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ABSTRACT 

All-sky imager (ASI) located at Kolhapur (16.8º N, 74.2º E), India is used to observe OI 630.0 nm night airglow 

emission (at an altitude 250 km) during clear moonless nights. To study the characteristics of night airglow 

variations we have taken one month (February 2012) imager data of OI 630.0 nm emission line. The plasma 

bubbles have their own internal space-time dynamics [13] therefore result shows temporal variability in plasma 
motion. Due to change in the shape and size of plasma bubble some errors may occur in determination of the 

plasma velocity. So the reference of the western, eastern and middle wall/edge of the plasma bubble had been 

taken into account for calculating its velocity. The OI 630.0 nm emission having north–south aligned intensity 

depletion bands propagated from west to east with average velocity ~ 140 m/s. We found that the initially the 

plasma velocity is high and it decreases with time.  
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1. INTRODUCTION 

The variations in composition and structure of the ionosphere with latitude and altitude depend on the solar 

activities. The ionosphere has been widely studied using satellite and ground-based techniques. In the region 

between 80 to 300 km altitudes molecular/atomic emissions can be used to investigate and to sketch the airglow 
region circulation. The ground based measurements of various F-region and mesospheric nightglow emissions 

(OI 630 nm, 557.7 nm, 777.4 nm, Na (589.3 nm) and hydroxyl (OH) airglow) provide important information of 

the ionosphere-thermosphere during the different phases of a geomagnetic storm [5]. The studies of upper 

atmosphere of the Earth have been done using all sky imager with three different airglow emission lines             

(OI 630.0 nm, OI 557.7 nm, and OH) from Kolhapur (16.8N, 74.2E). At the equatorial F-region (at about 250-
300 Km altitude) OI 630.0 nm night airglow emission line is used to investigate the thermosphere-ionosphere 

processes [9]. The low-latitude ionosphere bears the remarkable phenomena of plasma depletions or bubbles, 

which consist of extended regions of depleted F-region plasma [12]. The plasma bubble, a localized depletion in 

F-region electron density, is playing a major role in the equatorial spread-F phenomena [16]. Plasma is 

composed of an assembly of charged particles and is often referred to as the fourth state of matter because of its 

distinctive collective behavior while maintaining charge neutrality. Plasma bubbles are aligned along the 

magnetic flux tubes and cover north-south distances across the magnetic equator of several thousand kilometers, 

with east-west dimensions of up to a few hundred kilometers [11].   
The F-region nightglow OI 630.0 nm emission line arising from [4, 6] dissociative and radiative recombination 

reactions as given below,  
*
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These chemical processes can be used to observe plasma bubbles, remotely and to study their development and 

dynamics [5]. The observed column of OI 630.0 nm emission intensity is proportional to the integral of the 

product of the


2O , e  (electron density) concentrations and charge transfer [11]. Several structures observed in 

the OI 630 nm airglow such as gravity wave signatures such as- brightness wave passage (which is linked to 

meridional winds driven by the midnight temperature maximum pressure bulge) and depletion patterns 

associated with equatorial spread F instabilities [3]. 

The wide-angle imaging of F-region nightglow emissions (e.g. OI 630 nm) arising from ionospheric 

recombination (dissociative and radiative) processes can be used to observe the onset, evolution and dynamics 

of plasma bubbles that comprise the envelope of spread-F irregularities [10]. To investigate the morphology of 

plasma bubble, it is necessary to develop an efficient image analysis method.  All sky airglow images are not 

directly suitable for calculating the plasma velocity. Several methods are presented on image processing in the 
literature. The raw images were calibrated using the star background to determine the real azimuth on the image 
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[2]. Taylor and Garcia [15] reported method for analysis of wave signatures in the near-infrared OH and          

OI 557.7 nm emissions. The velocity of plasma bubble was determined by monitoring the position of plasma 

bubble in successive images, the east-west velocity [13] and north-south drift velocity [14].    

