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ABSTRACT: Olive is one of fruits which are consumed freshly and its oil is used for cooking food, 
producing drug and industrial purposes. Nowadays, by increasing olive production, it is necessary to 
design and fabricate mechanized implements with high precision in sorting and grading processes in 
order to increase production output. To discriminate the defected and sound olives by image processing 
technique, RGB, HSV and L*a*b* color parameters were used. By selecting the appropriate features, 
two groups of olives were classified. This task was conducted by classification analysis in toolbox of 
SPSS software and the classification value was computed. A computer program, written in MATLAB 
2011a, was used to process and analyze the images. In this research also two types of lighting methods 
were used to investigate effects of different types of lighting on discrimination. By conducting the 
discriminant analysis, the classification value using Florescent Lamp (FL) and LED Lamps (LL) were 
(90%) and (75%) respectively. 
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INTRODUCTION 
 

 Quality is one of the most important factors in marketing of agricultural products. Grading machines have great 
importance in quality inspection systems. Most of the current grading machines operate based on machine vision 
systems to detect blemishes and defects of products, where one image or more are taken for each individual object 
and the results of processing will decide the quality of the object (Ebrahimi, 2011). The presence of skin damages 
in olives is the most decisive factor in determining their external quality as fruit (Riquelme, 2008). Olive is 
organically and mechanically defected in growth stages and conveying process respectively. Thus in bulk of olive 
fruit there are different kinds of defects that reduce the quality of fruit and its oil. Traditionally olive fruit is sorted by 
human. In This kind of sorting low speed and accuracy because of human tiredness and different discrimination is 
the result. Therefore sorting and grading with high speed and accuracy is inseparable part of agricultural production 
and exportation. Detecting and sorting at the least time with high accuracy is the most important part of sorting 
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process. Therefore choosing appropriate conditions for automatic sorting like illuminating in sorting lines is 
necessary to increase the sorting efficiency.         
 A machine vision system (MVS) provides an alternative to the manual inspection of biological products. 
Machine vision is the technological integration of a camera and a computer. Digital image processing, as a 
computer based technique, has been extremely used by scientists to solve problems in agriculture. An image-
capturing system was designed to provide an enclosed and uniform light illumination and to obtain appropriate 
images from the samples. The images were sent via a USB capture device to a computer provided with image 
acquisition and processing toolboxes of MATLAB software (Version R2011a, The Math Works Inc., MA, and USA) 
to visualize, acquire and process the images directly from the computer. Some qualitative information was 
extracted from the objects to be analyzed in the images. This information was used as inputs for classifying the 
samples into sound and defected categories.  
 The image processing method is widely used for sorting and classifying of different kinds of fruits. For example 
Ghazanfari, (1998) used a machine vision system to classify unshelled pistachio nuts based on United States 
Department of Agriculture grades. The grey-level histogram data obtained from the grey-scale images of the nuts 
were analyzed to select a set of suitable recognition features. Based on the analyses, the mean of the grey-level 
histogram over 50-60 grey-level range and the area of each nut (the integral of its grey-level histogram) were 
selected as the recognition features. Leon, (2006) measured Color in L*a*b* units from RGB digital images. Their 
investigation presented five models for the RGB to L*a*b* conversion and they were: linear, quadratic, gamma, 
direct, and neural network. Additionally, a method was suggested for estimating the parameters of the models 
based on a minimization of the mean absolute error between the color measurements obtained by the models, and 
by a commercial colorimeter for uniform and homogenous surfaces. Riquelme, (2008) classified olive according to 
external damage using image analysis. The original images were processed using segmentation, color parameters 
and morphological features of the defects and the whole fruits. They focused on discriminating a large number of 
external defects in olives based on the commercial categories established by product experts. Lopez-Garcia, 
(2010) automatically detected skin defects in citrus fruits using a multivariate image analysis approach. They 
studied usage of a general approach that was originally developed for the detection of defects in random color 
textures. It was based on a Multivariate Image Analysis strategy and used Principal Component Analysis to extract 
a reference eigenspace from a matrix built by unfolding color and spatial data from samples of defect-free peel. 
Test images were also unfolded and projected onto the reference eigenspace and the result was a score matrix 
which was used to compute defective maps. In addition, a multiresolution scheme was introduced in the original 
method to speed up the process. Unlike the techniques commonly used for the detection of defects in fruits, this 
was an unsupervised method that only needs a few samples to be trained. It was also a simple approach that was 
suitable for real-time compliance. Linker, (2012) determined the number of green apples in RGB images recorded 
in orchards. They developed an algorithm for estimating the number of apples in color images acquired in orchards 
under natural illumination .the algorithm was intended to enable estimation of the orchard yield and be part of a 
management decision support system. Garrido-Novell, (2012) used discriminant analysis for Grading and color 
evolution of apples using RGB and hyperspectral imaging vision cameras. The potential of RGB digital imaging and 
hyperspectral imaging (900–1700 nm) was evaluated for discriminating maturity level in apples under different 
storage conditions along the shelf-life. They used discriminant analysis (DA) for dimensionality reduction and RGB 
data analysis. This analysis technique was used because it requires a low number of variables to create the 
functions, a low computational power and it has yielded good results in previous studies (Valero, 2004; 
Herna´ndez-Sa´nchez, 2006).  
 This paper aims to introduce a system which uses machine vision algorithms and discriminant analysis (DA) to 
classify sound and defected fruits of oily variety according to their surface color parameters. The images were 
captured in two different lights in order to investigate effects of lightening type on classification. 
 

