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Abstract— This paper contains the study of ionosphere 

which plays the main role in HF transmission. The 

equatorial ionospheric plasma bubbles that occur at the low-

latitude F-region of the ionosphere and the irregularities 

associated with them are responsible for several interference 

and sudden disruption of transionospheric radio propagation 

up to Giga Hertz frequency range, interfering with the 

communication systems, including the GPS. A CCD-based 

all-sky imager with 180° field-of-view is used to take 

photographs of all sky on clear, moonless nights, to study 

the F-region dynamics through the imaging with optical 

filter OI 630.0 nm oxygen emission line. 
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I. INTRODUCTION 

Space weather is a fairly new field in science today and has 

very interesting effects on humans, environment and 

technology in general. Scientists are now studying space 

weather with a wide range of tools to try to learn more about 

the physical and chemical processes taking place in the 

upper atmosphere and beyond.  Airglow is caused 

chemically when a nitrogen atom combines with the oxygen 

atom it forms a molecule called nitric oxide (NO). When 

this occurs, a photon is emitted at different wavelengths. 

The radiation that is emitted from the atoms is what causes 

the visible part of the electromagnetic spectrum.  

Optical observation can be a very powerful 

approach for obtaining information regarding the gravity 

waves and neutral dynamics of the lower thermosphere, 

mesosphere and ionosphere. The importance of the night 

airglow measurement is that it allows a much more complete 

characterization of the upper atmosphere and its time 

variations. Earth is surrounded by atmosphere. Atmosphere 

is made up of different layers. Wireless transmission uses air 

or space for its transmission medium. The earth’s 

atmosphere is divided into three separate regions, or layers. 

They are the troposphere, the stratosphere, and the 

ionosphere as shown in figure 1. 

 

        

Figure 1. Atmospheric layers. 

A. Ionosphere  

This is the most important region of the earth’s atmosphere 

for long distance, point-to-point communication. Because 

the existence of the ionosphere is directly related to 

radiation emitted from the sun, the movement of the earth 

about the sun or changes in the sun’s activity will result in 

variations in the ionosphere. These variations are of two 

general types: (1) those that more or less occur in cycles 

and, therefore, can be predicted with reasonable accuracy; 

and (2) those   that are irregular as a result of abnormal 

behaviour of the sun and, therefore, cannot be predicted. 

Both regular and irregular variations have important effects 

on radio-wave propagation. 

B. Ionospheric Layers 

The ionosphere is composed of three distinct layers 

designated from lowest level to highest level (D, E, and F) 

in addition, the F layer is divided into two layers, designated 

F1 (the lower level) and F2 (the higher level). The presence 

or absence of these layers in the ionosphere and their height 

above the earth vary with the position of the sun. 

C. F layer 

The F layer exists from about 90 to ~400 Km above the 

earth. During daylight hours, the F layer separates into two 

layers, F1 and F2. During the night, the F1 layer usually 

disappears, The F layer produces maximum ionization 

during the afternoon hours. Atoms in the F layer stay 

ionized for a longer time after sunset, and during maximum 

sunspot activity, they can stay ionized all night long. 

D. Phenomenon 

Airglow is phenomenon that occurs in the ionosphere. 

Airglow is caused by the solar radiation which energizes the 

atmospheric atoms and molecules during the day. Just like 

in the case of auroras, the sun provides the energy required 

to excite the atoms to produce emissions at a certain 

wavelength for airglow.   

During the ionization process, electrons are 

removed from neutral atoms or molecules to leave positively 

charged ions and free electrons. The electrons released 

during ionization in the ionosphere are responsible for the 

refraction of high frequency (HF) radio waves, as well as 

their reflection back to earth. As the density of the electrons 

increases in the ionosphere, more frequencies are reflected 

back to earth. 

E. Study of ionosphere by using All-sky imager      

All-Sky-Imager is used for observation of the ionosphere. 

An  optical  filter  is  a  device  that  allows  transmission  of  

certain  bandwidths  of  light  through  it, rejecting  the  rest.  

Since to observe only OI 630nm emissions (the wavelength 

that corresponds to the F-region emissions from a 90km to 

240km altitude in ionosphere), a 630nm band pass filter is 

placed in the optical path of imager rejecting light of other 

wavelengths. Although an optical filter is not a part of the 

CCD, it is crucial to the all-sky-imager. OI 630nm filter is 

used to study plasma depletion where as OI 557.7nm and 

OH 865nm line filters are used to observe gravity waves 
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phenomenon between (87 to 97  5) km altitudes. The main 

objective of this work is to post process the images obtained 

from the CCD camera by rectifying the distortions 

introduced and mitigating the consequences of the Van 

Rhijn effect and atmospheric extinction. 

