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ABSTRACT

Satellite Imagery is used irarious research domains. These
imagescontain major quality issues. However, it can be
improvised by image enharoent algorithms in terms of
contrast, brightness, feature reductimm noise contents,
etc. These algorithms are employed to focus, sharp or smooth
image to exhibit and examine the image attributes. elg¢he
objective of image enhancement depends om fnecise
application. The objective of this paper to provide brief
information about the image enhancement techniques; which
fetches progressive and optimum results for rersetesing
satellite imagery. To achieve this end, we perform various
image ehancement algorithms, which apepular in present
scenario to boost the quality of the images in several
application areas of image processing
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1. INTRODUCTION

Satellite is a simulated structure which is situated in dabit
explore the planets for miscellaneous applications like
weather, climate, geographical changes, monitoring network
and broadcasting, etc. Satellite image sedi to give a
pleasant description of what is occurring at every location in
the Earth, exclusively over the tropical oceavherestatistics

are unexpectedlgppearindl]. Data can only be immersed in
specific locations in all over the localities throogh the
world. However, short of this data forecasting would be
precisely as challenging as not having satellites. The most
important motive of our work is to concentrate on the image
enhancement techniques in satellite imagery; as it emphasizes
or improves image features such as edges, boundaries, or
contrasts to assemble a graphic demonstration. This is more
helpful for exhibiting and examining image attributes. The
enhancement doesn't boost the biniltinformation and
capacity of the data; it createsetldynamic scope of the
chosen properties that can be explored effortlessly. Enhancing
the image in visual perception is not otiye motiveof these
techniques. Enhancement means simply identifying the real
and the virtual objectsTheseobjects are visild in satellite
imagery, but sometimes do not appear due to shadow. These
shadows are formed because of trees, buildings, mountains
and flying objects such as airplanes and cloddeey hide
some things in their shadows; our work is to identify these
hidden objects within imagery.In hypothetical terms, the
information enclosed in imagery can be described as

Image data = regional + local pattern + noise =background
+foreground + noise = low frequency +high frequencies
+noise.[1] Noises can be eitharbitray or infrequent.
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Fig 1: Process Diagram

In this paper, weimplement the Image Enhancement
techniques, and its application realm is satellite imagery.
Image enhancement techniques are divided into three broad
categories:

1. Spatialbomain Method,
2. FrequencyDomain Methods, and
3. Color Enhancement.

Numerous research papere fully focused only on the first
two methods oenhancement. However, sometimes we need
to transformgray level image into the RGRolor image;
eventually we hawe to consider the color enhancement of the
imagestoo. In the spatial domajnthe image is filtered via
pixel to pixel, and frther in the frequency domaiit converts

the image into a signand later appliesliscrete transforms
i.e. either Fournier, Lapacian or waveletransforms

2. LITERATURE REVIEW

The selection of enhancement technigdepends on certain
features such asspecific task, image content, observer
characteristics, and observingircumstances [2]. To
understand the remetensingsatellite imagery, we doa t
need any special knowledge of geology, ecology,
oceanography, omny other branch of Earth sciendd].
Firstly, we need to concentrate on the type of image
enhancementechniques. Bsically it is divided into two
broadc at e g o rtiore s ¢he spdtial dosnain methddis
methoddirectly deals with pixel manipulatiomnd the second
one is thefrequency domainmethod [3]. The frequency
domain methoddecomposes the image into a signal via
Fourier transformq4]. After that it instarly inverses the
transform to get thedesired image & a result. Fourier
transforms areeffortlessly flexible.In Fourier's analysis, the
signal is converted into sine or cosine waves in different
amplitude offrequency Wavelet transforms also convert the
signal but in scaled and translated version of mother wavelet
that is Haar, Daubechies, Morlet, Mexieaat, and Shannon
Wavelet[5] [6]. High frequency inserts noise into the image
which decreases the image quality. The tPass filter will
smooththe imaye and reduce noiskow-pass filter and high



pass filter are in both the domains and work according to the
domain's functioning procedure. Higiass filters are used for
edge detection of the given image. It works by detecting
interruptions in luminosity4].

