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ABSTRACT 
Every year tons of fruits are processed in agro and food processing industry. The quality of the fruit plays a vital and 

is determined by shape, color and size. Manual sorting is one method to sort the fruits that is tedious and takes more 

time to process. To avoid the above difficulties, automatic sorting and grading can be done using machine vision 

system. Machine vision methods provide automatic inspection and analysis based on images. Images used for 

machine vision can be hyper spectral and multi spectral images. The images taken from the camera is affected by 

some sources of noise. This paper reviews the various techniques used in automatic inspection of fruits using 

machine vision techniques for defects identification in different fruits and also reviews about the removal of noises.  
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INTRODUCTION 
Agro industry means industry connected with agriculture. The main task of the agro-industry focuses the 

postharvest process such as processing the agricultural products after harvest and storing the products for 

domestic applications. Postharvest process includes cooling, cleaning, sorting, grading and packing. The 

quality of the fruits is determined by the post harvest process. Sorting is one of the post harvest process 

which upgrades the product is accomplished based on texture, appearance, size and shape. One type of 

sorting the fruits, known as manual sorting is performed by human operators, in which the operators 

individually check the fruit quality by means of visual inspection
1
. This process is tedious, takes more 

time to process, and difficult to appoint the trained persons for inspection of fruits. These disadvantages 

can be overcome by machine vision assisted sorting technique which is accurate, cost effective and much 

faster. The steps used in machine vision include the capturing the images, analysis and processing of 

images, making easy to achieve the objective and nondestructive assessment to determine visual quality 

characteristics in food products. In recent years most of the agricultural and food industries use the image 

processing and machine vision techniques. These techniques are used in the fields of sorting and grading 

the fruits, detecting defects in the fruits. The quality attributes such as shape, size, color and other external 

features are analysed using machine vision techniques. These attributes are analysed in visible, UV and 

NIR regions. Machine vision techniques provide more amount of information about the nature and 

attributes present in the scene. The methodologies used in machine vision system and the applications are 

explained by Yud-Ren Chen et al.
2
. Among the different methodologies one of the techniques known as 

hyper spectral imaging techniques was explained by D. Lorente et al. for inspection of fruits and 

vegetables
3
. K.Vijayarekha reviewed the machine vision approaches used for automatic sorting and 

grading of vegetables and fruits
4
. 

 

Apples 

Every year tons of apples are produced, and harvested throughout world. To produce good quality fruits it 

is necessary to find defects in a fruit. Human operators examine the fruits by visually which is tedious and 

takes more time to process. So machine vision and image processing techniques are used. Also these 

techniques are used for robot guidance. The defects present in apple fruit are skin color defects, bruising, 
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insect damage, diseases and more. Ghobad Moradi et al. proposed an algorithm to determine skin color 

defects based on fuzzy c-means logic with histogram
5
. By using this algorithm first they convert the RGB 

image into L*a*b color space. Secondly active counter model algorithm was used to extract the fruit 

shape. Finally the image was segmented to find defects. The authors achieved 96% of defected pixels and 

91% of strong pixels. Instead of using one sensor, combination of three sensors was used to determine the 

quality of the fruit by the authors Zou Xiao Bo et al.
6
. They combined an electronic nose system, a 

machine vision system and a near-infrared spectrophotometer to measure the attributes like sugar content, 

color, size, shape and aroma. A recently developed technique known as hyperspectral analysis was used 

to identify the bruises in one variety of apples known as golden delicious and the fluorescence images 

were combined to separate stem-end and calyx regions from the bruises
7
.  El Masry G. et al.  also 

established imaging technique based on hyperspectral images in the regions of visible and near infrared 

for stem recognition in four apple cultivars
8
. In this partial least square algorithm was used to collect the 

information about the surfaces and maximum likelihood classification method was used to classify apple 

images to locate the stem using its unique spectral signature. This system successfully classified the 

images with and without stem. The quality inside of the apple fruit was analysed by means of on line x-

ray sensor and computer vision techniques by the authors Fuzeng Yang et al. to detect mould core 

apples
9
. They used lifting wavelet to obtain low frequency and high frequency images, histogram 

equalization to enhance the low quality image and canny operator to detect the edge of each apple. The 

algorithm consumed less timing and 92% of defected apples were detected. Devrim Unay and Bernard 

Gosselin introduced segmentation based on neural network and computer vision system to grade the 

apples
10

. In this neural network was used to segment the affected areas of fruit by pixel by pixel and 

supervised classifier was used to grade the fruits based on statistical features. The authors also proposed a 

solution to distinguish stem-end and calyxes of Jonagold apple fruits
11-12

. In this pattern recognition was 

used to differentiate stem-end and calyxes. The second paper explains different classifiers and feature 

selection algorithms used to find defects. The authors found that SVM classifier performed better when 

compared to other classifiers. Some automatic grading systems misclassify the blemishes and stem-end 

and calyxes of apple. David W. Penman introduced a new method using blue light sources and a color 

camera
13

. Blue light was passed through the apples and the reflection patterns were collected using a 

camera. An algorithm was used to analyse these patterns to determine the location of stem and calyxes. 

