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Life on Earth is strongly related to the Sun, which makes it a vital star to 

study and understand. To improve our knowledge of the way the Sun works, 

many satellites have been launched into space to monitor the Sun‟s activities 

where the one of main focus is the effect of these activities on the Earth‟s 

climate; PICARD is one such satellite. Due to the noise associated with 

SODISM images, the clarity of these images and the appearance of solar 

features are affected. Image denoising and enhancement are the main 

techniques to improve the visual appearance of SODISM images. 

Affective de-noising algorithm methods depend on a proper detecting of 

noise present in the image. The aim is to identify which type of noise is 

present in the image. To reach this point, supervised machine-learning (ML) 

classifier is used to classify the type of noise present in the image.  

Furthermore, this work introduces a novel technique developed to enhance 

the quality of SODISM images. In this thesis, the Modified Undecimated 

Abstract 
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Discrete Wavelet Transform (M-UDWT) technique is used to de-noise and 

enhance the quality of SODISM images. The proposed method is robust and 

effectively improves the quality of SODISM images, and produces more 

precise information and clear feature are brought out.  In addition, the non-

wavelet enhancement is developed as well in this thesis. The results of this 

algorithm is discussed. The new methods are also assessed using two 

different methods: subjective (by human observation) and objective (by 

calculation). 
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1. The Sun 

1.1 Introduction 

The Sun is the source of life on earth, although it can be  danger too; our 

being and everything on earth strongly depends on the Sun. Since the Sun 

plays a vital role in our existence, we have to study it and better understand 

this source of life in order to predict its future behaviour and the consequent 

effects on planet Earth. So the solar energy controls the climate and the 

seasons on Earth, and this makes it an important object to study and 

understand. 

 Our life on Earth is strongly related to the Sun‟s activities, which makes it a 

vital star to study and understand. To improve our knowledge of the way the 

Sun works, many satellites were sent into space to study the Sun‟s activities 

where the main task is its relation to the Earth‟s climate. There is a growing 

archive of digitized images of the Sun; these are collected using a variety of 

wavelengths and from ground and space-based instruments on board 

different satellites, such as YOHKOH, Solar and Heliospheric (SOHO), 

TRACE, and RHESSI. Later satellites, such as the Solar Dynamics 

Observatory (SDO), Solar Monitor Active Region Tracking Observatory 

(SMART), and PICARD, and ground observatories provide continuous 

monitoring of the sun and the information collected are sent for study. The 

data sent is used to build huge new archives (Colak and Qahwaji, 2007).  

Chapter One 
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The PICARD satellite is a European space-based scientific mission; it is a 

space-based satellite observatory hosting the Solar Diameter Imager and 

Surface Mapper (SODISM), which was constantly monitoring solar activities, 

from the Middle Ultraviolet to the Near Infrared, in five wavelengths from July 

2010 to Jan 2014 (Meftah et al., 2014a). The Picard satellite was sent to 

space on June 15, 2010, whilst its scientific operative mission ended in 

March 2013; however, it pursued acquisitions to the end of March 2014. 

More information on the PICARD satellite will be provided in the following 

chapter of this thesis.   

Research scientists are today studying and taking advantage of increasing 

amounts of solar data. The Sun is like an airship of gas, as it has no solid 

surface, and is approximately 90% hydrogen and 9.9% helium. The residual 

value of atoms contains heavier components, especially iron, oxygen, 

nitrogen, silicon, magnesium, and carbon, creating only 0.1% in number 

(Kenneth Lang, “Sun Astronomy”, and Encyclopedia Britannica Article). It 

does not rotate rigidly as solid planets; in fact, the Sun's polar regions rotate 

slower (about 24 days) than equatorial regions (once in more than 30 days).                                             

As the importance of forecasting space weather increases, the need to 

detect solar features affecting the Earth‟s climate also increases. The 

increasing power of computers, image processing, and other techniques 

offer good tools to develop automatic detection methods for solar features 

and activities that may affect life on Earth.   

1.2 The layers of the Sun 

Scientists divide the Sun into three main regions: the Sun's interior, the solar 

atmosphere, and the visible surface of the Sun, which lies between the 
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interior and the atmosphere. The Sun's interior is divided into three parts: the 

core zone, the irradiative zone, and the convective zone. The core is at the 

centre of the Sun. It is the hottest region in the star, where the merging 

reactions that power the Sun occur. Moving outward, the next region is the 

radioactive zone, where energy is carried outward through this layer by 

photons as thermal radiation.  The third region of the solar interior is called 

the convective zone, which is the dominant mode of energy flow in this layer; 

thus, heat moves upward via roiling convection. The boundary between the 

Sun's interior and the solar atmosphere is known as the photosphere; it is 

surface of the Sun that we can see. The layers of the Sun 

The lower region of the solar atmosphere is named the chromosphere, as it 

appears bright red when viewed during an eclipse.  This is a thin transition 

region where temperatures rise abruptly thereby separating the 

chromosphere from the huge corona above. The highest portion of the Sun's 

atmosphere is called the corona, and is remarkably much hotter than the 

Sun's surface (photosphere). The upper corona may gradually turn into a 

flare, which is a flow of plasma that moves outward through our solar system 

into space.   

 

 

 

 

 

  Figure 1-1:  Layers of the Sun 

https://scied.ucar.edu/solar-atmosphere
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjfsKbWr5jeAhUQzIUKHQDlDeoQjRx6BAgBEAU&url=https://scied.ucar.edu/sun-regions&psig=AOvVaw1fcT-veBUgA3luL06eJYQz&ust=1540239845561179
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 Resolved stars, just like the Sun, are observed as darker at the limb than at 

the centre of the disk. There are some factors causing this effect. When we 

look to the sun with a reduced intensity, the edge of the disk appears to be 

darker than the centre. The decreasing intensity at visible wavelengths from 

the centre of the Sun to the limb is called “limb darkening”. The   rationale for 

the limb appearing darker than the centre of the disk is that the stars 

experience a temperature rise from the core to the surface. Stars are hotter 

within their deeper parts than in their outer parts. Though the photosphere, 

features have a very small thickness of about a few hundred kilometres; it 

has a large temperature gradient the deeper one travels into it. As 

temperature at the interior of the Sun increases significantly the temperature 

at its top layer (chromosphere) also increases. 

For a given depth of penetration, we are able to see deeper into the 

photosphere at the centre than at limb, where our line of sight passes 

through the cooler gases. Our line of sight probes more deeply into the hotter 

parts at the centre of the disk. However, at the limb, the line of sight enters 

the photosphere at a large slanted angle and does not probe deep into hotter 

regions; hence, we see only the cooler regions. This causes the sun to show 

a pronounced darkening at the limb (Wenden, 1981).  This explains the "limb 

darkening" that shows as an obscuring of the solar disk circle close to the 

limb. Various highlights can be seen in the photosphere with a basic 

telescope. 

The features of the Sun include the black region (Sunspots), the bright region 

(faculae and network), and granules.  Moreover, we can see three main 

layers of the Sun - the photosphere, the chromosphere, and the corona - all 

http://solarscience.msfc.nasa.gov/feature1.shtml#Sunspots
http://solarscience.msfc.nasa.gov/feature1.shtml#Faculae
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of which create the Sun‟s "atmosphere". Finally, the luminated part of the 

Sun is called the photosphere. 

    

 

   Figure1-2: Granules on the Sun 

1.3 Solar Atmosphere 

1.3.1 Photosphere Layer 

The photosphere is the visible surface of the Sun seen in ordinary light; 

above it lies the lowest part of the solar atmosphere, called the 

chromosphere (Figure 1-1). The chromosphere is an extremely active layer 

of the Sun, lying between the chromosphere and the outer solar 

atmosphere, called the corona.    

The photosphere image uncovers two main structures, and includes a 

darkening toward the peripheral locales, called limb darkening, and a fine 

seed-like structure called granulation (Figure 1-2). The darkening happens 

when the temperature drops, when one appears at the edge of the Sun, one 

sees lightweight from higher, cooler, and darker layers. The granules are 
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transducer cells that bring the power up from underneath. Every cell is 

estimated to be around 1,500 kilometres in diameter. 

Granules have a period of about twenty-five minutes, during which hot gas 

rises within them at speeds of about 300 metres per second; such granules 

occur all over the Sun (Philosophy and Science, 2015).  The photospheric 

magnetic fields spread into the atmosphere, where the super granular 

pattern dominates the conducting gas. While the temperature at the normal 

surface regions continues to drop, it does not fall as quickly as at the system 

edges, and an image of the Sun at certain wavelengths ingested to some 

degree over the surface shows that the system edges are bright. 

This happens throughout the ultraviolet channel. To watch the visible surface 

of the Sun, a visible wavelength is used; the wavelength (393.4 nm) 

consists of full-disk images of the Sun in Calcium (Ca) II K.  Indeed, Ca II K 

imagery reveals the magnetic structures of the Sun from about 500 to 2000 

km above the photosphere, which is not evident in white light images 

(Philosophy and Science, 2015). If we instead study shorter 

wavelengths, like ultraviolet radiation, we see plasma that has been 

trapped alongside these magnetic field loops and transferred into the 

corona. Granules, which occur everywhere throughout the Sun, have a 

lifespan of around twenty-five minutes, during which sweltering gas 

ascends inside them at rates of around 300 meters per second. The 

photospheric magnetic fields reach up into the atmosphere, where the 

super granular shape rules the leading gas. While the temperature over 

the normal surface zones continues to drop, it does not fall as quickly at 

the system edges, which happens through ultraviolet radiation.   
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1.3.2 Chromospheres and Corona  

The familiar solar spectrum is made by the photosphere, whilst the 

previously unknown source element becomes known as helium. The 

chromospheres represent a dynamic transition between the cool temperature 

of the outer photosphere and the million-degree corona above. While the 

corona is one million times dimmer than the photosphere in visible light, its 

high temperature makes it an influential source of extreme ultraviolet and X-

ray emanation. Loops of bright features connect distant magnetic fields. 

There are regions of almost no corona called coronal gaps. The most 

brightened areas are active regions encompassing sunspots. Hydrogen and 

helium are totally ionized, and the remaining atoms are extremely ionized. 

The ultraviolet part of the spectrum is loaded up with strong spectral  

lines of the highly charged ions.   The density drops slowly because the 

temperature is high at the base, almost 1013 times more tenuous than the 

atmosphere of Earth at its base. 

 

  Figure1-3: Illustration of different terms of solar image  
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Figure 1-3 indicates different features they may appear on outer surface of 

the sun, there are hotter regions, called networks or faculae, active regions 

(networks and faculae), cooler areas (called Sunspots), and areas with no 

activity (called quiet networks faculae), while figure 1-4 demonstrates the 

main Sun‟s features appeared on the Sun‟s surface.                                                                                                                                                                                                                                                                                                                                                      

  Figure 1-4 : indicate the main Sun‟s feature 

 Figure 1-4 categorize the Sun‟s features appears on Chromosphere and 

Chromosphere layers of the Sun. In this work two main features Sunspots 

and Active region will be described as assessment of the enhancement 

technique.   

1.4 photospheric activity features 

1.4.1 Sunspots (SSs)  

Sunspots are irregularly dark shaped areas that can sometimes be observed 

on the surface of the sun (photosphere) and range from simple pore-like 

structures to very complex structures.  They are also associated with very 

strong and complicated magnetic fields. A variety of solar features appear on 

solar images at various wavelengths that are related to different solar 

activities, which occur at various chronological and spatial scales. 
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Sunspots are one category of features, whose behaviour reveals global solar 

activity, which has been investigated for hundreds of years and put into 

manually created databases. The usual large sunspot is seen in white light 

even without a telescope.  They are regions of very strong magnetic fields 

created on the Sun‟s surface and shaped like a flower. It is composed of a 

dark central core, called the umbra (Figure 1-5), where the magnetic flux 

loop rises vertically from below, surrounded by a lighter ring called the 

penumbra, where the magnetic field spreads outward and horizontally  

(Philosophy & Science, 2015).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

Sunspots are present in active regions; they exist where the magnetic field 

lines prevent transportation and cool the area, causing acquainted dark 

spots.  Sunspots are produced by the Sun's magnetic field, which rise up to 

the visible surface of the Sun‟s “photosphere". 

The level of solar activity can be quantified by monitoring sunspots. These 

are regions on the Sun‟s surface where the temperature is lower (dark 

appearance), caused by intense magnetic activity. The Sun‟s magnetic fields 

rise through the convection zone and explode through the photosphere into 

the chromosphere and corona (Meftah and Irbah, 2011). 

The powerful magnetic fields around sunspots turn out active regions on the 

Sun, which regularly cause solar flares and coronal Mass Ejections (CMEs).  

Sunspots have two parts: the central umbra, which is the darkest part 

because it is cooler than the rest of the Sun's surface where the magnetic 

field is approximately vertical (normal to the Sun's surface), and the centre is 

surrounded by a lighter filamentary area, called the penumbra, where the 
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magnetic field is more inclined (Figure1-5). Continuum images are primarily 

used for sunspot observations  (Colak et al., 2011) 

 

 

 

 

 

 

   

 

 1.4.2 Active Region (AR) 

Active regions are just regions characterized by high activity and stronger 

magnetic field lines, which can have a whole assortment of features like 

plages (bright patches), sunspots, explosive flares, strong magnetic fields, a 

powerful Coronal Mass Ejection(CME), and active region filaments,  it's more 

likely to have one, since it's more active. The activity in hydrogen alpha could 

be seen fairly well, but it's a lot harder in white light.   

Big, bright active regions in ultraviolet observations are usually found 

directly above the sunspots seen in visible-light observations Figure 1-6. In 

true Calcium light, you might see the faculae at least, if there's enough 

magnetic activity. Both SSs and ARs are specific indicators of strong 

magnetic fields above the surface of the Sun, the kinds of magnetic fields 

that can release flares and coronal mass ejections. 

  Figure1- 5: Umbra and Penumbra regions of Sunspots 
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  Figure 1-6 : A Large Active Region Crosses the Sun 

 1.5 Observation of the Sun at Different Wavelengths. 

Particular instruments, typically either ground-based or space-based 

telescopes, can watch the Sun at various wavelengths. Various wavelengths 

pass on data about different segments of the Sun's surface and atmosphere, 

so scientists use them to describe our continually changing and shifting star. 

 

    Figure 1-7: The Sun's Emissions of Electromagnetic Radiation 

  

The Sun emits light in all colours; when all visible colours are combined, it is 

known as “white light.”         

https://apod.nasa.gov/apod/image/0407/sunspot_newton_big.jpg
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1.5 Research Aim and Objectives 

The main objective of this research is to enhance SODISM solar images to 

improve its visual appearance in order to highlight the features present in 

these images.  The outcomes of this research will mainly be the design of a 

new technique, such as a novel enhancement method; this aim can be 

achieved through the following steps:  

1.5.1 Step 1: Noise identification  

Since the type of the De-noising depends on the kind of noise present in the 

image, it is important to use an automated technique to identify image noise. 

The aim is to develop a noise analysis technique and mechanism in order to 

detect the types of noise present in distorted images using machine learning.   

1.5.2 Step 2: Image De-noising    

The aim of this step is to develop a new image de-noising technique to 

eliminate or to reduce noise in solar images using a wavelet-based transform 

method, and to assess improvements to the Image quality. An image 

enhancement method is applied to improve the image quality at different 

wavelengths. This is particularly important when processing solar images 

with less bright solar disks or with a higher noise level. One of the 

objectivities of this work is the development of novel 

enhancement techniques for SODISM images that are wavelet and non-

wavelet based, and comparing developed enhancement techniques on 

different types of satellite image and non-satellite images.   
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1.6 Current Challenges and Limitations 

It is beneficial to identify some of the challenges that exist when working on 

SODISM data and those that have been encountered in conducting this 

work. 

 The biggest limitation is the availability of SODISM data, as the online 

source of data for all wavelengths is no longer available. 

http://picard.busoc.be/sitools/index.jsp, this issue was encountered while 

carrying out this research. As the access to SODISM data was 

restricted halfway through this study, access to data became an 

additional problem. The SODISM data link stopped working, as 

collecting data for all wavelengths at any time is not attainable. The 

only SODISM images partially available are through this link:   

http://picard.projet.latmos.ipsl.fr    at certain times for only the 535 nm 

wavelength. 

 The life period of PICARD mission is limited (August 2010 - Jan 

2014), where during this period some of data are missing. There is a 

lack of images quality, which suffers from noise, blurring and 

unwanted features that need pre-processing before any use. There is 

a need to evaluate the accuracy of enhancement results. The 

outcome must   secure acceptable results when denoising and 

enhancing SODISM images.  

 There is a lack of published literature on denoising and enhancing 

SODISM images. Moreover, the poor quality SODISM images made it 

difficult to design any of the required algorithms. 

 

 

 

http://picard.busoc.be/sitools/index.jsp
http://picard.projet.latmos.ipsl.fr/month.php?year=2011&month=01
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1.7 Thesis Plan  

This thesis consists of five chapters, as outlined below:   

 Chapter two focuses on the main source of data for this research, 

namely the Picard microsatellite, SODISM telescope and the ground-

based SODISM II (or PICARD-SOL). This chapter provides an 

extended literature review of relevant research work on filtering 

satellite images.  

 Chapter Three describes the development of a noise analysis 

technique and mechanism to detect  different types of noise present in 

images. Support Vector Machine (SVM) is used to classify the type of 

noise associated with solar image.   

