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Abstract
Pomegranate production in India is 772000 MT in 2011-2012 (NHB Database 2012), which is considered as very nutritive fruit, 

rich in vitamin B, vitamin A, thiamine, riboflavin, niacin, vitamin C and minerals (potassium, calcium, magnesium, phosphorus, 
iron). For consumer awareness and export quality grade, grading and sorting of fruits is necessary. Defect of internal break down 
causes browning or blackening of arils, which gives a typical foul smell if unnoticed. These internal defects cannot be identified 
from external appearance, which is a serious threat to the pomegranate processing industry as well as export resulting in rejections 
and quality reduction. X-ray inspection has a distinct advantage over other detection techniques, as it is non-destructive imaging 
of interior features of sample which detects internal defects. Soft X-ray emission spectroscopy is an experimental technique for 
determining the electronic structure of materials. A continuous soft X-ray system with a semi-conductor detector was used to detect 
the internal quality of the fruit. Thus the present study is one of soft X-ray technique to find the internal defects in pomegranate. 
As to conquer and sustain the international market, there is a need for export of high quality products with no internal defects. 
The objectives of this study is to determine the internal defects in pomegranate using soft x ray and to develop the algorithm for 
classification of defective pomegranate from healthy one.
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Introduction
Pomegranate belongs to the Punicacea family and is one of the 

oldest known edible fruits. It is sometimes called as Chinese apple, 
and has been cultivated extensively in Mediterranean countries, Iran, 
Afghanistan and India and to some extent in the US (California), 
China, Japan and Russia. The surface colour of the fruit varies from 
yellow with a crimson cheek, to a solid brownish-red and bright-
red, among commercial cultivars. There are several types of edible 
pomegranate and few ornamental types with double flowers, mostly 
sterile, not grown for edible fruit [1].

Pomegranate is considered as very nutritive fruit rich in vitamin 
B, vitamin A, thiamine, riboflavin, niacin, vitamin C and minerals 
(potassium, calcium, magnesium, phosphorus, iron). In tropical and 
subtropical area it is largely used as dessert fruit and for fresh juice 
[2] and health drinks. The edible portion of this fruit is the bright-red
pulp (aril) surrounding the individual seed. These arils are consumed
directly or processed into juice, syrups, jams or wine.

India is the largest producer of fruits in the world. In which the 
production of Pomegranate was 772000 MT in 2011-2012 (NHB 
Database 2012) which was cultivated in 112000 hectares. It is available 
all through the year. India plays a significant role in export of 
pomegranate mainly because of the increase in production of quality 
produce and growth in export value over the years. During 2011-2012, 
30158 MT of pomegranate was exported which resulted a value of Rs. 
14727 lakhs (APEDA Database). It has been estimated that during the 
year 2012-2013 pomegranate export will be 36026 MT resulting in a 
value of Rs 23448 lakhs. Thus the potential of pomegranate export is 
growing over the years. The major countries which import from India 
are UAE, Bangladesh, UK, USA, Russia, Nepal, South East Asian 
countries and few African countries. 

For consumer awareness and export quality grade, grading and 
sorting of fruits is necessary. External quality such as size, shape, 
colour, tenderness, hardness is evaluated based on visual judgment 
and hand feel. This subjective grading and sorting causes a risk in 
processing and export. Internal defects such as bruises, dead tissues, 
brown discoloration of the white segments, pale aril colour, arils 

flattened with less colours, blackened arils mass caused by heart rot [3], 
and internal feeders such as weevils cannot be identified using human 
senses and naked eye. Defect of internal break down causes browning 
or blackening of arils, which gives a typical foul smell if unnoticed. 
These internal defects cannot be identified from external appearance. 
These cause a serious threat to the pomegranate processing industry as 
well as export resulting in rejections and quality reduction. 

