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ABSTRACT

Image enhancement is a technique performed onitaldigage in order to make it more appropriatearious
applications. It is used to improve the visualiazatand the clarity of image or to make the originghge more appropriate
for computer processing. By contrast enhancemerghaage the intensity of pixels of an image to miakeore useful for
computer processing. We study and review the diffeimage contrast enhancement techniques becarisg énhancing
the contrast we losses the brightness of image.c@ysidering this fact, the mixture of global anddb contrast
enhancement techniques may enhance the contrastigé with preserving its brightness. There areyniarage contrast
enhancement techniques such as HE, BBHE, DSIHE, MMMBEBHE, RMSHE, GHE LHE and IDBPHE.
This paper focuses on the comparative study ofrashenhancement techniques with special referen¢tE, MHE &
IDBPHE techniques. These novel method will be ugethany fields, such as medical image analysisgarnarocessing,

industrial X-ray image processing, microscopic imggetc.
KEYWORDS: Image Enhancement, Histogram Equalization, ConEahancement

I. INTRODUCTION

Image enhancement process consists of a colleofiaarious techniques which improve the appeararicen
image or make a better image for human or compurgeessing. Image enhancement means as the impeoverhan
image appearance by increasing or reducing sonterésawith improving the distance between pixelse Dbjective of
enhancement is to process an image so that théamsimage is more suitable for processing thandtiginal image.
Image enhancement is one of the most importantimtedesting area where we visually feel the charafean image.
Image enhancement is having the following subcatego spatial domain methods and frequency domadthaus.
In spatial domain method operations we performbaised on direct operation on pixels of an imageredsin frequency
domain methods are based on adapting the Fouaesform of an image. Image enhancement perfornptime and
special role in many application of image procegssuch as medical image analysis, industrial Xinagge processing,
microscopic imaging etc. It mainly improve the \abappearance of the image or to make the originagje more suitable
for human or computer processing [1]. Generallyjraage may have poor quality due to the poor qualitthe imaging

instruments or devices or distortion or the advergernal conditions at the time of image captuongmage acquisition.

The contrast enhancement is one of the commonly insege enhancement methods to improve the contitist
preserving the brightness. Now days we are haviagynmethods for image contrast enhancement have freposed
which can be broadly categorized into two categoritrect methods and indirect methods. Among tidéréct methods,

the histogram equalization (HE) techniques havenlvddely used because of its simplicity and effemtiess as well as the
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simplicity to understand and implementation. Thedamental principle of HE is to make the histog@ihe enhanced
image approximate to a uniform distribution of ireggjxels so the contrast of the image improve. 2@htenhancement
changing the pixels intensity of the input imagentast enhancement is based on five techniquds asitocal, global,
partial, bright and dark contrast. This paper ganized as follows: Section Il describes the défércontrast enhancement

techniques. Section Il describes the result andugision. Section 1V concludes the paper.
II. METHODOLOGY

Histogram based image contrast enhancement tecdmare:
A. Histogram Equalization (HE)

Histogram equalization [2] is widely used technidoecontrast enhancement in a variety of applc®tidue to
its simple function and effectiveness. It worksflattening the histogram and stretching the dynaraitge of the gray
levels by using the cumulative density functiontbé image. One problem of the histogram equalipaiothat the
brightness of an image is changed after the hiatogequalization, hence not suitable for consumestednic products,

where preserving the original brightness and enhgraoontrast are essential to avoid artifacts oraéng the noise.

Soqwe =y

Figure 1(b): Result of HE and it's Histogram

Above Figure 1(a) shows the original image andht&ogram and Figure 1(b) shows the image afteiopring
Histogram. HE has an effect of stretching the dyinaiange of a given histogram since HE improvespitxel density or

pixel distribution of the image [3].
B. Brightness Bi-Histogram Equalization (BBHE)

In order to overcome the drawback introduced by It method described in the previous subsection, a

brightness preserving Bi-HE (BBHE}] method was proposed. Figure 2(a) shows the origmage before apply the
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BBHE method. On this image we apply BBHE methodsed to decompose the original image into two sudges, by
using the image mean gray-level, and then applyHlBemethod on each of the sub-images. Figure 2{b) Bistogram
equalization. The BBHE method produces an outpatgenwith the value of brightness (mean gray-lelagated in the
middle of the mean of the input image. The BBHEhtegue is a hybrid method between mean brightnessepving
histogram equalization method. This technique puese the brightness and also improves the localtrasn
This method uses the neighborhood matrix to impttreepixel distance. This technique can enhanceéntihges without

producing unnecessary artifacts [5] which was ihiied by HE method.