 Chapter Four explores the proposed technique that applies the 

wavelet and non-wavelet based de-noising and enhancement of 

SODISM images. Furthermore, the novel proposed technique is 

applied to enhance different types of satellite                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

images, the evaluation metrics are used to measure the performance 

of the proposed techniques. 

 Chapter Five: Summarises the conclusion and future research work 

direction. 
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2. PICARD/SODISM Satellite 

2.1 introduction                         

Our existence on Earth is highly contingent on the Sun‟s activities, as the 

solar energy controls the Earth‟s environment, which makes it an important 

object to study and understand.  Astronomical scientists prioritise the study 

of the Sun in order to build a clear picture of its activities and how it will affect 

our planet. Many satellites were sent to the space for these reasons, and 

PICARD is one amongst them. PICARD is a European space mission (2010-

2014) that was launched on June 15, 2010, at 715 km altitude, to monitor the 

Sun. The Solar Diameter Imager and Surface Mapper (SODISM) is one of the 

systems on board the Picard satellite, which has continuously been monitoring the 

Sun from the Middle Ultraviolet to the Near Infrared, from July 2010 to Jan 2014.  It 

provided wide-field images of the photosphere and chromosphere of the Sun in five 

narrow bands which are almost degraded, noisy and blurredIt provided data 

through the Solar Diameter Imager and Surface Mapper (SODISM) on board 

the PICARD satellite at five wavelengths (215.0, 393.37, 535.7, 607.1, and 

782.2 nm).  This also included a unique short wavelength with a high 

frequency (215nm) that monitors the Sun in Ultra Violet band. The PICARD 

space scientific mission provides a new observation of the Sun, and enables 

the study of its variations as a function of its solar activity, which will expand 

our knowledge of how the star works. Nevertheless, SODISM raw images 

have suffered substantial degradation due to exacting space environment 

(Paper et al., 2016) 

Chapter two 
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PICARD was named in honour of the French astronomer, Jean Picard, who 

lived In the 17th Century and achieved the first accurate measurements of the 

solar diameter (Thuillier, 2005; Meftah, Irbah and Hauchecorne, 2015). A few 

centuries later, from 2010 to 2014, the Picard spacecraft provides precise 

Sun data through the SODISM instrument. 

The Sun and its impact on Earth‟s environment is an international issue due 

to its influence on life on Earth. There are many existing data and growing 

archives of digitized images of the Sun, and Picard-SODISM images is one 

such data source.  Unfortunately this has suffered some evolving 

degradation in the raw images, as shown in Figure 2-3 (Meftah et al., 2014b).    

The Picard space mission represents a European asset in collecting solar 

observations, which is useful to enhance the Earth‟s climatic models. The 

Solar Diameter Imager and Surface Mapper (SODISM), an instrument of the 

PICARD payload, is a high-resolution, radio-imaging telescope. SODISM 

allows us to measure the solar diameter and shape with an accuracy of a few 

milliarcseconds, and to perform helioseismologic observations (the analysis 

of wave motion of the solar surface to determine the structure of the Sun‟s 

interior) to probe the solar interior.  

2.2 PICARD scientific objectives 

The PICARD space scientific mission provides new observations of the Sun 

that enable an investigation of its changes as a function of solar action. The 

main PICARD space scientific mission objectivities are: 

 To continuously monitoring of solar activity.   

  To measure the spectral solar irradiance (SSI). 
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 To determine the solar diameter and its variations with the solar cycle 

phase 

 To investigate the Sun's interior using the helioseismology method 

and determine whether solar diameter variations are linked to the 

solar activity. 

 Thus, it aims to determine, with the help of Picard Sol (SODISMII + an 

atmospheric monitor on ground), if the solar diameter can be monitored 

using ground-based instruments.  (Oca and Latmos, 2013) 

It also intends to monitor the differential rotation in several spectral domains, 

to study the origin of solar variability, explore relations between the Sun and 

Earth's climate, and to study the long-term nature of their interrelations, 

besides the TSI (Total Solar Irradiance) measurements. These 

measurements were obtained throughout the mission to allow the study of 

variation as a function of solar activity and expand our knowledge of our star. 

The measurements are especially significant as they were made during a 

period when solar activity was minimally categorized (between 1645 and 

1710) showing a sun nearly without sunspots; this period was named 

Maunder minimum. By comparison, between the diameter during Maunder 

minimum and when the sun was active, a variation was found resulting in the 

unanswered question "are diameter and activity linked"? (Team, 2008)   

PICARD and other succeeding missions are giving a new vision of the Sun, 

demonstrating the level of activity in its atmosphere and how its influences 

the earth‟s environment where climate modeling is also part of the PICARD 

program. 
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Those missions also emphasized the importance of producing enhanced 

images, even if the detailed mechanisms at the origin of a large part of those 

phenomenon were missed; thus, progress in solar physics is very important. 

2.3 The payload of the PICARD shuttle   

 The space-craft mission uses a micro-satellite (low mass, low power, 

cleanliness program not drastic etc.), with a scientific payload, whereas the 

PICARD scientific mission payload consists of three instruments: the 

SODISM imager and two radiometers, SOlar VAriability Picard (SOVAP) and 

PREcision Monitor Sensor (PREMOS) which measure the Total Solar 

Irradiance (TSI) and part of the Solar Spectral Irradiance (SSI). 

SODISM (Solar Diameter Imager and Surface Mapper), is an instrument of 

the PICARD payload with a space telescope to study the Sun from the 

middle ultraviolet to the near infrared with a high-resolution imaging 

telescope (2048 x 2048) effective pixels.  It measures the solar shape, its 

diameter, the solar activity and limb shape, at five wavelengths 215, 393, 

535, 607, 782 nm in the spectral domains. 

Detecting the active regions (faculae and sunspots) may corrupt the diameter 

measurements. A comparative study with PREMOS indicates the belongings 

of the solar activity on the spectral irradiance and Sun radiance image at 215 

nm. This helps to study the effect of the active regions on the diameter. 

SOVAP: ( SOlar VAriability PICARD ) consists  of a differential radiometer 

and a bolometric sensor to measure and evaluation of the total solar 

irradiance ( TSI ) and link with SODISM continuum  images  (sunspot) and 

magneto grams (faculae and network) Correlation. PREMOS :(PREcision 
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MOnitor Sensor) is an absolute differential radiometer measures the spectral 

irradiance as well as the total solar irradiant as SOVAP.(Meftah, Irbah, et al., 2012),    

 

  

 

       

 

 

  Figure 2-1: Illustration of the Picard satellite and the main instrument allocation 

The PICARD/SODISM is an imaging telescope developed at CNRS (Centre 

National de la Recherche Scientifique) by LATMOS (Laboratoire, 

ATmosphere, Milieux Observations Spatiales).  It is associated with an 11-

cm 2048x2048 pixel CCD (Charge-Coupled Device) that pictures the Sun at 

five wavelengths. The CNES is a French space agency mission with Belgium 

and Swiss participation. The PICARD spacecraft is on a Sun synchronous 

orbit, allowing observations of the Sun all the time, except for short periods 

(Meftah et al., 2013).  

After the acquisition phase the routine operations started in October 2010 

and ended the scientific operational mission in March 2013, but pursued 

attainments to the end of March 2014 during technological operations on the 

satellite ( Meftah et al., 2011). 
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2.4 The space instrument SODISM of the PICARD mission 

 The space instrument, SODISM, is a telescope to study the Sun and 

measure the solar diameter and other measurements from the middle 

ultraviolet to the near infrared.    (Meftah et al., 2018). SODISM is an 11-cm 

diameter telescope with a CCD detector array of 2048×2048 pixels that is 

placed at the focal plane. The focal length is 2,626 mm.   

 

  Figure 2-2: Main SODISM instrument mechanisms (M. Meftah et al., 2011)  

The SODISM telescope provides wide-field images of the photosphere and 

chromosphere of the Sun in five narrow band passes centered at 215.0, 

393.37, 535.7, 607.1, and 782.2 nm.   The SODISM telescope continuously 

monitors solar activity from the middle ultraviolet to the near infrared spectral 

ranges and produces solar images that feed SSI reconstruction models. 

PICARD/SODISM was designed to send back data needed to improve the 

models used for forecasting solar activity, and to take concurrent 

measurements of parameters. This includes the occurrence of sunspots and 

their shape and diameter, the speed of Sun rotation, and the radiation it 
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emits, all of which help scientists to understand the relationship between 

sunspots and diameter, etc.    

2.5 SODISM aptitudes and frailties 

The SODISM instrument has many advantages and fewer disadvantages, 

which sets it apart from other instruments; Table 2-1 below shows some of 

these.   

  Table 2-1: The advantages and weaknesses of SODISM instrument (Irbah, 2012) 

Advantages Weaknesses 

 

1. 24h/7d operations. 

2. Uniqueness of the 215 nm 

channel. 

3. Plurality and narrowness of the 

pass bands.  

4. Stability of the telescope body. 

5. Relatively frequent solar eclipse 

observations.   

6. No technical impossibility for NRT 

(near real time) data delivery,    

 

1.  Unknown PSF. 

2. Unexplained 

persistence. 

3. Ghost and 

scattered light. 

4. Difficult off-limb 

observations. 

 

Table 2-2 shows the different wavelengths for different measurements.  This 

includes, for example, 535, 607, 782 nm for diameter measurements, solar 

oscillations, limb shape and sphericity in the continuum measurements; (215 

nm) for Diameter; (215 nm, Ca II) for Spectral irradiance activity, and 393 nm 

for Active region observations.  
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Table 2-2: Different measurements for different Wavelengths (Meftah, Vieau, et al., 2012) 

Wavelength    Function 

215 nm Sun activity, Spectral irradiance Activity 

393.37 nm Active regions observation 

535.7 nm Diameter, oscillations (helioseismology) 

607 nm Diameter, Sunspot measurement 

782.2 nm Diameter, Sunspot measurement 

 

Several SODISM channels measure different solar phenomena. Each 

wavelength was chosen to highlight a particular solar feature.  Just one 

month after the satellite was placed in orbit, the SODISM instrument took the 

first image of the Sun (on July 22, 2010). It captured a raw image at level L0,  

which was thus obtained before processing, as shown in Figure 2-3. (Meftah, 

et al., 2012). Raw image level L0 before processing and after processing 

level L1  

 

 

 

 

 

 

 Figure 2-3: The first image of the Sun was taken by the SODISM instrument at 607 nm 

(Meftah et al., 2011  
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  The image from 22 July was acquired at a wavelength of 607 nm, but 

SODISM can also operate at five other wavelengths to observe such details 

as sunspots and faculae as well as the Sun‟s internal structure. The SODISM 

instrument measures the relationship between latitude and the solar radius, 

which varies over the years and is thus, the main outcome (Meftah, et al., 

2012).  Therefore, it is necessary to understand the behaviour of the 

telescope in space to understand apparent variations in the solar radius with 

the SODISM instrument. 

2.6 PICARD/SODISM data 

The basic data is obtained by images of the Sun, either as a full image from 

centre to limb, or a ring that includes the limb for measurements of the solar 

diameter and limb shape. A typical image at 393nm provided by SODISM 

telescope is displayed in Figure 2-4.   

There are three main characteristics (Corbard, T., et al. 2013) of the data; 

 Regular passages through the South Atlantic Anomaly (SAA) due to 

the low PICARD orbit (Irbah et al., 2012). In a 24-hour period, the SAA 

corresponds to about 7% of the measurements.  

 An orbital period around the Earth of about 100 minutes produces 

aliased peaks in the power spectra of the low-degree p-mode signals. 

 The presence of CCD affects about 10% of the images and the 

SODISM intensity signal has a lower SNR compared to SDO HMI. 
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  Figure 2-4: Typical image at 393 nm band 

Figure 2-4 displays the Sun surface at 393 nm on September 9, 2010. 

Depending on the magnetic activity of the star, the sunspots will be present 

at this wavelength. Such an image type can be obtained at all wavelengths, 

although at a frequency compatible with the telemetry rate and with the 

mission resources. A sample data rate has been listed in Table 2-3 (Irbah, 

2012). 

 Table 2-3: Daily data rate (nominal mode at the beginning of the mission)   

Wavelength Daily data rate 

215 nm 3-4 

393.37 nm 11 

535.7 nm 3-4 

535.7 H nm 3-4 

607.1 nm 3-4 

782.2 3-4 
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280 images are obtained for each SODISM wavelength. Each data set takes 

more than 14 hours to collect. Due to the presence of sunspots and other 

features in the images, often the source may not be considered constant. 

(Irbah, 2012)  Nevertheless, SODISM has recorded more than one million 

solar images since the beginning of the mission in June 2010 up to 2014. 

(Meftah, Irbah and Hauchecorne, 2015) 

From 2010 to 2014, the Picard satellite is sending many pictures of the Sun, 

as well as many other measurements. Scientists are now filtering through the 

data to explore more about how our star works and to better understand 

what drives its variations. Figure 2-5 shows a sample of these images. The 

images are very noisy, inhomogeneous and require instrument corrections. 

 

 

  Figure2-5: Imaging the Sun with different SODISM channels (Meftah et al., 2013) 

The images in the upper row were taken in August 2010, almost one month 

after the launch. The lower row images were taken in February 2013 (Meftah 

et al., 2013).  
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Currently, only 535 images are available in Level 1B, which include the 

instrument correction.   

2.7 Archiving format. 

Solar images are often archived using the Flexible Image Transport System 

(FITS) file format, with a header containing detailed information relating to 

the image.  FITS is an important exposed standard digital file format suitable 

for the storage, transmission and processing of scientific data and other 

applications. FITS is the most commonly used digital file format in 

astronomy.  

Many formats used to store images, Tagged Image Format File (TIFF) also 

called Tagged Image Format File (TIF files). This type of file is used for high-

quality raster type graphics. The format supports lossless compression, in 

which no image data is lost during the compression process. This lets 

graphic artists and photographers archive their high-quality photos.   

Joint Photographic Experts Group ( JPEG) is a popular image file format. It is 

commonly used by digital cameras to store photos; the compression 

algorithm is lossy, meaning some image quality is lost during the 

compression process.  

Unlike other image formats, FITS is designed specifically for scientific data 

and therefore includes many necessities for describing image origin 

metadata. A main feature of the FITS format is that image metadata is stored 

in a human-readable ASCII header, so that an interested user can inspect 

the headers to examine the image of unidentified origin. The headers provide 

++information about a 535nm image, such as the date and time, file and 

https://www.lifewire.com/cr2-file-2620376
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instrument name, size, x and y centre, radius, channel and anything else the 

maker desires. 

  Table 2-4: The size of different formatting types 

Format type Dimension Size 

FITS 2048 x 2048 pixel 16 Mb 

JEPG 2048 x 2048 pixel 196 KB 

TIF 2048 x 2048 pixel 4 Mb 

 

Unlike FITS images, JPEG images do not contain a header file with 

observational information. JPEG use a density method that eliminates non-

human-visible colours from images to reduce file sizes, (as shown in Table 2-

4). The SODISM images in all formats are at a dimension of 2048×2048 

pixels.  However, FITS images can decrease the error rate in the calculations 

and save processing times. In the SODISM imager only one wavelength 

(535nm) uses a FITS file containing the header information of the image, for 

the most important information.    

Solar images are often archived using the FITS file format, including a 

header containing descriptive information relating to the image. Sometimes 

the header contains inaccurate information, such as in the specified position 

and size of the solar disk. Because of the occasional occurrence of such 

errors, the header information should be verified against the image content in 

automatic feature recognition systems. 

2.8 SODISM channels 

SODISM captures the Sun in five channels, and each wavelength was 

chosen to highlight a particular part of the Sun; therefore, we can detect 
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different features of the Sun by using the appropriate channel, as shown in 

Figure 2-11. The images were in JPG format and their dimensions were 

2048×2048 pixels. However, by the end of 2012, some channels had lost 

their impact on the image quality as shown in Figure 2-6.  

 

 :Figure2-6:  Some channels have lost their intensity impact in the UV band 

 Marked degradation is shown In Figure 2-6, in which black is at `215', blue at `393', 

green at `535', pink at `607', and red at `782' nm. It is noted that images at 215.0 

nm, (Ca II K) have lost more than 90% of their intensity (impact on image quality),  

and about 80% at 393.37nm (Meftah et al., 2013).   This is due to the expected loss   

on the other optical elements under solar UV exposure (photochemical deposition of 

pollutant with solar UV and outgassing contamination) (Meftah et al., 2014b).  

Meanwhile, the integrated intensity for the near infrared and visible channels offers 

a temporal oscillation but remain relatively constant (Meftah et al., 2013). 

The combination of solar irradiation and instrumental contamination badly 

affects the SODISM image quality, causing degradation. This is due to the 

harsh environment for optics, where several types of physical interaction lead 

to the potential for the severe degradation of optical performance over time 
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(Meftah et al., 2015). The SODISM telescope monitors the Sun at five 

wavelengths which are detailed as follows: 

2.8.1 Wavelength 215 nm     

The channel, 215nm, is the shortest wavelength of the Picard/SODISM 

instrument.  This wavelength suffered from a high degradation of illumination 

and contrast during the PICARD mission, caused by a loss of sensitivity in 

the ultraviolet (UV) range (as illustrated in Figure 2-6).  

The quality of the images obtained at the wavelength 215 nm need more 

processing in order to be suitable for the other system (see Figure 2-7).  

Thus, they were postponed for some applications. Although the PICARD 

Payload Data Centre generated Level 0 (L0) data every day , (Meftah et al., 

2013) channel 215nm is sometimes not available to download.  