 

2. ALL SKY IMAGER 
All Sky Imager (ASI) (Make: Keo Scientific Ltd. Canada) has been installed by Indian Institute of 
Geomagnetism (I.I.G.), Navi Mumbai at Shivaji University Campus, Kolhapur. ASI is being used to observe the 

atmospheric airglow features or to study ionospheric irregularities. Fig. 1 shows the existent photo of the all-sky 

imager. All sky imager is framed in mainly three parts; Optical part consisting - fish eye lens (f/4 Mamiya 

RB67) with focal length 24 mm, a Telecentric optical lens combination and filter wheel. The fish eye lens, 

having 180° field of view, collects light from earth’s atmosphere. The collected light beam is collimated by a 

telecentric optical lens combination. Then it passes through a narrow-band filter with nearly perpendicular 

incidence angles [1]. The six filters are installed in the filter wheel to allow the transmission of OI 630.0 nm,   

OI 557.7 nm, 840.0 nm, 846.0 nm, and OH Meinel bands at 720.0–910.0 nm and the transmission of 

background light at 857.0 nm. The second part of system is - detector, CCD camera (which is thermo-

electrically cooled at a temperature of −80º C to reduce the thermal noise). After passing through the filter 

wheel, the collimated beam falls on CCD detector to make an image. The CCD (13.3 × 13.3 mm to 27.6 × 27.6 

mm) detector is back-illuminated with an array of 1024 × 1024 pixels (quantum efficiencies greater than 95%) 
and 16 bits resolution. The CCD response is almost flat and differential gain of pixel is merely statistical in 

nature [8]. The last part of the system is an operating system. The filter wheel and camera shutter are controlled 

by a computer with the Windows XP operating system [7]. 

 
Fig. 1: Image of all sky imager 

 

3. OBSERVATIONS AND RESULT 

First we have taken the average of one hour raw data of image and then average image was subtracted from each 

raw image of one hour data. Due to this image processing, the plasma bubbles becomes clearly recognizable and 

their boundaries detectable in OI 630.0 nm. The difference between raw image and processed image is 

illustrated in Fig.2. In Fig 2, image (a) represents the actual OI 630.0 nm image in PNG format taken by all sky 

imager where nothing can be detectable, image (b) represents auto levels image created using Adobe Photoshop, 

image, here the signatures of plasma bubbles are observable (c) shows average image of one hour data taken 

from 160519 UT to 165702 UT (10 images with sampling rate about 6 min) and image (d) represents the mean 

image subtracted from raw image this image is the final where the good enhancement in the signatures of 

plasma bubbles are observable. For calculating plasma zonal velocity we traced the position of western wall, 

eastern wall and the center of plasma bubble in successive images. The references of western wall (b), eastern 

wall (c) and the center (d) of plasma bubble are illustrated in Fig 3.  

 
Fig. 2: Distinguish between raw image and processed image. 
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Fig. 3: (a) indicates that the image is divided into four quadrants with fixed center at (512, 512) pixel of image, 

(b) indicates  the western wall of plasma bubble, (c) indicates the eastern wall of plasma bubble, and 

(d)indicates the center of plasma bubble. 
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Fig. 4: Shows the plasma bubble velocity measured by monitoring the positions of its western wall, eastern wall 

and center. 

 
Fig. 5: Few sequences of images, OI 630.0 nm emission line, taken by all sky imager at Kolhapur during the 

nights of  February 15, 20, 25 and 27, 2012 
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We have observed that the motion of eastern wall of plasma bubble is more stable than the western wall in many 

images while some images show in contrary. Therefore we have taken an average of motion of western wall; 

eastern wall and the center of plasma bubble to determine zonal velocity of plasma bubble. Fig 4a and 4b 

indicate plasma velocity on Feb. 15, 2012 and Feb. 20, 2012. From these figures it is clear that the western wall 

of the plasma was more stable than the eastern wall and middle of the plasma. There are data gaps in velocity 

plots due to non occurrence of plasma bubbles during the observation. Generally the plasma bubbles originate 
from south direction in the image and drifts from west to east.  

