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Abstract— Image Enhancement Is As Much An Art As l§ A Science.” Image enhancement is one of the
key issues in high quality pictures such as digiedmeras. The main purpose of image enhancemeribis
bring out detail that is hidden in an image or tmdérease contrast in a low contrast image. This tai@ue
provides a multitude of choices for improving thesual quality of images. This is the main reasoratiimage
enhancement is used in a huge number of applicagonith important challenges such as noise reduction
degradations, blurring etc. This paper will provide overview of underlying concepts, along with atghms
commonly used for image enhancement. The paper &3 on spatial domain techniques for image
enhancement, with particular reference to point p@ssing methods and on spatial filtering.

Key Terms: - Digital Image Processing; Histogrammige Enhancement; Image restoration; MSE; PSNR;
Spatial and Frequency Domain

. INTRODUCTION

A. Image Enhancement
Image enhancement is to improve the interpretghilit perception of information in the images to\pde

better input for other automated image processiagss The image acquired from natural environmeitit w
high dynamic range includes both dark and briglgioms. Due to exceed in dynamic range of human eyes
sensing, those images are difficult to perceivenbgnan eyes. Image enhancement is a common apptoach
improve the quality of those images in terms of hanvisual perception. Enhancement techniques can be
divided into two categories namely:

e Spatial domain methods

e Transform domain methods.

Spatial domain technique enhances an image bytlgidealing with the intensity value in an image.

Transform domain enhancement techniques involvestoaming the image intensity data into a specific
domain by using methods such as DFT, DCT, etc.th@dmage is enhanced by altering the frequencyetbn
of the image.

Image enhancement is applied in every field wherages are ought to be understood and analyzed. For
example, medical image analysis, analysis of imdgms satellites etc. Image enhancement simply mean
transforming an imageinto imageg usingT. (Where T is the transformation. The values of @xalimages f
and g are denoted by r and s, respectively. As gaédoixel values r and s are related by the egioa,

S=T() ceevveeen (1)

Where T is a transformation that maps a pixel valirgo a pixel value s. The results of this tramsfation
are mapped into the grey scale range as we aringdedre only with grey scale digital images. 3, tesults
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are mapped back into the range [0, L-1], whereLkdeing the number of bits in the image beingsidered.
So, for instance, for an 8-bit image the rangeixélpsalues will be [0, 255].

Figure 1. Showing the effect of Image Enhancement

This paper provides an overview of underlying cars@long with the algorithms commonly used for gma
enhancement and focuses on spatial domain techmiiguemage enhancement, with particular referetace
point processing methods.

B. Image Restoration

Image restoration refers to removal or minimizatadrknown degradations in an image. This includes d
blurring of images degraded by the limitations cfeasor or its environment, noise filtering andrection of
non-linearities due to sensors. Image restorasam process that attempts to reconstruct and reesvenage
that has been degraded by using the phenomencegoddhtion. In this technique an inverse processés to
restore the original image. This technique involvesnulating certain criteria of goodness that givhe
optimal estimate of the desired result.

The objective of restoration is to obtain an estérfgx,y) of the original image. We want to estimaté#oas
close as possible to the original input image andeneral the more we know about H apdhe closer fA(x,y)
will be to f(x,y). If H is a linear position-invant process, then the degraded image is giverptiigasdomain
by:

g(x,y)= hOGY)M G Y)+FN0GY) e, (2)
where h(x,y) is the spatial representation of tegrddation function and the symbol * indicates ispat
convolution,
g(x,y) is the degraded image amgk,y) is the noise term.
In Frequency Domain, Equation(2) can be written as:
G(u,v)= Hu,V)F(u,V)+NU,V)....ee e (©)

Degradation
function
H

Restoration

flx.y) filter(s)

flx.y)

Noise
glx, ¥)

DEGRADATION RESTORATION
Figure 2: A model of the image degradation/restongprocess

II. IMAGE ENHANCEMENT TECHNIQUES

A. Gray level transformations

The dynamic range of an image is defined as thierdifice between the smallest and largest pixelegalu
within the image. We can define certain functiotrahsforms or mappings that alter the effective ofsthe
dynamic range. These transforms are primarily agpio improve the contrast of the image. This inaproent
is achieved by altering the relationship betweendiinamic range of the image and the grey-scaledlar)
values that are used to represent the values.
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a) Image Negative:- The most basic and simple operation in digital gegrocessing is to compute the
negative of an image. The pixel gray values arerit@d to compute the negative of an image. For elgnif an
image of size R x C, where R represents numbeows iand C represents number of columns, is repiedséry
I(r, ¢). The negative N(r, c) of image I(r, c) dam computed as:

N(r,c) =255 = I(r, C)evneeeiee e, 4)
where0<=r<=Rand0<=c<=C

It can be seen that every pixel value from theipalgimage is subtracted from the 255. The restifmage
becomes negative of the original image. Negativagies are useful for enhancing white or grey detail
embedded in dark regions of an image.

