendid use
of local information also. But, LHE requires excessive computational cost and occasionally reasons
over enhancement in some part of the image. Another shortfall of this approach is that it also
enhances the noises inside the input image. To overcome the problem of high computational cost one
more approach is to use the non-overlapping block for HE [1]. But almost all times this method
produces checkerboard effect.

In literature, many types of research are centered on image or video contrast adjustment or
enhancement [14-19]. Mean preserving bi-histogram equalization (MPBHE) proposed to get rid of the
brightness problem issues [15, 17]. MPBHE separates the entered or captured input image or video
histogram into two classifications as mean of the input before equalizing them independently. Some
other variants of bi-histogram equalization are a similar area or equal area or place dualistic sub-
image or picture histogram equalization (DSIHE) [20], minimum or lower mean brightness or
luminance error bi-histogram equalization (MMBEBHE) [19-20]. DSIHE [7] technique uses entropy
value for histogram separation. MMBEBHE [19-20] is the extension of BBHE technique that offers
maximal brightness maintenance. Even though these strategies can carry out exact contrast
adjustments, additionally they generate some side effects depending on the variation of gray level
distribution in the histogram [21]. Recursively Separating the mean and finding histogram
Equalization (RMSHE) another up gradation of BHE [19] however, it additionally is not free from
drawbacks. Moreover, such strategies won't ensure desirable upgrades of all of the partitions [10]. The
difference in the ranges of upgrades of various components might also create undesired artifacts in the
image. There are many variations MPBHE are Recursive Separated and Weighted HE (RSWHE)
[23], Multipeak HE (MPHE) [24], Brightness preserving Weight Clustering HE (BPWCHE) [25],
Brightness preserving Dynamic HE (BPDHE) [26] and HE with Range Offset (HERO) [27-28].

The related research reveals that even though there are a lot of modifications for HE are proposed and
implemented, still, there is scope for improvement in terms reducing noise, improving brightness,
contrast adjustment and equalizing accumulations or larger bins. This paper focuses on cutting the
accumulations or bins of dominating gray levels of the image and reassigning them to lower bin
points of the image.

3. OBJECTIVE OF THE STUDY :

The objectives of the study are;

e To remove the domination of the gray levels and reassign them to lower accumulation gray
level with an intention to equalize more or less accumulation of all intensity levels of the
image.

e To increase contrast, which exists in the image as a range of gray levels and to overcome the
washout appearance occurs for small part of the image.

e To compare the new method with GHE with the aid of MATLAB coding.

Krishna Prasad K et al, (2017); www.srinivaspublication.com PAGE 30



International Journal of Applied Engineering and Management SRINIVAS
Letters (IJAEML), ISSN: 2581-7000, Vol. 1, No. 2, Sept. 2017. PUBLICATION

4. METHODOLOGY :

The methodology used in this research work is explained using workflow diagram using Figure 3. We
use MATLAB R2015a for implementing the new approach to control dominating gray level. Initially,
the image is loaded into MATLAB. The image is resized into 256 x 256 grayscale intensity image
even though the image is any dimensional image like 3D or 2D with a different count of pixels in the
first dimension (row) and a second dimension (column). So intensity levels of grayscale image range
between 0-255. Next, we have to find the occurrence of each gray level or frequency from zero to two
fifty-five. Find the mean of accumulations or frequencies, considering all grayscale intensity levels.
Next check any intensity level of the input grayscale image having individual frequency value greater
than mean. If so, find the difference between frequencies of that intensity level and mean. The new
value of that particular intensity level is reassigned with mean value. Next, we have to add difference
value to all pixels uniformly. This is done, dividing the difference value by mean value. Find the some
of the frequencies all intensity value; usually, it should be equal to a maximum number of pixels. In
256 x 256 sized image maximum number of pixels is 65536 (i.e. 256 x 256). We have altered the
count above. So there is a necessity of checking sum of frequencies of intensity levels. If the sum
crosses the maximum number of pixels, then we simply subtract the excess value from highest
frequency or accumulation value of the intensity levels. If the sum is less than the maximum number
of pixels then find the count of frequencies of all gray levels. Take the difference of sum and a total
number of pixels. Divide the difference by count and distribute the value to all gray levels which are
having a value less than the mean. Next, we use Global histogram equalization for finding probability
density function cumulative density function and mapping function. Finally, the intensity adjusted
output image is generated.