Figure 2(a): Original Gray Scal Image and it's Hisbgram

Figure 2(b): Result of BBHE and it's Histogram
C. Dualistic Sub Image Histogram Equalization (DSIHE)

Dualistic sub-image histogram equalization (DSIH&)also separates the input histogram into twaseabons.
Both BBHE and DSIHE are similar except that DSIHEo@ses to separate the histogram based on graly véie
cumulative probability density equal to 0.5 insteddhe mean as in BBHE, i.e. instead of decompmpsiie image based
on its mean gray level. Equal area dualistic subgienHistogram Equalization method follows the sdmasic idea of
BBHE method. It decomposes the original gray stakge into two sub-images and then equalizes thtedriams of the
sub-images separately [7] instead of decomposiagniage based on its mean gray level. The inpugénig decomposed
into two sub-images, out of them one dark and atghh) respecting the equal area property (i.e,dhb-images has the

same amount of pixels).

It is shown that the brightness of the output imageluced by the DSIHE method is the average oéthml area

level of the image | and the middle gray levelldd image, i.e., L / 2. Figure 3 shows an origingge and it's histogram
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after applying BBHE and DSIHE. The authors claimttthe brightness of the output image generatethbyDSIHE
method.

Figure 3: Original Image and it's Histogram after BBHE and DSIHE

This method does not change the brightness ofutubimage. Images with large object or small obfeve the
same brightness which is approximately equal totiginal image. Small and large object doesn’éetfthe brightness of
output image, it is preserved before and aftercihr@trast enhancement. The result of the dualisticisiage histogram

equalization is obtained after the two equalizdalistages are composed into one image [5].
D. Multi Histogram Equalization (MHE)

In this technique, we sub-divide the image intotipld sub-images, same as in the image contrastneeiment
provided by the HE. Each image is less powerfulptovide the output image to have a more naturakeammce.
The concept of these methods arises two basiciganssiThe first question is (i) how to sub-divide tinput image. The
image decomposition process is based on the h@togf the image. The histogram is divided intoetiht classes, these
classes are determined by the threshold levelsremMbach histogram class represents a sub-imaged&dwmmposition
process is somewhere looks as an image segmengpaiioass executed through multi-threshold selectignThe second
guestion is how many sub-images we can create floenoriginal image after decomposition. This numibepends on the
process of image decomposition, and so this quesidalirectly linked with the first question of haw sub-divide the
image[8].

MHE technique consists of three steps:
e Multi histogram decomposition.
» Finding the optimal thresholds.

» Automatic thresholding criterion.
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Figure 4(a): Original Image of Lady

Figure 4 (b): Image of Lady after MHE
Above figure 4(a) is an image of a lady and figd(b) represent the performance of the MHE methadltre
which shows that the contrast is enhance with pvesgthe brightness. In this method the authomppeed and tested a
new framework called MHE for image contrast enhamzet and brightness preserving which generatedaldtioking
images. The experiments showed that MHE methodseiter on preserving the brightness of the prockssmge
(in relation to the original one) and yields imagegh natural appearance, with the improvement oft@ast and
preserving the brightness.

E. Minimum Mean Brightness Error Bi-Histogram Equalization (MMBEBHE)

Minimum mean brightness error Bi-HE (MMBEBHE)[9] thed follow the same basic principle of the BBHE
and DSIHE methods of decomposing an image anddpeplying the Classical Histogram Equalization (CH#gthod to
equalize the resulting sub-images independently[IB¢ main difference between the BBHE and DSIHEhows and the
MMBEBHE one is that for the threshold value on whibe decomposition is dependent we search ldater lavhereas the
former methods consider only the input image tofqguer the decomposition. At the first stage the inpuage is
decomposed by the threshold level, each of thesmmimages has its histogram equalized by theiclddE process,
and after that generating the output image. Assiomptand manipulations for finding the thresholekelein this method is
somewhere time consuming which increase the tinmepbexity. Such strategy allows us to obtain theytriess of the
output image without generating the output imageefach candidate threshold level, and its aim iprtmluce a method
suitable for real-time applications. Figure 5(apwh the original image of U2 and figure 5(b) shdhes resultant image
after apply MMBEBHE.
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MMBEBHE technique consists of three steps:
» Calculate the AMBE for each of the threshold level.
» Find the threshold level, XT that yield minimum MBE

» Separate the input histogram into two based orXithdound in step 2 and equalized them independeadlyn
BBHE.

