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ABSTRACT: The images taken from the Satellite are very important resource of data as, these images are captured
from the satellites those moves around the orbital of the Earth. These type of images are generally prone to noise, and
irregular lightning’s which causes the degradation in the quality of that image.In this paper, we introduced a new
procedure for intensification of satellite image and our methodology is based on Tunable-Q wavelet transform (TQWT)
and Singular Value Decomposition in orderto enhancement in the contrast present inside satellite image.We have then
compared this approach with local histogram equalization method and the standardized general histogram equalization
approach which are twocommon schemes for image equalization, also the new modern techniques likebrightness
preservation dynamic histogram equalization method and singular value equalization method. The outcomes from our
experiment describes the excellence of our proposed method with the help of extending conventional and new modern
techniques.

KEYWORDS: Satellite Image improvement, Satellite Image processing, Satellite image intensification, Techniques
for Image enhancement, Tunnable-Q wavelet transform

I. INTRODUCTION

A picture plays a totally crucial role in the process of data transmission. Picture is and well worth medium to
transmit data in place of hundreds of words. Clearly, a human recognizes 75% of actual statistics in a pictorial form. In
photo processing, there may be a way called interpolation that is used to boom the whole variety of to be had pixels in
aphoto. Currently, there are such a lot of picture interpolation mechanisms were advanced so that it will improvise the
great of image pixel resolution. There are three popular and fundamental picture interpolation strategies, which can be
nearest neighbor of an image interpolation, the bilinear form of interpolation and the bicubic type of interpolation.
Among these three popular strategies of image interpolation, the bicubic photo interpolation is more innovatory and
superior in comparison with other two methodologies and it additionally consequences in well-ordered edges. The
removal method of noise from a picture and garage of beneficial and crucial facts are vital factors of the image
intensification technique. Picture intensification is a procedure that is based totally on processing a photograph in a
manner so that the newly converted photograph is more correct and clean than the authentic one used for the unique
programs. There is a range in the quantity of photo enhancement strategies that are currently in the spatial domain.
Considering satellite pics that are getting used in lots of extraordinary fields of research to accumulate the geographical
and other information. The major trouble with the satellite pics is the first-rate of an image i.e. Photo comparison, noise
which is a gift inside the facts of a photograph, effect of difficulty understanding the interior picture. Satellite pictures
are the type of faraway sensing information that is utilized for acquiringcoherent records approximately present on
thesurface of the earth. These type of pictures plays and are importantpartin lots of fields like astronomical field,
remote sensing, positioning in GPS, natural disaster management, and so on. These photographs are unclear and very
complex and also higher processing standards are required in the analysis of these images. So many Researchers are
working on developing strategies to efficient use of the satellite photograph information and trying to make the
processing easy and well-timed. One of the very important strategies in satellites for photo processing is photograph
enhancement procedure[2]. The image improvisation is used to make the visual notion within the photo to be clear and
without having any kind of difficulty understanding the information contained. This technique mostly emphasizes on
distinct capabilities of photographs which include edges barriers or styles. This is the vital task for achieving the details
within the photograph. In this paper, we've got proposing an advanced type of enhancement technique with the
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intention to improvise at the evaluation of the photograph to positive limits by means of saturation in 1% of the top and
decrement of pixel values.

This technique produces better quality snapshots as in comparison with the traditional evaluation enhancement
methods and the by keeping the fact of the authentic image. Satellite photos are utilized in masses of applications. One
of the important problem with satellite pictures is the low lightingin these snapshots as they may be affected by
elements together with absorption of light, scattering the parts, etc. Researchers are inquisitive about enhancing the
outcomes of these pics and lots of methodologies are proposed by way of the identical [3]. The very old and well
known Fourier transformation method with the adaptive wavelength are used for preserving high-frequency info in
photographs [4-5]. Toconductthe noise removal of the excessive-decision image cycles spinning methodology is used
[6-7]. Some of the other popular enhancement techniques are discrete wavelet transformation, adaptive assessment
transformations, beta differential evolution set of rules, and so forth. [9]. The task of satellite photo processing could be
very tremendous and enhancement of these type of photos is very beneficial for performing out the work like
classification, image clustering, and identification of visible parts. Latitha et al. (2018) has stated away which is based
on a neural network method to beautify a particular vicinity on this planet's surface area using robots [10]. Thriveni
along with the Ramashri (2010) have proposed a method in which the entered photograph is based totally on a discrete
wavelet approach. It was a long a device used especially in nonlinear photo evaluation. In this technique, they were
used athreshold based decomposition for detecting edge function and also the morphological based filters are used to
sharpen those images [8]. A way to improve satellite photographs those are having terrible contrast was developed by
the use of dwt and also the single value decompositionstrategies with the aid of Vermaand Sharma [12]. Attachoo with
the pattansethonon (2009) have described a two-degree filteration method for enhancing the information of images. It
uses laplacian merged convolution considered in clearing the colored satellite photos [11-17]. The popular
methodology for improving the remote image which is based on major things evaluation and the brightnes of the
image, hue factor, and saturation part (HIS) transformation was proposed by using lu et al. In 2011[13]. In the year of
2020, Giri with Sengupta have stated widespread histogram equalization method to create a true shade composite of the
input satellite photos. It was giving the results in optimized format about generating clean satellite photographs while
retaining hue values of the images [15]. Jadhaya (2011) has described dyadic integer coefficient-based wave filtration
for the satellite photographs improvement [14]. On this paper we've got proposed an advanced method so one can
beautify the exceptional of image even as keeping the information.