 

 Figure 2-7:  SODISM image at 215nm wavelength 

Channel 215 lost more than 90% of the normalized intensity (see Figure 2-6); 

meanwhile, the near infrared and visible channels provide sequential 

oscillation but remain comparative (Meftah et al., 2013).  This is due to the 

harsh environment for optics, where several types of physical interaction lead 
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to the potential for the severe degradation of optical performance over time 

(Meftah et al., 2015). 

2.8.2 Wavelength 393 nm  

SODISM monitors the Sun across five channels, of which the wavelength 393nm is 

one. Although this wavelength channel lost about 80% of the normalized intensity, 

as shown in Figure 2-6 (Meftah et al., 2013), the 393 nm images were better quality 

than 215 nm (see Figure 2-8). However, they still suffered from degradation towards 

the end of PICARD‟s mission. The images recorded at wavelength 393 nm are 

mainly used to determine the active regions, because, in this wavelength, the Anti-

reflection (AR) in this channel is detectable (shown in Figure 2-11).  

 As mentioned before, the wavelength 393 nm is not suitable to measure the 

number of sunspots near the solar limb as this may change the diameter  

 

 

measurements. The 393 nm images have a lower contrast and a lower-frequency 

detail.  

 2.8.3 Wavelength 535 nm  

This wavelength is located in the visible spectral band. Figure 2-6 shows the 

normalized time series of the integrated intensity of PICARD/SODISM during 

  Figure 2-8: SODISM image at 393nm wavelength 
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the mission, and illustrates degradation at the end of mission. These images 

appear to have better clarity and definition compared with the previous 

wavelengths. 

The 535 nm images are located at a visible wavelength and the solar 

emissions are less intense towards the edge of the sun. The variations 

distribute the intensity across the disc to avoid dark limbs. Despite the fact 

that the 535 nm images are generally better visually than those at the 

previous wavelengths, some distortions still exist; for example, this 

wavelength is associated with ghost noise and lines appearing on the 

images, as illustrated in Figure 2-9. 

 

 Figure2-9: Channel 535 nm is infected by ghost noise 

This leads to a ghost shaped crescent near the centre of the solar disk. 

Ghosts are superimposed on the image. Anti-reflection (AR) coatings have 

been placed on the internal and external surfaces of the filter elements. This 

is to terminate the generation of ghost images that would have risen from 

reflections between the CCD (despite its AR coating) and the filter elements 

ahead, or within the filters themselves. (Assus et al., 2014). Crescent 

morphology depends on the Spectral channel, the Sun direction in the sky, 
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the Piezo-driven M1 orientation, and the calendar date (Hochedez et al., 

2013) 

2.8.4  Wavelength 607 nm  

The 607 nm wavelength were sized at 2048×2048 pixels and retrieved 

between August 2010 and January 2014. Due to degradation, the original 

images have a lower contrast and less high-frequency detail. This band is 

similar to the 535 nm wavelength in that it is located in the visible 

wavelengths and therefore suffers from less intensity towards the edge of the 

Sun (Figure 2-10).  

 

 
  Figure 2-10:  SODISM image at 607nm wavelength 
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  Figure 2-11: Choosing the proper wavelength to detect a certain feature. 

The corrected versions will attenuate the intensity across the entire disc of 

the Sun. After suitable contrast stretching, it would be possible to work with 

these images, either with the original or the limb darkening corrected 

versions. The images at this wavelength are of a high visual quality and used 

to detect Sunspots because the black (Sun spot regions are clear (illustrated 

in Figure 2-11). They still have the brightest centre, although the edges and 

noise need enhancement before the method to retrieve the sunspot maps 

can be applied.  

2.8.5  Wavelength 782 nm   

The 782 nm band was the same size as the images from other wavelengths. 

The images at this wavelength have less visible noise and ghosting artefacts 

were not observed. Figure 2-12 shows an example of a 782 nm image. The 

images at this wavelength are used to detect Sunspots because the black 
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region features are clear in this band, and the noise seems minimal 

(illustrated in Figure 2-11). Indeed, SODISM bands 393 nm, 535 nm,607 nm 

and 782 nm are of sufficient quality to feed the solar spectral irradiance (SSI) 

models (Meftah et al. 2016).   

 

 

 

 

 

 

 

  

 2.9  SODISM II (or PICARD-SOL) 

SODISM II or PICARD SOL is the ground-based facility telescope of the 

PICARD mission for long-term solar radius measurements, which includes a 

multi-wavelength full disk solar imager that is stabilized in temperature and a 

set of atmospheric monitors working simultaneously.  

A set of instruments and several atmospheric observers were set up on the 

ground in order to compare the solar radius measured in space and on the 

ground.  This enabled better comprehension and standardized atmospheric 

effects on the ground based measurements.  

SODISM II provides full disk images of the chromosphere and photosphere 

of the Sun in five narrow pass bands ranging from the near ultraviolet to the 

near infrared. SODISM II is a new ground-based facility for long-term solar 

  Figure 2-12: SODISM image at 782 nm WL 
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radius measurements, which include a multi-wavelength full disk solar 

imager stabilized, and limb shape that measures the solar diameter.     

SODISM II is a multi-wavelength full disk solar imager telescope that was 

developed with CNES support in the framework of the PICARD space 

mission.  It observed the Sun at five wavelengths: 393.37, 535.7, 607.1, 

782.2, and 1025.0nm with a narrow bandwidth of 0.7, 0.5, 0.7, 1.6, and 

6.4nm respectively. It has the same wavelength domains, excepting the UV 

domain where the 215 nm filter is replaced by a 1025nm filter  (Oca and 

Latmos, 2013). 

SODISM II requires a high level of thermo-mechanical stability to achieve the 

desired accuracy for solar radius measurements, Moreover, the CCD is 

thermally adjusted at -10oC ±0.2oC to prevent any pixel size distortion and 

reduce its dark current, which is achieved by using a Peltier element. The 

ground-based instruments shall continue diameter measurements at the end 

of the space mission with the results obtained from simultaneous 

observations from ground and space. An image is taken every two minutes 

by Ground Based Systems, leading to 720 images per day (Meftah, Vieau, et 

al., 2012). 

Due to fact that temperature is one of the noise sources, the SODISM 

entrance window, and the front of the instrument facing the Sun, has a 

significant temperature increase (shown in Figure 2-1). The temperature of 

the SODISM front face varies greatly during the orbit and its temperature 

variation depends strongly on latitude and day of the year (Meftah, et al., 

2012). SODISM uses two filter wheels, a door at the entrance of the 

instrument, and a mechanical shutter.   
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 2.10 The additive signal in a SODISM pixel 

SODISM does not measure noise  (Hochedez, 2012) which is why we have 

to remove noise to produce images without noise. The additive signal that 

affects SODISM pixels is as follows: 

 

 :Figure 2-13: Instrument components which disturb the pixels of a SODISM signal 

 Figure 2-13: shows that the Arbitrary Digital Unite (ADU) signal is measured 

in a pixel of the CCD SODISM but is, in reality, the sum of several 

contributions: 

1. Offset: which is a bias intentionally introduced in the electronic 

chain to represent the value of the measured signal Arbitrary 

Digital Unite (ADU) corresponding to a physical signal (e-) in the 

Charge Coupled Device CCD. 
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2. Dark current (CO): Is added to the offset, the dark signal, due to 

the dc dark current in an existing memory zone or area (ZM), or 

their residence times in ZM.  The acquired image must pass 

through and thus stay in the ZM.    

3. Hot pixels: Is prior to transit ZM; the signal is formed in an image 

zone or area (ZI) which is also a dark current. Therefore, it 

accumulated another dark signal proportional to the integration 

time (greater than 400 ms for the exposure time).  This is the DC 

dark current in image area, "CO_ZI", which particularly reveals the 

pixels, or "hot pixels ". 

4. Persistence: It seems that the signal, whether of solar origin, dark 

or otherwise, does not start from zero and that a residue of the 

previous image(s) is present at the beginning of the integration. 

5. Wanted signal: Is the desired signal Φ, and an optical image of the 

solar disk.  It is a function of the wavelength, the considered pixel, 

the time, and of the previous image. 

6. Scattered light: Due to scattered light, the PSF wings represent the 

signal. Several optical elements are likely to contribute. One 

coming from the input window may depend on the light source that 

is outside the field of Earth.   

7. Ghosts: Is unwanted reflections. Ghosts are superimposed on the 

image. Many combinations are imaginable but they have been 

avoided by design. Only three remain and only one of these was 

observed, leading to a ghost-shaped crescent near the center of 

the solar disk. 
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8. Cosmic ray hits: At any time, in ZI as ZM, energetic particles can 

interact in the CCD array in silicon and thus create excess for the 

signal, which can be temporary and more or less marked and 

punctual ("Cosmic ray Hits "CRH), but also with an unknown 

probability that generates permanent hot pixels (HP). 

A portion of cosmic rays‟ energy impacts the image pixels they hit causing 

extra signal in these pixels (noise). The signal coming from cosmic rays does 

not have a Gaussian distribution. This should reflect in the distribution of 

amounts in the image affected by the cosmic rays (Pych, 2004). 

When Charge Coupled Devices (CCDs) are used, their dark signal is one 

such interference. Most CCD pixels are cool in their natural state, i.e. they 

display a low semi-uniform dark current that can be projected and corrected. 

After having been hit by an energetic particle in space, pixels can turn „hot‟, 

when they begin to provide an extreme, less expectable dark current.  The 

image data of the PICARD-SODISM solar telescope needs dark signal 

correction (Hochedez et al., 2013; Meftah et al. 2013). 

2.11 Previous Works on solar Satellite images enhancement 

There are a limited works that analysing the noise associated with solar 

images.  One of the aims of this thesis is proposing a technique and 

mechanism to detect type of noise present in a solar image using machine 

learning. The downloaded data set includes some degradation, which if left 

included, would cause miss detection and classification of some solar 

features. Hence, care must be taken to identify and exclude corrupted data, 

which have poor quality and missing values (Ashamari et al., 2015)   

As the SODISM instrument and other solar satellites captured the Sun in 

harsh environment conditions, such images appears noisy and blurry; thus, 
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setup more reliable automated  de-noising algorithm is needed to handle the 

issue of the degradation in their quality, and improve their visibility of ROI for 

human viewers, or to provide an enhanced input for other image processing 

techniques. These images need more pre-processing to highlight the 

relevant features. There are different enhancement methods to do this job; 

each approach has its own advantages and disadvantages. This review of 

some literature on solar satellite images shows some studies can be found in 

the literature that discusses the de-noising and enhancing of solar satellite 

images. Some of works published on the satellite images enhancement are 

briefly mentioned. 

Demirel and Anbarjafari propose a technique which uses Dual-tree complex 

wavelet transform (DT-CWT) to decompose a satellite images into different 

sub-band images. The benchmark image is interpolated with half of the 

interpolation factor used for interpolation of the high-frequency sub-band 

images, after that (IDT-CWT) was used to generate the resolved images of 

combined images. (Demirel and Anbarjafari, 2010), because of interpolation, 

the image may appear as blurry.   

(„Satellite image resolution enhancement using multi wavelet transform and 

comparison of interpolation techniques‟, 2014). In this work the Multi Wavelet 

Transform (MWT) technique is proposed to obtain the interpolation of high 

frequency sub bands and satalitte low resolution input image. The MWT uses 

Discrete Wavelet Transform (DWT) to split the image into sub bands, then 

high frequency sub band images are obtained and the input images have 

been interpolated. Finally the inverse DWT have been applied to generate 

https://en.wikipedia.org/wiki/Dual-tree_complex_wavelet_transform
https://en.wikipedia.org/wiki/Dual-tree_complex_wavelet_transform
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the enhanced  satellite image. Using this method, high frequency information 

will be affected.   

To overcome the problem of poor contrast of satellite images (Engineering, 

2014) they   improve the two important attributes of an image resolution and 

contrast. In their paper they developed a method to enhance the quality of 

the image. The enhancement is done both with respect to resolution and 

contrast .The proposed techniques are DWT, SVD and interpolation based 

image super resolution using multi-surface fitting.   

Y. Piao  using inter-sub-band correlation in the wavelet domain to enhance 

image resolution, their method utilized the correlation of sub-bands with 

different sampling phases in the DWT. Their paper discusses the different 

types of transform techniques used in image enhancement. The edges of an 

image can be improved by using an effective transform technique and the 

resolution can be improved by using interpolation technique. The 

combination of transform techniques and interpolation methods helps to 

produce an overall enhanced image. (Piao, Shin and Park, 2007). 

Subashini and Bharathi proposed  an automatic Noise Identification in 

Images using Statistical Features. This approach implements statistical 

feature extraction for calculating the statistical properties and a simple 

pattern classification scheme is applied on the features for identifying the 

type of noise present in an image. The method is quite general and can be 

used with a variety of de-noising filters (Subashini and Bharathi, 2011). 

 . 
Nisha, et al.  has reviewed various kinds of techniques which are used for 

assessing the quality of an image. In this work, subjective and objective 

methods are described .In Subjective methods VHS based; it varies from one 
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human to another. So this method is not applicable in real time environment 

because it is monotonous and expensive, while objective methods are based 

on the intensity of two images. Three kinds of methods are described such 

as full reference, no-reference and reduced reference. Objective based 

metrics are described i.e. Statistics error metrics and HVS based metrics. 

HVS metrics such as SSIM, MSSIM, DSSIM are more efficient than statistics 

error metrics such as PSNR, MSE because PSNR, MSE become unstable 

when the image is very noisy (Arora, 2016).  

In 2016,(Kole and Patil, 2016) investigated the effect of using different types 

of wavelets, such as Discrete Wavelet Transform (DWT), Stationary Wavelet 

Transform (SWT), Singular Value Decomposition (SVD), Discrete Transform 

Continuous Wavelet Transform (DT-CWT), and a combination of DWT & 

SVD, to enhance the satellite images in terms of PSNR and MSE. The 

results from using the proposed method (a combination of DWT & SVD), 

enhanced the image by reducing the noise, improving the edges and 

increasing the resolution. But most of mentioned methods do not applied on 

SODISM images, so they are still application depended.  

Alasta et al, they use a combination of discrete and stationary wavelets 

transform (DWT) (SWT), to enhance SODISM images. This enhancement 

technique uses DWT to decompose the input image into different sub- bands 

(down sampling). The estimated high frequency sub-bands (edges) are 

enhanced by introducing an intermediate stage using a stationary Wavelet 

Transform (SWT), and then Then, the high-frequency sub-band images and 

the input  image are interpolated, followed by combining all these images to 

generate  high frequency (output) image (up-sampling) (A.F. Alasta et al., 
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2019). Because of this up and down sampling, likely the image appears 

blurring. Whiles, they apply their method on SODISM images only; this 

method is not assessed on other satellite-based images. Although, every 

technique has its own pros and cons.    

To improve the quality of the solar images and thus preserve details in the 

image is the main focus in this work. In Chapter Four of this thesis a novel 

technique to de-noise and enhance SODISM images is proposed in order to 

support the image quality and offer a contribution in this field.   
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3. Noise classification  

3.1 Introduction 

Noise is defined as any corruption of the image signal that occurs due to 

external disturbances when images are transmitted by electronic means from 

one place to another; for instance, via satellite or any other transmission 

device. However, in many applications, noise is considered as undesirable  

artefact leading to image degradation (Study, 2013). The satellites 

monitoring the Sun are located on an orbit around the star.  Solar images 

signal travels from their satellites to the ground stations, along this journey, 

the noise is present, adds extra unwanted signals, which could degrade the 

quality of these images. The condition of solar images is fundamentally 

different to other types of images.  

There are numerous degradations in solar capturing and storing procedures. 

As a result, the image we obtain is a deteriorated version of the original. But 

we need to extract data from the captured degraded image or we need to 

conclude a certain conclusion from it. Hence, we need to rectify the image so 

that as more features as possible could be visualised more than the original. 

This is a vital part in the field of image processing (Parida, 2014). 

Detector (CCD) noise is always present and must be determined for high-

quality image filtering or compression. When such detector information is not 

available, noise must be estimated separately for each of the pixels. A signal 

is often very compressible, while noise is not compressible (by definition) 

(Starck and Murtagh, 1998). Without previous information on the noise 

Chapter Three 
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model, we cannot specify and perform denoising actions (Boyat and Joshi, 

2015). Assuming a Gaussian distribution of noise over the total image with 

wide standard deviation. 

The Gaussian noise distribution is most important to apply different 

investigations into image and spectral filtering; images are based on the 

premise of a procedure in determining noise and isolating the signal from 

noise (Study, 2013).        

 De-noising algorithms depend on the type of noise present in the image 

(poor de-noising often results from poor noise identification) (Subashini and 

Bharathi, 2011). An automated technique for the identification of image noise 

is really important for improved computer vision applications. For common 

noise distributions, noise is classically described by its standard deviation.   

There are different ways to estimate the standard deviation of Gaussian 

noise in an image (Starck and Murtagh, 1998), where the most used and 

simplest method is usually  the average method. This method based on 

filtering the data with the average  (or mean) filtering  to  smoothing images 

by reducing the amount of intensity variation between neighbouring pixels. 

Then, a measure of the noise for each pixel is calculated.   

Most of the noise is spread across small coefficients of the image, which 

have been cancelled whilst keeping the others.  

