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Abstract
The object of this paper is to present a simple and efficient algorithm 
for dynamic range compression and contrast enhancement of digital 
images under the noisy environment in the compressed domain. A 
waveletbased dynamic range compression algorithm is applied to 
improve the visual quality of digital images. The necessary images 
are captured from the high dynamic range scenes with non-uniform 
lighting conditions. Image enhancement algorithm with sufficient 
fastness offers dynamic range compression. Also, it preserves the 
local contrast. Tonal rendition is additional benefit of it.
Hence, this finds applications that include image interpretation.
Wavelet is very important transform function for image 
enhancement. Wavelet transform function decomposed layer wise 
one is called details layer and another layer is called approximation 
layer. The detail layer acts as threshold function and approximate 
layer is processing of image enhancement.
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I. Introduction
Image enhancement is basically improving the interpretability 
or perception of information in images for human viewers and 
providing better input for other automated image processing 
techniques. The main objective of image enhancement is to modify 
attributes of an image to make it more suitable for a given task and a 
specific spectator. Contrast enhancement is essential to improve
substandard images that are captured in extreme lighting conditions, 
such as excessively bright or dark environments that produce low 
contrast images, or are backlit, which produce normal global-
contrast images with a low dynamic range in shadowed areas the 
solution of this problem is a very popular technique for contrast 
enhancement of images is Histogram Equalization(HE) , In HE,
the Cumulative Density Function (CDF) of the histogram is 
used as the intensity transfer function; this method enhances the 
contrast by distributing the cdf across the entire dynamic range. 
Wavelet transform decomposed image in to different layers, 
the decomposed layer differentiate by horizontal, vertical and 
diagonal. The soft thresholding decide the parameter of enhanced 
of noised image quality. This method removes the noise in an 
image by removing the wavelet coefficients that are too noisy 
and preserving or shrinking the coefficients that contain important 
image signals. The success of the method depends heavily on the 
choice of the threshold parameters.

Now a day, a wavelet-based dynamic range compression 
algorithm may improve the visual quality of digital images of 
high dynamic range scenes with non-uniform lighting conditions. 
The Wavelet Dynamic Range Compression (WDRC) algorithm, 
in its revised form introduces few new features.These include 
histogram adjustment and non-linear colour restoration process. 
Image enhancement algorithm of faster rate, provides dynamic 
range compression. Also it preserves the local contrast and tonal 
rendition. 

Fig. 1: Noise Reduction in Wavelet Domain

In this paper, we proposed a non-linear image enhancement 
method, which allows selective enhancement based on the 
contrast sensitivity function of the human visual system. We also 
proposed an evaluation method for measuring the performance of 
the algorithm and for comparing it with existing approaches. The 
basic strategy of the proposed approach shares the same principle 
of the methods that is, assuming that the input image is denoted 
by I, then the enhanced image O is obtained by the following 
processing discussed else where.

II. Proposed Algorithm
Enhancement algorithm consists of three stages: the first and the 
third stage are applied in the spatial domain and the second one 
in the discrete wavelet domain. Our motivation in making an 
histogram adjustment for minimizing the illumination effect is 
based on some assumptions about image formation and human 
vision behaviour.
S(x, y) = L(x, y)R(x, y)
Where R(x, y) is the reflectance and L(x, y) is the illuminance at each 
point (x, y). In lightness algorithms, assuming that the sensors and 
filters used in artificial visual systems possess the same nonlinear 
property as human photoreceptors, i.e., logarithmic responses to 
physical intensities incident on the their photoreceptors, Equation 
1 can be decomposed into a sum of two components by using the 
transformation
I(x, y) =log(S(x, y))    (1)
I(x, y) = log(L(x, y)) + log(R(x, y))   (2)
Where I(x, y) is the intensity of the image at pixel location (x, y). 
(2) Implies that illumination has an effect on the image histogram 
as a linear shift. This shift, intrinsically, is not same in different 
spectral bands.
Another assumption of the lightness algorithms is the gray world 
assumption stating that the average surface reflectance of each 
scene in each wavelength band is the same: gray.
From an image processing stance, this assumption indicates that 
images of natural scenes should contain pixels having almost 
equal average gray levels in each spectral band.
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Combining (2) with the gray-world assumption, we perform 
histogram adjustment as follows:

The amount of shift corresponding to illuminance is determined 1. 
from the beginning of the lower tail of the histogram such 
that a predefined amount (typically 0.5%) of image pixels 
is clipped
The shift is subtracted from each pixel value2. 
This process is repeated separately for each colour Channel3. 

