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Abstract: Image enhancement is the practice of adjusting digital images as a result that the outcome is more
suitable further image analysis. The main objective is to enhance the color image by converting the RGB value
of  each  pixel  of  the  original  image  to  HSV  then  2D-DWT  applied  to  the  luminance  value  of  V  element.
It decomposes the V element into four sub bands. The low frequency sub band is smoothened by using various
linear filters and Non-linear filters and high frequency sub bands are sharpened. Then the IDWT applied with
new low frequency and high frequency sub bands. The Saturation is equalized by adaptive histogram
equalization. The enhanced V and S are combined with H then converted back into RGB. H is unaltered due to
color distortion. The experimental results vividly displays the proposed algorithm is efficient and enough to
remove the noise resulting good enhancement and the quality of the image is measured by using quality
measures and the values are tabulated, From the result filters with sharpening gives good enhancement. Finally
the geometric mean filter from linear and the median filter from nonlinear filters with sharpening gives less MSE
and good PSNR values.
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INTRODUCTION been described to enhance gray level images. Newly, an

Image enhancement [1] refers to emphasis, Wavelet Transform for Satellite images was reported by
sharpening of image features such as edges, boundaries, Demirel and Anbarjafari [5]. Later, these techniques were
or contrast to formulate a graphic present more useful for used for improving the color images as well. Wu and su
analysis. Nowadays color image enhancement [2] is projected an image resolution improvement technique
becoming a progressively more significant research area. based on wavelet transform [6]. Since a part of the high-
Color image enhancement can involve development of pass filtered image is added to the unique data, the
color stability or color contrast in a color image. The RGB ensuing effect produces edge enrichment and noise
color representation is the most widely used color space. magnification as fine. In order to deal with this problem,
The HSV color space [3] is based on cylindrical more effective approaches resort to nonlinear filtering that
coordinate. The HSV representation defines a color space can recognize an enhanced compromise among image
in terms of three parts of components. Gang Song et al. sharpening and noise reduction [7]. Meanwhile
[4] proposed an adaptive color image enhancement based homomorphic filtering, Low pass and high pass filtering
on individual visual properties in HSV color space. The are the additional technique to work in spatial domain [8].
images enhanced by this algorithm have better visual The contrast of the color image is improved with
effect. However, the color image improvement is based on saturation feedback from saturation components and
arithmetic mean and difference calculation. While an incorporating spatial domain values into luminance parts.
arithmetic mean filter smoothes neighboring variation in Hue is sealed in order to evade color deformation. The
an image and noise is reduced to some level, it really adaptive luminance improvement is achieved by a
results in blurring of the image. Many algorithms have geometric  mean filter in position of arithmetic mean filter

image resolution improvement technique by 2D Discrete
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Fig. 1: Flow Diagram.

because arithmetic mean filter tends to lose image detail The rest of the paper is well-arranged as follows.
such as boundaries and sharpness while compared to Section II discusses about the proposed color image
geometric mean filter. The conventional algorithm uses enhancement scheme. Section III deals with colour spaces
the arithmetic mean filter which smoothes neighboring conversion. The 2D-DWT for Image is given in section IV.
variations of luminance and saturation [9]. An improved Section V discusses the various types of linear and non-
median filter algorithm is implemented for the de-noising linear filters for image enhancement applications. Section
of greatly degraded images and edge conservation. Mean VI discusses the results obtained and Section VII
and enhanced mean filter is used for the noise detection. concludes the paper. 
The pictures are corrupted with different noise levels and
reconstructed. The noises are Gaussian and impulse (salt- Proposed Color Image Enhancement Scheme: In this
and pepper) noise [10]. Fabrizio Russo proposed work, HSV color space is chosen since it offers good
enhancement system adopts a simple piecewise linear image enhancement. The projected new algorithm for
function, the algorithm only one piecewise linear function color image improvement is as follows and shown in
to  merge  the  smoothing  and  sharpening  effects  [11]. Figure 1.
F. Russo and G. Ramponi projected fuzzy systems are well
apt to model the uncertainty that occurs when conflicting Read the Color Image. 
operations must be performed, that is feature sharpening Convert Color Image from RGB color space to HSV
and noise cancellation [12, 13]. S.Gopinath et.al was space.
delineate a piece wise linear algorithm (PWL) for a non Separate the collective HSV into individual
linear filtering scheme of gray level images by using components H, S and V. 
discrete wavelet Transforms [14]. Kaganami, et.al Applying 2D-DWT on the luminance (V)
presented a color conversion scheme of color image component, it decomposes into four sub bands
improvement  based on Hue Invariability with The LL band is smoothened by linear and non-linear
individuality of human visual color realization in HSV filtering techniques and high frequencies sub bands
color pattern [15]. are sharpened.
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Applying IDWT new Sub band frequencies then Reverse Transformation: HSV to RGB Color Space
saturation is enhanced by adaptive histogram Conversion
equalization and hue remains unchanged in order to
avoid color distortion. 
Combine separated parts of H, new S and V into
combined HSV. 
Transform back HSV space to RGB color space. 
Display the enhanced color image.