 Thus, this will be an application dependent technique that is suitable for the 

enhancement of SODISM, but may not be suitable for other type.  Hence, 

noise appears in different forms in the signal, depending on the kind of signal 

disturbance (Verma and Ali, 2013).     
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3.2 Noise Thresholding Parameters 

Noise thresholding is a technique to minimize noise in images. It works by 

measuring the noise level setting to zero or to a suitably small value, as all 

pixels fall underneath a given limit in terms of the previously measured noise 

level. This thresholding noise level results from sigma (standard deviation) 

values through reiterative computing, assuming a Gaussian distribution of 

noise over the total image. The problem with noise is that it is going to, or 

might not, be apparent. Noise could be caused by a hardware malfunction, 

such as hot spots in a CCD array. Noise identification is performed using a 

few statistical or histogram-based features.  

3.3 Noise types present in satellite images 

The main problem affecting the accuracy of computer vision algorithms is 

image noise; this is considerable and particularly significant in satellite 

images. The presence of noise in satellite data introduces unrelated and 

undesired information that can lead to the false identification of important 

features. 

Furthermore, variations in image intensity represent random noise, which is 

visible as pixel fluctuations within an image. Some of this noise may appear 

the result of the basic, physics-like photon nature of   thermal energy within  

the image sensors (Verma and Ali, 2013) . 
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One of the challenges that face satellite imaging is  the development of a 

fully-automated noise detection technique that avoid the use of any empirical 

values to detect the type of noise in the solar image. It is not necessary for 

only one type of noise to be present in a particular image; as there could be a 

combination of different types of noise. The ability to identify noise and apply 

efficient filtering could be crucial for the efficient enhancement of the solar 

image. 

 3.3.1 Gaussian Noise or Amplifier Noise  

The Gaussian noise (normal noise) model is the values that the noise can 

take on the image are Gaussian-distributed and follows Gaussian distribution 

(Boonprong, Cao and Chen, 2018). This noise has a probability density 

function [pdf] with a normal distribution meaning that each pixel in the noisy 

image is the sum of the true pixel value, and a random, Gaussian-distributed 

noise value. The noise is independent of the intensity of pixel value at each 

point (Verma and Ali, 2013). It is the foremost part of the noise of an image 

        Figure 3-1: Types of noise that could affect solar images 
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sensor, which a constant level of noise in the dark areas of an image. The 

PDF of Gaussian random variable is given by: 

  

Figure 3-2 The relation between Gaussian distribution and variance       

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

P(z) is the Gaussian distribution noise in an image (grey level); μ is the mean 

and σ is the standard deviation. If the values of P(z) have a Gaussian                                                                                                                                                                                                                                                                                                                                                                              

(or Normal) distribution, we say the noise is Gaussian. This can be fully 

defined by a mean and a variance 2σ2. Therefore, larger variances mean 

worse noise (as shown in Figure 3-2).  Gaussian noise is also called White 

noise. It is essentially a geometric noise with a probability distribution 

function  is also known as the Gaussian distribution. 

3.3.2 Impulse noise (Salt and Pepper Noise) 

Impulsive noise is commonly referred to as intensity spikes, speckle, or salt 

and pepper noise. This type of noise is typically noticed on digital images. It 

appears as randomly occurring white and black pixels. An image containing 
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this type of noise will have dark pixels in bright regions and bright pixels in 

dark regions (Subashini and Bharathi, 2011). This type of noise could be 

caused for many reasons, such as dead pixel error (due to errors in analog 

to digital conversion and errors in bit transmission)., analogue-to-digital 

converter error, transmission error, etc. (Boyat and Joshi, 2015). 

Another common noise type is data drop-out noise. The main source of this 

noise is caused by errors in the data transmission (Boonprong, Cao and 

Chen, 12 July 2018). The affected pixels are either set to the maximum value 

(which looks like snow in the image) or have single bits flipped over. In some 

cases, single pixels are set alternatively to zero or to the maximum value, 

giving the image a „salt and pepper‟ like appearance. Unaffected pixels 

always remain unchanged. The noise is usually measured by the percentage 

of pixels affected.  

3.3.3 Uniform Noise  

Uniform noise has a fixed amplitude, frequency and phase, which is 

commonly caused by interference between electronics components 

(Schowengerdt, 2003).  Another cause of uniform noise is the quantization of 

image pixels to a number of distinct levels, which are known as quantization 

noise. It has approximately uniform distribution. In the uniform noise, the 

level of the grey values of noise is uniformly distributed across a specified 

range. Uniform noise can be used to generate any different type of noise 

distribution (Buades et al., 2010). This type of noise is often used to corrupt 

images for the evaluation of image restoration algorithms. Uniform noise 

provides the most neutral or unbiased noise.  
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 3.3.4 Photon Noise (Poisson Noise) 

Poisson, or photon, noise can be caused when the number of photons 

detected by the sensor is not enough to provide measurable data. (Verma 

and Ali, 2013). This noise has a root mean square value proportional to the 

square root intensity of the image. Different pixels are suffered by 

independent noise values (Buades et al., 2010). Furthermore, on practical 

grounds the sensor based noise and other photon noise degrades the signal 

at different proportions. 

Due to the statistical nature of electromagnetic waves, such as visible lights, 

x-rays, and gamma rays, the noise could  be visible (Boyat and Joshi, 2015).  

These sources are have a random fluctuation of photons. The results mean 

the gathered image has both spatial and temporal randomness. The photon 

noise is also named as quantum (photon) noise or shot noise.   

 3.3.5 Cosmic rays noise 

All astronomical images obtained with CCD detectors are affected by 

cosmic-ray hits. The cosmic rays deposit a portion of their energy in the 

pixels they hit, causing some extra signals in these pixels. The signal coming 

from cosmic rays does not have a Gaussian distribution; it is randomly 

distributed in the image (Pych, 2004). This means that each pixel in the noisy 

image is the sum of the true pixel value and a random noise.  

3.3.6 JPEG noise 

The jpg format is a very popular and widely used format. However, despite 

its usefulness, saving an image in a jpeg format also comes with some side 

effects. Understanding the cause and effects of JPEG artifacts is very 

important to the quality of images. JPEG noise is caused by compression 
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when an image is saved in a jpg format. Each time an image is saved in this 

format, it is compressed and “non-essential” data are discarded.  

The result of compression is that an image can suffer from darkness around 

the edges and colour degradation reduces a file by permanently eliminating 

certain information, especially redundant information. These techniques are 

used to reduce data size for storing, handling, and transmitting content. 

The JPEG format uses a lossy compression method during saving. This 

means that when   image is saved as a jpg format, some of the unnecessary 

data will illuminated from the original, and the image is saved with a reduced 

file size. The quality that is lost (discarded) from the image cannot be 

recovered. In addition, each time the image is saved, more data is lost and 

the image quality reduced. Every single JPEG image exhibits these 

characteristics to some degree, and the more compressed images 

experience worse quality. Besides dropping the image quality, the presence 

of jpeg compression artifacts can have negative effects on the next 

processing. Applying creative and corrective enhancements to an image 

plagued with compression artifacts will cause less clean and crisp 

adjustments than they should be.   

As relevant information and noise could be similar, the usual techniques 

involve some frequency-domain analysis. However, a simple approximate 

method to estimate noise is to look at the size of a JPEG file. JPEG 

compression is good at preserving appearances, but at higher quality levels, 

noise does not compress, which results in larger files. Thus, a low-noise and 

high-noise pair of images of the same scene will often have a 2X difference 

in file size (noisier is bigger in size). Due to the high frequency components, 
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a low pass filter or equivalent could be used to clip off high frequency 

components and we can get the amount of noise present in an image.  

3.4 Sources of noise in satellite images 

Satellite images could be affected by Gaussian noise coming from many   

sources, such as amplifier Noise, thermal noise, cosmic ray and 

environmental affect from celestial sources such as the Sun, transmission 

channel, compressing and decompressing process etc. 

A serious problem affecting the accuracy of computer vision algorithms is 

image noise, and this is substantial in satellite images. The presence of 

noise in satellite data can lead to the false identification of important features. 

Thus, noise is defined as any corruption of the image signal that occurs due 

to external disturbance. Moreover, variations in image intensity represent 

random noise, which is visible as pixel fluctuations within an image. Many 

reasons could affect the noise levels in solar images. Some of this noise may 

appear as a result of the basic, physics-like photon nature of bright or 

thermal energy within the image sensors (Verma and Ali, 2013). Many 

reasons could affect the noise levels in solar images, such as:  

1. Environmental conditions.  

2. Sensor temperature.  

3. Cosmic rays.  

4. The image transmission, compressing and decompressing process.   

There are a limited number of research studies that analyse the noise 

associated  with satellite images in solar domain and propose a technique 

and mechanism to detect the type of noise present in a solar images using 
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machine learning. Figure 3-1 shows different types of noise that could be 

present in satellite images. 

3.5 Gradient of solar images 

The magnitude of the gradient is the maximum rate of change at the point. 

The directional derivative is the rate of change in a certain direction. The 

"gradient domain" operate not on the value of the pixels in images but on 

differences between the values of neighboring pixels, ie. local spatial 

transitions. An image gradient is a directional change in the intensity in 

an image noise classification.  The presence of noise in images affects the 

gradients of the original images. Different noises affect the edges of an                                                                                                                                                                                                                       

original image differently. This means if we successfully identify the change 

in gradient that will give us sufficient information about the noise present in                                                                                                                                                                                                                                                                                                                                                                                                                                                            

an image. This is a reason why the major focus is on the gradient information 

of an image. The different histograms that are taken into account are 

discussed below.  

3.6 Histogram Equalization (HE) 

Histogram Equalization is a simple and effective method to obtain an 

enhanced image using the uniform histogram. HE stretches and flattens the 

dynamic range of the image resulting in the overall contrast enhancement of 

the image. The region of interest and its background have close contrast 

values.  

With better distribution of intensities on the histogram, HE provides better 

contrast of the image. This method is most useful for medical image 
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applications because it helps to increase the contrast. It helps in better 

visualization of region of interest from the background. 

When images are transmitted electronically from one place to another, for 

instance via satellite or any other transmission device, signal compressing 

and decompressing problems and magnetic interferences can result in 

disturbances that eventually lead to image noise (Verma, 2013). The 

thresholding values were dynamic and dependent on the nature of the noise 

(Matsuyama et al., 2013) 

3.7 Machine learning (ML) 

Machine learning algorithms are used in a wide variety of applications, such 

as   computer vision and other apps, where it is difficult or infeasible to 

develop conventional algorithms to perform the needed tasks.  

To the best of my knowledge, there is no machine learning algorithm that is 

known to provide the “best” learning performance especially in the solar 

domain.  

The Basics of Machine learning is the art of giving a computer data, and 

having it learn trends from that data and then make predictions based on 

new data.(Colak et al., 2011) 

3.7.1 Types of machine learning Algorithms 

Supervised learning, unsupervised Learning and Reinforcement Learning. 

https://en.wikipedia.org/wiki/Computer_vision
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  Figure 3-3 Types of machine learning 

Support Vector Machine  (SVM) is a supervised machine learning algorithm 

which can be used for both classification (distinguishing between several 

groups or classes) or regression (obtaining a mathematical model to predict 

Something) (Chen, Jiang and Tian, 2014). However, it is mostly used in 

classification problems.   (SVM) is the most popular classification algorithm in 

Machine Learning.  They can be applied to both linear and non linear 

problems (Chen, Jiang and Tian, 2014).   

3.7.2 Support vector machine (SVM) Vs artificial neural network 

(ANN) 

(SVM) and (ANN) are two commonly used techniques; both techniques are 

supervised machine learning classifiers. An ANN is a parametric classifier 

that uses hyper-parameters tuning during the training phase. An SVM is a 

non-parametric classifier that finds a linear vector to maximize the margin 

hyperplanes and the clusters (Ren, 2012). 
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Hyper plane Figure 3-4 is treated as a boundary for the classification of 

different classes on the basis of their features 

3.7.3 Main features of SVM 

 SVM is a supervised learning algorithm; this means that SVM trains 

on a set of labelled data. SVM studies the labelled training data and 

then classifies any new input data depending on what it learnt in the 

training phase. 

 A main advantage of SVM is that, it can be used for both classification 

and regression problems. Though SVM is mainly known for 

classification. The SVR (Support Vector Regressor) is used for 

regression problems. 

 SVM can be used for classifying non-linear data by using the kernel 

trick. The kernel trick means transforming data into another dimension 

that has a clear dividing margin between classes of data. After which 

you can  draw a hyperplane between the various classes of data.  

  Figure 3-4 SVM 2D hyper planes 
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3.7.4 Advantages of SVM  

1. SVM works relatively well when there is clear margin of 

separation between classes.    

2. SVM is more effective in high dimensional space. 

3. SVM is effective in cases where number of dimensions is greater than 

the number of samples. 

4. SVM is relatively memory efficient. 

3.7.5 Disadvantages 

1. SVM algorithm is not suitable for large datasets.  

2. SVM does not perform very well when the dataset has more noise.   

3.8 Development of SVM System to detect Three Types of Noise   

The aim of using SVM in Machine Learning is to correctly classify the unseen 

data to improve the quality of SODISM and other satellite image, an 

automated system is designed using SVM to train the data collected in order 

to identify the type of noise existing in the image under the assumption that 

the noises have a Gaussian distribution, Gaussian curve is generalized for all 

types of available noise . Since the method of de-noising algorithms depends 

on the type of noise present in the image, inefficient de-noising regularly 

results from weak noise identification.  

An automated technique for the identification of image noise is certainly 

important, because better noise identification techniques leads to better de-

noising. The target is to classify which type of noise is present in the image. 

To reach this point, a model was designed using to identify the type of noise 
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presented in the satellite image. The algorithm is based on the  analysis of a 

histogram of the image data where machine learning is used to classify the 

type of noise present in the image.  

The basis of the methodology in various studies of images de-noising and 

filtering lies in determine the noise and separating the signal from the noise. 

Figure 3-5 shows the flow diagram used to classify different types of 

distortion present in solar images. 

On a   generalized noise model, we need to have generalized Gaussian 

curve for all types of available noise. The training of machine learning 

algorithms is based on data sets created by investigations into the noise 

associated with an image. The system classifies three main types of noise  

namely Gaussian blur noise (Gblur), Jpeg noise and white noise.   

Basically Gblur is Gaussian noise. The Gaussian noise distribution case is 

the most important for CCD, digitized common astronomical image detectors.   

Gaussian noise is natural noise; the basic idea behind Gaussian blur is that 

the area in the image with a contrast below a certain threshold gets blurred.   

Jpeg noise is a very common noise, including Salt and pepper and speckle 

noises; these are also called impulse noise or spike noise.  Such noises 

impact the image during the capturing, transmission and acquisition. Jpeg 

noise is the most common noise and, according to research, almost every 

single image has it, which can be processed under some techniques. JPEG 

artifacts are caused by compression when an image is saved in the jpg 

format. Whenever an image is saved in this format, it is compressed and 

“non-essential” data are rejected. 
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   The result of compression is that an image can lose some detail around 

edges and colour degradation can occur, which can leads to a reduced 

image quality.     

White noise is especially background noise. The term white noise comes 

from the fact that it is equivalent to white light, which is a combination of all 

frequencies or wavelengths in the visible light spectrum with zero means and 

finite variance.  

A gradient is used in image processing to detect moving pixel directions. A 

gradient is basically a vector, which gives the direction of a maximum rate of 

change. The magnitude of the gradient is the maximum rate of change at the 

point. Machine Learning is used to reach an optimal solution for noise 

classification.  

Basically this calculation represents not only the gradient but the change in 

gradient due to the introduction of specific noise types in the original image. 

The histogram is calculated over two different scales. Two scales are taken 

into account so that the difference can be differentiated on high dimensional 

spaces as well as on normal dimensions.    

The introduction of minimal noise effects the relative orientation of the 

gradient at its maximum. The system to estimate the types of noise 

associated with satellite images is needed for good de-noising. The flow 

chart Figure 3-5 of the system designed using machine learning to classify 

the noise type  in generalized noise model. 
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  Figure 3-5: Flowchart of Classification of noise type present in distorted images using 

machine learning. 

Basically, the machine is   trained   to identify what features each noise 

holds; an input image from which we have computed three different 

histograms which are: the magnitude gradient, relative orientation gradient 

and relative magnitude gradient..   

The gradients of the original image will be affected by diverse noise 

differently.  Therefor  if we identify the change in gradient successfully                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

gradient, it will give us  information about the noise present in an image 
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   Table 3-1: Generalized noise model detected for different satellites images 

 

This system needs to develop the small scale to detect and classify a precise 

type of noise.  In this model, not at all noise problems were treated; therefore 

the model is generalized. 

Figure 3-5 shows the flow diagram that is used to classify different types of 

distortion present in distorted images. As can be seen, we have an input 

image from which we have computed three different histograms which are: 

magnitude gradient, relative orientation gradient and relative magnitude 

gradient.  
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3.9 Histogram of Magnitude Gradient  

The magnitude of the gradient is the maximum rate of change at the point. 

The directional derivative is the rate of change in a certain direction.  

The first histogram computed is the magnitude gradient. To compute this 

gradient, an image is taken and the magnitude value of the gradient 

belonging to the particular value is calculated to compute the histogram. This 

is done to differentiate different noise on the basis of a simple gradient 

magnitude. 

This process will finally give us two different histograms; using these 

histograms two different values of variance are calculated.  From the basic 

noise characteristic, when noise affects the gradient of the edges, this affects 

the edges of different levels. This also changes the variance value of the 

histogram. Thus, these variance values are used to train the classifier for an 

efficient classification. 