A. Satellite Images:

Satellite imagesconsisting of snapshots of earth surface or different planets made by means of synthetic
satellites. Satellite imagery is from time to time supplemented by means of ariel images. It's miles the pictures of floors
are to be taken from an expandedplatfrom. It has a very out of the control resolution. The platforms used for of such
type photography areby using aircrafts, another is by use of the balloons, sometimes helicopters or otherwise rockets
are used, and so forth. There are 4 varieties of resolution whiletalkingabout the satellite images in remote sensing area
which defines the pixel size and the detail and accuracy of an image and are: spatial type of resolution, spectraltype of
resolution, temporaltype of resolution, and radiometrictype of resolution.

1. Spatial resolution:

It's far the region on floor represented by way of every pixel. It is represented as the pixel length of a photo
which represents the scale of the floor location (i.e. M2) and it is being measured on the ground surface. In this case the
spatial type of resolution is equivalent to the rate in the sampling charge. Due to the discount in sampling charge, image
size gets the reduction. Picture reshaping is done to achieve the clearerrepresentation of checkboard effect inside
images. For some of the availableremote sensing devices, the variability in between the endpoint being very long and
the platform used for that plays a big role in determination of the information from that element received and the total
number of locationsidentified via the sensor. Sensors puts the platforms very long from their targets, commonly view a
larger location, but can't offer exquisite detail. The element discernible in a photo is generallydependent on the spatial
resolutionswhich are available in the sensors and which makes the reference towards the scaling of the
microscopicpossible function that may be detected.A microscopic and single pixel available inside image denotes
themasssiveamount of spatial resolution. The scale of the pixel units decreases the restriction of the spatial resolution.
For taking out the measurement of the image pixel dimensions we can use one of the instantaneous field view which is
also known by IFOV. Inside image the instantaneous field of view (IFOV) is the strong portion of an image through
which a detector is vulnerable to radiations into theimages (units: mrad =10-three rad).
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2. Temporal resolution:

It tells how often a satellite acquiring imagery of a selected area. It is determined by the amount of time (e.g.
Days) that passes among collection of the image time intervals for a given floor location. Just like to a spatial resolution
in the image, spectral resolution, and the last is radiometric resolution. The idea behind temporal resolution is also
likewise necessary and importantin a remote sensing devices. The procedure of temporal resolution is acquired fromthe
revisiting duration methodology. A revisitingtime duration references to the periodic time taken by the satellite to finish
one whole orbit cycle. The revisiting duration of a sensors present inside satellite is generally of several days. In
general, the absolute temporal resolution of a remote sensing gadget to the photograph the precise identical region on
the equal viewing angle in a 2D time is equal to this period of time. Temporal sampling can be seemed as similar to
spectral sampling. For instance, temporal sampling approaches the frequency of imaging a place of the hobby [6, 9-11].
The Temporal resolution is nothing but a degree denoting how often information is received for the similar place (i.e.,
how frequently thelocations can be reconsidered). The temporal resolution of an imagesis portable and it fluctuates
from few hours for a certain system to nearly around 20 days for others.

3. Spectral resolution:

It is the precise wavelength ¢ program language duration present inside the electromagnetic spectrum also
known as length of the wavelength interval (a discrete segment of the electromagnetic spectrum). For the time
durations, theamount of time durations in numeric form that the sensor is going to measure. The amount of the earth’s
surface is represented inside an individual pixel, i.e. A picture containing a 30M spatial resolutions and is having pixels
from which each one of the pixel represents 30 M at the ground. The sampling ¢ program language period is the band-
widths produced by a far-flung sensing device. Smaller sampling intervals produce higher spectral resolutions. The
spectral resolution is kind of the full-width half-maximum (FWHM) of the sampling interval. There is a concept of
spectral resolution which isgoing to give the reference to the dimensions of the image and variety in the wavelength
areas (or bands) in the electromagnetic spectrum to which the sensors are sensitive and are primarily based on the
sensors spectral resolution and falling into the large-bands sensors, slim-bands sensors, hyperspectral sensors, and
spectral sensors. The more in the bandwidth of image signal, the higher the spectral resolution.