D.Unay et al. used multi category grading system using single classifier and cascaded classifiers 

(statistical and syntactical classifiers) for bi-colored apples by machine vision using multispectral 

images
14

. In grading using single classifier the high performance was achieved using statistical classifier. 

In cascaded approach both the classifiers performed well and improved recognition rates were achieved. 

Single classifier used only for limited resources. I. Kavdır et al.combined the statistical classifiers and 

neural networks to sort the two varieties of apple known as golden delicious and empire based on texture 

features
15

. The statistical classifiers used in this paper are K nearest neighbor, decision tree, and Bayesian 

classifiers. The results show that the classification accuracy range for golden delicious apples between 

76.5% and 100% and for empire apples between 72.2% and 100% was achieved. Bayesian classifier and 

color vision method was proposed to segment the defects in Jonagold apples by the authors V. Leemans 

et al.
16

.This classifier segments the defects in apples based on color pixels. The results show that this 

method correctly identifies defected pixels and not able to differentiate between pixels in the transition 

area and some in russet. By combining hyperspectral and multispectral image analysis techniques P. M. 

Mehl et al. proposed a solution to find fungal, soil contaminations, and bruises on three cultivar apples
17

. 

In this hyperspectral imaging was used to characterize spectral features of apples and multispectral 

imaging system was used to determine the apple contaminations. Wenqian Huang et al. introduced a 

defect identification method based on support vector machine classifiers and Gabor wavelet transform
18

. 

In this first the images were segmented, then the textural features were extracted using Gabor wavelet 

transform, and SVM classifiers used to analyse these features. Using these techniques the authors 

achieved 85% of defect identification rate. Qingzhong Li et al. developed an automated system to sort 

apple surface defects
19

. The system inspects the four sides of the apple and the algorithm used to find the 

surface defects. It consists of preprocessing, segmentation, stem-end and calyx recognition, and defect 
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area calculation and grading. Results show that the proposed algorithm found the defects effectively. 

Firmness is one of the quality factors that determine grading of the fresh fruit. It was measured by 

multispectral scattering with visible/near-infrared (Visible/NIR) spectroscopy proposed by the authors 

Renfu Lu and Yankun Peng  for two varieties of apples such as red delicious apples and golden delicious 

apples
20

. The images were collected at different wavelengths using visible and NIR spectroscopy and 

individually analysed using Lorentzian distribution function. Results show that multispectral scattering 

method was useful to determine apple fruit firmness. Gamal ElMasry et al. used artificial neural network 

and Hyperspectral imaging techniques to examine the chilling injury in one variety of the apple known as 

red delicious apples
21

. The apple  spectral properties was extracted using imaging techniques in the range 

of 400-1000 nm, classification  and  recognition of firmness changes because of chilling injury was 

determined   by feed-forward back propagation neural networks. The accuracy of   100% and 98.4% was 

achieved using this technique. Zhou Jianmin et al. designed an imaging system based on thermal 

properties to detect bruises in apple
22

. The system consists of apple orientation unit, rotation unit, 

transport unit, heating unit, bruise detection unit and control unit. An infrared camera used to register the 

thermal contrast on surface and these properties were analysed. The results show that this system was 

performed well to detect bruises in apple. K. Vijayarekha used multivariate image analysis method to 

detect defects in apple fruits
23

. The images taken in visible and near infrared regions and principal 

component analysis method used to segment the apples. Instead of using single camera Qiaobao Xu et al. 

used three color camera systems to detect external defects in a fruit
24

. The 3 images were collected using 

3 color cameras at all sides of the apple. Then these images were segmented by multi threshold’s method. 

After this defect identification and counting was performed. The accuracy of 94.5% was obtained using 3 

color camera systems. But this system was not able to distinguish different types of defects. P.Deepa, 

Dr.S.N.Geethalakshmi  used watershed segmentation method to grade the fruits
25

. It combines multi-scale 

edge Detection and water shed segmentation algorithm. The results show that this method segments the 

defects in a fruit. Diwan Ariana et al.combined the multispectral imaging in fluorescence mode and 

reflectance mode to detect defects in apples
26

. The images were acquired in visible and near-infrared 

region as a basis for pixel-level classification. The neural networks were used to classify good and 

defective apples. This method was more effective to detect the defects. The quality of the fruit is also 

determined by size and shape of the fruit. Rade L. Radojević et al. proposed digital parameterization 

method to determine size and shape of the fruit
27

. This technique combined the digital pattern recognition 

method, linear fitting and numerical integration. 

