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Abstract: In this paper, a simple and dynamic wavelet-based algorithm is presented for enhancement of the
image sharpness or blurriness of an Image. Four set of methods are followed here (Denoising, Decomposition,
Sharpness Estimation, and Filtering). First Denoising is done on the input images and then it operates by
initially decomposing the input image through a multi-level separable DWT. After this, the log-energies of the
DWT sub bands are computed. A Scalar Index corresponding to the input image’s sharpness is computed
through the weighted average of the computed log-energies. Several Satellite images are taken into
consideration and the Scalar Sharpness Index representing the image’s overall sharpness denoted as SSI. This
is used as a filtering component and the image is filtered out to give the Sharpened Image. Here along with the
Scalar Sharpness Index, a Block based algorithm is presented to determine the local perceived sharpness. The
Block Based Scalar Sharpness Index is calculated by taking the RMS of 0.01 of largest value of the filtering
parameter which takes the no. of Block Size. This proposed method is the simplest, fastest and accurate
comparing to the currently best-performing techniques for the sharpness estimation.
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I. INTRODUCTION

Some Sharpness Estimating Algorithms which can automatically predict sharpness or blurriness are
known as sharpness estimators. Such algorithms have been shown to be useful for tasks such as main-subject
detection, image quality assessment, and image restoration. Previous methods of sharpness/blurriness estimation
have employed a wide variety of approaches [2], [6], [7]. Blurriness estimation methods operate under the
assumption that edges are affected by blur and accordingly these methods estimate blurriness by using edge-
appearance models [2], [10]. Some other methods used spectral information to estimate sharpness. Hybrid of the
above methods also can be used for measuring sharpness but are complex in computation. In this project, a
simple and dynamic wavelet-based algorithm is presented for estimating the image sharpness or blurriness
globally and locally. First Denoising is done on the input images and then it operates by initially decomposing
the input image through a multi-level separable Discrete Wavelet Transform (DWT) [1], [4]. After this, the log-
energies of the DWT sub bands are computed.
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A Scalar Index corresponding to the input image’s sharpness is computed through the weighted
average of the computed log-energies. Several Satellite images are taken into consideration and the Scalar
Sharpness Index representing the image’s overall sharpness denoted as SSI. This Image’s overall sharpness
Index SSI is used as a filtering component and the image is filtered out to give the Sharpened Image. Here along
with the Scalar Sharpness Index representing the image’s overall sharpness, a Block based algorithm is
presented to determine the local perceived sharpness.

The Block Based Scalar Sharpness Index is calculated by taking the RMS of 0.01 of largest value of
SSI which takes the no. of Block Size [9]. It is the most competitive and simple with the currently best-
performing techniques for the sharpness estimation. Along with its simplicity this algorithm is also the fastest
algorithm for almost all the Size of Images. Finally the SSI and Block Based SSI are used as a filter for the
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enhancement of the images. Images in Continuous intervals can be processed through this method and the final
sharpened images are merged together as frames for creating a small video.

II. RELATED WORK
A Flow chart describing the complete process is given below. Depending upon the nature of output
(Image/Video) the method directs to respective set of processes. When the image is the output the method
converts the image to gray scale, then double type. Denoising is done initially for avoiding unnecessary
enhancement of noises. Next decomposition of the image is done into required no. of levels [8]. For this purpose
we have set the nos. of levels to 3 with type Wavelet Daubechies 1 (dbl).
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The individual subband log-energy is calculated through equation (1), (2) and (3). Here C, is the no. of
DWT Coefficients in the subband at level n [3], [5]. The no. of subbands used can be 3 or 4 depending upon the
requirement. For this particular method we have set it to 3 at level 3 by neglecting LL Subband at this level.
Here a weightage (W) is given to each subband according to their contents. The value of W should be around
0.7 or higher for maintaining higher values at HH Subband. The total log energy present at each level of
decomposition is given by

TLE, =W (LE 5y )+ 0375 (1-W) (LE ;y +LE 1, )+0.25(1-W) (LE [ ) ocovrvnnee 4

Where, TLE: The total Log-energy at each level of decomposition.
W: It is the weightage used for spanning higher spatial frequency at required subband. LL Subband is
not used here, so moderate total weightage is given to mid subbands at higher value of W.
The Scalar Sharpness Index is calculated by combining each TLE, which represents the image’s overall
sharpness and given by
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Where SSI: Scalar Sharpness Index

L: A Factor should be equal to or greater than n

n: Nos. of Levels of Decomposition

Now this SSI is used as a Filtering component and is used to enhance the image. The value of SSI is
always greater or equal to 0. The higher values of SSI represent higher sharpness in the image. In case the
output is video, the set of images are continuously enhanced and later are used for creating a video with required
frame rate. 24 f/s is normal standard we can use.