4. Radiometric resolution:

The radiometric resolution can beexplained by the capability of the capturing system of an image that is used
to make the storage of multiple levels of image brightness (contrast for example) of an images taken and towards the
fruitful bit deepness of the sensors (number of grayscale levels) and it is generallydenoted as 8-bit (in range from 0 to
255), 11-bit (in the range from 0 to 2047), 12-bit (in the range from 0 to 4095) or 16-bit (in the range from 0 to 65535),
and tells how the sensor changes brightness of object. Its range is expressed as power of 2”n. The Radiometric
resolution is nothing but the measure of the sensitivity used for sensors for finding the differences available in the
intensity of the lighting radiations measured by the sensors. The greatradio metrical resolution of a sensing devices is
the more danger as it is used foridentifying the small differences in the reflected light energy or emitted light energy.

B. The Tunnable-Q Wavelet Transform (TQWT)

A one-dimensional technique which is based on DWT is called as the tunable Q Wavelet Transform (TQWT)
has beenconsidered. Selesnick (2011) has described the TQWT methodology. This method is having advantages over
the reqularDWT methodologies which includes the rational-dilation of DWT (Bayram and Selesnick 2009). The signal
evaluation in satellite image by using an adaptive wavelet transform is the simple relation and important differentiation
of the TQWT technique in comparision with other DWT based methods. By the way of alteration of some wavelet
elements (those are relatedwith the particular oscillatory behavior of truths), and it can be developed as a mother
wavelet. An important parameter of the TQWT is the Q factor. The Q parameter of an oscillatory pulse is the nothing
but the correlation coefficient of its middle frequency to its bandwidth (selesnick 2011). This Q element is estimated by
replacement of the central frequency with the dominant frequency and then the quick dominant frequency and quick
bandwidth are get calculated and based uponBarnes (1993). The Q factor is used to control the wavelet oscillatory
behavior. Previously, DWT’ssimply focusing on the non-stationary functions of anunstableelements in the timer
direction. The ones methodology uses uniform mother wavelets in order to take a quick look at entire path findings in
short period of time, and because of this, it is insufficient approach for acquiringsolid results in the process of noise
removal. The TQWT technique has the scalability to provide adjustments for the mother wavelet in time and distance
for satellite images. The gravity of these unofficial assumptions pertains to ground roll attenuation. The use of the
TQWT in analysis of images allows the usage of an adjusted wavelet) without taking into the consideration that the
TQWT through a single Q factormay would like to analyze a trace in repetitive fashion. Whiletalking about the
TQWTmethod (Selesnick 2011), it is straightforward that to assign a Q factor to each and every trace; however, for
achieving moreaccuracy in the results, Q factor for the invariable windowed elements of a satellite image should be
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regulated and alongside with the time route; This paper gives this idea which will generate constant consequences. An
Additional assets used for the wavelet transform approach along with time and frequency enhancement are accurately
woking in filtering devices. Inside process of signaling, initializing with the soft starting point is a not unusual method
used for removing the noise from an image. Soft thresholding way to hold or disposal of the coefficients present inside
the wavelet portion. Selesnick (2011) has describedhis multi-resolution evaluation method of tunnable Q in which the
pleasant aspect or Q-element is varying without difficulty levelindications. The participation of tunable Q in the
wavelet transform is a discrete-time wavelet transform processing for which the normal wavelet variables representing
time and scale are get calculated, along with an additional Q factor variable (Ferner et al 2012). The TQWTis tightly
linked to the rationaldilation wavelet transform (RDWT). Analogous to the RADWT. The TQWT is discrete in nature
and it also has a great reconstruction asset. Overthe finalization it is beingunder the development in terms of iterated
channel filter banks, and the same has been applied on the usage of the DFT. In comparison with the RDWT, the
TQWT having minimal difficulty theoretically and it also can be applied properly by the use of radix-2 FFT methods.
The parameters of TQWT are effortlessly associated with the Q factor of the transformation procedure. The consumer
can indicate the Q factor and the redundancy factor of the TQWT accurately. The filters upon which the TQWT are
generally based does not having any kind of rational switchingfunctionalities. They are getting intimated immediately
in the area of the frequency. Just as the fractional projections, the wavelet transformation, which is likewise primarily
based on the filters and having the non-rational transferring of the capabilities, the DFT provides: (1) a way for
outlining the transformation for fixed length of discrete statistics, which then stores the appropriate assets for
reconstruction; and (2) it is a powerful utility the use of perfect signals in the ground communication.