Contrastindicatesthe reflection of the darkzones within
images[7]. Liner Contrast Stretch is the fundamentahtcast
enhancement techniqugincreases the brightness level of the
colored region and composes more recognizable elements of
the imaye. HistogramEqualization isused to enhance the
contrast within an image; ¢ considered as the most
conventionaknhancement algorithm. A histogram of the
image represents the frequency of occurrence of all the gray
levelto the image[8]. Contrasterhancement is also done by
Gaussian stretch; it increases the clarity of the image by a
normal distribution methofl].

Color Enhancement Techniquase HSI transform & Pseudo
color image.HIS transform maps the RGB images &I
coloredimage. Pseudecdors map theonedimensional gray
scale image intan intense RGBolor spectrunf9]. | t
boost the image information; but it can set some details more
visible by increasing space between successive gray levels
[10].

3. IMPLE MANTATION & R ESULTS

3.1 Preprocessing

To begin implementation, we need the image skit&Vhich

we get from theQuickBird open source satellite imagery data
set. We are exploring the satellite imagery thatongsto
Kolkata city West Bengal 02NOV210443412AS_R1Ct
000000185940_01_POO1F for implementation. In the
direction of examining an enormous image, we are using
ENVI 5.0 software. ENVI GUI contains numerous
functionality windows, i.e. support to analyzémagery. It
helps us to make stimages by clipping the image from the
imagey. After getting the images, we move forward for the
next phase that is implementations of image enhancement
techniques via MATLAB 9.2 tool[11]. Here an actual
procedure was performed to manipulate the image matrices.

For Implementationwe have used ghclip of satellite imagery

in the RGB image form which is as follows: Clip 1 is used to
implement Spatial Domain in a lepass filter, highpass
filter, and the color enhancement methodology. Clip 2 is used
to implementfrequencydomain in Fourietransfams filters.

Clip 3 is used to implement Contrast Enhancement and clip 4
is used to implement 2IDWT.
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Bridge
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Fig 2: Images used to implement Image Enhancement
Techniques
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3.2 Image enhancement techniques
implementations

3.2.1 Spatial domain

Spatal Domain method mainly focusesn point to point
manipulation of the image; db goes in every single pixel
intensity of the imagg12] [13]

The basic formula of this method:
Qofy Y Qafo (1)

3.2.1.1 Spatiallow-pass filter

Thelow - passfilter is known assmoothingor blurring filter.
It was developedfor makinganimage smoothandto reduce
the noise from the imagéligh frequencyinitiates noiseinto
an image that deceasesthe image quality. Low-passfilters
aredivided into threesubfiltering techniques:

1. Moving averagdilter,
MedianFilter, and
3. adaptivefilter.

MATLAB implementation®f thesetechniquesareshownin
(Figures2,3,4 & 5).

orignal Image

Valid Full

Fig 3: Spatial low-pass filter via built-in function

Spatial Gaussian Low-Pass Fiiter Blur Image

Fig 4: Blur Image via Low-Pass Filter

3.2.1.1.1 Moving average filter

Moving average filter replaces the data value by the average
of thegiven data point and the specific number biepstarts
from the left to the righf11]

moving average filter

Original Image Noisy Image
“ T

Fig 5: Moving average filter to reduce Gaussian noise



3.2.1.1.2 Median filter

Median filter is commonlydefined as the superscript of
moving average filter. Aere are two causdsr it: Firstly,
median isa set of n numbers where n is an odd integkich

is always one of the data standards existing in the set.
Secondly, themedian is lesgonvolutedto error or to detect
dataconsequencg14] [15]

Original Image

Fig 6: Median filter to remove Gaussian noise.