 

Citrus Fruits 
Orange is one of the important fruit for domestic use. Different varieties of oranges are available in 

different parts of the world. The classification of orange varieties was explained by the authors Warawut 

Suphamitmongkol et al. using near infrared spectroscopy
28

. They discriminate three orange varieties using 

near-infrared spectrum features and classifications methods including linear discriminant analysis, 

support vector machine, k-nearest neighbor, MCQP, and logistic regression. The oranges were classified 

successfully with good accuracy. Most of the fruits classified based on the quality. The attributes like 

color, size, shape, skin defects determines the quality of the fruit. Eleven  types of defects in citrus fruit 

were explained by the authors Blasco.J et al. and analysed using morphological features
29

. The images 

were collected using visible and NIR cameras and a fruit sorting algorithm combines the information that 

is used to discriminate defects. The results show that defects were effectively distinguished in 94% of 

cases and some errors occur due to confusion between those caused by med fly andoleocellosis, because 

they can present similar colors and shapes. 

N.Aleixos et al. developed a machine vision system including parallel hardware and software to estimate 

external features of citrus fruits
30

. A multispectral camera was used to acquire the images and the features 

like size, shape, defects are estimated using an algorithm. The ability of the algorithm was able to detect 

93% of bad-positioned fruits. The authors also developed a system using multispectral techniques and 

digital signal processors to inspect citrus fruit defects
31

. The external defects in 94% of the cases were 

identified and the time for processing the images was reduced using this system. Jose J. Lopez et al. 
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introduced a system for quality control by detecting flaws in citrus fruit
32

. The images were acquired and 

segmented the faulty zones using sobel gradient. Then different classifiers such as nearest neighbor, k-

nearest neighbors were used for classification. By using this, authors achieved good classification rate. An 

automated grading system for oranges was introduced by Michael Recce et al. based on their surface 

characteristics
33

. First a neural network classifier used to analyse the color view histograms of an orange. 

Second the defects were identified using five independent masks and a neural network classifier. 

MingHui Liu et al. proposed a system to detect blemishes in an orange
34

. The orange skin was classified 

based on the intensity layers. Then these layers were examined to find the blemishes in the skin. By using 

this system 97% of blemished oranges and 96% of good oranges were classified correctly. J. Gómez-

Sanchis et al. used hyperspectral imaging techniques to find the rotten mandarins
35

. Visible and near 

infrared lighting was used to collect images at proper wavelength and the methods like mutual 

information ,   stepwise or genetic algorithms  and correlation analysis were used to detect rotten fruits. 

This method correctly classifies the rotten fruits when compared to ultraviolet illumination. Few infected 

fruits cause major damage and economic losses.  K.Vijayarekha explained a method to classify the 

defects such as pitting, splitting and stem end rot using linear discriminant analysis classifier for 

clustering
36

. Four feature sets known as statistical features, Fourier transformation based features, 

stationary wavelet transformation based features and discrete wavelet transformation based features were 

extracted from citrus fruits and classified. Among the four, the stationary wavelet transformation based 

features provides better classification rate. She classified the external defects using the feature sets known 

as wavelet packet transform, stationary wavelet transform and discrete wavelet transform based features 

and their performances were compared with neural network classifier
37

. The results show that the 

performance of stationary wavelet transform is better than others. K.Vijayarekha and R.Govindaraj 

explained a wavelet packet transform based on image processing algorithm and artificial neural networks 

to classify the citrus fruits defects
38

. The mean, standard deviation and approximation sub windows were 

used to extract features for classification. The results shown that the system provide better classification 

rate. A feature selection methodology for hyperspectral images was proposed by Delia Lorente et al. to 

detect decay in a fruit
39

. The receiver operating characteristic curve selects the optimal features in 

multiclass problems and the classifier known as is a multilayer perceptron, trained with extreme learning 

machine used to classify the defective fruits. The method produced classification at the success rate of 

89%.Peilin Li et al.used Fisher Linear Discriminant Analysis method to identify ripeness stage
40

. The 

information was acquired using cold mirror acquisition system from fruits and background area. The 

nearest neighbor classification method was used to classify fruit and background information. The results 

show that this method provides best identification result. The authors also explained the cold mirror 

system for identification of citrus fruits
41

.It consists of two charge coupled device cameras and a cold 

mirror to capture the images. Segmentation process was used to classify the images. K.Vijayarekha 

explained the segmentation techniques used to identify the external defects of citrus fruits
42

. The 

segmentation using color RGB vectors, segmentation using contrast stretching, segmentation using 

reference imaging, and iterative intensity enhancement were used for the experiment. The results show 

that the contrast stretching gave the satisfactory results to find defects, color segmentation was used to 

find presence defects only for further applications, reference image method gave the better results to 

found stem-end rot and iterative intensity enhancement performed well to found all the defects but more 

time was consumed for processing images. A Machine vision method was developed to detect the shape 

of the Satsuma segments (Citrus Unshiu) and sort them according to the morphological features by J. 