A. Wavelet Based Dynamic Range Compression and 
Contrast Enhancement
Dynamic range compression and the local contrast enhancement 
in WDRC are performed on the luminance channel. For input 
colour images, the intensity image I(x, y) can be obtained with 
the following equation:
I(x, y) = max [Ii (x, y)]
The enhancement algorithm is applied on this intensity image.

B. Local Contrast Enhancement
The local contrast enhancement which employs a center surround 
approach is carried out as follows the surrounding intensity 
information related to each coefficient is obtained by filtering the 
normalized approximation coefficients with a Gaussian kernel
are the normalized approximation coefficients. The contrast 
enhanced coefficients matrix A new which will replace the original 
approximation coefficients.

C. Detail Coefficient Modification
The detail coefficients are modified using the ratio between the 
enhanced and original approximation coefficients. If the wavelet 
decomposition is carried out for more than one level, this procedure 
is repeated for each level.A linear colour restoration process is 
used to obtain the final colour image in our previous work. For 
WDRC with colour restoration a non-linear approach is employed. 
The RGB values of the enhanced colour image along with the 
CR factor. Histogram clipping from the upper tail of histograms  
in each channel gives the best results in converting the output to 
diplay domain.

Fig. 2: The Enhancement Results for Different Types of Turbidity. 
Left Column is of Original Images. Right Column Enhanced 
Images

III. Wavelet Thresholding
The term wavelet thresholding is explained as decomposition of 
the data or the image into wavelet coefficients, comparing the 
detail coefficients with a given threshold value, and shrinking these 
coefficients close to zero to take away the effect of noise in the data. 
The image is reconstructed from the modified coefficients. This 
process is also known as the inverse discrete wavelet transform. 
It plays a major role in the removal of noise in images because 
enhancement most frequently produces smoothed images, reducing 
the sharpness of the image. There exist various methods for wavelet 
thresholding, which rely on the choice of a threshold value. Some 
typically used methods for image noise removal include. Prior to 
the discussion of these methods, it is necessary to know about the 
two general categories of thresholding. They are hardthresholding 
and soft-thresholding types. The hard-thresholding TH can be 
defined as

Here t is the threshold value. A plot of TH is shown in fig. 3.

Fig. 3: Hard Thresholding

Fig. 4: Soft Thresholding
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Thus, all coefficients whose magnitude is greater than the selected 
threshold value t remain as they are and the others with magnitudes 
smaller than t are set to zero. It creates a region around zero where 
the coefficients are considered negligible. Soft thresholding is 
where the coefficients with greater than the threshold are shrunk 
towards zero after comparing them to a threshold value. It is 
defined as follows.
In practice, it can be seen that the soft method is much better 
and yields more visually pleasant images. This is because the 
hard method is discontinuous and yields abrupt artifacts in the 
recovered images. Also, the soft method yields a smaller minimum 
mean squared error compared to hard form of thresholding. Now 
let us focus on the three methods of thresholding mentioned earlier. 
For all these methods the image is first subjected to a discrete 
wavelet transform, which decomposes the image into various 
sub-bands. Graphically it can be represented as shown in fig.

Fig. 5(a): DWT on 2-dimensional Data

Fig. 5(b): DWT

The sub-bands HHk, HLk, LHk, k = 1, 2…... j are called the details, 
where k is the scale and j denotes the largest or coarsest scale 
in decomposition. Note, LLk is the low-resolution component. 
Thresholding is now applied to the detail components of these 
sub bands to remove the unwanted coefficients, which contribute 
to noise. And as a final step in the enhancement algorithm, the 
inverse discrete wavelet transform is applied to build back the 
modified image from its coefficients.

IV. Conclusion
In this paper we review the image enhancement technique based on 
wavelet thresholding application. In this paper, application of the 
WDRC algorithm is implemented. The results obtained from large 
variety of original images show strong robustness, high image 

quality, and improved visibility indicating promise for imagery 
during poor visibility flight conditions. This algorithm can further 
be applied to real time video streaming and the enhanced video can 
be projected to the pilot’s heads-up display for aviation safety.
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