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An Effective Local Enhancement Approach for Color Images
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There are twocommon types of contrast
enhancementechnologies global enhancement and
Abstract local enhancemertechriques.One advantage ofhe
global contrast enhancemetéchniqueis its fast
processingspeeddue toless computational effort.
The main objective of image enhancement is to Onedrawback of global contrast enhancement is that
increase quality and visibility. Since each block of an the variance of local information is not considered
image has a given luminancethat is local  leading to loss ofietailed informationOn the other
information, a color enhancement method including hand, localcontrastenhancement utilizes the local
local contrast enhancement, local sharpnessinformation of the imageat the expense of more
enhancement and local color enhancement iscomputatioml effort This work relies on local
proposed for improving the quality andsibility contrast enhancement.
flow-exposure and highxposure images.Local
information h each blockis applied with sliding
windowsin the proposed metho&imulation results
demonstrate that the proposed method is simple an
effective for color image enhancement.
Keywords: Gamma correction; Otsu method;
luminance enhancement; color enhancement.

Histogram equalization (HE) is a common
methodfor increagng image contrasthat is simple
(i\]nd effective However, the istogram equalization

ethodssuffer from noise and oveenhancenents
Several researcher have attemptedto improve the
traditional histogram equalization method See for
instance the survey of listogram equalization
methods in [2]. Methods include brightness
; preserving bi-histogram equalization (BBHE) [3],

1. Introduction dualistic sub imagehistogramequalization (DSIHE)
[4] and minimum meanbrightnesserror bi-histogram

Image enhancement is animportant researchequalization (MMBEBHE)[5]. The BBHE scheme
area of image processing [1]. Image enhancemenglivides the original histogram intotwo histograms
technologies are applied in many domains, such agising the mean valueAfter the division, each
enhancements of naturéinages, medical images, histogrampartition is equalized independentlyihe
image recognition, image Segmentation, and more. DSIHE schemas similarto the BBHE schemewhich

Image enhancemetechniquesareitherbased  divides the histogramaccording the mediamather
onspatial domainor frequency domain analysis. than the mean.Using the threshold of minimum
Enhancement techniques based on spatial domaifrightness errorMMBEBHE, BBHE and DSIHE
analysis directlyprocess the imageixels.On the decompose an input histogram into two sub
other hand, frequency based techniques performhistograms.The ecursive meanseparatehistogram
image enhancement using frequency information oféqualization (RMSHE)}chemg6] is anextension of
the image obtained using some transformation BBHE where theoriginal histograncan be separated
schemes,such asfast Fourier transform(FFT),discreténto multi-partitiors according tothe mean. The
cosine transform(DCT) and Discrete wavelet weighted thresold histogram equalization scheme
transbrm(DWT). This study proposes aspatial (WTHE) [7] used two control valus to adjustthe
domainbased enhancement method. level of enhancemenDther method [810] have
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been proposed foresohing the overenhanceent
problems Gamma correction isaell-knownmethod
usedin bothglobalandlocal enhancement tecigues
to increase contrast and luminarafedigital images.
Although, it issimple and effectivén enhaning the
image it requres manualparameterseting. Hence,
several studies focus on findinghe best gamma
parameter settings, including the yhamic range
optimization (DRO) method [11], adaptive and
integrated neighborhoedependent approach for
nonlinear enhancemerfAINDANE) method [12],
nonlinear transferfunctionbasedlocal approach for
color image enhancement(NFLACE) method[13]
and gacevariantluminancemap basedolor image
enhancement(SVLMCE) method[14]. DRO is a
local gamma correction methathat compresse the
mean value of the gray levelfor resohing the
low-exposure and  high-exposure problem.
AINDANE was proposed for color image
enhancemest including luminance enhancement,

contrast enhancement and linear color restoration.

NFLACE was derived from AINDANE method;
NFLACE uses gamma correction tomplement

luminance enhancement, and the color hue

preserve by using the HSV color space. SVLMC
developedwo gamma correction methods to increase
the luminance and enhance the edge sharpness.

This paper is organized as follows. Sectidbn
presents theproposed color image enhancement

is

method including the contrast enhancement,
sharpness enhancementand color enhancement
Section Il displays experimental results.

Comparisons between several methods on the basi
of the objective and subjective analysis are also
provided in Sectioll . Finally, conclusion is given.