Color Space Conversion:

RGB  HSV Color Space Conversion

These primary colors can be combined to produce
enormous amount of secondary colors. Even though it is
feasible to improve a digital real color image by applying 2-D Discrete Wavelet Transform
existing grey-level image improvement algorithms to every 2D-Discrete Wavelet Transform: In this mechanism
red, green and blue channel, the resulting image may not applies  first level 2-D Discrete Wavelet Transformation
be enhanced optimally. RGB color space has limitation in on the luminance (V) component, which changes the
representing shading property or rapid illumination image from the spatial domain to frequency domain.
changing. In order to solve this problem, converting an According to the Figure 2, the image can be separated
image from RGB space to HSV space. The HSV model with four parts those are LL, LH, HL and HH. In
defines a color space in terms of three essential parts. Hue additional, those four parts are stated four frequency
represents category of color such as red, blue, or yellow ranges in the image. For the low-frequency domain LL is
that ranges from 0 to 360 degrees. Saturation is the vitality sensitively with human eyes. So apply smoothing
of color that ranges from 0 to 100%. The lower the techniques in LL band and sharpening techniques in High
saturation of a color, the more gray the image looks and frequency bands (LH, HL and HH). Apply IDWT on new
extra dull the color appears. Value is the brightness of the sub band frequencies.
color that ranges from 0 to 100%. HSV space is as well
recognized as hex cone color model. The HSV color space
is widely used to generate high quality computer
graphics.

The RGB to HSV conversion formula is shown by
the equation (1).

Fig. 2: Frequency distribution of DWT.

(1) understood.

(2)

Image Enhancement
Smoothing Techniques: Applying smoothing action by
following linear and non-linear filtering  techniques on
low frequency component of 2-D DWT, then get new
enhanced LL band frequencies.

Linear Filter: Linear  filters  are  well  implicit  and
speedy to calculate, but are helpless of smoothing
without  simultaneously  blurring  edges.  Linear  filter
output  values  are   linear   combinations   of   the  pixels
in the original image. Linear methods are far more
agreeable  to  mathematical  examination  than are
nonlinear ones and they are consequently far better
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Arithmetic Mean Filter: This is the simplest of the mean of salt and pepper noise. For positive values of Q, the
filter. Let S represent the setoff coordinate in a filter eliminate pepper noise. For negative values of Q itxy

rectangular sub image mask of size m x n, centered at point eliminates salt noise. It cannot do both simultaneously.
(x,y). The arithmetic filtering process computer the The contra harmonic filter reduces to the arithmetic mean
average value of the corrupted image g(x,y) in the region filter if Q = 0 and to the harmonic mean filter if Q= -1 is
defined by S . The significance of the restored image at given by the equation (6).xy

every point (x,y) is basically the Arithmetic Mean
computed by the pixels in the section defined by S as
shown in equation (3).