MATERIALS AND METHODS 
 

1.Fruit samples 
 Olive cultivar "Oily" obtained from an orchard (Loshan town, Gilan Provence, Iran).  The samples were 
transported to the Mohaggeg Ardebili University and stored in water in order to prevent color changes in 
experimental process. In bulk of the oily variety there were samples which displayed color variations that may have 
been resulted from different environmental growth conditions which causes variations in pigmentation in this 
variety. A total of 80 olives containing 40 for type of illumination including 20 sound olives without any defects and 
20 physically and organically defected olives were randomly selected for this study (Fig 1). 
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Figure 1. sound and defected olive fruits illuminated by flourescent and LED lamps 

 
2. Image Processing 
 The steps involved in image processing are: image acquisition, pre-processing, feature extraction and data 
analysis. A computer program, written in MATLAB 2011a, was used for processing and analyzing the images.  
 
2.1. Image acquisition 
 The image acquisition system consists of a CCD color camera (Sony DSLR- α200) with a resolution of 10.2 
mega pixel and a laptop computer (HP 4530S) to save and process the images.The camera was placed vertically 
on the top of the lighting chamber. The images were captured in an appropriate situation without any vibration.  
Distance between the lens and the sample was constant. The lighting system was composed of a hemispheric 
chamber, two sets of lighting lamps including four rings with a chain of 50 LED lamps for each ring and four 
fluorescent lamps (18W, 220V, 80mA) to investigate and compare effects of lighting type on detection accuracy. 
The chamber was like the one that Riquelme et al (2007) used in their research. In order to get rid of shadows 
around the fruits and light spots on their surface, light was filtered by a white paper which was placed between the 
lamps and the sample. The scheme of the lightening chamber is shown in (Fig. 1). 
 

 
 

Figure 2. Lightening chamber 
 

2.2. Pre-processing 
 For pre-processing the images, the fruit area was separated from the background with the algorithm of Otsu 
(1979),  which is based on statistical and space information of histograms (Gaussians distributions). Using the 
function ‘graythresh’ in toolbox of MATLAB software, the optimal threshold of an image is applied for objects of the 
images. The procedure is very simple: when the threshold (T) is applied, the image is converted automatically into 
binary values (black and white), where ‘1’ means background and ‘0’ foreground (object) (Riquelme et al, 2007): 
 



Intl J Farm & Alli Sci. Vol., 3 (6): 653-658, 2014 

 

656 
 
 

 (   )  {
   (   )   

   (   )   
} 

 
2.3. Feature extraction  
 The images were converted into binary using automatic thresholding. A morphological opening operator was 
used to eliminate the objects smaller than 50 pixels. Then another morphological operator was used to fill the 
possible holes existed in the fruit images. The color coordinates which were used to investigate differences 
between sound and defected olives were RGB, HSV and L*a*b*. The RGB image is transformed into HSV with the 
‘rgb2hsv’ routine which is in toolbox of MATLAB software (Version R2011a, The MathWorks Inc., MA, USA) 
according to the following equations: 
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S=A-B 
V=A 
A=maximum 
B=minimum 

 
 RGB image is transformed into CIELAB or L*a*b* according to the following equations in two steps (Hunt, 
1991): 
 First: transforming RGB to XYZ (eq. 2) 
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Second: transforming XYZ to L*a*b* (eq. 3) 
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 Where Mij are elements of transformation matrix M between RGB and XYZ and Xn, Yn and Zn are extracted 
from reference RGB. 
 