This same technique can be used to enhance each small blocks of the image and the technique is called
block based image enhancement and for this we need to calculate the SSI of each block with a block size of 16 x
16 or 8 x 8. But at the time of the creation of Block map 0.5 of each 1 is overlapped both horizontally and
vertically with neighbor blocks (Fig2’). So 16 x 16 will result in 8 x 8 and 8 x 8 will result in 4 x 4 in the input
image. Before applying this technique we should go for the histogram analysis of the entire image for the
purpose of tone adjustment. If either less than 0.1 pixels or more than 0.9 pixels strength is not more than 10%,
then the previous image resulted out after the filtering of the image with SSI is the final enhanced image and
block based enhancement is not applied.
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FIG*3.1°: Water Vapour Channel FIG*4.1’: Cyclone ‘Helen’ FIG*5.1°: Image from Kalpana-1
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FIG*2’: Neighbor Block Overlapping

In case of the block based enhancement technique a factor called SSI,, is taken into consideration. It is
a factor that defines 0.05 or 5% of the maximum SSI. The total no. of blocks that satisfies the factor SSI,,, is
denoted as SB and is used in the calculation of the parameter BSSI. Before going to the calculation of BSSI, the
image should be considered as a set of blocks of block size 16 x 16 and then the SSI of each block should be
calculated using the discrete wavelet transformation coefficients of each block.
As the total sharpness of the image/frame is determined by the image/frame’s sharpest regions, the factor SB is
taken into consideration. The block based scalar sharpness index is determined by

SB S \05
S=>"SSI> where, BSSI=(=2) ) 6
=1 SB
Like SSI and BSSI can be used for filtering the image to give a enhanced image output.
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111 RESULTS
Here ‘3’ Nos. of images are taken into consideration. First is a random image of a Water Vapour
Channel from IMD. Second one is the satellite image of the Cyclone ‘Helen’ from Naval Research Lab. Third is
one of the most recent satellite images from Kalpana-1 satellite. The original images, enhanced images after
filtering with the factor BSSI and one of the small area of each of the enhanced images are presented below.
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FIG*3.2’: Filtered BSSI of Water Vapour Channel FIG*3.3’: Selected Area of Fig ‘3.2’

In the Figure ‘3.2’ the block based Scalar Sharpness Index (BSSI) of the original image has been used
as the filtering parameter and the original image is filtered out to give the enhanced image. A small area is
selected from the image near to Vijayawada area and is shown in Figure3.3’. It is easy to identify the exact
locations from this image where more vapours are present. The only problem is to differenciate the border area
from required area if vapours are present above it, but this happens in very good weather conditions.

FIG*4.2’: Filtered BSSI of Cyclone ‘Helen’ FIG*4.3’: Selected Area of Fig ‘4.2’

In the Figure ‘4.2’ the BSSI of a Satellite image from Naval Research Lab (Showing Rain Rate
(inches/hour)) is used for filtering the image. Again a small area is selected from the image near to a random
area and is shown in Figure‘4.3’. It is a bit complex to find the exact locations from this image, but from the
Geographical Coordinates easily the area can be identified.
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FIG*5.2’: Filtered BSSI of image from Kalpana-1 FIG*5.3’: Selected Area of Fig ‘5.2’
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In the Figure ‘5.2’ the Filtered BSSI of an image on §-12-2013 from Kalpana-1 is shown and a small
area near not Patna is shown in Figure‘5.3’. It is clear that vapours are present in a bulk amount near to Odisha
and AP Regions and the exact locations can be identified using the Coordinates. All the above three images are
converted to gray scale and then type double for faster processing and analysis.

IV. CONCLUSION

For the enhancement of Satellite images a Simple, Fast and Dynamic four set algorithm (Denoising,
Decomposition, Sharpness Estimation, and Filtering) is presented. A Scalar Index corresponding to the input
image’s sharpness is computed through the weighted average of the computed log-energies after decomposition.
Several Satellite images are taken into consideration and the Scalar Sharpness Index (SSI) representing the
image’s overall sharpness is computed. This is used as a filtering component and the image is filtered out to give
the Sharpened Image. Here along with the Scalar Sharpness Index, a Block based algorithm is presented (BSSI)
determine the block based sharpness and after filtering this with the image results are presented. From the
results it is easy to identify the areas with corresponding vapour amounts and if Geographical Coordinates are
available then it is simple for analysis in bulk vapour regions.
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