3.2.1.1.3 Adaptivefilter

When the calculation is based on mean and variance of the
gray levelsit is consideringas the adaptive filtef1]
Orgnal mage

gaussian noise

- o 3
Fig 7: Adaptive filter to remove Gaussian noise

3.2.1.2 Spatialhigh-pass filte

Spatial highpass filter might seem as-turring the image or
sharpening the image. In remote sensing, two operations are
more reliable for studying the image attributes: First, it is the
arithmetic operationimage subtraction method and second is
alo based on the mathematical concept of the derivative. The
derivative of a continuous function is specified the point
ratio, i.e. the rate of change of that function value of particular
point.[1]

binary image via x axis

binary image via y axis

binary Image via x & y axis
» ©

Fig 8: Spatial High-Pass Filer

3.2.1.2.1 Imagesubtractionmethod

An image can be computed by the sum of its low and-high
frequency mechanism, plus noise. Tloav-frequency (LF)
part can beartially computedusinga low-pass filter. Thid F
image can be subtracted from the primary, unfiltaredge;
leaving behind the higfrequency component. The resulting
image can be added back to the original, thus effectively
doubling thehigh-frequency(HF) part; or a proportion of the
low-pass filtered image can be subtracted from the creative
image togive HF image. [1] [10] Theconcept of Thomas:

Y oY " 6 2)
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Fig 9: Image subtraction method for high pass filter

3.2.1.2.2 DerivativebasedMethod

The derivative of a continuous function is specified thg
point ratio, i.e. the rate of change of that function value of
paticular point. For instance, the first derivative of position
with respect to time is velocity. The greater the velocity of an
object, the more rapidly it changes its point of view with
respect to timeThe velocity can be computed at any time
after a ggnal is producedAs an alternative, derivatives are
approximate in terms of differences between the values of
neighboring pixels in th& andy directions, while oblique or
angle differences are alssed [1]

Yo "o n'dQ nQ pho
Yon i ndQ ndQ p ©)

orignal image Filtered Image

Fig 10: Derivative based highpass filter

3.2.1.3 Contrast enhancement

Contrast shows the reflectiveness in the dark zones of the
images. Contrast enhanceméntone of the most important
features of the image enhancement technique ite.
manipulates the illumination level of the image. Its sub fields
are liner contrast stretch, histogram equalization and
Gaussian stretch respectively] [16] [17]

3.2.1.3.1 Linear mntrast stretch

The motivation behind the contrast stretching is to boost the
dynamic ranges of thgray levels within the image being
processed. This ithe concepof adjusting the dynamic range
of the gray level of the imageLCS is the straightforward
contrast stretchinglgorithm thatstretches the pixel values of
the low-contrast imageor high-contrast image by
multiplying the dynamic range across the whole image
spectrum from 0O (L-1) [13]. Contrast stretch is done by
scaling all the pixel of an iage by a constant Khe basic
formula of this method:

Qafkk Qaf z°Q (5)

Adjusting the contrast of image the modificationsof the
ranges of luminance values presentan image.
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Fig 11: Original image histogram 4
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Fig 14: RGB color image histogram equalization

3.2.1.3.3 Gray level slicing

Gray level slicing is the spatial domain methodology which
approximately works as bamhss filtering The motive of the
gray level slicing is to emphasis a range of gray values of the
image.[10]