3.10 Histogram of Relative Orientation Gradient 

A relative gradient is the mechanism of calculating the gradient where 

change in the requisite gradient is calculated.  This change will be different 

for every noise type so this feature can be efficiently utilized for classification 

purposes.   

The change in orientation plays a vital role so the relative orientation of the 

distorted image is calculated and used to compute the histogram. At this 

stage, two different scales are used to portray the difference in large spaces 

as well as in normal spaces. This results in two different histograms from 

which two different values of variance are calculated, which will be treated as 

a feature for the classification purposes of different distortion types. 
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3.11 Histogram of Relative Magnitude Gradient 

A relative magnitude gradient is the change gradient magnitude or (noise 

strengths) with an image. The magnitude of difference in a gradient also 

plays an important role. Previously, we have taken a simple magnitude of 

gradient but on this stage we are computing the magnitude of difference 

between two requisite gradients. This will add information about the change 

that occurred at the edges of the image due to the introduction of noise.  

Two different scales are also taken into account for this histogram and from 

these different scales two histograms are computed and their variances are 

taken as a feature to train the classifier. The scaling phenomenon will prove 

favourable when the hyper plane construction takes place in the SVM 

mechanism. As the hyper plane would have features on a large space map, 

which will be beneficial to make a hyper plane on an efficient place where 

different classes can be efficiently classified.  

3.12 Classification Process 

In feature extraction, different features are extracted.  Two different values of 

variance are calculated in section 3-10, which will be treated as a feature for 

the classification purposes of different distortion types. All six are values of 

variance belonging to different histograms. Now these six different features 

are used by the Support Vector Machine (SVM) to classify the images as per 

their distortion type. The aim of using SVM in Machine Learning is to 

correctly classify the unseen data.   
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 SVM performs this by following its phenomena where a feature map is 

formed for all the features belonging to any class. In this feature map, a 2D 

hyper plane is formed between features of different classes Figure 3-4. 

Before adding a new noise to the system, we have to get the dataset for that 

noise and then train the model with that data.   

Despite the advances expressed in this field, machine learning has not been 

used for the large-scale analysis of noise types during the detection or 

classification phases. Furthermore, one of the challenges that face this 

model is the need to develop and implement a detection technique that could 

avoid the use of any realistic values to produce a fully automated technique 

to identify the noise on a small scope for the accurate detection, and 

verification of noise types. 

 3.13 Summary 

In this work supervised machine learning algorithm  is used successfully to 

detect tree types of noise. In general, poor de-noising leads to poor 

enhancement, as a result leads to miss some feature information.  This 

chapter proposed an automatic Noise Identification in Images using machine 

learning Support Vector Machine (SVM) algorithm. This technique used in 

"gradient domain" computed three different histograms which are: the 

magnitude gradient, relative orientation gradient and relative magnitude 

gradient. 

The noise present in images affects the gradients of the original images. 

Different noises affect the edges of the original image differently.   if we 

successfully identify the change in gradient it will give us valuable information 

about the noise present in an image. 
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The methodology based on image gradient which is a directional change in 

the intensity in an image noise classification.  The presence of noise in 

images affects the gradients of the original images. Different noises affect 

the edges of an original image differently. If the change in gradient  is   

successfully identified, that will give  sufficient information about the noise 

present in an image.   

The magnitude of the gradient is the maximum rate of change at the point. 

The directional derivative is the rate of change in a certain direction. The 

"gradient domain" operate not on the value of the pixels in images but on 

differences between the values of neighboring pixels, i.e. local spatial 

transitions. An image gradient is a directional change in the intensity in 

an image noise classification. The presence of noise in images affects the 

gradients of the original images. The image under processing will be effected 

by noise associated, which is means, if we identify the change in gradient 

that will provide sufficient information about the noise associated with an 

image.  

The magnitude of the gradient is the maximum rate of change at the point. 

The directional derivative is the rate of change in a certain direction. The 

"gradient domain" operates not on the value of the pixels in images but on 

differences between the values of neighboring pixels, i.e. local spatial 

transitions. An image gradient is a directional change in the intensity in an 

image noise classification. The presence of noise in images affects the 

gradients of the original images. The image under processing will be effected 

by noise associated, Which is means, if we identify the change in gradient 
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that will provide Which is means, if we identify the change in gradient that will 

provide sufficient information about the noise associated with an image. 

In feature extraction, different features are extracted.  Two different values of 

variance are calculated in section 3-10, Three different histograms produce   

six values of variance. Now these six different features are used by the 

Support Vector Machine (SVM) to classify the images as per their distortion 

type. The aim of using SVM in Machine Learning is to correctly classify the 

unseen data.   
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4. Enhancement techniques wavelet-based and non-wavelet-based models                         

to improve SODISM images. 

4.1 introduction 

Solar images are available from many satellites and ground-based 

observatories; Because satellites are above the clouds and outside Earth's 

atmosphere, their images are better quality than those from the ground-

based telescopes (Alomari, 2009). 

Enhancing the images is an important processing issue in many images and 

video-processing applications, such as medical imaging, astronomy, and 

satellite surveillance (Demirel and Anbarjafari, 2011). The objective of image 

enhancement is to improve the visibility of information in images for human 

viewers, or to provide enhanced input for other image processing techniques. 

Due to the image capturing conditions, images may appear blurred, noisy or 

distorted and be candidates for improvement before any visual assessment. 

This is the case in some of the images captured by the Solar Diameter 

Imager and Surface Mapper (SODISM) system and sent by Picard Satellite.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

Satellite images are noisy (Zharkova et al., 2005), therefore denoising those 

images is essential to improve its visual appearance; image enhancement 

techniques should highlight the features present in the Sun image. There are 

many algorithms to denoise images but each algorithm has its own 

assumptions, advantages and limitations, depending on the types and 

purpose of denoising.  

Unfortunately, when human perception is involved, there is no general theory 

to determine effective image enhancement (Computing, 2013).  

Chapter Four 
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Nevertheless, resolution is a crucial feature in satellite imaging, which makes 

the resolution enhancement of such images vitally important.  Increasing the 

resolution will directly affect the performance of the system when using these 

images as input. 

Some of the SODISM images captured by the CCD device are of bad quality; 

this is due of various reasons, but most likely they are blurred by the imaging 

instrument or by atmospheric conditions. The wavelength 215 nm and 393 

nm of the SODISM images are examples of poor quality. So, for such 

applications the image enhancement technique may need to first extend the 

contrast or extend the intensity of the image. The processing techniques are 

application dependent, and thus, the technique that is best suited to this kind 

of application is not necessarily appropriate for others. For instance, a 

technique for enhancement of medical images might not be appropriate for 

SODISM image enhancement. This is often what is meant by the 

enhancement of an image and thus these are application dependent.  

In order to study the fine structure of the solar surface it is necessary to apply 

techniques that enhance the image and improve the visibility of several 

categories of data-visualization applications, such as the different features of 

SODISM images, while saving the details. 

An image enhancement technique and other image enhancement tools 

include: reductions to the noise in a noisy image, contrast adjustment, 

filtering, and de-blurring to bring out the detail in an image that is masked or 

highlights certain features of interest in an image (Buades et al., 2010).  The 

aim is to improve the quality of the SODISM images so that the resulting 

images become more suitable for further analysis than the original. Image 
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enhancement operations typically return a modified version of the original 

image so that the result is more suitable for a particular application to 

address specific features in an image. These techniques are designed to 

improve contrast, remove noise, "bring-out" areas of interest, or suppress 

certain image characteristics, such as in the some features of SODISM 

images (Zraqou, 2011). 

4.2 Types of image enhancement techniques 

There are two main types of image enhancement techniques:  

1. Spatial domain techniques, which operate directly on pixels. 

2. Frequency domain techniques, which operate on the Fourier 

transform of an image.  

In spatial domain operations, image enhancement techniques work directly 

on the image pixels; spatial techniques are particularly useful for directly 

changing the grey level values of single pixels and therefore the total 

contrast of the entire image. However, they typically enhance the total image 

in a uniform manner that, in many cases, produces undesirable results. It is 

not pragmatic to selectively enhance edges or other required information 

(Hanspal and Sahoo, 2017).  

4.3 Advantages of Using a Wavelet Filter in De-Noising  

Wavelets are nonlinear functions and, like many traditional methods, do not 

remove noise by low-pass filtering. Low-pass filtering approaches, which are 

linear time invariant, can blur the sharp features in an image and sometimes 

it is difficult to separate the noise from the signal where their Fourier spectra 

overlap. For wavelets, the amplitude rather than of the location of the Fourier 
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spectra, differs from that of the noise. This allows for the thresholding of 

wavelet coefficients to get rid of the noise. The wavelet‟s capability to give 

detailed spatial-frequency information is the main influence underpinning this 

investigation (Gyaourova, Kamath and Fodor, 2002). This property promises 

better discrimination between the noise and real data. 

If a signal has energy concentrated in a small number of wavelet coefficients, 

their values are going to be large compared with the noise that has its energy 

spread over a big number of coefficients. These localizing properties of the 

wavelet transform allow the effective filtering of noise from a sign. While 

linear methods tradeoff the suppression of noise for broadening the signal 

features, noise reduction using wavelets allows features within the original 

signal to stay sharp. The advantage of using a wavelet transform for satellite 

image enhancement is that it helps to focus on important features. It 

improves features without amplifying noise, and improves the visualization of 

unseen and barely seen features (Sheba and S, 2016). 

Wavelet-based methods can provide a way of smoothing by enhancing 

image resolution through estimating high-frequency information from the 

given image. Such methods are based on the idea that the image to be 

enhanced is a low-frequency sub-band among wavelet-transformed sub-

bands.  Therefore, the aim is to estimate the corresponding high-frequency 

sub-bands so that an inverse wavelet transform can then be performed to 

obtain an enhanced resolution image. The input image to be enhanced is 

regarded as a low-frequency sub-band in the context of an IDWT. For more 

detail see Alasta et al. (2019) 



70 

 

The down-sampling of the DWT sub-bands causes a loss of information in 

the respective sub-bands; details the Modified Un-decimated Wavelet 

Transform (M-UWLT) approach which is proposed to reduce this loss. The 

advantage of using wavelet-based coding in compression is that it provides 

significant improvements in picture quality at higher compression ratios over 

conventional techniques. Schemes that are not based on wavelets have the 

disadvantage of losing high-frequency content, which results in blurring 

(Suganya, Mohanapriya and Vanitha, 2013).The wavelet field keeps growing, 

and the definition of a wavelet continuously changes (Toufik and Mokhtar, 

1989). Wavelet technique is used in different applications, but with some 

limitations (as detailed in Table 4-1).   

 Table 4-1: A list of some wavelets used in different applications 

Wavelet type Application limitation 

 

Continuous wavelet 

transform (CWT) 

 

 

Used to decompose a signal into 

wavelets. Determines whether or 

not a signal is stationary in a 

global sense. 

 

We cannot reconstruct the 

original signal from the CWT 

coefficients. 

Discrete wavelet 

transform (DWT) 

Uses down and up sampling at a 

high frequency.  to reduce noise   

Detailed information 

concerning the data will be 

effected.  Loses high 

frequency contents. 

Stationary wavelet 

transform (SWT) 

SWT is similar DWT but does 

not use down sampling; the 

filters at each level are different. 

 

Distortion may occur to the 

image. 

Dual-tree complex 

wavelet 

transform (DTCWT ) 

Two trees are used for 

decomposion to produce real 

and complex coefficients. 

Reduces Artifacts. 

Not particularly suitable for 

hyper 

spectral images. 

Un]decimated wavelet 

transform (UDWT) 

Both down and up sampling are 

omitted. Thus, it produces more 

precise information for the 

frequency localization. 

Has larger storage space 

requirements and involves 

more computations. 

https://en.wikipedia.org/wiki/Continuous_wavelet_transform
https://en.wikipedia.org/wiki/Continuous_wavelet_transform
https://en.wikipedia.org/wiki/Discrete_wavelet_transform
https://en.wikipedia.org/wiki/Discrete_wavelet_transform
https://en.wikipedia.org/wiki/Stationary_wavelet_transform
https://en.wikipedia.org/wiki/Stationary_wavelet_transform
https://en.wikipedia.org/wiki/Dual-tree_complex_wavelet_transform
https://en.wikipedia.org/wiki/Dual-tree_complex_wavelet_transform
https://en.wikipedia.org/wiki/Dual-tree_complex_wavelet_transform
https://en.wikipedia.org/wiki/Undecimated_wavelet_transform
https://en.wikipedia.org/wiki/Undecimated_wavelet_transform
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4.3.1 Haar Filter 

The purpose of this filter is to remove noise present in the original image by 

thresholding the wavelet coefficients. This filter performs the 2D Haar 

wavelet transform on every size of image and on a simulated image of the 

same size with a Gaussian noise of std_dev=1. 

An assumption is made that the standard deviation at each scale is the 

product between the standard deviation of the noise in the original image 

and the standard deviation of the same scale in the simulated image. An 

adaptive median filter was added in order to remove "hot" or "cold" pixels 

(e.g. poisoning noise in CCD). 

 

Thresholding factors should  be  input  in  the  dialogue,  and  will  influence  

the  amount of noise removed; thus, an image with the noise removed is 

often generated. It is critical to ffinding adequate factors in order to remove 

sufficient noise without affecting the signal, and these factors may vary from 

one image type to another. Thresholding factors that are too small remove 

too little noise, whilst thresholding factors that are too large induce wavelet 

block artifacts.   With   suitable coefficients, most  of  the  noise  is removed, 

while the structures are left unaffected with their details preserved. The de-

noised image shows a reduction of noise with details preserved inside the 

objects. The wavelet filter is effective at removing gaussian-type noise, 

although it can leave some photon noise (very hot pixels, for example). Thus, 

an option is provided within the form of an optional adaptive median filter. 

This filter will detect pixels that differ from their context by more than a given 
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multiple of the neighborhood's variance. If marked as outlying, the pixel value 

is replaced by the median of the neighborhood. The idea behind this filter is 

that, if adequate sampling was chosen upon acquisition, no such outlying 

(extreme value) pixels should be found. This reduces the extent of the 

variation in intensity between one pixel and another.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

4.3.2 Á Trous Wavelet Transform    

The discrete approach to the wavelet transform can be achieved with a 

special version of the so-called à trous algorithm (meaning with holes), which 

represents a discrete approach to the classical continuous wavelet 

transform, and is an elegant and powerful tool for the multiscale 

(multiresolution) analysis of images. The à trous transform is an extremely 

rich and flexible processing tool that can be use to perform a wide variety of 

noise reduction and detail enhancement tasks. 

With the à trous Wavelet Transform, we can perform the hierarchical 

decomposition of an image into a series of scale layers, also known as 

wavelet planes. Each layer contains only structures within a given range of 

characteristic dimensional scales within the space of a scaling function. The 

decomposition is completed throughout a variety of detail layers defined to 

grow characteristic scales, plus a final residual layer, which contains the 

remaining unresolved structures. 

By isolating significant image structures within specific detail layers, detail 

enhancements are often administered with a high degree of accuracy. 

Similarly, if noise occurs at some specific dimensional scales within the 
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image, as is common in most cases, by isolating the noise into appropriate 

detail layers it could be reduced or removed without affecting the significant 

structures. 

The wavelets provide band-pass bands that double the bandwidth and offer 

a scaling function that provides us with a low-pass band. From this it could 

be concluded that a wavelet transform is the same thing as a sub-band 

coding scheme that employs a constant-Q filter bank. This kind of analysis is 

referred to as multi-resolution analysis.  Multiresolution analysis results from 

the embedded subsets, which are generated by interpolations at different 

scales.    

4.4 Enhancement Techniques using Wavelet to Improve SODISM 

Images 

Image de-noising is a process of removing noise from an image using a 

suitable method. The best de-noising should completely remove the noise 

from an image while preserving the detail (edges) (Verma and Ali, 2013). 

The kind of noise removal algorithms that compress noise depends on the 

sort of noise present within the image. De-noising methods can be linear as 

well as non-linear; whereas linear methods are fast, they do not reserve the 

image details, whilst non-linear methods preserve the small points of the 

image. 

The image could be enhanced using Fourier Transform. This enhancement 

operation is performed to amend some of image features. The big 

disadvantage of a Fourier expansion is that it only undertakes a frequency 

resolution and no time resolution. This means that, although all frequencies 
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present in a signal are determined, we do not know when they are present. 

To overcome this limitation, several solutions were developed which were 

more or less able to represent a signal in the time and frequency domain and 

within the same domain.  

Noise removal (de-noising) from noisy images must be undertaken before 

any further analysis is conducted. Developing an efficient de-noising method 

while preserving the image details is a great challenge. Due to the noise 

associated with SODISM images, the clarity of these images and the 

appearance of solar features are often affected. An essential step for the 

researcher is to develop a technique capable of removing noise from the 

image before any further processing is undertaken.  Every technique has its 

own pros and cons. The main purpose of de-noising an image is to revive the 

detail of original image by the maximum amount possible.  

Image de-nosing and enhancement are the most common techniques for 

improving the visual appearance of SODISM images. The elimination of 

noise is a key concern in computer vision and image processing. However, 

the removal of image noise may be challenging because noise removal 

causes image blurring.  De-noising is becoming increasingly important with 

the noise associated with solar images that are produced by instruments 

located at ground-based observatories and aboard current satellites, such as 

PICARD/SODISM.   