(3)

This operation can be implemented using a without blurring  edges  and  can  sense edges at the
convolution  template  in  which  all  co-efficient  has entire orientations concurrently but have less secure
value 1 / . Mean filter simply smoothes local variation theoretical foundations and can be slow to compute.m x n

in an image. Noise is reduced as an effect of blurring. Nonlinear methods effectively conserve edges and

Geometric Mean Filter: An image reconstructed using a operators lean to blur and alter them. In addition,
geometric mean filter in given by the expressions shown nonlinear image improvement tools are less susceptible to
in equation (4). noise. Noise is always present due to the substantial

underexposure and low-light conditions in analog

(4) noise which, jointly with the image signal itself are

Here, each restored pixel is given by the product of
the pixels in the sub image mask, raised to the power 1/ m Median Filter: The best known order-statistics filter is the
x n, A geometric mean filter achieves smoothing median filter, which replaces the significance of a pixel
comparable to the arithmetic mean filter, but it tends to through the median of the gray levels in the locality of
lose less image details in the process. that pixel is given by the equation (7).

Harmonic Mean Filter: Applies a harmonic mean filter to
an image in the harmonic mean scheme, The color value of (7)
each pixel in replaced through the harmonics mean of
color values of the in a neighboring region shown in The original value of the pixel is incorporated in the
equation (5). calculation of the median. Median filters are somewhat

provide excellent noise reduction capabilities, through
(5) considerably lesser blurring than linear smooth filters of

The harmonic mean filter works well for salt noise, Max and Min Filter: Although the median filters by far
but fails for pepper noise. It does fine as well with other the order-statistics filter mainly used in image processing.
type of noise like Gaussian noise. The median represent the 50  percentile of a ranked set of

Contra Harmonic Mean Filter: The contra harmonic called max filter given by equation (8).
filtering action yields a restored image based on the term
(6). Where Q is called the order of the filter. The filter is
well apt for dropping or practically eliminating the effect (8)

(6)

Non  Linear  Filter:  Nonlinear  filters  can  smooth

information of images while schemes using linear

chance of image capturing systems. For instance,

shooting conditions guide to images with film-particle

captured during the digitization process.

accepted because, for definite types of random noise they

related size.

th

information, Using the 100  percentile result in the so-th
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This filter is helpful for detecting the brightest Sharpening Techniques: The principal objective of
points in an image. Also, because pepper noise has sharpening is to highlight fine feature in the image, or to
extremely small values, it is reduced by this filter as a improve the detail that has been blurred either in error or
effect of the max selection process in the sub image area as a natural effect of a particular method of image
S. The 0  percentile filter is the min filter given by acquisition.. This is achieved using a mask having ath

equation (9). positive value in its center location and negative

shown in Figure 3.
(9)

Mid-Point Filter: The midpoint filter is normally used to
filter images containing small tailed noise such as
Gaussian and uniform type noises. The midpoint filter is
defined as equation (10).

(10) Fig. 3: Sharpening Mask.

Where the coordinate (x+i, y+j ) is defined over the Experimental Results: The experimental results for
image A and the coordinate (i, j) is distinct above the n x Standard Test Images are Lena and Pepper digital color
n size square mask. image taken whose size is 512 x 512.

coefficients in the rest. A filter built based on this kernel

Fig. 4: Output Enhanced by Geometric Mean Filter with Sharpening. 

Table 1: Quality Measures for Lena Color Image
Filter Type Filter MSE PSNR NK AD SC MD NAE
Linear Filter Arithmetic Mean 355.498 29.763 0.991 -0.648 0.995 114 0.1275

Arithmetic Mean with sharpening 317.395 31.902 0.997 -0.907 0.989 95 0.1214
Contra Harmonic Mean 348.255 30.431 1.000 -2.850 0.961 90 0.1258
Contra Harmonic Mean with sharpening 343.567 32.588 1.000 -2.423 0.962 88 0.1205
Geometric Mean 51.779 34.818 0.990 0.664 1.000 89 0.0415
Geometric Mean with sharpening 42.201 38.511 1.000 -0.389 0.991 78 0.0392
Harmonic Mean 327.232 29.604 0.987 0.559 1.000 138 0.1224
Harmonic Mean with  sharpening 325.714 31.592 1.000 0.529 1.000 126 0.1220