II. INSTRUMENTATION 

A. All-sky camera  

A CCD-based all-sky imaging system is cheaper than that 

radar, conducting a rocket or satellite experiment. The 

development of the all-sky CCD camera (optical imager) 

has proven to be a powerful additional instrument in night 

time airglow measurements. The principle components of 

the CCD imager are shown in Figure 2. The imaging system 

consists of an all-sky or fish-eye (180˚FOV) telecentric lens 

system, a computer controlled filter wheel, and a CCD 

camera head fitted with a 1024×1024 pixel back illuminated 

bare CCD (quantum efficiency ~80% at visible and 50% at 

near infrared NIR wavelengths). The incoming light passes 

through the fish-eye lens and it further passes through one of 

the filters in the filter wheel and is reimaged onto the CCD 

chip in the camera head with dimensions of 25mm×25mm in 

the cooled CCD camera. The chip itself is thermoelectrically 

cooled to a temperature of about -70˚C. By cooling the chip 

to a very low temperature, the power of the thermal noise 

has been reduced so the data recorded will be of good 

quality. The data are transferred to a PC and stored on a hard 

disk. The All-sky-imager is controlled by control software. 

The filter selection, shutter operation or start and stop of 

observation are all performed by the computer control 

software.   

 
Fig. 2:  Schematic of the all-sky imager 

III. OBSERVATIONS AND IMAGE PROCESSING 

An airglow contains information of the various atmospheric 

effects, including plasma depletion and small-scale gravity 

waves. To extract large scale plasma depletions and small-

scale gravity waves from the image, the image processing or 

several corrections are required to perform on to the 

captured raw images. The main purpose of this campaign is 

to study the occurrence, spatial characteristics, and 

dynamics of the ionospheric plasma bubbles and 

mesospheric gravity waves at low latitudes. The high 

resolution images taken from the CCD camera (1024x1024) 

which is of 16 bits long and range about 0 to 65535 this 

stored images then post processed to get required 

information. There are several image processing steps which 

are to be done on captured image as follows. 

A.  Transformation  

The image taken from fish eye lens is in the spherical form 

the image processing is required to transform spherical 

image into an understandable image. 

B.  Image calibration 

Image calibration is required to obtain true North and South 

direction or to get the directions. 

C. Star removal 

The presence of the stars in the image could cause error or 

peak intensity values when the image is projected into 

gnomonically (transformation). Star removal is image 

processing concept that identifies and removes the stars 

from an image. 

D.  Flat Field Corrections 

All-sky images even without stars are prone to noise 

because of variations in pixel-to-pixel sensitivity and 

distortion in optical path or hot pixels. A typical method is 

required to counter these noises to obtain the required 

image. 

E. Calculation of drift speed 

Drift speeds of individual bubbles are then determined by 

selecting two sequential images with time steps of 1 to 16 

min. Motion is measured at various positions along a given 

bubble to determine its average velocity. 

The aim of this work is to compensate the airglow intensity 

effects and noise factors to considerable extent and un wrap 

the image. The flow chart given below describes the 

different image processing steps to be performed on the raw 

images to extract the useful information. 

 

Fig. 3: Flow chart of several image processing Step 
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IV. SCOPE OF WORK 

Imaging studies of low-latitude ionospheric irregularities 

have made significant progress over the past three decades. 

New insights continue to be made into the cause of 

irregularities when optical instruments are combined with 

other observing techniques such as radio and satellite data. 

However, there is still much to be learnt about the post 

sunset equatorial ionospheric phenomenon. 

 The night airglow studies are very useful in 

explaining the behavior of night time equatorial 

and low latitude F-region. 

 Effects of solar activity on the Earth’s upper 

atmosphere. 

 Disturbances and errors in the satellite 

communication. 

 Precursory studies of earthquakes by monitoring 

the Earth’s atmospheric parameter. 

 Effects of geomagnetic storms. 

 Geographical distribution of the plasma. 

V. CONCLUSION 

The main objective of this work is to post process the 

obtained images from the CCD camera by rectifying the 

distortions introduced and mitigating the consequences of 

the Van Rhijn effect and atmospheric extinction. 

These high-quality All-sky imager data can be used 

to investigate several key characteristics of the plasma 

depletions observed from low latitude ground based station. 
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