5. PROPOSED NOVEL APPROACH :

In this section first, the usual procedure of global histogram equalization is explained (GHE). In the
second phase, we explain the procedure of novel approach using a pseudo algorithm to overcome
shortfalls of GHE. Suppose that an image k (x, y) consists of distinct gray levels in the range of [0, R-
1]. The transformation function T (d},) is defined as

G=T(d)=Tj=oP(d) = Zjo~ (1)

Where 0 < Gk < 1 where 1=0, 1, 2 ...R-I. In Eg. 1, mi depict the count of pixels having gray level dy, m
is the maximum count of pixels in the entered image and P (d;) correspond to Probability Density
Function (PDF) of the input d;. The cumulative density function here refereed as T (dy). Gy, is a
mapping function, which maps to dynamic range of [0, R-1] values by multiplying it with R-1.

In 256 x 256 sized gray scale images Eq. 1 value of G, is 0 < G, <255 where | can take distinct 256
values from zero to 255 and a maximal number of pixels are 65536 (256 x 256). Gy, is a mapping
function, which maps to a dynamic range of [0, 255] values by multiplying it with 255.

GHE typically offers a good image enhancement, but sometimes ends up with some artifacts and
unwanted aspect results along with the washed out look. In Eqg. 1, larger values of m; purpose the
respective gray levels to be mapped aside from every different that guarantees precise enhancement.
However, the mapping of the grey levels having smaller m; values, are forced to be condensed in a
small range that makes much less enhancement in such gray levels. Furthermore, rounding problems
might also occur inside the transformation such gray levels while the output gray levels are quantized
into integer values. In such cases, there is the possibility mapping a couple of input gray levels to the
equal output gray level that ends in the loss of image information. These phenomena are the main
sources of the washed out appearances within the output image, which is shown in figure 4.

The figure 4 (c) shows the histogram of Figure 4 (a). The small frequencies in the rightmost point the
histogram comes due to the flower image in the original image (Fig. 4 (a)). Compare to the other high
accumulations, these are very small, which might be not observed sometimes and may cause washout
appearance. In this study, our main focus is to control the dominating gray levels over other small
gray levels and making all gray levels more or less equal. This study also focuses on improving or
adjusting the contrast of the image. Section 5.1 is explained with the pseudo algorithm.
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Take the difference of sum and number of frequencies of gray
pixels and subtract the difference value level less than mean

from highest frequency gray level
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gray levels less than the mean

A

Use Global Histogram Equalization for
Probability Density function, Cumulative L/ Intensity Adjusted
Density Function, and Mapping Function image

Fig. 3: Work Flow diagram of Methodology used in this study
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(a) Original image [5] (b) GHE image (c) Histogram plotted for
the original image
Fig. 4: GHE of the image and histogram showing loss of information [25].
5.1 Controlling of Dominating Gray levels
We make a modification for the Global Histogram Equalization at first step while calculating
accumulations or frequencies of all gray level values. Our intention is to preserve even small part of
the image. The algorithms of the approach used in this study referred as Novel Histogram
Equalization (NHE) are shown below;
Step 1: Load the image of any size (input)
Step 2: Resize the image into 256 x 256 sized grayscale intensity image
Step 3: Find the frequency of the each gray level
fori=1to row_size of image
for j=1 to column_size_of image
find frequency of individual pixels of i row and j" column (freq [i] [j])
end
end
Step 4: Find mean of frequencies (mean_freq)
Step 5: Find the frequency of intensity levels > mean
for i=1to size_of frequency_array
if freq [i] > mean_freq
Step 6: Find the difference value of frequency [i] and mean_freq
remaining_values = freq [i] - mean_freq
Step 7: Divide the difference value by mean
remaining_values = remaining_values / mean
Step 8: Assign the value of mean to freq[i]
freq [i] = mean
Step 9: Move from initial gray level frequency to last gray level frequency and add the
remaining value to all intensity levels equally
for j= 1 to size_of _frequency_array
freq [j] = freq [j] + remaining_values
end
end
end
Step 10: find summation of all frequencies and difference value of maximum number of
pixels and sum of the frequency as sum_freq
diff= maximal number pixels (65536) — sum_freq // find difference
Step 11: if the difference greater or more than or equal to 1 (sum_freq less than maximum
number of pixels) if diff>=1
Step 12: Initialize a count for finding number of gray levels less than mean value
count=0
Step 13: Find all intensity levels less than mean frequency and increment counter
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for i=1 to size (freq)
if freq[i] < mean_feq
count++;
end
end
end
Step 14: Divide the difference by count assign this value to all gray levels frequencies
whose value is less than mean value
diff / count
for i=1 to size (freq)
if freq[i] < mean
freq[i] = freq[i]+difference
end
end
Step 15: if difference found in step 11 is less than O (sum_freq greater than maximum number
of pixels)
if diff <0
Step 16: Find the maximum frequency gray level
max_freq = max(freq)
Step 17: Locate the maximum frequency gray level and subtract the difference value from it.
for i=1 to size(freq)
if freq[i] =max_freq
freq[i] = freq[i]-diff
end
end
Step 18: Follow the steps of GHE to find probability density function for each gray level
Step 19: Follow the steps of GHE to find cumulative density function for each gray level
Step 20: Follow the steps of GHE to find mapping function by rounding for each gray level
obtaining by multiplying CDF with maximal intensity level or bin value
Step 21: Intensity adjusted image (output)