Original Image Megative Of Image

(a) Original Image (b) Negative Image
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0 0
0 100 200 0 100 200
(c) Original Image Histogram @Ytput Image Histogram

Figure 3: Image Negation and corresponding Histogra

b) Log Transformation :- The general form of the log transformation is
s=c*log (L +0).iiiiiiiiiiiieen, (5)

The log transformation maps a narrow range of loput grey level values into a wider range of output
values. We would use this transformation to expéuedvalues of dark pixels in an image while corspirg
the higher-level values. The inverse log transfaromaperforms the opposite transformation. We Ugusgt ¢
to 1. Grey levels must be in the range [0.0, 1.0].

(a) Original Image (b) Transformed Iredg (c)Transformed Image2
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Figure 4: Log Transformatemd its histograms

¢) Exponential Transformation :- The exponential transform is the inverse of theatdgmic transform.
Here, the mapping function is defined by thel_giizlﬁ_?e e raised to the power of the input pixel value
loupufis)=€ "™ (6)
where I(i,j) is the value of a pixel at a locatifj) in image |. This transform enhances detaihigh-value
regions of the image (bright) whilst decreasing dyaamic range in low-value regions (dark) — the@agite
effect to the logarithmic transform. The choicebafse depends on the level of dynamic range compress
required. In general, base numbers just above $uitable for photographic image enhancement.
loutpuf(j)=C[(1+0) ™) 1], (7)
Here, (1) is the base and c is the scaling factor requimezhsure the output lies in an appropriate raAge.
is apparent when,Jipu(i,j)=0 , this results inglpu(i,j)=C unless we add in the -1 to counter thiseptial offset
appearing in the output image.

(@) Original Image (b) Transformed Iradg (c) Transformed Image2
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(d) Original Image (e) Tréorsned Imagel (f) Transformethge2
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Figure 5: Exponential Transformation and its hisamgs

d) Power-law Transformation: An alternative to both the logarithmic and expdr@nransforms is the ‘raise
to a power’ or power-law transform in which eacpunhpixel value is raised to a fixed power:
Toutpu(i])=Coutpu{if)) Ve v v v eeeiinie e (8)
Where ¢ ang are constants, a valuey#® 1 enhances the contrast of high-value portidrteeimage at the
expense of low-value regions, whilst we see thensyfory< 1. This gives the power-law transform properties
similar to both the logarithmioy(< 1) and exponential/¢ 1) transforms. The constant ¢ performs rangkngca
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i

(a) (b)
2000 “ »
000
1000 e o
200
2000
- 1000 W
0 I 0 _
0 100 200 Do Ew w0 w 0 00 02 03 04 05 D6 07 08 09 |
(d) Original Image Histogram (e) Transfied Imagel Histogram (f) Transformedimage?2 Histoy

Figure 6: Power- Law Transformations and its cgroesling histograms

€). Gray Level Sicing:- Its purpose is to highlight a specific range ddygrvalues. For this, fixed threshold

values are taken. Two different approaches cardbptad for this. They are:

i. Gray-Level Slicing Without Preserving Backgroundhis displays high values for range of interest
and low values in other areas. The main drawbadkisfapproach is that the background information
is discarded.

. Gray-Level Slicing with Background:-Its objective o display high values for the range of interest
and original gray level values in other areasrésprves the background of an image.

Gray level slicing without background Gray level slicing with background
w -
E’ 200 = 200
3 4
= =
S 100 @ 100
2 E
3 S
0 ]
0 100 200 0 100 200
Input Gray Level, r Input Gray Level, r
(a) (b)

© 2013, IJICSMC All Rights Reserved 142



Nancyet al, International Journal of Computer Science and MoBibmputing Vol.2 Issue. 4, April- 2013, pg. 1381

Original Image Gray-level Sliced Image

(d)
Figure 7: Gray- Level Slicing
f). Contrast Enhancement:- This is one of the simplest piecewise linear fiorctLow contrast images can
result from poor illumination, lack of dynamic rangn image sensor or even wrong setting of lenstae

during image acquisition. The idea behind this téghe is to increase the dynamic range of grayl$eivethe
image being processed.