SODISM digital data are constructed from light captured by the telescope 

and sent via radio link to one of the six Picard receiving stations on the 

ground.  At the end, noise is present in the data sent; therefore, appropriate 
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technique must be used to eliminate or reduce the noise. (Meftah et al., 

2011) 

In order to use the right denoising technique, it is necessary to identify the 

type of noise present in the image. To correct some degradation within the 

image, the character of the a priori information is significant. Since the area 

of interest is the scientifically interesting part of the data, the effective 

separation of image and noise is of great importance in the processing 

phase. Using the designed system in Chapter Three to classify the noise type 

within the SODISM images, the result is (JPEG noise), which means the image is 

mainly degraded during the capture, sending and further processing. To improve the 

quality of these images, by bringing out the structural detail in the image, the Un-

decimated Discrete Wavelet Transform (UDWT) is modified in order to be 

compatible with the SODIM images. The Median filter follows the Modified Discrete 

Wavelet Transform (M-UDWT); this technique forms the proposed method in this 

thesis.  

In this work, the (M-UDWT) technique is introduced and used to enhance the 

quality of the SODISM images at the five wavelengths that are monitored by 

the SODISM instrument (215nm, 393 nm, 535 nm, 607 nm and 782 nm). To 

enable effective analysis, it is essential to denoise the image and enhance 

the contrast to remove all artefacts introduced within the acquisition process.   

4.5 The Un-decimated Wavelet Transform (UWT)  

There are two main types of wavelet transform - continuous and discrete 

wavelet transform. Due to their discrete nature, computer programs use the 

discrete wavelet transform, as the discrete transform is extremely efficient 

from a computational point of view.   Translations of the original signal lead 
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to different wavelet coefficients. This enhancement technique uses DWT to 

decompose the input image into different subbands. Then, the high-

frequency subband images and the low resolution image are interpolated, 

which is followed by a combination of these images to produce a new 

resolution enhanced image band (Lasmika and Raveendra, 2014).  The 

original image can be decomposed to four sub-bands. In order to overcome 

this and to get a more complete characteristic of the analyzed signal, the Un-

decimated Wavelet Transform (UWT) was used (Gyaourova, 2002). 

The key point of the Undecimated Wavelet Transform (UWT) is that it does 

not decimate the signal. Therefore, it produces more precise information for 

the frequency localization; the approximation coefficients (low-frequency 

coefficients), and the detailed coefficients (high-frequency coefficients) at 

each level are the same length as the input signal. 

From a computational point of view the undecimated wavelet transform has 

larger storage space requirements and involves more computation. The 

proposed methods were robust and effective, but, were not advantageous 

from a computational perspective (Matsuyama et al., 2013)  

After classifying the noise type mixed with SODISM images, several 

combinations have been applied in order to find the best method using 

wavelet transforms techniques for denoising intensity images. The DWT was 

modified to effectively de-noise all of the SODISM images available, and to 

improve the visibility of several solar features, such as the different features 

of SODISM images. The modified UDWT is more successful than DWT for 

the following reasons:  
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 It can de-noise images with more precision compared to DWT 

because of its inherent quality in keeping the data intact to a large 

extent.  

 In M-UDWT, the step in down-sampling the image in the forward run 

(decomposition process) and the up-sampling in the reverse run 

(composition process) has been omitted. In this way, useful data are 

not lost and a far better noise free image is obtained.  

 Both PSNR and SSIM and other metrics show a noticeable 

improvement if the solar images are enhanced using M-UDWT.  

4.6 Comparison between Conventional DWT and M-UDWT 

Methods 

The major differences between the conventional DWT method and the 

UDWT method are as follows: First, conventional DWT decomposed the 

original image up to resolution level four, as shown in Figure 4-1 In contrast, 

the proposed M-UDWT method only needs to perform the computation up to 

resolution level two and to repeat the computation one time, as shown in 

Figure 4-2.  Second, the conventional DWT thresholded the detailed 

coefficients at all four levels with the same thresholding value, while the M-

UDWT method utilized the ranked correlation of the coefficients between 

levels one and two of the three detailed coefficients for thresholding. The 

thresholding values were dynamic and dependent on the nature of the noise 

(Matsuyama et al., 2013). 

The 2-D DWT of an image is performed by applying the 1-D DWT first along 

the rows of the image, and then by repeating along the columns of the 

results, as shown in the filter band approach of Figure 4-2. This operation 
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decomposes the original image into four lower resolution sub-bands, referred 

to as low-low (LL), low-high (LH), high-low (HL), and high-high (HH) 

frequency sub-bands ( Alasta et al., 2019). 

 

 Figure 4-1: Decomposition of a input image obtained by applying DWT 

  

 

 Figure 4-2: The 2-D DWT of an image filter band 

                                                                                                                            

Unlike the DWT, UDWT does not incorporate the down sampling operations. 

Thus, the approximation coefficients (low-frequency coefficients) and 

detailed coefficients (high-frequency coefficients) at each level are the same 

length as the original signal (Matsuyama et al., 2013). The basic algorithm of 

conventional UDWT applies the transform at each point of the image, saves 

the detailed coefficients and uses the approximation coefficients for the next 

level  . 

https://i.stack.imgur.com/Npkxo.jpg
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4.7  Modified- Un- decimated algorithm (M-UDWT) 

After computing the UDWT of the image, thresholding of the detailed 

coefficients at all levels is performed by applying the universal threshold. (He 

et al., 2015) 

To enhance the resolution of the SODISM image, the Un-decimated Discrete 

Wavelet Transform is modified and followed by median filter to allow better 

de-nosing and ensure compatibility with SODISM images following the filter 

enhancement. In this thesis, this process will be called the proposed method. 

This technique is represented as the proposed method (M-UDWT). The main 

steps of the M-UDWT method are outlined below:  

1. Loading the input image from the SODISM data (Reference image). 

2. Applying M-UDWT to the noisy image up to level two to produce the 

noisy wavelet coefficients. 

3. Calculating the classified correlations of the detailed coefficients 

(subbands)  

4. Specifying the appropriate threshold values for each detailed subband 

obtained. 

5. Applying the new determined threshold values to the coefficients of 

level one. 

6. Applying the inverse wavelet transform to the modified wavelet 

coefficients to obtain a denoised image.  

7. Repeating steps 2–6 once to further remove the noise and to obtain a 

final denoised image.  

This algorithm is based on the idea of no decimation. It applies the wavelet 

transform and omits both down-sampling within the forward and up-sampling 
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in the inverse transform. More precisely, it applies the transform at each 

point of the image, saves the detail coefficients and uses low-frequency 

coefficients for the following level.  

It produces the greatest compromise between noise removal and blurring. To 

improve the visual quality, we process the results further with a 3×3 median 

filter. This both keeps the MSE error small (the smallest among all 

algorithms) and improves the visual quality. There is almost no blurring, as 

shown in Figure 4-5. The biggest advantage of this algorithm is the lower 

memory requirement. 

After determining an optimal wavelet basis function, we applied both the 

DWT and the M-UDWT methods to the available data for image 

enhancement. The performances of the two methods were compared by 

visual evaluation. The experiments demonstrated that the M-UDWT method 

is better than the conventional DWT method in terms of image quality. 

 

 

 Figure 4-3: Comparison between enhancement using conventional DWT and enhancement 

using the proposed technique 
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Furthermore, the PSNR metrics is used to evaluate the proposed method. 

The 50 images was used as data set to compare M-UDWT to conventional 

DWT Figure 4-4. In terms of PSNR, the result shows M-UDWT has a higher 

PSNR value than classic DWT, which is indicates better enhancement of the 

image.   

 

Figure 4-4: 50 images were used to chart the difference  between  conventional DWT and 

M-UDWT enhancement   

The purpose of this comparison is to assess the performance of the 

conventional discrete wavelet transform (DWT) and (M-UDWT) methods 

applied to SODISM telescope images. 

The results of this study suggest the M-UDWT method provides a better 

image quality compared to conventional DWT. The objective of the image 

enhancement is to improve the visibility of information in images for human 

viewers, or to provide an enhanced input for other image processing 

techniques. The general concept behind the use of an Un-decimated 

Wavelet Transform (UWT) is that it does not decimate the signal. Thus, it 

runs more accurate ROI information. The UWT is modified to denoise and 

enhance the SODISM images as the flowchart in Figure 4-5.   
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 This procedure is based on the idea that the image is represented with large 

wavelet coefficients, which are kept, whereas the noise is spread across 

small coefficients, which are cancelled (hard thresholding). Thus, this will be 

an application dependent technique, which is appropriate for this application 

although may not be appropriate for others.  

4-8 Noise Thresholding Parameters. 

4-8-1 Wavelet Thresholding  

The wavelet threshold denoising method is a very simple non-linear 

technique that operates on one wavelet coefficient at a time. In its most basic 

form, each coefficient is thresholded by comparing it against a threshold; 

thus, if the coefficient is smaller than threshold, it is set to zero, otherwise it is 

kept or modified, which is called hard thresholding (Kumari and Rao, 2016). 

 Figure 4-5: The flow chart of the Modified-Non-Decimated method. 
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The central issue in the wavelet threshold denoising method is determining 

the optimal threshold. A threshold can make a big effect on denoising; if the 

threshold value is too small, then significant noise will still exist, whilst if the 

threshold value is too large, then some important features of the signal may 

be filtered out.   The pixels above the high threshold are classified as solar image 

information and below the low threshold as noise.                                                                                                                                                                                                                                    

After computing the UDWT of the image, of the detailed coefficients at all 

levels are thresholded by applying the universal threshold (He et al., 2015).  

 

4.9 Types of Image Quality Assessment (IQA) 

There are two main approaches to image quality measurement; Figure 

4-6 illustrates the calcification of image assessment  measurement 

(IQM) methods. 

 

 Figure 4-6 : Types of Image Quality Assessment (Azad and Sharma, 2014) 
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This work will refer to full-reference image quality where the mean square 

error (MSE), signal-to-noise ratio (SNR) and peak signal-to-noise ratio 

(PSNR), called pixel difference-based measures, SSIM, UIQI are considered 

HVS measurement (Al-najjar and Soong, 2012). 

4.9.1 Subjective measurement 

Subjective evaluations depend on human perception, and humans are highly 

visual creatures. The main function of human eye is to extract structural 

information from the viewing field; the subjective measurement is a method 

that uses the human eye as a reference. The main influence is that humans 

are interested in different attributes of an image other than comprehending it 

as a whole. These attributes include brightness, contrast, texture, orientation, 

etc.  

Therefore, amongst applications in which images are ultimately to be viewed 

by human beings, the only appropriate method to quantify the visual image 

quality is through subjective evaluation (Sasi et al., 2011) however, it is 

usually inconvenient, time-consuming and expensive. The method involves 

the following hypothesis: The quality of an image could be evaluated by 

comparing it against a reference signal of perfect quality. A measure of the 

similarity between the reference image and the image evaluated could be 

calibrated to serve as a measure of perceptual quality. Automatic algorithms 

exist for quality assessment which analyze images and report their quality 

without human involvement. Such methods could eliminate the need for 

expensive subjective studies. Objective image quality metrics are often 

classified according to the obtainability of an original (distortion-free) image, 

called full-reference; this means that a complete reference image is assumed 
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to be known against which the distorted image can be compared.  There are 

two general classes of objective quality or distortion assessment approach. 

1. HVS feature based metric 

2. Simple statistics error metrics 

The work in this thesis is based on the design of a full-reference image 

quality measure. To enhance SODISM images, the proposed technique was 

applied to get sharpe and clear images..   

                              Reference image                              Enhanced image                                                     

       

782 nm 

 

 

607nm 

 

 

535nm 

 

 

 

393nm 

 

215nm 

 

                               

Figure 4-7: Applying the proposed method to enhance SODISM images 
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Figure 4-7 illustrates the results from using the proposed method to enhance 

SODISM images at different wavelengths. The magnified sunspot area is 

included to show the quality of the proposed technique in enhancing 

SODISM images and demonstrates much better quality for subjective 

evaluationSome of the SODISM images need extra pre-processing, such as 

215nm and 393nm, in order to be illegible for visual assessment and to 

determine what kind of features they have. 

4.9.2 Objective Measurement (Image-Quality-Evaluation)  

The previous subjective measurements depend on human eye and 

perception; however, an objective method is needed to evaluate the 

efficiency of proposed methods. Many algorithms have already been 

developed to measure image quality. In this work, some metrics are used to 

evaluate the quality of results obtained by applying the proposed method. 

For objective measurements, some of well-known objective evaluation 

algorithms for measuring image quality have been used, such as mean 

squared error (MSE), peak signal-to-noise ratio (PSNR), structural similarity 

index metric (SSIM) and Universal Image Quality Index (UIQI). The value of 

SSIM and UIQI is between (-1, 1). When SSIM or UIQI value is closer to 1, 

this indicates better quality enhanced images (Sheba and S, 2016).   

All the wavelengths SODISM used to monitor the Sun are detailed in Table 

4-2, in which the images available were taken almost in the same month, on 

the same year and almost at the same time. The table uses different metrics 

to evaluate the quality of the enhanced images. All metrics used indicate that 

the enhanced image is successful and all important information is present.   
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An objective measurement is based on facts, or on quantifiable and 

measurable entities, rather than on personal opinions or feelings. Many 

algorithms have already been developed to measure image quality, for 

example: Peak Image to Noise Ratio (PSNR), Mean Squared Error (MSE), 

Structural Similarity Index Metric (SSIM), and Universal Image Quality Index 

(UIQI). 

4.9.2.1 Peak Signal to Noise Ratio (PSNR)  

The most widely used full-reference Image Quality Measurement (IQM) is the 

MSE and PSNR.   PSNR is for grey scale images defined in dB and inversely 

proportionate to the Mean Squared Error. The PSNR can be obtained by 

using the following formula: 

             
   

   
  

Where, R is the maximum fluctuation in the input image (255 in here as the 

images are represented by 8-bit grayscale). MSE represente the Mean 

Squared Error between the   benchmark image Iin, compared with the 

enhanced image Iout. The MSE metric is defined as     the sum over all 

squared value differences divided by image size.   

 

Where Iin(i, j) represents the original (reference) image, Iout(i, j) represents the 

enhanced image, M and N are the dimensions of both the benchmark and 

enhanced images.  The MSE represents the cumulative squared error 

between the compressed and original image, whereas  PSNR represents a 

measure of the peak error between the images.  The Mean Square 
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Error (MSE) and the Peak Signal to Noise Ratio (PSNR) are the two error 

metrics used to compare the image compression quality. Both MSE and 

PSNR measure the similarity of the two images as the pixel by pixel 

matching of the two images become perfect. Lower the MSE means smaller 

is the error means better enhancement, while a higher PSNR generally 

indicates that the reconstruction is of higher quality. Typical values for PSNR 

are between 30 and 50 dB in the degraded image,(Zraqou, 2011)  Although 

the MSE and PSNR provide quantitative measures of the similarity between 

pairs of images they do not highly correlate with human visual perception. 

Visual quality assessment measures are also needed to monitor the quality 

of satellite images, as provided in the results.   MSE and PSNR are only 

acceptable for image similarity measures when the images differ by just 

increasing a particular type of distortion. Nevertheless, they fail to capture 

the image quality when they are used to measure across distortion types. 

The performance of every technique can be measured by the PSNR and 

MSE values (Kole and Patil, 2016). With PSNR, greater values indicate 

greater image similarity, while with MSE greater values indicate lower image 

similarity. Therefore, main focus is on MSE and PSNR due to their 

commonness and SSIM due to its high performance.  

4-10 HVS-Based Measurement.  

HVS Feature Based Metric represents the major emphasis in recent 

research on the deeper analysis of Human Visual System (HVS) features. 

Researchers assume that incorporating knowledge of a human visual system 

(HVS) and human perception into objective quality assessment algorithms 

could increase their accuracy. The underlying premise is that humans do not 
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perceive images as signals in a high-dimensional space, but are interested in 

various attributes of those images, such as brightness, contrast, shape and 

texture of objects, orientations, smoothness, etc. Since the HVS sensitivity 

differs for different aspects of images, it makes sense to account for these 

sensitivities while comparing between the test and the reference signal. A lot 

of HVS characteristics may influence the human visual perception of image 

quality. Although HVS is too complex to fully understand with present 

psychophysical means, the incorporation of even a simplified model within 

objective measures reportedly leads to a better correlation with the 

responses of human observers.  

A Human Visual System (HVS) is another approach to measure image 

quality. Many different forms of HVS mode have been developed to measure 

image quality, although among all objective measures, the HVS measure is 

considered to be the closest to subjective measures (Al-najjar and Soong, 

2012). There are two (HVS) based metrics, which are:  

1. Structural Similarity Index (SSIM )   

2. Universal Image Quality Index (UIQI) 

4.10.1 Structural Similarity Index Metric (SSIM)  

The SSIM is the best method to assess image quality, as it delivers more 

information about the quality degradation of the image. The Structural 

Similarity Index (SSIM) is a metric that quantifies the image quality 

degradation caused by processing, such as data compression, or by losses 

in data transmission.  Thus, SSIM is a widely used method to measure 

image quality. It is a full reference metric that requires two images from the 
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same image capture with identical content; these are a reference image and 

a processed image.  