The NHE is mainly focused on controlling the dominating Gray levels. This algorithm takes into
account the larger frequency gray level. If any gray level frequency value more than the mean value
of the accumulations or frequencies, are cut-off or removed and the same value is equally distributed
among all other gray levels including the same gray level, which had value more than the mean.
There might be some time more than one gray level having value more than the mean value of the
accumulations. The count of a total number of frequencies is always equal to the maximum count of
pixels usually an image contains. In a 256 x 256 image, it will be 65536. In order to maintain this
value after above operation we check sum of frequencies of all gray level and if it is less than the
maximum count of pixels, then we equally assign the difference to all gray level frequencies, which is
lower than the mean value. If it is more than the maximum count of pixels then we identify the
maximum value of gray level frequency value and subtract the difference from it. By this way we try
to keep a maximum number of frequencies is more or less or almost equal to the maximum count of
pixels of the image. Because of round off calculations, there may be a small scale or very small
difference in the maximum count of frequencies. We neglect these small differences. The NHE
produces more range of intensity levels compare to GHE. Some of the comparisons of NHE and GHE
are shown in Table 1.

Table 1: Comparison between NHE and GHE

Sr. NHE GHE

No

1 Gray level frequencies or | Some Gray level count of frequencies or
accumulations are more or less equal | accumulations dominates over small gray level
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frequencies count.
2 Produces more range of intensity | Produces less range of intensity levels.
levels.
3 The Brightness of the image is | Some part of the image having high brightness.
average, neither high nor less.
4 Washout appearance is reduced | Washout appearance of the small part of the image
maximum extent. is more.

6. EXPERIMENTAL RESULTS :

The algorithm for Novel Histogram Equalization mentioned above is implemented using MATLAB
2015a. In this section, we will compare proposed NHE with GHE to know the performances of the
enhancement techniques. In figure 5 (a) low contrast boy image enhancement or contrast adjustment
is done using Global Histogram Equalization (GHE) and Novel Histogram Equalization (NHE). In
GHE is image becomes brighter but contrast is not adjusted as much as an image obtained through
NHE.

() Original image [5] (b) GHE image (c) NHE
Fig. 5: Contrast adjustment outputs for a boy image (a) original image (b) GHE image (c) NHE image
(using proposed method)

In Figure 6 (a) grayscale image of a lion is considered for testing. Initially, GHE equalization is done
for initial lion image. The lion image becomes brighter but background grass is not clear in GHE. But
which is clearer in NHE and also contrast is more adjusted.