Figure 5(a): Original Image of U2
F. Global Transformation Histogram Equalization (GHE)

The global transformation function rearrange therisity values of the image in such a way thatrétshes the
dynamic range of the image histogram which resduietier contrast enhancement image. The RecurseenNbeparate
Histogram Equalization (RMSHE) is used as a geimiadn of both GHE [11] and BBHE that allows s¢déabrightness
preservation. The main idea is to divide the inpistogram into two sub-parts based on the meaheofriput histogram.
After mean partitioning, the resulting sub histagragain sub-divided into more sub-histogram basedhe value of

recursion .

Figure 5(b) : Image after Performing MMBEBHE

The resulting 2r histogram regions are equalizegpendently [14]. Brightness level adjustment wsvjated by

the level of recursion.
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Figure 6(a):Low Contrast Image with it's Pixel Intensity
G. Local Transformation Histogram Equalization (LHE)

In GHE method we consider the global informatiord azannot consider the local light condition or loca
conditions. Local Histogram Equalization (LHE) pmrhs block-overlapped histogram equalization. LH&irks a
sub-block and retrieves its histogram informatibert histogram equalization is useful for the cemtieel using the
Cumulative Density Function (CDF) of that sub bloéiter that, the sub block is moved by one pixet asub block
histogram equalization is repeated until the enthefinput image is reached. Though LHE cannotsidju partial light
information, still it over-enhances some portioepending on its mask size. However, selection obgtimal block size
that enhances all part of an image is not an essdytb perform. The intensity pair distribution @dsnethod exploits the

neighborhood information of all pixels to generatglobal intensity mapping function.

In general, digital images contain a 2D array demsity values, with locally varying Histogram Wiiong
Histogram Segmentation Histogram Equalization imiation that results from a different combination wsfexpected
features such as edges and uniform regions. Siifiegetit parts of the image have different stateticharacteristics,
apply the same approach block wise to handle limfaimation more effectively. Within each block,ggate the set of
intensity pairs from a pixel's 8-connected neigl#hdn a real 2D image, many edge-pairs exist rfeaetiges. Therefore,
accumulate all the expansion forces between the pdgs. Now the smooth intensity pairs may liehimitthe intensity
range of the edge pairs. Due to the contrast stréhe smooth region’s intensity will also be sthetd. To avoid such
circumstances, opposed to expansion forces areraedewithin the intensity range of the smooth ristey pairs.
Similarly, all the opposed to expansion forces areumulated for those intensity pairs of the smaetiion, and then

subtracted from the expansion forces with a ceitapact factor w to obtain the net expansion force.
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Figure 6(b): Image after GHE
H. Recursive Mean Separate Histogram EqualizationRMSHE):

In Histogram Equalization based method Brightnessgrvation can be achieved by having mean separati
before performing the Histogram equalization precas in BBHE. Mean-separation refers to separatiegmage into
two sub-image based on the mean of the input infsigan-separation means to separate an image baske onean of

input image [7].
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Figure 6(c): Image After LHE

However, RMSHE technique [12] is an extension oHEB(where mean-separation was done only oncepdt f
this is equivalent to separate the histogram imto based on the mean of the input image’s histogufter me an
separation, the resulting new histograms are expdiindependently. In RMSHE, instead of decompo#iegnput image
only once, it is decomposed recursively up to angon level r, therefore 2r sub images will be eyated. Each sub-
image is then equalized independently with histogegualization method. If r=0, that means no subgendecomposition
is done, i.e. it is equivalent to HE method only [[1I0]. When one mean separation is done beforalemtion, i.e. r=1,
this is equivalent to BBHE. This increases a levkbrightness preservation. Similarly, two meanasafions before

equalization will result in much higher level ofidiitness preservation as compared to r=0 and rzelsleln typical HE,
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no mean-separation is performed and thus, no Imégist preservation. In BBHE, the mean-separatiatoie once and
thus, achieve certain extends of brightness pratierv In cases where more brightness preservatiorequired.
This method proposed to perform the mean separadicursively; separate the resulting histogramsnalgased on their
respective means. Recursive Mean- Separate Histofigualization (RMSHE) is basically a generalizataf HE and
BBHE in the aspect of brightness preservation. Tdiés is illustrated more clearly in the followifigures. It will be

shown that more mean-separation recursively wslliltein more brightness preservation.