Blasco et al. 
43

.Two charge coupled device cameras were used to acquire the images and the 

morphological features were extracted to classify the broken   and whole fruit. The authors achieved 

93.2% classification of fruits using this system. Jianwei Qin et al. developed a system based on 

hyperspectral reflectance imaging to detect citrus canker disease
44

. The images were acquired using 

hyperspectral reflectance technique, analysed and the features were extracted using principal component 

analysis. These features were used to discriminate the defected fruits and sound fruits. The classification 

accuracy was 92.7%.Fernando Lopez Garcia et al. presented an approach to detect defects in random 

color textures using multivariate image analysis strategy and T
2
 statistic

45
. Reference Eigen space was 
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created using MIA strategy with principal component analysis, and the defect maps were created using T
2
 

statistic to find defected fruits. The results shown that3.5% of false detections and 91.5% of correct 

detections were achieved with this method. 

 

Other Fruits 
Gamal ElMasry et al. used a method known as imaging based on hyperspectral images to measure the 

qualities of a strawberry
46

. The qualities such as moisture content, total soluble solids, and acidity were 

tested in visible and near-infrared regions with the wavelength of 400-1000nm. Partial least squares (PLS) 

analysis and multivariate calibration technique were used to select the optimal wavelengths
47

. These were 

used to construct the multiple linear regression model to determine quality attributes. The texture features 

were also analysed to determine ripeness stage and the results shown that 89.61% accuracy was achieved. 

The characteristics such as size, Shape and color are used to grade the strawberry fruits. The automated 

system to grade the strawberry fruits were designed by Xu Liming and Zhao Yanchao based on these 

characteristics
48

. Lines and K-means clustering method was used to collect shape information. Dominant 

Color method into the a* channel was used to describe the color information and the size was determined 

by largest fruit diameter. The results shown that the accuracy of color grading and shape classification 

was 88% and 90% respectively. J. Blasco et al. explained a method to arrange the pomegranate arils. The 

system consists of inspection unit, segmentation unit and sorting unit
49

. The inspection unit consists of 

two cameras used to acquire the images. The segmentation methods used here were threshold on the R/G 

ratio and Bayesian Linear Discriminant Analysis in the RGB space. Using this system the pomegranate 

arils were successfully sorted. Bruises are one of the diseases which cause internal damage to the fruit 

and affect the quality of the fruit. Diwan P. Ariana et al. developed a system to find bruises in cucumbers 

using Near-infrared hyperspectral reflectance imaging system
50

. They collected images in the region of 

900-1700 nm and band difference, band ratio and principal component analysis were used to distinguish 

the defected fruits and the normal fruits. The results show that the best accuracy for classification of 

bruise was obtained using 988 and 1085 nm, the best classification was achieved by 1346 and 1425 nm. 

The hyperspectral imaging technique was also used to detect chilling injury in cucumbers developed by 

Y. Liu et al.
51

.The analysis at the range of 700- to 850-nm visible/NIR region using region of interest 

features of injured areas. Spectral band algorithms and principal component analysis were used 

discriminate good cucumbers from injured ones. The results show that 90% of classification was 

achieved. The internal qualities of grape fruits were analysed by   Songjing Wang et al. using color 

features
52

. The internal qualities of grapes are total soluble solids content and pH values. The color 

features were extracted and a model was developed using least-squares support vector machines. The root 

mean square error for prediction produced the predicted values for pH and soluble solid contents. Yousef 

Al Ohali developed a model to sort and grade the date fruits
53

. They extracted the external quality features 

from RGB images of date fruit and the neural network classifier was used to classify the images and then 

the grades were assigned. The model achieved an 80% classification of date fruits. Ali Bulent Koc used 

image processing methods to determine volume of watermelons
54

.The volume was estimated using 

ellipsoid approximation and image processing methods and sorted for other applications. Jing LI et al.  

created a system using hyperspectral imaging technique using LASER source for analysing naval orange 

and kiwi fruit
55

. In navel orange pesticide residue was detected and in kiwifruit the qualities like firmness, 

vitamin C content and sugar content were detected using this system. Muhua Liu et al. used an imaging 

technique known as hyperspectral laser-induced fluorescence to measure the soluble solid contents in two 

varieties of oranges such as nanfeng orange and navel orange
56

. The hyperspectral images taken in the 

wavelength between 700 and 1100 nm. The linear regression model was used to predict the soluble solid 

content. The results show that the correlation coefficient of 0.96 for navel orange and 0.998 for nanfeng 

orange was achieved. A. M. Aibinu et al. proposed a technique to sort the fruits such as apple, banana and 

mango
57

. The acquired images were segmented, then the shape information was extracted using Fourier 

descriptors and signatures were estimated by spatial domain analysis. The artificial neural network was 

used to detect the fruit based on color. 
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Image Noise 
A random variation in brightness or color information of an image is known as image noise that can be 

occur at the time of capturing the images, during transmission and processing the images.. It degrades the 

quality of the image. The different types of noises are Uniform noise, salt and pepper noise, shot noise, 