Original image [5] GHE image (c) NHE

Fig. 6: Contrast adjustment outputs for a lion image (a) original image (b) GHE image (c) NHE image
(using proposed method)

The real power of the NHE method we can observe in Figure 7. The butterfly is sitting in a flower.
The flower image in GHE has become brighter and its contrast is lost. In figure 7 (c), even though
flower image is not too bright it has good contrast compare to GHE image.
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Original image [5] GHE image ] (c) NHE

Fig. 7: Contrast adjustment outputs for a butterfly with background flower image (a) original image
(b) GHE image (c) NHE image (using proposed method)

7. SNAPSHOT OF THE CODING OF NHE USING MATLAB PROGRAMMING :

Figure 8 shows the snap shot of the Novel Histogram equalization MATLAB coding. In this snapshot
we focus mainly the code of proposed method, without giving emphasis on Global Histogram
Equalization (GHE) steps.

global in

(2Load the image of any size [(input)

[fi,p]l=uigetfile (' Contrast Adjustmenth *','.+%']);

in=imread([p £i]):

L convert the input image tco gray sScale

in=rgbzgravyi(in) !

YRezsize the image into 256 = 256 sized gray scale intensity image

in=imresize(in, [256 256]);

normalizedlmage =in;

(:freq counts the occurrence of each pixel wvalus.

freg=zeros (256,1)

(Find the fregquency of the each gray lewvel

for i=l:size(normalizedInage, 1)

for j=l:i:size(normali=zedImage,2)

walue=normalizedImage (i, 3) 2
freg(valuet+l)=fregi(valu=+1) +1;

end
S} el=}
(2Find mean of freguencies
meanl=round (mean (freq, 1)) :
for i=l:size(freqg,1)
(Find the freguency of intensity lewvels > mean
if fregi(i) >meanl
3Find the difference wvalus of fredquency and mean of Freguency
remaining=fredg (i) —meanl;
remain=roundremaining/meanl]
(hssign the wvaluse of mean to freg[i]
freg(i) =meanl:
L Mowe from initial gray lewvel freguency to last gray lewvel freguency
% and add the remaining wvalue t£o all intensity levels egqually
for w=1l:zize (fredq, 1)
fregiv)=fredg(v)]+remain:
end
end
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nuofpixels=size (horwalizedImage, 1) *size (horwalizedImage, 2) ;
==0;
3find suwmmation of all frequencies and difference wvalue of maximan
tnurber of pixels and sum of fregquency
s=numofpixels-suwn (frecg, 1) :
31f the difference greater than or egqual to 1
3 (sumn freq less than maximuwn number of pixels)
if = »>=1
(Initialize a count for finding nurnkber of gray levels less than wmean value
count=0;
for i=l:size(freq,1)
if fregi(i) < meanl
count=count+1;
end
end

(Diwvide the difference by couht assigh this wvalue to all gray lewvels
frequencie=z whose walue is les=z than mean wvalue
snew=round (= count) ;
for w=1l:szi=ze(fredq,1)
if fregi(v) < meanl
freq(v) =freq(wv) +snew;
end
end
end
(¥1f difference found in step 11 iz less than 0 (Sum fredq greater
Lthan mwaximwuam nurkber of pixels)
if =<0
s=ab=(=2);
2Find the mwaxXimam fredquency gray lewvel
t=max (freq, 1) :
(Locate the maximun frequency grayvy lewvel and subtract the
sdifference walue from it.
far i=l:=ize(fredq, 1)
if t==freqi(i):
freqgl(il=freq(i)—-t:
end
end

end

Fig. 8: Snapshot of MATLAB coding for Novel Histogram Equalization (NHE)
8. CONCLUSION :

Contrast adjustment is a critical aspect or an important part of the enhancement or filtering process in
image processing or recognition system. Their many variations of Global histogram equalization are
mentioned in the literature. The new approach used in this study-Novel histogram equalization mainly
focuses on controlling the dominating gray levels in terms of accumulations or frequencies over other
small gray levels accumulations and making all gray levels more or less equal. This study also focuses
on improving or adjusting the contrast of the image. This new method is computationally also simple
to implement and any image processing applications easily can adopt this method. The limitation of
the study is:
e Inthis study, the method is only implemented for a gray level image with size 256 x 256.
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e The contrast adjustment is not too good but better than GHE

e Not works well with color image.

e More testing is required in order to generalize this approach.
In this study, a true attempt is made to improve the GHE method in terms of improving or adjusting
the contrast of the 256 x 256 sized grayscale image.
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