3. Data analysis 
3.1. Feature selection  
 To determine Significant differences between sound and defected olives using corresponding RGB, HSV and 
L*a*b* values, Independent-Sample T test was performed by SPSS software. This test was applied to all 
parameters in order to reduce the number of parameters in order to select the appropriate ones. The significant 
variables were introduced into discriminant analysis (DA). This analysis was performed to segregate among two 
groups. In this step also some of the features were omitted and the rest of them were used for classifying process. 
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3.2. Classification 
 By selecting the appropriate features, two groups of olives were classified. This task was done by classification 
analysis in toolbox of SPSS software and the classification value was computed 

 
RESULTS AND DISCUSSION 

 
 Significant differences between two groups of sound and defected olives in two types of light were determined 
using Independent-Sample T test which was performed by SPSS 16.0 software. By conducting this test variables 
with confident level of 95% were selected to be used in classification process.  Table (1) shows the results of T test 
for color parameters in both florescent and LED lamps. 
 

Table 1. T values extracted from independent T – test 
 

                parameter 
 
 
 
Lam p                                                       .                         

R G B H S V L* a* b* 

florescent -3.731
* 

-.968
 

-4.086
* 

2.504
* 

-1.896
 

-3.682
* 

-3.269
* 

-3.269
* 

-3.269
* 

LED -2.065
* 

.000 -3.536
* 

-.965
 

1.743 -.343 -3.688
* 

-3.688
* 

-3.688
* 

 
The symbol (*) implies significant differences between group means at a significance level of 𝜌 <.0.5 

 
 As it is shown in table (1) the group means of color parameters for sound and defected olive images 

illuminated in florescent lamp are significantly different (𝜌>.05) for all of the color parameters except G and S. The 
T test resulted according to values of parameters which are extracted from LED illumination showed a significant 
difference between the R, B, l*, a* and b* parameters. It means that these mentioned parameters will be used in 
discriminant analysis to classify the defected and sound olives. 
 After selecting the parameters for two types of illumination, they separately introduced to a (DA) analysis. By 
conducting the analysis there was also another feature selection. The parameters introduced to the analysis also 
selected by SPSS software according tolerance criteria (T). In this selection, parameters with T≤ 0.001 or the one 
which its inclusion in the analysis would reduce the tolerance of other variables in the equation were omitted. Other 
parameters which passed tolerance criteria (T > 0.001) were entered simultaneously. Finally the parameters (B, R, 
V, L* and H) and (L*, B and R) were selected and ordered by absolute size of correlation within function for (FL) 
and (LL) respectively. The result of the analysis is shown in table (2). 
 

Table 2. Discrimination analysis results 
 

 Test of function Wilk's lambda Chi- square Canonical correlation Degree of freedom 𝜌-level 

Florescent lamp (FL) (1) 0.340 38.261 0.812 5 0.000 

LED lamp (LL) (1) 0.648 15.818 0.593 3 0.001 

 
 The table contains significant test for both (FL) and (LL) parameter's values (𝜌<0.01). More parameters were 
also computed in this analysis as Wilk's lambda (contribution to overall performance which describes the proportion 
of variance values that cannot be described according group differences), canonical correlation and degree of 
freedom. The canonical correlation and chi-square of (FL) was more than those of (LL), meanwhile Wilk's lambda, 
which it is better to be in low amounts, for (FL) was less than that of (LL). Predicted group membership and total 
classification are shown in table (3).  
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Table 3. Predicted group membership and total classification 
 

 Predicted group membership (%) 
Total (%) 

Sound defected 

Florescent                  
sound 100 

20 
0 
80 

90 
defected 

LED 
sound 75 

25 
25 
75 

75 
defected 

 
 As it is shown in table (3) all of the sound olives were classified correctly in florescent as sound samples but 
25% of sound olives were detected as defected samples using (LL) for lighting. On the other hand 20% of defected 
olives classified as sound samples in (FL) while it was 25% for (LL). The total classification values for detecting 
defected and sound olives are 90 and 75% in florescent and LED lighting types respectively. This difference is 
because of different color parameter values extracted from the images.  
 
Conclusion 
 The results extracted by processing the parameters of acquired images of defected and sound olives showed 
that RGB, HSV and L*a*b* color parameters are useful parameters for detecting and classifying defected and 
sound olives. The results of classification analysis also showed that total classification amount for florescent 
illumination is more than that of LED illuminated ones. It means that for extracting color parameters of olive fruit in 
order to classify defected and sound olives in sorting process illumination based on florescent lamps will be better 
than that of led lamps 
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