Gaussian noise, dark current noise and read noise. These are produced by circuitry of scanner or digital 

camera and sensor. Error in analog to digital converters, bit errors in transmission creates salt and pepper 

noise. Shot noise is one of the types of noise caused by variations in the photon level and uniform noise is 

caused by quantizing pixels in an image. Bogdan Smolka proposed a technique known as peer group 

concept with switching filter to remove the impulse noise in color images
58

. The impulse noise is caused 

by errors in memory systems or disturbances in transmission channels, faulty image sensors. The sum of 

the pixel distances to two closest neighbors was calculated and compared with the threshold value. If the 

sum exceeds the threshold, then the pixel is declared as corrupted and replaced, otherwise it is retained. It 

is simple and less complex method to remove noises from the color image. Raghad Jawad Ahmed 

developed two filters known as Near Distance Filter and Far Distance Filter to remove noise and enhance 

the image
59

. The distance between image pixels and their neighbors were calculated using these filters 

and, that values used to enhance abnormal pixels. The better quality image was produced by these filters 

when compared to mean filter. Jin-jing Wang et.al introduced a method to locate the apple fruit using 

robot vision system
60

. In this they used support vector machine method to recognize the fruit. The noise in 

fruit images was removed using vector median filter. Guo Feng and Cao Qixin used machine vision 

system to sort the fruits automatically
61

. In this they used blob algorithm to remove noises in an image. In 

this a threshold value stated to compare blocks in an image. If the blobs are smaller than the threshold will 

be removed from the image.M.B. Lak et.al used edge detection, shape and color based algorithm to 

recognize the apple fruit
62

. In this they used Gaussian low pass filter to reduce the noise. This algorithm 

produced 83.3% of accuracy to identify the fruit. K.Manjula et al. explained about the denoising of signal 

using wavelets
63

.She also discussed about different wavelet transform techniques for noise reduction
64

. 

 

Other Applications 
Quality is the important factor in food processing industry. Learning techniques combined with machine 

vision to achieve the quality of the product. The role of learning techniques in machine vision system was 

explained by Cheng-Jin Du and Da-Wen Sun
65

.The authors explained the features and applications of 

learning systems such as decision tree, statistical learning, genetic algorithm ,fuzzy logic, , and artificial 

neural networks.  The features such as intensity, texture color and shape were used to classify the fruits.  

S.Arivazhagan et al. used only two features such as color and texture for recognizing the fruit
66

. Wavelet 

transform and minimum distance classifier were used in this system. Another classification was achieved 

based on color features of the fruit by Nur Badariah Ahmad Mustafa et al.
67

.They developed a system 

using digital image processing and artificial neural networks to classify apples, bananas, carrots, mangoes 

and oranges. Fruits morphological features and color were analysed then classified. The machine 

vision system also used to find diseases in citrus fruit leaves. This was proposed by R. Pydipati et al. 

using color co-occurrence method (CCM) with statistical classification algorithms
68-69

. This accuracy of 

96% was achieved using this method. C. Fernandez et al. introduced an automated visual inspection 

system to find the quality of preserved orange segments
70

. The features were extracted from the images 

and analysed by on-line capabilities. The speed of the system was high. Yaowarat Sirisathitkul et al. 

developed a technique to find the maturity of Chokun oranges by color grading based on image 

processing technique
71

. The system consists of a CCD camera to capture the images and a classifier to 

make decision. The accuracy of 89% was achieved using this system to sort the fruits. Qiang Lu et al. 

proposed a method to detect dry matter of kiwifruit using near infrared spectroscopy
72

. Synergy interval 

partial least square was used to select the wavelengths and four data sets were obtained to create model. 

Milad Fathi et al. developed a system to control osmotic dehydration and color changes of kiwi fruit using 

image processing techniques and artificial neural network
73

. A multilayer network  was formed to 

estimate the color changes, solid gain and water loss and found that the best results was provided using 

this system. S. Md. Iqbal et al. explained design and implementation of machine vision method used for 
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automatic grading and sorting of apples
74

. They designed two systems, both were same in structure, but 

the orientation of fruit was horizontal in one system and vertical in other system. Machine vision system 

also used to assist robots for fruit picking.  

 

Robot Assistance 
Bulanon, D.M. et al.  used machine vision system to assist the apple harvesting robot to locate the red fuji 

apples
75

. A color charge coupled device camera was used to acquire the images and processed using fruit 

recognition algorithm. Lv Xiao-lian et al. used machine vision system to identify the location of 

tomatoes
76

. Morphological and object extraction and three-dimensional reconstruction method of space 

point were used to locate the tomatoes. The experimental results show that the system used to identify 

98% of maturity fruits. De-yuan Kong et al. used least squares support vector machine for fruit 

recognition and binocular vision for calibration to locate the apples for picking using apple harvesting 

robot stereo vision system
77

. The color and shape features were used to identify the apple fruit and 90% 

accuracy was achieved using this system. Ankush Roy et al. developed a system to locate the 

pomegranates in trees
78

. They used image processing algorithms and k-means clustering method to locate 

a fruit from 25 video sequences and 96.3% of efficiency was achieved. L. Yang et al. developed a method 

to identify mature fruits for automatic harvesting
79

. The 3-D reconstruction method, color layer growing 

and depth segmentation were used to locate the fruit.  A.R. Jimenez, R. Ceres and J.L. Pons used infrared 

laser radar, restoration technique and image processing algorithms to recognize orange fruit images that 

have been applied to fruit harvester robot
80

. 