2. The Proposed Method

This sectionpresentsa simple and effective
color enhancement methddcluding local contrast
enhancementpcal sharpnesenhancemerdéndlocal
color enhancementThe target of the proposed
method is to increaséhe quality and visibility of
low-exposureand highexposure image

A pixel value of a color image is transformed
into a gray level according to Eq. (1):

Y(x,y) =0.29% R(x,y) +0.587 G(x, y) +0.144 B(x,y) (1)

WhereR, G andB are colorcomponerd; x and
y representthe pixel location. The pixel values of
image componentR(x, y), G(x, y) and B(x, y) are
between 0 and 1Y is an output gray level of an
image.

2.1 LocalContrast Enhancement

The proposed local contrast enhancement
scheme employs gamma correction. The aghma
correction methodfirst transforns the imageusing
thetransformation function iq. (2).

)

Where Yj andY arethegraylevel output and
input images respectively The pixel values of
imagesYjandYar e bet ween O and
parameterthat is set bythe user. Different gamma
values would generate different luminance images.
Figure 1 showghe gammacorrectionaccording to
differernt parametewralues
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Figure 1: Gamma correction according to
difference gamma values

Fig. 1shows thatf the parametevalue isclose
to O, the luminance is brighter thahe input. On the
ether hand,if the parameter isgreater thanl the
luminance of the output becomedarker thanthe
input. However the parameter igsually set by the
user. Thus an automatic gammaparameter
determination mechanismused

The autedetermination gamma parameter
methodwas initially designed for the global contrast
enhancement algorithnkach block of themage has
its luminance contrast enharttesing a overlapping
mechanism [1]The formulas are shown in Egs. (3)
and (4):

E=VY{

((iMean - iOT) + (iMean - 0.5) + (iOt - 0.5)))
2

3
4

g=log,(2+
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Where @ is the shiftedgray levelblock of the
input imageY. O is an output imageesulting from
the local contrast enhancemenfThe gamma
parameter iestimatel by using the mean of image
andthe Otsu thresholdThe iMean is the mean othe
input image,iOT is the Otsu threshold calculated by
the Otsu method11]. The original Otsu method
separated the input image into foreground and
background imagesThis studyseparateghe input
image into dark and bright imageghe first term of

the numerator represents the gain factor that increases
or degrades the luminance. The second and third

termsexpectthe dynamic rangef grey levelsto be
compressed tgield better result.

((Mean - iOT) + (iMean - 05) +(iOt - 05),
2

g=log,(2+

®)

Figure 2 shows the resutif using the local
contrast enhancement method.

(b)
Figure 2: (a) original image (b) imagewith local
contrast enhancemers

2.2 Local SharpnessEnhancement

The main objeite of the sharpness
enhancement is to increase details and ermhanc
veined pattern or the edge, but too much sharpness
enhancement increasdhe noise in the resulting
image. Hence, a simple local sharpness enhancement
algorithmis proposed to reduce the nmifEquation
(6) displays the Ilocal sharpness enhancement
function:

S Y) =E(X,¥)- (By_qo - (E(XY) - Ep_pnean))

(6)

Where "vafto and ‘0 ¢fvo  arethe output image
and input imageafter using the local sharpness
enhancement and local contrast enhancesnent
respectively. ©  and O are the standard
deviation and mean ofO in the shifed mask
respectively.

2.3 LocalColor Enhancement

In this section, a simple color enhancement
schemeis proposed based ocolor weights. The
color weights are calculatexdtcording to Eq. (7):

W, =05774 -
R

w, =0577% =
G

()

——> =) =) ———> —> (;

W, =0.5774 %
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WhereR, G, andB are components of an RGB
color image, @ is a gray level image that is
calculatedusing Eq. (1), w, ug and wg are the color
weights for the RGB color imag@&igure 4 shows the
relationship between the RGB color and the gray
levelin the RGB color model [1].