Figure 7(a): Original Image of a Jet-Plan

—— |

Figure 7(b): Image of Jet Plan after RMSHE

To perform the separation recursively separate eagh histogram further based on their respectivarmé is
analyzed mathematically that the output image'smieghtness will converge to the input image's mieaghtness as the
number of recursive mean separation increasesd@&ssihe recursive nature of RMSHE also allowsaddalbrightness

preservation, which is very useful in consumer tetegcs.
L. Image Dependent Brightness Preserving Histograrkqualization (IDBPHE)[20]

The proposed image dependent brightness presemstggram equalization (IDBPHE) [13] technique tise
wrapping discrete curvelet transforms (WDCvT) anel histogram matching technique. A simple diagréibD8PHE is

shown in Figure 8(a) and the corresponding stepgiaen below.

* Region Identification and Separation: The curvelet transform is used to identify brighgions of an original

image.

e Histogram Computation and Matching
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« A histogram of the original image and the histografrpixels which belong to the identified region® a

computed.

* Modify a histogram of the original image with resp® a histogram of the identified regions

Image

| Regon | find
|dentification | | Histogram
Histogram
_ —
Matcning hanced
Find Image

Histogram

Figure 8(a): Flow Chart of IDBPHE

For region identification and matching the follogiflow chart will represent the procedure.

Curvelet
Transform

Image

Scaling _ Scaling &
C ) Thresholding [

Separated
region

Inverse curvelet
Transform

Region Identification

f

Regionseparation

Figure 8(b): Flow Chart for Region Identification and Matching in IDBPHE

Peak Signal to Noise Ratio (PSNR) and Absolute MBaghtness Error (AMBE) are used to evaluate the

effectiveness of the proposed method in the objecense.
AMBE (X, Y) = Mx — My|
WhereMx andMy represent mean values of the input image X angubirnage Y, respectively.

The PSNR is defined as:
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AAXZ
AAX
=20 - log,, (—ﬂJS};

Here, MAX; is the maximum possible pixel value of the imagédeWthe pixels are represented using 8 bits
sample, this is 255More generally, when samples are representedj usiaa PCM with B bits per sample, MA is
2B-1.

It is most easily defined via trmean squared error (MSE) which forawnxn monochrome images | and

where one of the images is considered a noisy appation of the other is defined

m—1n-1

MSE = # > > M) - K

i=0 j=0

Global and Local transformation techniques produbesbest image contrast enhancement as comparthdc
contrast enhancement teddunes because these techniques produces imagesutvithdesirable artifacts and mainta

input mean brightness.
CONCLUSIONS

Image contrast enhancement plays an importantto enhance the quality @an image. In this paper, the
different image contragtnhancement techniques compared andnalyzed. The mixture of global and locantrast
enhancement techniques improves an image qualitgrbhan the other image enhancement metThis technique
improves the clarity or the visuaipression of an imagwith preserving thebrightness. This is proposed systt
implementation work is going on. The major goalirmhge contrast enhancem is to produce images withothe side
effect of the technique which we are applying image corrast enhancement. This technique improves the astntf

input image without disturbinthe brightnes.
I1l. RESULT AND DISCUSSIONS

In Histogram Equalization technique the brightne$ghe image is changed. Therefore this technigueat
suitable forconsumer electronics. The BBHE and DSIHE technigeggarate the input histogram into two subsect
based on mean value and median value respectiMeéyRMSHE, BPDHE and RSWHE techniques divides bistm into
two or more subsections. In RMSHE techies divides histogram into several subsections basddcal mean values.
BPDHE technique divides the histogram into sevetdisections and equalizes them independently,iafivis based o
local maximums of input histogram. In RSWHE techugiqdivide: input histogram into two or more subsectis

recursively, to modify sub histogram by means oighéng process based on normalized power law fans
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