The SSIM is given by equation  below   

    

 

Where C1 and C2 are constants.         are given as: 

                           

               

It works accurately and can better measure across distortion types compared 

with MSE and PSNR, but fails to handle highly blurred images (Sasi et al., 

2011). The SSIM index is calculated on various windows of an image, and it 

measures the perceptual difference between two similar images. The images 

should be derived from the same source (image capture), i.e., they ought to 

have identical scene content. Moreover, they may be processed differently, 

but must have the same pixel size.   

The value of SSIM is between (-1, 1). Thus, when the SSIM value is closer to 

1, the quality of the enhanced image is better. All the above metrics are used 

to evaluate the proposed method quality.  Tables 4-2, 4-3, 4-4, and 4-5, 

show their measurements and the quality of the enhanced image. 

The local statistics - the SSIM Index - are most commonly computed within a 

local window, which moves pixel by pixel. They apply their quality 

measurement method to a local region using a sliding window approach.  

Therefore, a sliding window of size B x B moves pixel by pixel horizontally 
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and vertically starting from the top-left corner of the image across the whole 

image. The index is computed for each window which leads to a quality map 

of the image (Sasi et al., 2011). 

 4.10.2 Universal Image Quality Index (UIQI). 

UIQI model image distortion represents a combination of three factors - loss 

of correlation, luminance distortion and contrast distortion.  UIQI is between 

(-1, 1); thus, a UIQI value of 1 indicates full similarity whereas a UIQI value of 

-1 indicates total dissimilarity (Sheba and S, 2016). 

The transforms and techniques are evaluated using a MATLAB tool and the 

performances are noted in Tables 4-2, 4-3, 4-4, and 4-5. These calculations 

in these tables use PSNR, MSE, SSIM and UIQI metrics to measure the 

efficiency of a proposed, and (non-wavelet) methods to enhance SODISM 

images.  

Some of SODISM images suffering from degradation; channel 215 lost more 

than 90% of the normalized intensity, and channel 393 lost about 80% 

especially in the UV channel.  Thus, the 215nm channel was postponed for 

some applications. Moreover, the WL 215nm image was not available on the 

02/10/2012, thus 27/10/2012 was applied and processed as described.   

 

 

 Table 4-2: Some metrics used to assist the proposed method applied to SODISM images 

Wavelength Date PSNR SSIM UIQI 

WL215 _2010 66.6622 0.7878 0.4604 

WL393 _2012 64.4187 08081 03409 

WL535 _2012 62.0170 0.7979 0.4278 

WL607 _2012 59.2534 0.8007 0.4354 

WL782_2012 58.8415 0.7817 0.4232 

` 
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Table 4-2 uses metrics with different wavelets to efficiency evaluate the 

proposed technique, and good results were obtained.  All the above tables 

with different metrics measure the quality of the enhanced images taken in 

different years but almost at the same time; they show that the proposed 

enhancement method is effective and all values are within the limit.  

 

 

 

 Figure 4-8:  321 of SODISM images were measured to chart the PSNR, SSIM and UIQI 

metrics using the proposed method   
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Various objective evaluation algorithms for measuring image quality, like 

PSNR in dB values, SSIM and UIQI, are used to evaluate the proposed 

method applied to SODISM images.  

The set of data used were taken from one week per year between 2010 and 

2014. The 321 of SODISM images were applied to evaluate the proposed 

method to chart the PSNR, SSIM and UIQI.  On the PSNR and SSIM charts, 

we note that their values depend on the date; each week has different 

values, but nevertheless good results are obtained.  Furthermore, the UIQI 

results have almost the same values across the year 0.3. 

4-11 Testing Developed Enhancement Techniques on Solar 

Images from Different Satellites.                                           

Image quality measurement (IQM) plays an important role in various images 

processing applications. The proposed technique (M-UWT) is modified 

basically to denoise and enhance the SODISM images, although it is 

application dependent. The proposed technique is tested on solar images 

from different satellites.  The images were downloaded from different 

observatory satellites, at one image from each satellite.  

One image was accessed from the Solar Dynamics Observatory (SDO),   

Meudon Observatory / Paris (MEUDON) and a further image was accessed 

from the Huairou Solar Observing Station (HSOS), was taken from the 

National Astronomical Observatories of China.   

Applying the proposed technique to enhance other type of images from a 

different satellites shows that all of the images tested benefit from the 

proposed technique. These images were taken on different times and dates 
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available; to demonstrate that our method is not limited to SODISM images, 

it can enhances solar features in different satellite as well. 

The left column in figure 4-9 shows the original images and the enhancement 

results are on the right side column.  

 

 

 

 

 

 

 

  

Some metrics are used to evaluate the proposed enhancement technique on 

solar images from different satellite.  

   Figure 4-9: Testing proposed enhancement techniques on                      

different images from different satellites. 
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Table 4-3: Evaluating the developed enhancement techniques on 

different types of satellite images 

Satellite PSNR SSIM UIQI 

Ideal value   (-1, 1) (-1, 1) 

SDO 65.6640 0.9650    0.8963 

Meudom 58.7635 0.7449 0.7690 

HSOS  49.9391    0.7135    0.61151 

 

The results in Table 4-3 are satisfied as the PSNR values are high, the SSIM 

values are close to 1 and the UIQI values are reasonable.  Generally when 

the PSNR is 40 dB or greater, the original and the reconstructed images are 

virtually indistinguishable by the human eye (R, T and Kumari, 2016). 

4.12 Testing on Other Types of Images (Non-Satellites)   

The noise types riding the Sun‟s images differ from remote sensing and non-

satellite images. Each image type is processed differently from others due to 

the associated noise. M-UDWT and W&USM techniques are not suitable for 

non-satellite images. Noise in non-satellite imaging, can be caused by the 

overheated pixels on the sensor. The photons of a scene reach the sensor at 

slightly different intervals. In a satellite environment, there are several causes 

of noise; one scenario is that the image sensor heat can increase enough to 

stimulate electrons “Thermal Noise”. These excessive electrons then get 

mixed in with the right photoelectrons that are the actual target of the image 

sensor, although the analogue signal (which is converted to pixels by the 

sensor) is therefore noisy before it even reaches that point. This causes 

noise and this effect is magnified during low light scenarios. Noise basically 
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presents itself as graininess or speckles, and is usually most recognizable 

across larger areas of a uniform scene, like in coin photos.  However, when 

magnifying the particular signal, the other unwanted signals, such as 

background interference and noise, are also magnified. Noise should be 

removed without distorting the image; it was noted that it is not possible to 

remove or suppressed the noise perfectly without distorting the image 

(Atoum, 2012).  

Nevertheless it is a vital step in reducing the image noise to a suitable level, 

different a fine line between removing noise completely, affecting important 

information or holding sufficient noise. There is no perfect solution to noise 

problems, but there are some filters to reduce, and in many cases, eliminate 

noise in images. One of the most important problems with digital imaging is 

the amount of noise manifests in the final image. The two main limitations in 

image accuracy are classified as blur and noise (Buades et al., 2010).  The 

active research area in this field is:   

 Ways to  smooth noise without blurring the important information too much.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

 How to enhance edges without amplifying noise.  

When image enhancement techniques are used as pre-processing tools for 

other image processing techniques, then quantitative measures can 

determine which techniques are most appropriate. The necessity for efficient 

image restoration methods has grown with the huge production of digital 

images, which are often taken in poor conditions; therefore, image 

improvement is constantly required to extend their range of action. 

The results presented reveal that, based on PSNR and visual clarity, using 

adaptive median filtering gives a better performance in denoising images of 
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specific noise. For very high noise density, adaptive median filtering could be 

used to get better visual clarity via human visual systems (HVS) and PSNR 

values than state of art approaches. 

Adaptive median filters adapt to the local properties of the image and 

selectively remove noise from the image while preserving the detail. Thus, an 

Adaptive Median Filter works to preserve detail whilst smoothing non-

impulse noise. Adaptive median filtering can deal with the filtering operation 

of images that are corrupted with artificial (salt and pepper) noise that has a 

probability equal to 0.2. Adaptive median filtering is suitable for enhancing 

images as they smooth non-repulsive noise from two dimensional signals 

without blurring edges (Sheba and S, 2016).  They also preserve the details 

of an image. However, if the noise densities are considerably higher in non-

satellite images, then new algorithms must be developed to enable better 

results. 

Some artificial noise (salt and pepper) is added to the non-satellite image on 

some standard images, such as Coin. A median filter, Wiener filter and the 

wavelet-based proposed technique were used to denoise the noisy image. 

Figures 4-10 (a - e) show that the median filter does a better job of 

preserving useful detail in  image than the Wiener filter . When the wavelet-

based technique is applied to denoise the image, poor results are obtained 

(blurring and some details are lost).  This is because the proposed technique 

is designed to enhance SODISM images, so its function dependent. Figure 

4-10 and table 4-4 shows the subjective and objective measurement of the 

standard image. 
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Figure 4-10: a) - Reference image. b) - Noisy image by adding salt & pepper noise to (a).  

c) - Wiener filter is applied to (b). d) - Median filter is used to filtering (b ). e) - Applying 

proposed method to (b). 

 

The performances of the image enhancement techniques are evaluated 

using objective image quality assessment (IQA) metrics. They include simple 
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statistical error metrics, like PSNR and human visual system (HVS) based 

metrics, such as SSIM, and UIQI.  The Structural Similarity (SSIM) Index 

quality assessment index is created on the computation of three terms; the 

overall index is a multiplicative combination of the three terms; namely the 

luminance term, the contrast term and the structural term.  

Thus, when the SSIM value for each image pixel is calculated  near to 1 

means, the quality of enhanced image is good. When ideal PSNR value is 

high, it means a high quality processed image.    

  

 Table 4-4: Results of applying different filters to denoise non satellite images 

Image  Coin  

Ideal value   (-1, 1) (-1, 1) 

Filter type PSNR SSIM UIQI 

Median 46.0222 0.5623 0.37804 

Weiner     44.5854  0.4927  0.64316  

Proposed 45.8434 0.5248 0.34644 

 

A median, Wiener filter and the proposed method were applied to denoise 

non-satellite salt and pepper noise. The results in Table 4-4 show the 

performance of a median filter when denoising salt and pepper; this is better 

on this kind of noise, than the Wiener filter and the proposed approach.   

These metrics do not show good results. PSNR is only acceptable for image 

similarity measures when the images differ by simply increasing a certain 

type of distortion. However, they fail to capture the image quality once they 

are applied to measure across distortion types. SSIM is a widely used 
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method for measuring image quality. It measures better across distortion 

types than PSNR, but fails to effectively address highly blurred images. 

4.13 Development of novel non-Wavelet based enhancement 
and de-noising techniques for SODISM images.  

 

There are many methods to denoise images based on the sort and purpose 

of denoising; Satellite images are noisy; thus, denoising those images is an 

important technique to improve the visual appearance of image, the image 

enhancement techniques and should be able to highlight the features 

present within the Sun image. 

A new method, which is a combination of the Adaptive Wiener filter and 

Unsharp Mask (USM) filter, is applied to improve SODISM images to convey 

the information contained. The Adaptive Wiener filter is a linear estimation of 

the reference image; it minimizes the overall mean square error between the 

estimated random process and the desired process  (Sheba and S, 2016). 

An adaptive wiener filter is applied to filter out the noise from a noisy image 

(denoising) followed by an Unsharp Mask (de-focuses) to reduce the blurring 

of the image. This filter can be used to amplify the high-frequency 

components of a signal and correct Gaussian blur.  By using this technique, 

useful data are not lost and a better, enhanced image is obtained. 

4.13.1 Mean Filter:  

The mean filter is a simple spatial filter; it is a sliding-window filter that 

replaces the center value in the window with the average mean of all the 

pixel values in the kernel or window. The window is usually 3x3 square 

kernel of values but it can be any window. Simple spatial averaging over the 

neighboring pixels reduces the noise signal amplitude but degrades sharp 
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features and produces a blurring effect. Using non-linear filters often reduces 

this effect. Even median filters have the ability to retain borders, but image 

details are lost. 

4.13.2 Median Filter: 

A median Filter is a powerful non-linear filter that is most commonly used as 

a simple way to reduce noise in an image. Its successful feature (over 

Gaussian for noise reduction) is its ability to remove noise while keeping 

edges relatively sharp. A median filter is employed to reduce the extent of 

the intensity variation between one pixel and another pixel. The median 

value is calculated by sorting all the pixel values into ascending order and 

then replacing the calculated pixel with the middle pixel value. Simple spatial 

averaging over neighboring pixels reduces the noise signal amplitude but 

degrades sharp features and produces a blurring effect. Using non-linear 

filters often reduces this effect. Median filters have the ability to maintain 

edges, but image details are lost.                                                                                                                                                 

Table 4-5, details the filters used to denoise the images and their advantages 

and disadvantages.  
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 Table 4-5: Different types of de-noising filters and their main application and limitations 

Filter Domain Application Limitations 

 

Mean Filter 

 

     Spatial   

 

Used to remove the impulse 

noise. Good for Gaussian noise 

and uniform noise. 

 

Does not preserve image 

details. 

Median 

Filter 
Spatial   

 

Used for de-noising different 

types of noise. Reducing the 

amount of intensity variation 

between neighbouring pixels. 

Tends to get rid of image 

details while reducing noise 

. 

Adaptive 

Filter 
Spatial 

 

Changes their behaviour on the 

basis of the statistical 

characteristics of the image. 

Effective on certain type of 

noise. 

Gaussian 

filters 
Frequency 

Widely used in graphics 

software, typically to reduce 

image noise. 

Reducing the image's high-

frequency components 

means reducing detail and 

blurring an image  

Furrier 

transform 
Frequency 

Determines all frequencies 

present in a signal 

Deals with only frequency 

resolution and no time. 

Resolution 

Wiener 

Filter 
Time 

 

Minimizes MSE between the 

estimated random process and 

the desired process 

Not suited for real-time 

applications 

Wavelet 

transform 
Wavelet 

 

Based on frequency and time 

Improves the quality of image 

and save computational time.. 

More complex 
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4.13.3 Adaptive Filter 

Adaptive filters are commonly used in image processing to enhance or 

restore data by removing noise without significantly blurring the structures in 

the image. These filters change their performance on the statistical 

characteristics of the image region, encompassed by the filter region. BM3D 

is an adaptive filter; it is a nonlocal image modelling technique founded on 

adaptive, high order group-wise models. BM3D is the most suitable choice to 

remove salt and pepper noise, whereas in other cases a median filter is more 

suitable. 

4.13.4 Gaussian filter  

A Gaussian filter is a linear filter. It is commonly used to blur an image or 

diminish noise. Gaussian blur is a low-pass filter that attenuates high 

frequency signals; it is more effective at smoothing images, and has its base 

in the human visual perception system (HVS). The Gaussian filter alone will 

blur edges and reduce contrast.   

4.13.5 Frequency domain techniques 

Frequency domain techniques are based on the handling of the orthogonal 

transform of the image instead of the image itself.  The frequency domain 

method is useful for processing the image in the process of the frequency 

content. The orthogonal transform of the image has two components - 

magnitude and phase. The magnitude subsists of the frequency content of 

the image, whilst the phase is used to restore the image back to the spatial 

domain (Singh and Mittal, 2014).   

https://en.wikipedia.org/wiki/Gaussian_filter
https://en.wikipedia.org/wiki/Gaussian_filter
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In the frequency domain technique, the image is first transferred to the 

frequency domain by using the Fourier Transform. Enhancement operations 

are performed on the Fourier transform of the image and, to get the resultant 

image, the Inverse Fourier transform is implemented. These enhancement 

operations are performed to amend the image features, like brightness, 

contrast or distribution of the grey levels. In this pixel value of the output, 

images are going to be modified according to the transformation function 

applied to the input values. Edges and sharp transitions (e.g. noise) in an 

image denote the high frequency content of the Fourier transform. Low 

frequency contents within the Fourier transform are liable for the common 

appearance of the image over smooth areas (Hanspal and Sahoo, 2017). 

The transform domain permits the operation on the frequency content of the 

poor contrast image, and thus the high frequency content (for example edges 

and other subtle knowledge) can   be enhanced. The frequency domain, 

which works with the Fourier transform of an image, provides only frequency 

information; in comparison, the wavelet transform provides time-frequency 

information.    

The main loss of an image after interpolation is its high-frequency 

components; this is due to the smoothing caused by interpolation. Hence, in 

order to improve the quality of the enhanced image, it is necessary to 

maintain the edges (Engineering, 2014). During this thesis, DWT has been 

applied so as to decompose an input image into different subbands (Mishra, 

2018). 

Depending upon which feature we would like to improve, there are different 

kinds of image enhancement techniques to represent the small print of an 



105 

 

image within the regions of interest. A number of the input images are noisy, 

and a reduction to this noise or its removal from the image is also a sort of 

image enhancement. The enhancement of noisy images is a necessary task 

in digital image processing. 

4.13.6   Wiener Filter 

The purpose of the Wiener filter is to filter out the noise that has corrupted a 

signal. This filter is based on a statistical approach. Mostly all the filters are 

designed for a desired frequency response (Kamboj and Rani, 2013). The 

wiener filter influences the filtering of an image from a special view. The goal 

of a wiener filter is to minimize the mean square error as much as possible. 

This filter is capable of reducing the noise and degrading function (Kamboj 

and Rani, 2013). This filtering method requires the information about original 

image and the spectra of noise;   furthermore this filter works well if the 

image is smooth. If the variance is large, wiener filtering performs little 

smoothing and if the variance is small, it performs more smoothing.  

Moreover it is selective than a comparable linear filter, keeping the 

preserving edges and other high-frequency parts of an image. (Study, 2013) 

4.14 Applying the proposed approach (non-wavelet) based to 

enhance the SODISM images. 