Criginal Imadust

Original bng ngiral Fage

(a) Original Image (b) Enhanced Image

original image output histogram

100 Z00

(c) Original Image Histogram (d) Enhanced Image Histogram

100 200

Figure 8: Contrast Enhancement and its correspgridstograms
B. Spatial Filtering

a) Mean Filter:- The mean filter is perhaps the simplest linel&erfiand operates by giving equal weight to
all pixels in the neighborhood. A weight of #1/(NM) is used for an NxM neighborhood and hasdfiect of
smoothing the image, replacing every pixel in th&pat image with the mean value from its NxM
neighborhood. Mean filters can be used as a mathedppress noise in an image. Mean Filters words fiar
Salt noise but fails for pepper noise.

b) Median Filter:- Median filtering overcomes the main limitatioosthe mean filter, but at the expense of
greater computational cost. As each pixel is addm@sit is replaced by the statistical median ofxM\
neighborhood rather than the mean. The mediarr fitesuperior to the mean filter in that it is leettat
preserving sharp high-frequency detail (i.e. edgés)st also eliminating noise, especially isolatedse spikes
(such as ‘salt and pepper’ noise). The median éopenequires an ordering of the values in the pixel
neighborhood at every pixel location. This increatte computational requirement of the median dpera
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Output of Mean Filter

Original image Output of Median Filter
y After Adding Noise

@ O

ariginal image noise added T mean filter

2000 2000 2000
1500

1500 1500 1500
1000 1000 1000 1000
50 500 o 500
0 0 0 0

0 100 200 0 100 200 0 100 200 0 100 200
(e) ® (9) (h)

Figure 9: (a) Original Image (b) Noise Added Ima@® Median Filter Output (d) Mean Filter Output
AND Corresponding histograms fig.(e-h).

I1l. PERFORMANCE ANALYSIS

The PSNR block computes the peak signal-to-noise, ia decibels, between two images. This ratioften
used as a quality measurement between the origimhla compressed image. The higher the PSNR, tter be
the quality of the compressed or reconstructed @nag

The Mean Square Error (MSE) and the Peak Signblioise Ratio (PSNR) are the two error metrics used t
compare image compression quality. The MSE reptegha cumulative squared error between the corspdes
and the original image, whereas PSNR representsagumne of the peak error. The lower the value cEM8Be
lower the error. To compute the PSNR, the blockt firalculates the mean-squared error using thewoig
equation:

E [{{im,mn)—Taim,n ]]2
MSE = 2N

M*N ©)

In the previous equatio andN are the number of rows and columns in the inpw@ges, respectively.
Then the block computes the PSNR using the follgveiquation:

([ R
PSNR = 10logqq | ——
o810 L MSE ]
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Tablel: Comparison of Different Measuring Parangeter an image

Sr. No. Technique MSE PSNR

1 Image Negation 3.7355e+004 2.4073

2 Log transforn 8.9773e+00 9.004¢

3 Exponential 6.0269 40.3298
transform

4 Power law transform| 0.4139 51.9616

5 Gray level slicin 1.5810e+00 16.141.

6 Contrast 3.4371 42.7688
enhancement

7 Mean filter 362.5145 22.5375

8 Median filter 355.5241 22.6221

IV. CONCLUSION

This paper presents a short description of varimage enhancement techniques in order to makeifamil
with the enhancement of a blurred image, noise vamaetting the brightness, contrast of image® paint
processing methods are used primarily for coneakbncement. Image Negative is suited for enhanehite
detail embedded in dark regions and has applicaiiomedical imaging. Power-law transformations aseful
for general purpose contrast manipulation and fdakgk image; an expansion of gray levels is acciangd
using this transformation with a fractional exponédrog Transformation is useful for enhancing detai the
darker regions of the image at the expense ofldattlie brighter regions the higher-level valuesr an image
having a washed-out appearance, a compressionagflgvels is obtained using a power-law transforomat
with y>1. The histogram of an image (i.e., a plot of ghay level frequencies) provides important inforiomt
regarding the contrast of an image. Filters ared useremove noise from an image. Mean filter suppre
Gaussian noise well and the median filter is beséed for removing salt and pepper noise as congperenean
filter.
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