Computer vision opens up a possibility of internal defects detection 
as manual sorting/inspection is subjective. Many computer vision 
systems have been developed for the quality inspection of food. Machine 
vision, using visible light cameras, is a common vision system used 
for inspection of surface defects of the food, such as bruises, external 
colour, mechanical damages etc. Colour sorter, infrared thermography, 
ultrasound, electrical impedance tomography, X-ray tomography, 
microwave radiometry, and Magnetic Resonance Imaging (MRI) are 
available to detect the internal defects of biological materials.

X-ray inspection has a distinct advantage over other detection
techniques, as it is non-destructive imaging of interior features of 
sample which detects internal defects. This has become increasingly 
common in recent years in food industries of processed foods, packaged 
foods, canned foods, etc., due to increase in emphasis on food safety. 
There are two types of rays in X-ray which are known as, hard X-ray 
(energies above 5-10 keV & below 0.2-0.1  nm wavelength) and soft 
X-ray with low energy (Figure 1).

Butz [4] stated every possible non-destructive technique for
the quality evaluation of the fruits and vegetables. According to the 
quality components of fruits and vegetables are classified into external 
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characteristics (size, colour, shape, etc.) and internal (sugar content, 
acid content, firmness, maturity, internal break downs etc.). Many 
studies on application of X-ray inspection and quality evaluation 
have been reported in the field of agriculture. The internal quality and 
defects of pecan has been checked by Kotwaliwale [5] using digital 
X-ray image at different voltage and current. In case of apple water 
core rot determination has been developed by Schatzki [6]. Shahin [7] 
demonstrated that the extracted image of X-ray can be used to sort 
defective apples by identifying the bruises in apples. The line scanned 
x ray image of the sweet onions, showed that an overall classification 
accuracy of 90% can be achieved. X-ray imaging also shown promising 
results for detecting internal defects in grains. Wheat infested by 
weevils can be identified using the X-ray imaging [8]. X-ray image was 
used to measure the mass of wheat by calculating the total grey value 
of the image by Karunakaran [9]. With the help of soft X-ray insect 
infestation in guava by Jiang [10], detection of weevil in mango by 
Thomas and Reyes [11,12], insect infestation in peaches by Jiang et al. 
translucency in pineapple by Haff [13] has been detected. Blasco et al. 
[14] invented an automatic sorting machine for pomegranate with the 
help of image analysis. 

Joe-Air Jianga had been established the optimum parameters 
(Table 1) for some familiar imported/exported fruits via many 
experiments and equipped in the system database. Therefore the 
optimum parameters will be set automatically by this program after 
choosing the type of the inspected fruit by operator.

The Image captured by any machine vision system is to be 
processed. Morita et al. [15] detected the foreign material from the 
foods by the help of soft X-ray. Image processing system has been used 
increasingly in food industry for inspection and evaluation purposes as 

they can provide rapid, economic, hygienic, consistent and objective 
assessment. Image processing technique is one of the upcoming 
commercial up take in food sector. Research is being made in different 
types of machine vision systems, which has resulted in development 
of new algorithms and hardware techniques for high speed extraction 
of features related to quality factors. Thus the present study is one of 
soft X-ray technique to find the internal defects in pomegranate. As 
to conquer and sustain the international market, there is a need for 
export of high quality products with no internal defects. The objectives 
of this study to determine the internal defects in pomegranate using 
soft X-ray and to develop the algorithm for classification of defective 
pomegranate from healthy one.

Materials and Methods
Samples

Pomegranate samples of Ruby variety were taken for inspection 
from the local market. Good fruits as well as fruits with defects were 
selected from a lot. Selection was done on the basis of random sampling 
method where manually selection is done by external appearance. 30 
fruits were taken for internal detection study using soft X-ray.