Orignal Image 6 5

Fig 12: Linear contrast stretch histogram

3.2.1.3.2 Histogramequalization

Histogram equalization is &echnique for adjusting the
image contrast. Histogram simply plots the frequency at

which eachgray level occurs from 0 to 255, and thére

intensity values of the original imge are plottedo give a

uniform histogramof intensity values. Let be a given image

signified as an, by m, matrix of integer pixel concentratlons 4 g
ranging from 0 to L T 1. he nuFﬁgblégrayd-?Vaﬁ"S"lgm ble intensi

standards 255 [7] [8] [13]. Let p demte the normahzed
histogram of with a bin for each possible intensitglues 3.2.1.3.4 Gaussiarstretch(normal distribution)
A contrastenhancement based on the histogram of the pixel
\ values is sent for a Gaussian stretch because it holds the
n (6) filtering of the observed histogram to a Normal or Gaussian
histogram. A Normal dig r i buti on gi ves t he
Wherel e 8 observing avalue x given the mean xis defined by: [1]

orignal histogram

orignal image
J -

The standard deviatipnd, is defined as the range of the
variable for functiorp (x) [1] [18]

gausslan filter for noise image gaussian filter for orignal image

orignal Image

gaussian histogram for noisy image gaussian histogram for orignal Image

Fig 13: Gray image histogram equalization
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Fig 16: Gaussian stretch via Gaussian filter



Plotting the surface of Gaussian filter
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Fig 17: Plotting Gaussian filter

3.2.2 Frequencydomain

Frequency refers to the rate of recurrence of spem@dic
event. Amodulatingsignal can be transmuted into a serialized
of simple cyclic variations. The Fourigiansformsis usedto
decaya signalfrom a set of sine waves from various aspects
like frequency and phaseThe techniqueof quick frequency
inclusion or execution is termeés frequency domain
filtering. Spatialdomain filtering is adept by convolving the
image with the filter kerne[10]

Convolution in spatial domaiMultiplication in frequency
domain.

In the frequencylomain, filtering relates to the multiplication
of the imagespectrum bythe Fourier Transfon of the filter
kernel whichis symbolizedas the frequency responfe the
filter. [4]

Filtering in Frequency domain
:-O‘F'Q’[\x nc)‘?'g-if:x no ’E‘Q’f} (9)

3.2.2.1 Discretefourier transform

The DFT of a twedimensional image can be visualized by
displaying the spectrum of the image's component frequencies
[18]. Image is an independently varying functidhis one

way to analysespatial function variations. This is done to
decompose an image into a set of orthogonal functions.
Fourier transformed functions are used to transform the
intensity within the image into the domain of spatial
frequency[6].

"Ooh B B

"QuBo Q
(10

The concept behind the Fouridransformsis that any
waveform can be constructed using a sum of sine and cosine
waves of different frequencies. The exponential in the above
formula can be expandedtinSine and @sines with the
variablesu andv determining theséequencies. Thénverse

of the above discrete Fourigransformsis given by the
following equation:

Qaty —B B
(11)

Thus, if we havé-(u,v), we can obtain the corresponding
image {(x,y)) using the inversdiscrete Fourier transform.
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Fig 18: Steps in the frequency doman filtering.

3.2.2.1.1 Low-passfilter (smoothing)

The LowPasdsilter averagesut rapid changes in intensity. It
attenuates the high frequencies and leaves the low frequencies
of the Fourier transform relatively unchangédwill smooth

the image and reduce noisecan be classified to two types:

1) Nonseparable filter, and
2) Separable Filter

Non-separable filter transfer function:
Qe MQ & O

mh E®I 0Q Q
Here, Dy is the cutoff frequency of the low pass filter. The

cutoff frequency governs the amount oéduency elements
approved by the filtergl0].

OKC] (12)

Separable Filter:
piR¢ T O de & O

Ot T ¢eni o0l 19

Image with Gaussian lowpass filter

Fourier Spectrum Spectrum of image with Gaussian lowpass filter

Fig 19: Low-pass filter& its Fourier spectrum.

orignal image

3.2.2.1.1.1 Ideal low passilter

The 2D ideal lowpass filter (ILPF) is a filter whose transfer
function satisfies this relatiofiL 0]

p QUM ©

C QO ©



Ideal Low Pass Filter

Fig 20: Ideal Low pass Filter

3.2.2.1.1.2 Butterworthlow-pass iiter

Butterworth lowpass filter (BLPF) isusedto eliminate high
frequency noise with minimum loss of sigrelements. The
assignment function of a BLPF of order with cutoff
frequency B is given by{4]

"0 "t (14)

For this smooth transition filter, a eaoff frequencyeffort is
chosen such thdtl (k, I) it is a hold the percentage of its
maximum cuoff.

