
 

 

Image Analysis For Virtual Segregation Of Overlapped Radiographic Images  

K.V.Vrinda Devi*, Jyoti Gupta, J.N.Dubey, D.M.Mohod and K.B.Khan 

Radiometallurgy Division, Bhabha Atomic Research Centre, 

Mumbai, 400085, Maharashtra. 

*Email-kvvdevi@barc.gov.in 

 

Abstract. The upcoming Compact High Temperature Reactor Critical facility (CHTR-CF) will be 

fuelled with TRISO coated particle based fuel.  Fabrication trials of TRISO coated particles with 

surrogate kernel material of ZrO2 have been carried out at RMD, BARC. Trials are continuing to 

demonstrate the technologies for fuel fabrication and quality control.  Characterization of TRISO 

based fuel involves different techniques such as ceramography, radiography etc.  Image analysis of 

radiographs were previously carried out for gross evaluation of volume fration of particles in the 

compact.  Overlapping of the images of TRISO coated particles were a problem while using the 

newly developed technique for estimation of volume fraction in TRISO particle compacts.  A step 

variation standard was fabricated in house and an algorithm for image analysis  was developed to 

solve this problem and the details are described in this paper. 
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Introduction 

 

The upcoming Compact High temperature reactor Critical facility (CHTR-CF) will be fuelled with 

TRISO coated particle fuel.  TRISO coated particles are fabricated through chemical vapor 

deposition on fuel material kernels made using Sol-gel technique.  These coated particles are to be 

compacted in Graphite matrix and sintered to make fuel compacts and later loaded into graphite fuel 

tubes in the assembly [1].  The detailed design of the fuel and other core materials are shown in 

figure.1.   

 
Fig.1 Schematic of TRISO coated particle and fuel compact 

 

Detailed fabrication flow chart of TRISO based fuel is shown in figure.2.    The fuel has to be 

characterised to ensure conformance with a set of specifications.  Many new techniques and 

methods are being attempted for characerisation of this new type of fuel.  Radiography of fuel 

compacts of TRISO coated particle in graphite matrix has been tried earlier to estimate the volume 

fraction of particles in the compact [2].  The technique encountered error due to overlapping of 

images of particles in the radiograph due to which multiple radiographs had to be acquired in 

different orientations of the fuel compact and anlysed for volume fraction.  An attempt has been 

done to seggregate the superimposed images of individual particles in the radiograph of the compact 

using image analysis.  A new step variation standard was made for this purpose and its digitised 
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radiographic image was analysed using a newly developed algorithm of image analysis to minimise 

the error due to overlapping of images.    

 

 

 
 

Fig.2 Flow chart for preparation of UO2 microspheres (kernel) & TRISO coating of the particles 

 

Experimental       

 

The standard was made by carefully placing TRISO particles inside a glass tube one over the 

other so that they make a vertical stack of the desired number of particles viz; 1,2,3,4 and 5 in this 

case.  The stacks were placed on Agfa D4 film and the radiographs were taken with exposure for 2 

minutes at a setting of 90KV and 4mA.  The parameters were chosen to ensure penetration of X-

rays through the kernel material (ZrO2) thickness of the tallest stack.  Radiograph obtained from any 

one random orientation of the fuel compact was enough as the technique was independent of 

orientation.  The voltage was chosen so that thickness variation of ZrO2 (0.5-3.5mm) generates 

related variation in grey levels on the radiograph.   The radiographs were digitised with a resolution 

of 600dpi.  The digitised radiographs were anlaysed using Image Analyzer software Metal power 

version 3.0.0.9.   Different grey levels corresponding to each stack of particles which were 

equivalent to different thickness of the material were obtained by analysing the image and were 

coded with different colours.  Possibilities of formation of each thickness by combination of lower 

thicknesses was considered and used in the algorithm for accurate calculation.  The process was 

equivalent to virtually segregating the images and thereby counting them.    

 

Methodology 

 

The digitised radiographic image was converted to a binary image.  Five different grey levels were 

identified on the thresholded binary image corresponding to five different thicknesses (thicknesses at 



 

 

centers of each stack) of the object attenuating the X-rays.  Each of these grey levels were colour 

coded for easy identification.  Area of the portion of the image having each grey level was obtained. 

Each area was divided by the area of a single TRISO particle which was uniform and standard.  

These numbers were multiplied with the number of particles contributing to each of the grey levels 

which was known, to obtain the actual number of particles/images that have contributed to the 

superimposed image.  This was equivalent to virtual segregation of particles from a superimposed  

image of multiple images.     

Each particular thickness could be a single occurance or sum a number of lower thicknesses, for 

example; the colour yellow has been assigned to the grey level in the image which occurs due to 

attenuation from Zirconia thickness corresponding to five particles.  This can happen only in the 

one stack since no other stack contains 5 particles or more.  But, the colour white corresponding to 

one particle thickness can occur at the centre of single particle as well as at the periphery of 2,3,4 or 

five particles as a sum thickness of some thinner portions.  This possibility has been considered in 

the algorithm due to which the number of particles obtained for each colour has been multiplied with 

the corresponding number of particles (1 for white, 2 for black, 3 for red , 4 for green and five for 

yellow).   

 The digitised radiographic image accompanied by the thresholded binary image with colour coding 

corresponding to different grey levels are shown in fig 3a and the area fractions analysed by the 

image analysis is shown in fig.3b.  The algorithm executed on actual data is demonstrated in table 1.   

 

                   
       Fig. 3a Actual radiographic and               Fig.3b Area fractions of each plane analysed by image  

             color coded binary images                                                    analysis software     

 

Table 1.  Algorithm followed to segregate the particles in the superimposed image 

Area of single TRISO particle kernel of diameter 0.5mm (a) = 0.19625mm2 
 



 

 

The total number of particles was obtained as 13 whereas without the segregation of images the 

apparent number would only have been 5.  The error is actually due to the spherical shape of the 

kernel which leads to a smaller area (~79%) in the projected image having the grey level 

corresponding to one particle thickness (white in the image) than the calculated area.  Since the actual 

number of particles were known (standard), the ratio of the calculated number to the actual number 

of particles (0.87) could be used as a correction factor while carrying out the image analysis in the 

compact.   Incorporation of this correction factor could make the total count of the particles equal to 

the actual number which is equal to15. 

 

Conclusion 

 

A step variation standard was fabricated in house and a new algorithm was developed to analyse the 

radiographic image of the standard.  Virtual segregation of the overlapped images of particles was 

carried out so that the total number of particles/images that constitute the final superimposed image 

could be obtained accurately.  This NDT method based on simple radiographic technique combined 

with an easy algorithm of image analysis which can be applied to CHTR fuel compacts on a 100% 

basis to estimate the volume fraction of the TRISO particles in the compact.       
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