Low Filter | LL
Low
* Filter [*
HighFilter | —s LH
Input
Image
Low Filter | HL
High
o Filter [
HighFilter —w| HH

Fig 1. Analysis of filtration process in Tunable-Q wavelet transform.

However, the threshold with smaller size offers unacceptable removal of noise. The best differentiation between the
soft threshold and hard threshold strategies is the selection of nonlinear type of transformation on the sensitive wavelet
coefficients. Those thresholds come across comparable problems in satellite image denoisation, in particular for
cylinderlevel attenuation. These kind of techniques of the threshold for random noise reduction are then considered,
however they're causes some problems for the coherent noise reduction process. Hence, an exchange-off with regards
to noise reduction and sign damage exists. In order to regulate the value of the theshold, the operator needs to be
noticeably professional. Therefore, expert methods to triumph over this dilemma are required.

Wavelet Transform (WT) is a easy to use approach and is also suitable for recognizing a pose differential face
detection machine. The next level of wavelet decomposition of a photograph is performed by making use of one-
dimensional wavelet transformation carried out on the rows of pictures firstly then after which the results are broken
downside by sidewith the columns. The photograph is then divided into 4 sub-band pictures as first is low-low (LL) sub
band, second is low-high(LH) sub band, third is high- low(HL) sub band, and the last one is high-high(HH) sub band.
The frequency additives of the original image are protected through the frequency additives of these sub-band pictures.
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Fig 2(c). Satellite Image Fig 2(d). Single Level Decomposition
IVV. PROPOSED METHODOLOGY

Formerly it became cited that the assessment of an image is a critical characteristic in a satellite photograph,
this property of pictures in satellitecreates the comparatively improvement of satellite pictures be of essential
importance as the abnormal this is excess evaluation of a photo will at once affect the information of photo i.e. There
are high chances of facts loss. The conventional image enhancement algorithms improve noise signals in snapshots at
the same time as they improve the photograph, which lead the way towards the tracking of information degradation.
Calculating picture enhancement systems with accurate nature is a intention that all researchers pursue. The approach
of Tunnable-Q wavelet transformation can nicely deal with the multi-resolution analysis (MRA) method which is time
and memory conservative which impedes its actual-time application.

The approach of photo enhancement based totally on Tunnable-Q wavelet was added. The proposed approach
and conventional wavelet photograph enhancement algorithms are compared. The result of the test shows the quality of
the picture has been improved. It's far higher than traditional wavelet photograph enhancement algorithms. The picture
enhancement is a picture processing method that highlights positive special statistics of a picture, concurrently weakens
or removes the certain does no longer want characteristics of information. The traditional picture enhancement
algorithms are usually based totally on the whole photograph information, so when transforms the entire picture, the
low-frequency statistics, the high-frequency information in addition to encompassing the noise, all have concurrently
carried at the transformation, as a result also maintains the noise throughout enhancement image, causes the image
statistics entropy to drop.

IJIRCCE®©2021 | An1SO 9001:2008 Certified Journal | 8739


http://www.ijircce.com/

International Journal of Innovative Research in Computer and Communication Engineering

M | e-ISSN: 2320-9801, p-1SSN: 2320-9798| www.ijircce.com | [Impact Factor: 7.542 |
G
|| Volume 9, Issue 7, July 2021 ||

| DOI: 10.15680/1JIRCCE.2021.0907155 |

colume

o [T —fior -

colums —-| 2% — Lo.R

colums —> Imege

—~{ 2t
v — 24 [—+{ LoR rows (M3 M)
—~{ 2t

colums "'l 2% —+ HLR
D 24— HiR

Fig. 2 Wavelet Reconstruction using TQWT

There are particularly two steps involved in the method described, the first one is the use of SVD i.e. Singular
Value Decomposition. The contrast records are summarized in the singular value matrix and then the resulting outcome
is acquired using SVD. That’s why the small variation in the singular value matrix will immediately influence the
contrast of the photograph. The second part is TQWT. The recordsof the contrast are summarized inside the LL
subband of the photograph.The Q factor is taken from the image using thedominant image frequency as a replacement
for the center image frequency after which the instant dominant picture frequency and on the spot picture bandwidth is
getting calculated. The over sampling rate r also called as redundancy is determined in the range from one to three.
Then we pass the number of levels we have to use for sampling. The edges of a pictures are concerted in different type
of sub-bands i.e. LL picture sub band, LHpicture sub band, HLpicture sub band, HHpicture sub band. We then apply a
contrast improvementinside the LL sub band images and thenwill perform the segregation of the images containing
high-frequency subband and thevery importantthing is to remark here is we will protect the information inside the
image from degradation. Afterward rebuilding procedure on the picture has been taken out for the final photograph
through ITQWT i.e. Inverse Tunnable-Q Wavelet Transform, the consequential image will now not only most effective
be progressed with recognize to illumination but also will be shriller.