Orignal image Butterworth Low-pass filtered image

3D view of L

4
20

o o

Fig 21: Butterworth low-pass filter with its 2D & 3D
surface plot.

3.2.2.1.1.3 Gaussiandw-passfilter

Gaussian filters minimize the problem that occurred in an
ideal filter.This problem is formallyacknowledged ashe
ringing effect.Because at some point the transition between
one color to the other cannot be defined precisely, due to
which the ringing effect appears at that point. The assignment
function of twadimensional Gaussian Lepassfilter (GLPF)

is specified by[4]

O ' —=0Q

Orignal image

(15)

Gaussian Low-pass filtered image

20 view of L

3D view of L

Fig 21: Gaussian lowpass filter with its 2D &3D surface
plot
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3.2.2.1.2 High-pass filter(sharping)

Low pass and high pass filters always complement each other.
The 2D ideal higkpass filter (IHPF) is a filter whose transfer
function satisfies the following relatiof]

mhQQ By O

O pfoQ ™M © (16)
Ideal High pass Filter is not practically achievable.

Original Image

Image with Gaussian highpass filter

Fourler Spectrum Spectrum of image with Gaussian highpass filter

Fig 22: High pass filter & its Fourier spectrum

3.2.2.1.2.1 Butterworth highpass ilter

The assignment function of Butterworth highss filte
(BHPF) is specified bj4]

"0 " 17)

orignal image
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Fig 23: Butterworth high -pass filter with its 2D & 3D
surface plot

3.2.2.1.2.2 Gaussiarhigh-pass ifiter

Gaussian filter is admired for the lack ofloa up, and noise
escaped objectsGaussian high pass filter has the same
concept as ideal high pass filter; but again the transition is
smoother as compared to the ideal ofibe assignment
function of twedimensional Gaussian Lopass filter
(GHPF) is pecified by[4]

5
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Gaussian High-pass filtered image
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Fig 24: Gaussian highpass filter with its 2D &3D surface
plot

3.2.2.1.3  Notch fiters (band-stop

Notch filtersare known as bandstop filters. These
filters areusedto removerepetitive iSpectrald noisefrom an
image. Notchesare like a narrow high-passfilter, but the
finotchd out frequencieotherthanthe dc componentlecrease
selectedirequencyand leaveother frequencief the Fourier
transform comparatively unchanged Repetitive noise in an
image is sometimesseenas an optimistic peak somewhere
otherthanthe source We cansuppressuchnoiseeffectively
by carefully erasingthe peaks.Oneway to do this is to usea
notch filter to remove that particular frequency from the
image.

Image after Butterworth notch filters

orignal image

Fourier Spectrum of Image Spectrum of image after Butterworth notch filters

Fig 25: Notch Filter& its Fourier spectrum

3.2.2.2 Discretewavelettransform

The Discrete Waveletransforms (DWT) is obtained by
filtering the signalconcludedby a series of digital filters at
discrete scales. This scaling procedure is den by
transforming the resolution of the signal by the method of
substitute sampling19] [21]

The DWT can be computed by applying either convolution
centered or lifting based techniques. In both approaches, the
input order is decayed into Iepass & high pass sub bands.
Each method depends on half number of samples in the
original order.

3.2.2.2.1 Two-dimensional discrete wavelet transform

To implement the 2D DWT, we have used Haar Mother
Wavelet. It 5 a bipolar step function. The expression of Haar
wavelet is specified as a result f§] [18] [19]

pUMET o -
pPUME 6 p (18)
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Fig 26: Discrete Wavelet Transform
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Fig 28: First level Decompoition