 

CONCLUSION 
Sorting and grading are important processes of post harvesting process. Defects in a fruit affect the 

quality and produce economic losses. Manual sorting is time consuming process. So automated sorting 

known as machine vision techniques such as hyperspectral imaging, multi spectral imaging, X-ray 

machine vision, near-infrared analysis are used for fruit recognition. Noise removal is one of the 

preprocessing steps that enhance the image for further processing. This paper summarized machine vision 

techniques and explained the usage of these techniques for different tropical fruits. Also the machine 

vision applications used for robot assistance are discussed in this paper. Hyperspectral imaging is suitable 

to detect defects in visible and near-infrared region. A technique known as multivariate analysis with 

principal component analysis is used to detect defects in citrus fruits.  

 

REFERENCES 
1. Sergio Cubero, Nuria Aleixos, Enrique Moltó, Juan Gómez-Sanchis , Jose Blasco, Food Bioprocess 

Technology, 487,(2011). 

2. Yud-Ren Chen, Kuanglin Chao, MoonS. Kim,Computers and Electronics in Agriculture, 36,173( 

2002). 

3. D. Lorente,  N. Aleixos, J. Gómez-Sanchis , S.Cubero , O. L.García-Navarrete , J. Blasco, Food 

Bioprocess Technology, 5,1121,(2012). 

4. K.Vijayarekha, Research Journal of Applied Sciences, Engineering and Technology, 4(24), 5453, 

(2012). 

5. Ghobad Moradi, Mousa Shamsi, Mohammad Hossein Sedaaghi, Setareh Moradi, IEEE, (2011). 

6. Zou Xiaobo, Zhao Jiewen, IEEE, (2005). 

7. Juan Xing, Romdhane Karoui , Josse De Baerdemaeker , Sensors and  Instrumentation Food 

Quality,105, (2007). 

8. G.ElMasry, S.M.Radwan,M.S.El-Amir, N.Wang, New Trends in Agricultural Engineering, 838, 

(2006). 

9. Fuzeng Yang，Liangliang Yang  , Qing Yang, Likui Kang , Computer and Computing Technologies 

in Agriculture II,  295,1699,(2009). 

10. Devrim Unay, Bernard Gosselin, IEEE, (2005). 



 
Vol. 7 | No.1 | 104-113 | January - March| 2014 

MACHINE VISION APPLICATIONS TO LOCATE FRUITS                                                                            P. Vimala Devi  and K.Vijayarekha 111 

11. Devrim Unay, Bernard Gosselin, Computer Vision and Graphics, Springer, 420, (2006). 

12. D. Unay, B. Gosselin,Journal of Food Engineering, 78,597,( 2007). 

13. David W. Penman, Computers and Electronics in Agriculture, 7, (2001). 

14. Devrim Unay, Bernard Gosselin,Olivier Kleynen, Vincent Leemans, Marie-France Destain, Olivier 

Debeir, Computers and Electronics in Agriculture ,( 2010).  

15. I. Kavdır , D.E. Guyer, Biosystems Engineering, 331, (2004). 

16. V. Leemans, H. Magein, M.-F. Destain, Computers and Electronics in Agriculture, Elsevier, 43, 

(1999). 

17. P. M. Mehl, K. Chao, M. Kim, Y. R. Chen, Applied Engineering in Agriculture, 18(2), 219, (2002).  

18.  Wenqian Huang, Chi Zhang, and Baihai Zhang, International Federation for Information 

Processing, 343,(2012). 

19. Qingzhong Li a, Maohua Wang b, Weikang Gu, Computers and Electronics in Agriculture, 215, 

(2002). 

20. Renfu Lu and Yankun Peng, Information and Technology for Sustainable Fruit and Vegetable 

Production FRUTIC, 05, (2005). 

21. Gamal ElMasry, NingWang, Clement Vigneault, Postharvest Biology and Technology, Elsevier, 1, 

(2009). 

22. Zhou Jianmin, Zhou Qixian, Liu Juanjuan, Xu Dongdong, IEEE, (2010). 

23. K.Vijayarekha, IEEE,( 2008). 

24. Qiaobao Xu, Xiaobo Zou  , Jiewen Zhao, Computer and Computing Technologies in Agriculture II, 3, 

2231. 

25. P.Deepa, Dr.S.N. Geethalakshmi, IEEE, (2011). 

26. Diwan Ariana, Daniel E. Guyer, Bim Shrestha, Computers and Electronics in Agriculture 50,148, 

(2006). 