Non- Linear Filter Max 980.131 31.871 1.000 -15.39 0.806 126 0.2108
Max with  sharpening 708.489 33.915 1.000 -14.41 0.888 70 0.1795
Median 608.914 28.903 0.980 -0.165 1.000 120 0.1675
Median with  sharpening 308.696 31.168 1.000 -1.083 0.981 90 0.1199
Mid-point 648.107 28.829 0.975 0.0790 1.000 126 0.1721
Mid-point with  sharpening 350.799 30.764 0.995 -0.892 0.9885 111 0.1268
Min 977.579 26.619 0.858 15.663 1.000 189 0.2064
Min with  sharpening 662.604 26.765 0.876 14.737 1.000 185 0.1674
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Table 2: Quality Measures for Pepper Color Image

Filter Type Filter MSE PSNR NK AD SC MD NAE

Linear Filter Arithmetic Mean 681.063 28.677 0.974 0.248 1.000 121 0.1674
Arithmetic Mean with sharpening 340.885 31.692 0.994 0.011 0.992 89 0.1183
Contra Harmonic Mean 665.088 28.985 1.000 -1.451 0.987 112 0.1653
Contra Harmonic Mean with sharpening 359.225 32.306 1.000 -1.423 0.992 88 0.1200
Geometric Mean 52.469 29.371 0.977 0.596 1.000 102 0.1194
Geometric Mean with sharpening 33.535 32.875 0.9927 0.556 1.000 70 0.0292
Harmonic Mean 651.448 28.568 0.972 1.106 1.000 136 0.1637
Harmonic Mean with  sharpening 344.236 31.791 0.9875 1.086 1.000 95 0.1188

Non- Linear Filter Max 954.629 31.355 1.000 -13.98 0.834 127 0.1963
Max with  sharpening 646.808 34.071 1.000 -13.90 0.823 74 0.1603
Median 644.313 28.778 0.981 -0.141 1.000 124 0.1632
Median with  sharpening 336.903 32.163 0.9969 -0.158 0.987 103 0.1176
Mid-point 678.060 28.667 0.974 0.344 1.000 177 0.1661
Mid-point with  sharpening 369.454 31.762 0.9894 0.322 1.000 105 0.1225
Min 947.994 26.618 0.871 15.045 1.000 184 0.1944
Min with  sharpening 623.593 27.883 0.8876 14.783 1.000 167 0.1562

Table 3: Quality Measures

S.No: TYPE FORMULA

1 MSE (Mean Square Error)

2 PSNR (Peak Signal to Noise Ratio)

3 NK (Normalized Cross-Correlation) 

4 AD (Average Difference) 

5 SC (Structural Content) 

6 MD (Maximum Difference) 

7 NAE (Normalized Absolute Error)

Fig. 5: MSE Comparison for Linear Filter. 
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Fig. 6: MSE Comparison for Non Linear Filter.

Fig. 7: PSNR Comparison for Linear Filter.

Fig. 8: PSNR Comparison for Non Linear Filter.

Using the Table 3 Compute the Quality measures such  as  Linear  and  Non-linear   Filtering   techniques.
then  tabulated,  the results are shown in Table 1 and On  the  above  reported  theory  and  results  the
Table 2 for Lena color image and Pepper color image geometric  mean  filter  in  linear  and  median   filter  in
respectively. From the result, the geometric mean filter in non-linear  filter  with  sharpening  are  suggested for
linear and median filter in non-linear filtering with image enhancement applications. This paper can be
sharpening gives the less MSE and MD value when extending  by  converting  these  files  into  VHSIC
compared with other filtering and regarding PSNR Hardware Description Language (VHDL) and
geometric mean filter in linear and Max filter in non-linear implementing through Field- programmable Gate Array
filtering with sharpening gives good results and compare (FPGA) Processor; so that these filtering techniques can
with other filtering techniques. Even though the Max filter be compared with conversion time and other quality
gives good PSNR but comparing with other quality performances.
measures Median filter has good outputs. The result of
geometric mean filter with sharpening is shown in Figure ACKNOWLEDGEMENT
4. Figure 5 and 6 Shows MSE comparisons for various
Linear and Non Linear filters, Figure 7 and 8 Shows PSNR Part of this article has been presented Second
comparisons for various Linear and Non Linear filters. National Conference   on   Research   and  Development
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