We have taken image data of OI 630.0 nm night airglow emission, using all sky imager from Kolhapur during 

clear moonless night on Feb.2012. Fig. 5 illustrates few of the images of the OI 630 nm night airglow emission 

observed from Kolhapur on 15-16, 20-21, 25-26 and 27-28 February 2012 from 14 UT to 18 UT. By observing, 

the formation of plasma depletion, that occurred during midnight (at local time) and had taken about two hours 

to develop fully from west to east. However fully developed stage of plasma bubbles depend on local time 

variation of the vertical E × B plasma drift. In the present work, we have shown four days (out of 15 days) 

image data, because only for these days five hours event data is available. This five hour event (plasma bubbles) 

data is useful to find out the accuracy in plasma bubble drift velocity measurement by referring the western wall, 

eastern wall and the center plasma bubble.  
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Fig. 5: The one hour average velocity of plasma bubble for Feb. 15, 20, 25 and 27, 2012. 

We have calculated one hour average velocity of plasma bubble. Figure 6 shows the graphs of one hour average 

velocity of plasma bubble on 15-16, 20-21, 25-26 and 27-28 February 2012 from 14 UT to 18 UT. From Fig. 6 

it is clear that the velocity of plasma bubble is high during the evening time and it goes on decreasing with time. 

The average error in the determination of the velocity ranged from 5 to 20 m/s. The average west-east velocity 

of the plasma was 140 m/s and it fluctuated between the velocity values from 60 m/s to 175 m/s. Generally 

plasma depletion has extended thousands of kilometers in north-south (magnetic equator) and in west-east 

hundreds of kilometers. The observed average width (extension of west-east direction) of plasma bubble was     

~ 58 Km and it changed in the range between 40 km to 110 km. The north-south extension of the plasma 

depletion had average length of about 1164 km; the area of such size of a plasma bubble is about 304,800 km2 at 

an altitude of 250 km.   
The accuracy in the velocity measurement of plasma bubble also depends on its position on image. All sky 

images are curved and compressed at the low elevation angle because each pixel subtends an equal angle of the 

sky during formation of image onto the CCD.  Thus two dimensional images are taken by all sky imager has 

curvature at edges. Due to this, the observed dimension of plasma bubbles varies with its position. At the middle 

of image, length and width of plasma bubble is greater than that of the edges. Thus the plasma bubbles occurring 

in middle area (up to 450 from the centre on the both sides) of the image are considered for the measurement 

plasma bubbles. From the above study it is observed that due to the sharp intensity gradient the plasma bubble 

drift velocity measured by using Eastern and Western wall is more accurate as compared to the middle of a 

plasma bubble.  

 

4. DISCUSSION AND CONCLUSION  

Plasma bubbles in OI 630.0 nm night airglow emission line have been observed with a new all sky imager 
system operating at Kolhapur in India. The image processing and its investigation has been done by using 

methods   described in [3, 7], respectively. In the present work we have reported that the significant differences 

in the magnitude of plasma bubble velocities of its boundaries. The plasma bubbles have their own internal 

space-time dynamics [9] which changes the shape and size of bubble. To determine the velocity of plasma 

bubble, more accurately, we have taken average of velocities of western wall, eastern wall and center of plasma 

bubble. We have taken the average of velocity of western wall; eastern wall and center of bubble for calculating 

one hour average velocity. Observed propagation direction of plasma bubble was west to east which is in good 
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agreement with [10]. We observed that the plasma bubble required about two hours to develop fully. However, 

on an average, bubbles take about 2 hrs 35 min for the same [11]. The comparison of average zonal velocity 

(140 m/s) of plasma bubble agrees with previous study [10]. The average west-east velocity of plasma on 18-19 

Feb. 1991 and on 20-21 Feb. 1991 were 150 m/s and 130 m/s respectively at same station [10]. The average 

velocity of north-south aligned plasma bubble was 140 m/s with west-east extension ~ 58 km. The average 

length of north-south aligned plasma depletion was 1164 km with area 304,800 km2 at an altitude 250 km. 
Plasma velocity decreases with time since neutral wind intensities decrease was reported by P. M. Terra et al. 

[12]. The variation in motions of western wall and eastern wall of plasma bubbles depend on a local time of 

vertical E × B plasma drift. However the main mechanism for the generation of large scale structures associated 

with the spread F is the Generalized Rayleigh-Taylor Instability (GRTI) mechanism [11]. 
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