Equipment

X-ray images of pomegranate were acquired using soft X-ray 
machine in IICPT. The machine consists of 3 sub parts which are X-ray 
generator controlling unit, transformer and X-ray tube head. By using 
the generator control values of current (mA), voltage (kV) and time 
(sec) of exposure can be controlled. The value of mA and kV will be 
set accordingly for the object to be detected. The best combination will 
be used for capturing best quality image. Transformer generates high 

Wavelength

Photon energy

X-ray crystallography   Mammography         Medical CT              Airport security

1 µm 100 nm    10nm       1nm      100 pm    10 pm     1 pm      100 fm

1 eV       10 eV    100 eV     1 keV     10 keV   100 keV   1 MeV    10 MeV

Figure 1: Electromagnetic Spectrum Radiation.

Type of Fruit Voltage (kV) Current (µA) Exposure Time (s)
Guava 75 125 0.12
Pitaya 75 125 0.12
Pear 75 125 0.12

Apple 75 125 0.12
Peach 65 125 0.12
Mango 75 125 0.12
Sunkist 70 125 0.12

Table 1: The optimum parameters for some familiar imported/exported fruits.
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voltage required for X-ray generation up-to 160 kV and X-rays are 
generated in X-ray tube head. 

Technical Details of the Soft X-ray Machine

X-ray generator

•	 Anode voltage	 0kVp – 160kVp Variable in steps of 1kV

•	 Tube Head	 Hermetically sealed oil bath

•	 Tube Current	 0mA – 5mA variable in steps of 0.1mA

•	 Penetration	 Suitable for all fruits & vegetables

Image generating system

•	 Detector type Area Scan

•	 Detector Area	  185 mm x 140 mm

•	 Image Resolution	  2560 x 1920 pixels

•	 Image Capture	  Manual Trigger synchronized with the 
X-Ray Generator

•	 Image Capture Settings	 Using software interface 
installed in computer

Specification

•	 Power supply	  Stabilized 230V AC single phase 50 Hz

•	 Power consumption 2.5 kV A maximum

•	 Humidity	 10 to 90% RH

•	 Ambient Temperature 150°C to 550°C

Image capture

The Image quality depends on the values of gain, kV and mA, as 
well as exposure time. The best values of these are achieved by trial and 
error method according to the review of literature mentioned in Table 
1 with exposure time of 0.12s, within the gain value ranged between 

40 to 75, current ranged between 90 to 100mA, and with a constant 
voltage of 100kV. Among the above combination best result obtained 
with 40 gain value, 90mA and 100kV which result in better quality 
image for further processing. 

Image processing

The images thus acquired by the machine are processed using image 
processing software (MATLAB 2010b). Algorithm was developed and 
colour map was used for the detection of the defective fruit. 

The Image processing and the defect identification is processed by 
using the following steps in MATLAB algorithm (Figure 2).

Original images converted to gray scale by eliminating the hue and 
saturation information while retaining the luminance. Converting it 
into Black and white image, no of black pixel value was counted which 
represents the non-defected parts. Increasing the contrast of the image 
by mapping the values of the input intensity image to new values to 
make the correct adjustment of the image. The function gray thresh 
automatically computes an appropriate threshold to use to convert the 
gray scale image to binary. In thresholding the gray thresh function uses 
Otsu's method, which chooses the threshold to minimize the intra-class 
variance of the black and white pixels with an intensity value lies in the 
range (0,1). Subtraction of the image from the original image to create 
a more uniform background [16-21]. To provide better performance 
filling operation was made which traces the exterior boundaries of 
objects, as well as boundaries of holes inside the objects, in the binary 
image. Blob Analysis block is used to calculate the statistics for labelled 
regions in a binary image. The block returns quantities such as the 
centroid, label matrix, and blob count. After finishing the program we 
will get the total area of the fruit as well as the non-defected area of the 
fruit in Black pixel count. So subtracting the black pixel count from 
total area we will get the defected area, and from that percentage of 
defected area can be calculated.

In binary image detecting the defect visually is quite difficult. So to 
make it visible, pictures are also converted into RGB format.