27. Rade L. Radojević, Dragan V. Petrović, Vladimir B. Pavlović, Zoran M. Nikolić and Mirko P. 

Urošević, African Journal of Agricultural Research ,6(13),3131, (2011) 

28. Warawut Suphamitmongkol, Guangli Nie, Rong Liu, Yong Shi, IEEE, (2011). 

29. J. Blasco, N. Aleixos, J. Go´mez-Sanchı´s, E. Molto, Bio systems engineering, Elsevier, 103, 137, 

(2009). 

30. N.Aleixos, J.Blasco,E .Molto, F.Navarron, IEEE,( 2000). 

31. N. Aleixos, J. Blasco, F. Navarron, E. Molto, Computers and Electronics in Agriculture, 33, 121, 

(2002). 

32. Jose J.Lopez, Maximo Cobos, Emanuel Aguilera, Neural Computer and Applications, 20,975, (2011). 

33. Michael Recce, John Taylor, Alessio Plebe, Giuseppe Tropiano, IEEE, (1996). 

34. MingHui Liu1, Gadi Ben-Tal1, Napoleon H. Reyes, and Andre L.C. Barczak, Springer, 675, (2009). 

35. J. Gómez-Sanchis, G. Camps-Valls, E. Moltó, L. Gómez-Chova, N. Aleixos and J. Blasco, 

Springer,1071,(2008). 

36. K.Vijayarekha, Research Journal of Applied Sciences, Engineering and Technology, 4(24), 5484, 

(2012). 

37. K.Vijayarekha, Research Journal of Applied Sciences, Engineering and Technology, 4(24), 5502, 

(2012). 

38. K.Vijayarekha, R.Govindaraj, IEEE, (2008). 

39. Delia Lorente, Nuria Aleixos, Juan Gómez-Sanchis, Sergio Cubero, Jose Blasco, Bioprocess 

Technology ,Springer,(2011). 

40. Peilin Li,Sang-Heon Lee,Hung-Yao Hsu, IEEE,( 2011). 

41. Peilin Li,Sang-Heon Lee,Hung-Yao Hsu, IEEE,(2011). 

42. K.Vijayarekha, Research Journal of Applied Sciences, Engineering and Technology, 4(24),   5313, 

(2012). 

43. J. Blascoa, N. Aleixos, S. Cuberoa, J. Gómez-Sanchís, E. Moltó, Computers and electronics in 

agriculture, 66 ,1,(2009). 



 
Vol. 7 | No.1 | 104-113 | January - March| 2014 

MACHINE VISION APPLICATIONS TO LOCATE FRUITS                                                                            P. Vimala Devi  and K.Vijayarekha 112 

44. Jianwei Qin, Thomas F. Burks, Moon S. Kim, Kuanglin Chao, Mark A. Ritenour, Sensors and 

Instrumentation. Food Quality, 2, 168, (2008). 

45. Fernando López-Garcíaa, Gabriela Andreu-Garcíaa, José Blascob, Nuria Aleixosc, José-Miguel 

Valiente, Computers and Electronics in Agriculture, 71 ,189,(2010). 

46. Gamal ElMasry, Ning Wang  , Adel ElSayed, Michael Ngadi, Journal of Food Engineering, 81, 

98,(2007). 

47. Karthik. D, Vijayarekha. K, Manjula.K, IEEE-International Conference on Advances in Engineering, 

Science and Management, ICAESM-2012, art. no.6215610, 272, (2012). 

48. Xu Liming, Zhao Yanchao, Computers and Electronics in Agriculture, 71S, S32, (2010). 

49. J. Blasco , S. Cubero , J. Gómez-Sanchís , P. Mira, E. Moltó, Journal of Food Engineering, 90, 

27,(2009). 

50. Diwan P. Ariana, Renfu Lua, Daniel E. Guyer, Computers and Electronics in Agriculture, 53, 60, 

(2006). 

51. Y. Liu, Y. R. Chen, C. Y. Wang, D. E. Chan, M. S. Kim, Applied Engineering in Agriculture , 

American Society of Agricultural and Biological Engineers, 22(1),101,(2006).  

52. Songjing Wang, Di Wu, Jiansong Yao, Kangsheng Liu and Yong He, African Journal of Agricultural 

Research, 7(7),1142,(2012). 

53. Yousef Al Ohali, Journal of King Saud University – Computer and Information Sciences, 23, 29, 

(2011). 

54. Ali Bulent Koc, Postharvest Biology and Technology, 45,366, (2007). 

55. Jing LI, Long XUE, Mu-hua LIU, Zhan-long LI, Yong YANG, Proceedings of SPIE, 7276, 72760R-

1, (2009). 

56. Muhua Liu, Luring Zhang , Enyou Guo, Computer and Computing Technologies in Agriculture,1,51. 

57. A. M. Aibinu, M. J. E. Salami, A. A. Shafie, N. Hazali and N. Termidzi, IEEE, (2011). 

58. Bogdan Smolka, IEEE, (2013).  

59. Raghad Jawad Ahmed, U.P.B. Sci. Bull., Series C, 73(1), (2011). 

60. Jin-jing Wang, De-an Zhao, Wei Ji, Jun-jun Tu, Ying Zhang, IEEE, (2009). 

61. Guo Feng and Cao Qixin, Proceedings of the 5
th
 World Congress on Intelligent Control and 

Automation, Hangzhou, P.R. China, (2004). 

