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Abstract--Nondestructive quality evaluation of fruits is 
important and very vital for the food and agricultural 
industry. The fruits in the market should satisfy the consumer 
preferences. Traditionally grading of fruits is performed 
primarily by visual inspection using size as a particular 
quality attribute. Image processing offers solution for 
automated fruit size grading to provide accurate, reliable, 
consistent and quantitative information apart from handling 
large volumes, which may not be achieved by employing 
human graders. A fruit grading system based on machine 
vision technology to assess the fruits quality would bring 
economical benefits to the fruit industry by increasing 
consumer/buyer confidence in the quality of the fruit. 

Conventional methods of size determination are not 
suitable for objects of irregular shape. Majority of the apples 
have good degree of symmetry about the stem and calyx axis. 
The paper discusses three different methods to determine the 
size of this category of apples by applying the known 
geometrical models. Three more methods are presented in the 
paper to determine the size of the other category of apples. 
The Apple fruit images in different postures are captured to 
cover the entire fruit, using a CCD camera. The analysis is 
carried out using MATLAB® package on Windows® platform. 
It was found that though all the methods outlined in the paper 
could be used, some methods achieve higher performance. 
 

Index Terms--Contour image, gray image, image 
processing, machine vision. 

I. INTRODUCTION 
RUITS and vegetables are graded based on their external 
factors like size, shape, color, external damage, etc. 

Classification of fruits based on size is one of the most 
important tasks performed in the packinghouses. Machine 
vision technology has been proved to be an excellent tool 
that could be effectively used to replace human sorters for 
consistent and reliable judgment in estimating and 
comparing sizes of the fruits. 

Many methods like area measurement, linear regression 
relations between the areas taken from two different points 
of view, comparing measurement of length, width, 
perimeter etc., may be employed to estimate and compare 
fruit sizes. Ratio of length of major and minor axes, 
contour of random views of the fruits can be used for size 
comparison.  

Fruits, vegetables, and cereals size determination using 
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different algorithms have been investigated extensively in 
the past. Earlier, boundary encoding such as chain coding 
[1], was adopted for size evaluation. Curvature, 
compactness, bending energy, maximum-minimum 
diameters, and fractors are possible techniques used for 
size/shape description [2]-[4]. Different wheat varieties 
were distinguished using algorithms that compared kernel 
dimensions and shape characteristics [5], [6]. 

Fast Fourier Transform (FFT) analysis in conjunction 
with a machine vision system for size inspection of 
potatoes based on elongation ratio was derived from 
Fourier harmonics [7].  Size and shape features such as 
kernel length, width, projected area, and aspect ratio were 
used to classify several cereal grains [8]. Size and shape 
algorithms were described for evaluating potatoes with 
computer vision [9]. Color, size and shape evaluation of 
apples and potatoes were described in [10], [11]. A 
computer vision based multi-index active food shape 
feature extractor was developed [12]. In this normalized 
shape of the object under inspection is compared to the 
normalized shape of the reference for calculating various 
shape indices.  

Fourier descriptor technique, [13], [14] a method of 
using boundary radius and its Fourier transform to 
spectrum domain was studied for size/shape description. 
Boundary coding methods were not useful in quantifying 
size because of the stem on some apples [15].  

Many researchers had studied different strategies for 
calculating the fruit size measured along the axes that 
match the best sorters judgment by employing image 
analysis. Due to the high degree of natural variability, 
developing adequate algorithms to describe the size of 
apple is complicated. However, majority of the apples are 
symmetrical about their axis. The original image can be 
reconstructed using a minimum of four images captured at 
different postures. The maximum, minimum and average of 
these measurements can then be computed for evaluating 
the fruit size. In this paper, we present the details of six 
new approaches for determining the size of the apple based 
on the image contour. 

The structure of this paper is as follows. Section II 
describes the experimental setup used in this research. 
Section III to Section IX explain the proposed methods for 
apple fruits size determination. The results of experiments 
using different methods are presented in Section X. Finally, 
Section XI concludes the paper. 

II. EXPERIMENTAL SETUP 
The experimental setup as shown in Fig. 1 has a 

conveyer assembly to automatically orient apple fruit to 
stem and calyx and then move the fruit to the illumination  
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Fig. 1.  Experimental setup. The setup has a conveyer to transport apples, a 
friction drive belt to rotate the fruit, an illumination cell to provide 
uniform illumination and a CCD camera with lens to capture the image. 
 
cell. It is experimentally found that the apple skin for all 
varieties has negligible blue component in the RGB color 
space. Hence the conveyor assembly, fruit holder, belt for 
friction drive that rotates the fruit are colored with dark 
blue. This will help easy elimination of background to 
extract the apple images from the captured scene. The 
system has a CCD camera to capture the scene that consists 
of fruit. The images of three fruits are captured in a single 
frame. The camera is connected to a personal computer 
through the frame grabber card (DT-3154). The grabber 
card will convert the image data in analogue form into 
digital form. Using a suitable algorithm as outlined in this 
paper, this digital image is analyzed to determine the fruits 
size. The basic image processing system consists of 
Personal computer with VGA color monitor, Frame 
grabber card, CCD camera and Illumination system. 
PULNIX-9700 progressive scan camera with resolution of 
768× 484 pixels is used in the setup. A uniform diffused 
illumination system is used to capture clear images of the 
fruits. 
The captured scene from the experimental setup has three 
images of apples including the image of conveyor assembly 
in background. The scene data in RGB color space is 
converted into HSI color space. By means of selective hue 
component elimination, the background is totally removed 
and three apples image alone is retained in the scene.  The 
retained image data is used for extracting more than one 
information like size, shape, color etc. The image is 
converted into binary form by thresholding and then the 
edge of each apple is detected by applying appropriate 
filter for obtaining the contour of the image for each of the 
fruit. Then the contour is analyzed using various techniques 
proposed in this paper for size estimation. 