START

END

Defected Area
Calculation

Blob
Identification

Background removal and
Filling

Adaptive
Thresolding

Convert into
Binary Image

Total Fruit
Area

Calculation

Soft x-ray Image Transform in
Gray Image

Adjust the Contrast

Count No
of Black

Pixel

Figure 2: Image Processing in MATLAB for the defective area calculation.
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•	 Convert into RGB – It converts the picture into a label 
matrix, into an RGB colour image for the purpose of visualizing the 
labelled regions. The label2rgb function determines the colour to assign 
to each object based on the number of objects in the label matrix and 
range of colours in the colour map. 

•	 Colour-map – Colour-map shows the density variation in 
the fruits from which differentiation of good and defective fruit is also 
possible.

Results and Discussions
Soft X-ray machine was used for capturing the images of 

pomegranate. Captured images are difficult to differentiate the defective 
and the good one. This soft X-ray images needs to be further processed 
as described above.

Method A- RGB images

Black arils are found in the pomegranate either for over ripening 
or for mould growth. These types of damages and the defects are not 
visible from the outside.This non desturctive method is the best way for 
the explanation and the detection of the internal damages. 

Figure 3 described the picture of the original good fruit sample, 
images of the cut fruit, x ray image and the final processed image. There 
is no defect inside the sound fruit which gives a uniform colour in the 
RGB image, whereas Figure 4 is used forth defective fruit. The final 
RGB image also shows that there is a non-uniformity in the colour and 
the doted area signifies the defect which matches the defect in the cut 
fruit.

Method B – Colour-map images

A colour-map is an m-by-3 matrix of real numbers between 0.0 
and 1.0. The k-th row of the colour-map defines the k-th colour by 

specifying the intensity of red, green and blue. Colormap is also used 
to detect the density difference in the fruit.Figure 5 is mentioned below 
for good fruit as well as for defective fruit. The Good fruit shows the 
dense and a particular colour where as the defect increases inside the 
fruit, the intensity of that particular colour decreases. In case of the 
defective fruit, density difference is due to the less water content in the 
sample.

Defected area is determined by the proposed algorithm as shown 
in Figure 6

Defected area is calculated in pixel value as well as in cm2. The 
range is varied from (0.21-6.25) cm2 with (0.37-14.46) % of defect. 
Paired t test is performed with 95% significance level. Processed image 
and the manually calculated area gave the mean of 2.81 cm2 and 2.77 
cm2 respectively. Paired standard Deviation is 0.386 with a standard 
error mean of 0.070. With 29 degrees of freedom the t value is 0.469 
with a 95% level of significance which implies that processed image 
gives more accurate result than manually calculated area. 

Conclusion 
A real time X-ray system with a work station for analysis captured 

and sends the images to a computer. The internal defects were 
differentiated based on X-ray absorption of images. The original X-ray 
images were not cleared; it was not easy to detect the internal quality 
of the fruit. Computer algorithms were developed to differentiate 
between sound and internally defected pomegranate fruits. These 
algorithms will detect the defects based either on absorption of X-ray 
and based on processed binary and RGB images. The algorithms were 
tested by providing samples of sound fruits and samples of fruits with 
natural and artificially induced defects. The integrity and effectiveness 
of the developed algorithm were tested based on several samples of 
sound and defected fruits. An obvious improvement in recognition 

Figure 3: (a) original image; (b) Cut fruit image; (c) X-ray image; (d) Processed RGB image for good fruit.

Figure 4: (a) original image; (b) Cut fruit image; (c) X-ray image; (d) Processed RGB image for defective fruit.
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capability of the designed system compared to that of the conventional 
method (visual inspection) was obtained. Thus the propose system and 
the algorithm is suitable for the improvement of the accuracy and the 
efficiency of the checking of the internal quality of the fruits. The exact 
defect is also determined by the area calculation algorithm which shows 
the value of the defected area in each fruit. In future this developed 
technology can be a promising computer vision system for detecting 
the pomegranate with internal and mechanical defects. This will make 
it easy for maintaining high grade export quality of pomegranate. 
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