After classifying the noise present in SODISM images using the designed 

system described in Chapter Three, the proposed (non-wavelet) based 

technique was applied to enhance the SODISM images at WL 393; this 

wavelength was used for better visibility in the black (Sunspot) and white 

regions (Active Region) of the image.  
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                          Reference                       Enhanced      

 

 

WL393_2010/10/01 

 

 

    

 

WL393_2011/10/02 

 

 

WL393_2012/10/01 

 

   

 

WL393_2013/10/01 

 

 

   

 

WL393_2014/10/01 

 

  

Figure 4-11: Applying the non-wavelet-based method on  

SODISM images at the rate of one Image/year 
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The set of data used is one image per year Oct 2010 – Jan 2014. Figure 4-

11 shows the results of applying the proposed (non-wavelet-based) method 

on SODISM images in different years.. 

Both subjective and objective measurements are needed to show the 

effectiveness of the proposed technique. Some metrics are used to evaluate 

the performance of the enhancement technique used, as an objective 

measurementThe proposed technique (non-wavelet-based) is able to de-

noise and enhance SODISM images with a minimal error, in order to be 

eligible to use for further processing, where we get a better resolution image 

and clear features to find out all information that an image could contain. This 

technique will be assessed with objective metrics to measure the quality of 

noise free images.                                                                                                                                                                                                                                                                                                               

A sample of images wre taken each year from 2010 up the end of the 

mission in 2014.  These were taken almost at the same time with different 

wavelength, to assess the proposed (non-wavelet) method used.  

  Table 4-6: Metrics used to evaluate the outcome of using non-wavelet-based 

enhanced methods. 

Time and Date PSNR MSE SSIM UIQI 

Ideal  value           0 (-1, 1) (-1, 1) 

W L215_20121205_0948 73.8210 0.0028 0.8099 0.3278 

WL393_20121004_1759 64.6657 0.0221 0.8122 0.3390 

WL535_20121004_0707 59.1140 0.0798 0.7819 0.4499 

WL607_20121004_1611 59.1376 0.0794 0.8003 0.4372 

WL782_20121004_0407 59.1117 0.0780 0.7838 0.4187 
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From Table 4-6, it is noted that the PSNR value drops lower as wavelength 

increases; this means the images at short wavelengths need more 

processing than those at longer wavelengths.  As a result, the MSE between 

the reference and enhanced images getting less; thus, the PSNR value 

increases at shorter wavelength. As the images are better and need less 

processing, the PSNR value decreases. 

The MSE value behaves inversely to the PSNR, whilst the SSIM is within the 

limits; this is the value closest to the optimal value. Therefore, despite the 

enhancement, there is still similarity between the reference and enhanced 

images. The SSIM metric success means enhancing and preserving the 

information contained.  The UIQI outcome is acceptable; 0.3 and 0.4 reveal 

there is big similarity between the two images even after the enhancement. 

These objective results show the effectiveness of this proposed method for 

denoising. A comparison was made between two types were used in this 

thesis to enhance satellite‟s images   wavelet based M-UDWT and Wiener 

filter based.    

 

Figure 4-12: 50 images were used to chart the PSNR metrics of (wavelet based M-UDWT  

and Wiener based) enhancement  
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The result of comparison between wavelet based M-UDWT and non-wavelet 

based; shows using a wavelet-based gives higher PSNR than the others.         

   

4.15 SUMMARY  

This chapter covering two types of enhancement techniques, wavelet and 

non-wavelet based. Each image type is processed differently due to the 

noise associated. Possibility to smooth noise without blurring important 

information is the main aim of this work. 

In this chapter a new technique is introduced to enhance SODISM images 

based on non-decimated wavelet. On the basis that the using of the 

conventional DWT, the main degradation in  the image is due to the down 

and up sampling. The general idea standing behind choosing UDWT is that it 

doesn't decimate the image, it produces more clear information about details; 

this approach is modified to enhance SODISM images under the name 

Modified Undecimated Discrete Wavelet Transform (M-UDWT), followed by 

an adaptive median filter to reduces the extent of the variation in intensity 

between one pixel and another. This technique was applied on SODISM 

images and good results were obtained, Figure 4-7 and table 4-2.  

Also the proposed technique was assessed on different satellite images and 

the result was evaluated using some metrics, to show that the proposed 

technique working well with other satellite images. Figure 4-9 and table 4-3. 

Furthermore, the proposed technique was tested on non-satellite images, 

using subject method on Figure 4-10 shows the details and important 

information are lost. 

Inaddition in this thesis the enhancing non-wavelet based is develobed as 

well. A combination of the Adaptive Wiener filter and Unsharp Mask (USM) 
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filter is applied to improve SODISM images resolution for the observer. The 

results of these algorithms, are discussed in this work. The new methods are 

also assessed using two different methods:   Subjective ( by  human 

observer) Figure 4-11 and  objective (by calculation ) table 4-6. 
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5. Conclusion 

 5.1  Results Discussion   

  In general the solar satellites images were enhanced to highlights the 

features it may holds. This work on solar satellite images have addressing 

and discussing the advantages and disadvantages of enhancement satellite 

images. The main objectives of this research are:   

1. To develop a noise analysis technique and mechanism to detect the 

type of noise present in an image using machine learning. 

2. To develop novel enhancement techniques for SODISM-Wavelet-

based images. 

3. To compare developed enhancement techniques on different types of 

satellite images.   

4. Testing the developed technique on other types of images (non-

satellites)   

5. To develop novel enhancement techniques for SODISM Non-wavelet-

based images. 

These tasks were achieved in this work as follows: 

5.2 The development of a technique to detect the type of noise 

present in satellite images using machine learning. 

 The false information in satellite images is noise, and significant noise can 

affect the accuracy of computer vision algorithms. The presence of noise in 

satellite data can lead to the false identification of important features.                                                                                                                                                 

Chapter Five 
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Furthermore, the effectiveness of the use of a novel method for   SODISM 

images enhancement taken at different wavelengths has been demonstrated 

  An automated model was designed for the identification of image noise in a 

generalized Gaussian curve. Gaussian distribution curve is generalized for 

all types of available noises.  Once the type of noise is identified, an 

appropriate algorithm can be used to de-noise it.   

An important contribution in this thesis  going beyond previous studies, is 

that we perform the analyses by employing   the three classifiers  machine   

learning,   Magnitude Gradient,  Relative Orientation Gradient and Relative 

Magnitude Gradient  to    facilitates an understanding of the extent to which 

the noise type impact solar data classification accuracy using SVM classifier.  

Support Vector Machine (SVM) classifier is used to classify the type of noise 

resent in the image. 

The noise in an image affects the gradient of the original image. Different 

noises affect the edges of original image differently. Knowledge of the 

image‟s histogram have had used to determine a suitable threshold value for 

the region and histogram to determine the threshold. Global thresholding 

techniques are used to specify the noise type present in the satellite image. 

The pixels above the high threshold are classified as solar image information 

and below the low threshold as noise. Finally, an SVM classifier is used to 

discriminate noise from the signal. Generally, it was concluded that the best 

classifier tends to depend on the objectives and domain of application.    

There are many algorithms to de-noise images but each algorithm has its 

own assumptions, advantages and limitations,   
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This approach was implemented even on other images from different 

satellite. Acceptable results were obtained  to prove validity of this system to 

detect and classify noise types.      

5.3 The development of novel enhancement techniques for 

SODISM Wavelet-based. 

We proposed a technique to improve SODISM images, which is based on 

wavelet, called Modifying the Un-decimated Wavelet Transform (M-UWT).  

The UDWT is modified to de-noise and enhance the SODISM images, and to 

extract more information than the standard technique.  It is an application 

dependent technique. Based on the results and despite the low  qualities of 

some wavelength images, the proposed method achieved the goals set, and 

an assessment by visual inspection or mathematical calculation illustrates 

the efficiency of the proposed methods. 

The main objective of this research is to develop a new image de-noising 

technique to eliminate or reduce noise in SODISM images, to enhance the 

image using a wavelet transform  method, and to assess improvements to 

the image quality. The aim of this work is to enhance the image to improve 

its visual appearance in order to highlight the features present in the image 

for human viewers, or provide an enhanced input for other image processing 

techniques.  This aim was achieved by designing a new wavelet-based 

technique to improve SODISM images by successfully extracting an area of 

interest from a mixture of features and noise.  

This goal was achieved in the fourth chapter, The general concept behind 

the use of  (M-UWT) is that it does not decimate the signal. Thus, it provides 

more ROI information. The approach using an Un-Decimated Wavelet 
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Transform is developed and modified in this work to remove or supress noise 

from SODISM images.  

The (M-UDWT) method has been proven to give an outstanding performance 

for the enhancement of SODISM images compared with conventional DWT 

techniques. The result shows an improved visual appearance of the image 

and the features present were highlighted for human viewers.  Its exceptional 

performance was confirmed by the results of a thorough evaluation, which 

used visual observation.  (M-UDWT) was based on the idea that the image is 

represented by large wavelet coefficients which are kept.  In comparison, the 

noise is spread across small coefficients, which are cancelled (hard 

thresholding). Since the M-UDWT method uses no down-sampling and up-

sampling operations, the approximation coefficients (low-frequency 

coefficients) and detailed coefficients (high-frequency coefficients) at each 

level are the same length as the original signal. In other words, smooth noise 

without blurring the important information too much was achieved.   

The M-UDWT method was applied on the input SODISM images, following 

which the detailed coefficients (high-frequency coefficients) were computed. 

Universal thresholding and hard thresholding were applied to determine 

whether it was a new threshold or not. If it was new then the new one was 

applied and underwent the process. If it was not new, the same threshold 

was applied. The resultant images passed through the proposed flowchart.  

When the ROI is a sunspot, WL (782.2, 607.1 and 535.7) nm is chosen, as 

they respond well to the proposed method, while WL (393.37 and 215.0) nm 

is chosen when the ROI is an active region. 
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Some metrics are used to calculate the performance of the proposed method 

applied to enhance SODISM images.  A mathematical-based metric, PSNR, 

and HVS-based SSIM, UIQI metrics were used to assess the image quality 

of the enhanced image. The highest PSNR value is WL215, which contrasts 

with the lowest MSE.  PSNR value alone not representing the quality of the 

enhanced image, we have to consider the other metrics value as well to have 

a clear measurements of the image quality.    

 Despite denoising and enhancement, still there is a similarity in the detail. 

Enhancing  solar images in wavelet domain giving a better results than other 

method subjectively and objectively.   

5.4 Testing developed enhancement techniques on different types 

of satellite image.    

The enhancement technique was tested on different solar images from 

different satellites and its performance was evaluated using subjective and    

objective evaluation metrics. The proposed method was applied to different 

satellite images, such as SDO, the Royal Observatory of Belgium, and the 

National Astronomical Observatories of China. SDO images are of good 

quality, high in PSNR and SSIM and poor in UIQI value, whereas Meudon 

and HSOS images are acceptable in general. 

The main achievement of the research, as described in this thesis, has been 

developed from multiple technologies. Furthermore, the study demonstrated 

the effectiveness of the novel method for the enhancement of SODISM 

images taken at different wavelengths. 
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5.5 The development of novel enhancement techniques for 

SODISM non-wavelet-based. 

The image enhancement techniques should highlight the features present in 

the Sun image. A combination of adaptive wiener filter and Unsharp Mask 

(USM) filter was applied to enhance SODISM images to convey the 

information contained.  

A wiener filter was applied to filter out the noise from a noisy image 

(denoising) and this minimizes the overall mean square error between the 

estimated random process and the desired process.  (Sheba and S, 2016)  

An unsharp mask (de-focuses) amplifies the high-frequency components of a 

signal and corrects the Gaussian blur.  By using this technique, useful data 

are not lost and a better, enhanced image is obtained. 

The proposed technique is applied to enhance the SODISM images on 393 

WL.  Using this wavelength, the black or dark regions (Sunspots), bright or 

white regions, and active regions (networks and faculae) are visible to 

human eye. The data set used included one image per year from Oct/2010 to 

Jan/2014.  

Both subjective and objective measurements were applied to show the effect 

of the proposed technique. Some metrics were used as an objective 

measurement to evaluate the performance of the enhancement technique. 

Applying this method to different types of satellite image indicates that the 

other images could benefit from the proposed approach. Furthermore, some 

of the performance enhancement measurements were used.  
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5.6 Testing the proposed technique on other types of images 

(non-satellite). 

 

It was noted that, when testing the proposed technique on non-satellites 

images, it is not possible to smooth noise without blurring important 

information. Each image type is processed differently due to the associated 

noise.  When magnifying the particular feature, other unwanted signals such 

as background interference and noise, are also magnified. Nevertheless 

there was a fine line between removing noise completely, affecting important 

information or holding sufficient noise.  However, there are some filters to 

reduce, and in many cases, eliminate noise in images.  

The two main limitations in image accuracy are classified as blur and noise; 

these are based on PSNR and visual clarity.  However, using adaptive 

median filtering gives a better performance in denoising images of specific 

noise.  Adaptive median filtering can deal with the filtering operation of 

images that are corrupted with artificial (salt and pepper) noise that have 

probabilities equal to 0.2. Adaptive median filtering is suitable for enhancing 

images as they smooth non-repulsive noise from two dimensional signals 

without blurring edges (Sheba and S, 2016).  They also preserve the details 

of an image. However, if the noise densities are considerably higher in non-

satellite images, then new algorithms must be developed to enable better 

results. 

Some artificial noise (salt and pepper) is added to the non-satellite image on 

some standard images, such as Coin. A median filter, Wiener filter, and the 

proposed technique were used to denoise the noisy image.  The Results 
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show that the median filter does a better job than the Wiener filter of 

preserving useful detail in the image. When the proposed technique is 

applied to denoise the image, poor results are obtained (blurring and some 

details are lost).  This is because the proposed technique is designed to 

enhance SODISM images, so it is function dependent.   

The performances of the image enhancement techniques are evaluated 

using objective image quality assessment (IQA) metrics. They include simple 

statistical error metrics, like PSNR and human visual system (HVS) based 

metrics, such as SSIM, and UIQI.  The Structural Similarity (SSIM) Index, as 

a quality assessment index, is created on the computation of three terms. 

The local SSIM values for each image pixel are calculated. The overall index 

is a multiplicative combination of the three terms, namely the luminance 

term, the contrast term and the structural term. Thus, when the SSIM value is 

near to 1, the quality of the enhanced image is good. The ideal PSNR value 

is high, as it means a high quality processed image.    

5.7 Picard/SODISM, a space telescope to study the sun from the 

middle ultraviolet to the near infrared. 

The PICARD/SODISM satellite was monitored the Sun at five wavelengths. 

Some of limitations are data collection of SODISM telescope images, they 

are in poor quality, furthermore, the 215nm and 393nm channels have lost 

their intensity impact in the UV band since the beginning of the PICARD 

mission. In addition 215nm band is not available all months. Thus, the 

215nm channel was postponed for some applications, where all bands have 

the same wavelength domains, excepting the UV domain where the 215 nm 

filter is replaced by a 1025nm filter (Oca and Latmos, 2013). Another 
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limitation is SODISM instrument does not provide a Magnetogram images to 

present information about bright or white regions, active region (networks 

and faculae) and magnetic field.  

The SODISM instrument provides continuum images with the five 

wavelengths. The only band that can help detecting the bright regions is 

393nm band which is a continuum images as well, but it could provide some 

information about bright regions.  Most of the SODISM images suffer from 

noise and blurring, so they need greater enhancement and pre-processing 

for the following stage.  

  Carrying out this research shows that de-noising and enhancing solar 

satellite‟s images is essential before any further application keep in mind two 

important things  to  smooth noise without blurring the important information 

too much and how to enhance edges without amplifying noise. Furthermore 

for successful enhancement of wavelet and non-wavelet domain a 

combination of selected filters must be used to insure the enhancement 

process.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

5.8 Suggested future work 

SODISM images remain a possible area for further study, although there are 

many incomplete works. Therefore, for future research, the simplest 

extension of the work presented here would be to continue the study in its 

current form. Different methods have been presented for enhancement, 

which are supported by the results and assessment methods; however, there 

are still many different adaptations, experiments, and tests that have not 

been investigated due to the lack of time. The research presented in this 

thesis can be further extended by considering the following suggestions: 
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 The model in Chapter Three indicates that not all noise types were 

identified; it means the model is generalized.  This model needs to 

develop to small scale to detect and classify precise types of noise in 

images. One of the challenges that face this model is the need to 

develop and implement a detection technique that could avoid the use 

of any realistic values to produce a fully automated technique to 

identify the noise on a small scope for the accurate detection, and 

verification of noise types. 

 The enhancement method presented in Chapter Four can be 

developed to improve the image pixel for SODISM images`  to 

expand the visibility of the coloured and non-coloured image (grey 

scale) and bring out the features contained. This could be achieved by 

combining the Wavelet transform with the so-called Retinex technique 

to improve the image enhancement results, such as the colour 

rendition.  

 Furthermore, the limitation of ghosts in images, which impacts on the 

effectiveness of this enhancement method, is a further area of 

research. Such work could supress or eliminate the ghost from the 

image before applying pre-processing approaches; this could help to 

extract bright regions of the map and information.  

 In order to improve the   classification accuracy of the detected Noise 

affecting solar images, using more than one Machine-Learning to detect 

noise precisely, this may enhance our understanding of the relationship 

between noises and solar images 
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