62. M.B. Lak, S. Minaei, J. Amiriparian and B. Beheshti, Advance Journal of Food Science and 

Technology, 2(6), 325, (2010). 

63. Angam Praveen, Nikhilesh, K.Vijayarekha, K.Manjula and     B.Venkatraman,   Research Journal of 

Applied Sciences, Engineering and Technology, 4(24), 5534, (2012). 

64. K.Manjula, K.Vijayarekha, and B.Venkatraman, Research Journal of Applied Sciences, Engineering 

and Technology, 6(24), 4595. 

65. Cheng-Jin Du, Da-Wen Sun, Journal of Food Engineering, 72, 39, (2006). 

66. S.Arivazhagan, R.Newlin Shebiah, S.Selva Nidhyanandhan, L.Ganesan, Journal of Emerging Trends 

in Computing and Information Sciences, 1(2), (2010). 

67. Nur Badariah Ahmad Mustafa, Kumutha Arumugam, Syed Khaleel Ahmed, Zainul Abidin Md 

Sharrif, IEEE, (2011). 

68. R. Pydipati, T.F. Burks, W.S. Lee, Computers and Electronics in Agriculture, 52 , 49, (2006). 

69. Karthik.D, Vijayarekha.K, Research Journal of Applied Sciences, Engineering and Technology, 4 

(24), 5357, (2012). 

70. C. Fernandez, J. Suardiaz, C. Jimenez, P.J. Navarro, A. Toledo, A. Iborra, IEEE, (2002). 

71. Yaowarat Sirisathitkul, Naphasorn Thumpen And Weerayut Puangtong, Walailak J Science and 

Technology, 3(2), 195, (2006). 

72. Qiang L¨ua, Ming-jie Tang, Jian-rong Cai, Hua-zhu Lu, ScienceAsia, 36, 210, (2010). 

73. Milad Fathi, Mohebbat Mohebbi,Seyed Mohammad Ali Razavi, Food Bioprocess Technology, 

4,1357, (2011). 

74. S. Md. Iqbal, D. Ganesan and Dr. P. Sudhakara Rao, J. Instrum. Soc. India, 34(3), 153. 

75. Bulanon, D.M., Kataoka.T,  Ukamoto.H, Hata.S, SICE Annual Conference in Sapporo,(2004) 



 
Vol. 7 | No.1 | 104-113 | January - March| 2014 

MACHINE VISION APPLICATIONS TO LOCATE FRUITS                                                                            P. Vimala Devi  and K.Vijayarekha 113 

76. Lv Xiao-lian,Lv Xiao-rong, Lu Bing-fu, IEEE,(2011). 

77. De-yuan Kong, De-an Zhao, Ying Zhang, Jin-jing Wang and Hai-xia Zhang, IEEE, (2010). 

78. Ankush Roy,Suvadeep Banerjee, Debayan Roy, Anupam,IEEE,(2011). 

79. L. Yang, J. Dickinson, Q. M. J. Wu, S. Lang, IEEE, (2007). 

80. A.R. Jim´enez, R. Ceres and J.L. Pons, IEEE, (1999). 

[RJC-1111/2014] 

 

Water: Research & Development [Water R&D] 
www.waterrnd.com ;ISSN: 2249-2003 

[Abstracted in :  Chemical Abstracts Service, USA and CAB(I) , UK] 
________________________________________________________________________________________________________ 

WaterR&D is an international Research Journal, dedicated to ‘Water’. It is a truly interdisciplinary journal on water 

science and technology. It’ll showcase the latest  research related to Water in the field of chemistry, physics, 

biology, agricultural, food, pharmaceutical science, and environmental, oceanographic, and atmospheric science.  It 

includes publication of reviews, regular research papers, case studies,   communications and short notes. 

Manuscript Categories: Full-length paper, Review Articles, Short/Rapid Communications. 

Manuscripts should be addressed to: 

E-mail: waterrd@gmail.com 

Important: There is no printing, procession and postal charges are involved for the publication. 

 

International Journal of 

Chemical, Environmental and Pharmaceutical Research 
www.ijcepr.com; www.ijcepr.in 

ISSN: 2229-3892(Print); ISSN: 2229-5283(Online) 

[Abstracted in :  Chemical Abstracts Service , American Chemical Society, USA and CAB(I) , UK] 
________________________________________________________________________________________________________ 

ijCEPr widely covers all fields of Chemical, Environmental and Pharmaceutical Research. 

Manuscript Categories: Full-length paper, Review Articles, Short/Rapid Communications. 

Manuscripts should be addressed to: 

E-mail: ijcepr@gmail.com 
Important: There is no printing, procession and postal charges are involved for the publication. 

 

Adopt GREEN CHEMISTRY  and Save Our Planet. 

We publish papers of Green Chemistry on priority. 

 

 