(i) (ii) S (i)

Fig 3.: Input images having low contrast (i) - (iv)
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(id). - 7S R
Fig 4: Enhanced images by TQWT-SVD (i4) - (iv4)

Fig. 3.3: (i) (ii) (iii) (iv) denotes the low comparison satellite photographs. Those pics had been equalized by using the
usage of GHE [Figs. 3.3: (e) (f) (g) (h)], DCT-SVDI[Figs. 3.3:(i) (j) (k) (], DWT-SVDJ[Figs3.3 (m) (n) (o) (p)] and the
proposed equalization approach TQWT-SVDJFigs. 3.3 (q) ® (s) (t) ]. The proposed algorithm is giving
accuracyimplied on the cost as well as minimum popular deviation, unique for PSNR as well as for MSE which are
going to describes thecomparatively minimum and also the minimal values for all of the 4 patterns in the satellite pics,
and in addition to this, the miles are also tested for the satellite images those are having very very low contrast. The
performance of this described methodology in terms of visual things is also improved than the general histogram
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equalization, DCT based single value decomposition, and DWT based single value decomposition. The satellite pics
used are of different sizes and special evaluation levels.

The single value decomposed matrix describes the strength of the records of the given picture and other
alternative ways on the single values of the potential of the input picture. The technique proposed by us firstly does the
conversion of the picture into the SVD area and normalize the given image and after completion of normalization
process on the image the single value based matrix it re generated and the picture inside the spatial area uses the single
value matrix which has been updated. This is the process and popular with the name of singular value equalization
technique (SVE) and for the same method as comparison with the standard well-known general histogram equalization
(GHE) method. The noticeable and quantity based effectsdoes advocate that the method explained here of SVE
technique without having any doubt outperforms the GHE technique. Contrast in terms of colors of an image is nothing
but the difference present inside visual assets that make an item easy to distinguish from other objects and the
backgrounds. In the visualizedversion of the real international, the current evaluation of an systemcan be determined or
assumed via the distinction within the coloration and brightness of the object with other gadgets in the same area of
view. If an photograph is basic very darkish or a completely vibrant, the records may be misplaced in the ones regions
which are excessively and uniformly darkish or shiny.Some of the applications available currently uses this for texture
recognition with the help of SVD. restoration, in similar way its usefulnessin terms of facial popularity in. For a matrix
with elements present can be not having any relation with the singlevalue might be of comparable magnitudes.
Anyways, in case if they are associated, the single value of an image will get started for decreasing in size as well as
the SVD from low order to high order single values. In some of the cases of extracting the features for satellite pics, as
represented in this chapter, the values containing singulars with lower-order are much larger than those of having high
order. Because of the considering the image approximation errors are surely the addition of all values those are having
unused singular values, disposition of the values with higher order will not extensively reduce the approximation
accuracy.

V. CONCLUSION

In this paper, the method for satellite pictures, a contrast enhancement new technique is described and it is
based on TQWT and SVD. The picture enhancement is primarily based on Tunnable-Q wavelet transform based on
theory and test carried at the contrast primarily based on the Tunnable-Q wavelet transform photo enhancement impact
and the traditional wavelet photo enhancement impact. By the experiment, we can see using the Tunnable-Q wavelet
transform we can enhance the satellite picture and has clear information.

In this technique, the input picture is decomposed into TQWT with two levels of four sub-band (LL picture
sub band, LH picture sub band, HL picture sub band, HH picture sub band)and upgrading the singular value matrix of
the LL sub-band is completed. After that, reconstruction of a satellite photograph is accomplished via making use of
ITQWT. The proposed technique is differentiated with GHE, LHE, BPDHE, and SVE strategies. The very last result
suggests supremacy over all previously defined strategies. Some of the Real and artificial examples used for describing
confirmed method logically used that shows theimprovised TQWT andit will giveus noise free and clear inputs as in
compared with the simple TQWT by a single Q factor based wavelet for all the total available elements of the image. In
the future, the method of photo contrast enhancement may be deployed in an extra stepped forward method and a
greater ideal clean image with suitable contrast can be achieved.
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