Blue( 0,0,1)

Gray Level

Black

Red( 1,0,0)

Figure 4: RGB color model

The RGB pixel valuesin Fig. 4 are between 0
and 1.The range of the dark can be calculated and
then gray level region can be obtaingtus, the ratio
of gray level and RGB color i#1o i.e., 0.5774. After
calculating the color weight , the color
enhancement is then implemented using Eq. (8).

o:

0.57748 I'(x, y)
W (X, y)
05774 1'(x,y)
(X, y)
_0577# 1(x,y)

T (xy)

Ri(x, y) =
Gi(x, y) = (8)

Bi(x, ¥)

—_— ) =) =) ) —) =)

Where | (x, y) represerg the enhanced image.
R(x,y) , G(x,y) and B'(xy) are the enhanced
color compaert of theoutputimage

3. Experimental Results

In our experiment, the contrast enhancement
method is set by using the ¥ overlapping
window sizes and shifted 5 pixed$ a time alonghe
row. After slidingalongthe row,it shifted alongthe
column the samenumber of pixels. The local
sharpness enhammentis calculated by333 pixel
mask

We compared several algoritsmusing both
objective and subjective analysighese included the
traditional gamma correction (GC), commonly
histogram equalization (HE), DROWTHE and
SVLMCE. And three types ofest images were
simulated These three types of test images include
low-exposure, higlexposure andhormal exposure
images.

The images used inthe simulatiors (seeFigs
6-8) are form theKodak signal and image processing
institute (SIPI) and NASA respectively The
subjective analysis results aleown in Figs. 6-8.

Figure 6(a) shows high-exposure imageln
Figure 6(b)a fixed gammaparametelg=0.5) is used
that caused luminanc® be overenhanced. Figure
6(c), displays the output image of applying HE.
Figure 6(d) shows th@ormal contrast imageafter
applying WTHE, but the result loslunnatual. The
imagesubject toDRO is shown in Figure 6(eyhich
gives ahigh-exposure resultThe resul of applying
SVLMCE is demonstrated in Figure 6(f) thi
increased luminancand reduced contrasthe image
resulting from theproposed method is displayed in
Figure 6(g); the proposed method is able to
successfullyreducethe luminance of higlexposure
image and increase the contrast of the image.
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(9)
Figure 6: (a) Original (b) GC(g=0.5) (c) HE
(d) WTHE (e) DRO (f) SVLMCE
(9) Proposed method

Figure 7(a) shows another original image.
Figure 7(b) shows the highexposure resultafter
applying a fixed gamma parameteig<0.5). Figure
7(c) showsthe overenhancedesults obtained with
HE. The highexposureimage caused byWTHE is
shown in the Figre 7(d). This image has lost its
detaik and contrastDRO achievessuitable contrast
in the rabbit, but the underbrufdoks unnatual (see
Figure 7(e). Figure 7(f) looks similar to the input
imageindicaing that SVLMCE did not increase the
contrast and detaiFigure 6(g)shows the results of
the proposed methodvhere image luminance is
reducedand the contrast isenhanced(see Figure

7(9)).
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Figure 7: (a) Original (b) GC(g=0.5) (c) HE (d)
WTHE (e) DRO (f) SVLMCE (g)
Proposed method

Figures @b), (c) and (d) show that
high-exposure luminanceis increased and the
contrast of text is reduced on the hdtgyures8(c)
- _ﬂ"‘ and (d)showthe resuling imagesafter applying HE
: and WTHE respectively These images are
overenhancegdhence the skys dark The proposed
method yieldedbetter result compared tehe other
method and thecontrast ofthe text on the hatss
(d) enhancedseeFigure8(g)).

(b)
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)
Figure 8: (a) Original (b)GC(r =0.5) (c)HE
(d)WTHE (e)DRO (f) SVLMCE (g)
Proposed method

A low-exposure imageestis shown inFigure9.
Figures 9(b), (e) and (f)demonstrate successful
luminanceincreass, but the color of the pillais
chromatigd Figures 9(c) and (d),shows thatthe
resuling images after applying HE and WTHE
becomesoverenhancedThe best result isobtained
using the proposed method

Meanwhile, Table 1 shows the objective
(d) analysishy comparingstructural similarity(SSIM) on
three typs of images. The SSIMis commonlyused

to measurdhe similarity between imageThe SSIM
value is in the range of 0~JA high SSIM value
signals high similarity. According to Table 1, the
suggested method yielded the highest SSIM value as
compared withthe other schemesThe proposed
methodthusproduce better results.

Table 1 ASSIM measure from three test image

Method SSIM
GC 0.74
HE 051
WTHE 0.66
DRO 0.70
SVLMCE 0.79

Proposed 0.83
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(e)

(4].
4. Conclusion

A simple and effective color enhancement method
is proposed.The proposed schememploys local
contrast enhancement, local sharpness enhancement
and local color enhancement by applying local
information to improve quality andvisibility for
low-exposureand highexposure image Simulation
results,indicates thathe proposed methogerforms [6].
betterthan the other methods
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