 
Fig. 2.  Proposed six evaluation methods. 
 

 
Fig. 3.  The contour of a test apple image with angle of tilt. 

 
The size information thus obtained form as the basic input 
parameter for comparison and to assign appropriate grade 
for each of the apples. Mathematical and the relevant 
analysis carried out in this paper assume that the images are 
in the first quadrant. However, MATLAB® image 
coordinate system takes the top left corner of the image as 
(0,0). The units of all measurements and results presented 
in the paper are in pixels. 

III. EVALUATION METHODS 
The proposed six methods for size evaluation are 

categorized as shown in Fig. 2. Under analytical method it 
should be ensured that the stem calyx of the apple is 
oriented to the vertical axis before the analysis. The 
contour of a test apple image with φ as the angle of tilt is 
shown in Fig. 3. The angle of tilt is calculated as follows:  

If ( ){ }niyx ii ,...3,2,1,, =  be the set of pixel points traced 

over image contour and ∑∑ == nyynxx iaviav ,
 

then, tilt of stem calyx axis from the horizontal is obtained 
using moment of inertia method, as 

)]/(2[tan)2/1( 1
yxxy III −= −φ  (1) 
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(a)               (b)             (c) 

Fig. 4.  The test apple image: (a) gray image of the test apple, (b) contour of the test apple image, and (c) circle fitted into the stem calyx oriented image. 
 

                                
    (a)               (b)               (c) 

Fig. 5.  The test apple image: (a) gray image of the test apple, (b) contour of the test apple image, and (c) parabola fitted into the stem calyx oriented image 
 
where avx  and avy are the average values of the boundary 
coordinates, xI  and yI  are the moment of inertia about 

x -axis and y -axis, respectively and xyI  is the combined 

moment of inertia. 
This method was used to evaluate the angle of tilt φ  for 

the test apple image shown in Fig. 3, by using (1) and 
found the angle to be 64o. 

IV. CIRCLE METHOD 
This method is more relevant for the classification of 

fruits whose boundary is closer to circular shape. The gray 
image, the contour and the stem calyx oriented contour of a 
test apple are shown in Fig. 4. The points of row minimum 
(P1), row maximum (P2) and the column minimum (P3) of 
the contour image are located. Using MATLAB®, we found 
the values of the coordinates to be (9.5,62.5), (139.5,54.5) 
and (65.5,129.5), respectively. A circle is drawn passing 
through P1( 1x , 1y ), P2( 2x , 2y ) and P3( 3x , 3y ), shown as 
broken line in Fig. 4(c). 

Let the equation of this circle be 

02222 =++++ cfygxyx  (4) 

where g , f , and c  are constants whose values are found 
out using the Cramer’s rule as follows 

∆∆=
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 (6) 

The center and radius of this circle can be calculated by 

c2f2gr,fg −+=−−= ),(Pc  . (7) 

For the test image shown in Fig. 4, we found the values 
of g , f , and r  to be -74.88, 64.75 and 65.40, 
respectively. This circle with its center at Pc  nearly 
encompasses the fruit contour. The diameter of a circle, 
which encloses the fruit, is thus can be used to compare the 
sizes of circularly shaped fruits. 

V. PARABOLA METHOD 
Some of the apple varieties are nearly conical in shape. 

A gray image of the test apple is shown in Fig. 5(a). 
Approximating the fruit image to that of a parabola, size 
can be evaluated. Fig. 5(b) shows the contour of the test  
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   (a)             (b)             (c) 

Fig. 6.  The test apple image: (a) gray image of the test apple, (b) contour of the test apple image, and (c) ellipse fitted into the stem calyx oriented image. 
 

                   
   (a)             (b)             (c) 

Fig. 7.  The test apple image: (a) gray image of the test apple, (b) contour of the test apple image, and (c) contour image with principal axis. 
 
image. The parabola is drawn using boundary points data, 
below the row minimum point P1( minx , cor1y ), row 
maximum point P2( maxx , cor2y ) and up to and including 
the column minimum points P3( cor1x , 1miny ) and 
P4( cor2x , 2miny ) as shown in Fig. 5(c). We found the 
values of P1, P2, P3 and P4 for the test image shown in 
Fig. 5 to be (6,46), (115,41), (41,115) and (82,112), 
respectively.  

Let the equation of the Parabola thus obtained be 

cbxaxy ++= 2    . (8) 

The normal equations for determining the constants a , b  

and c  are obtained by the principle of least squares by 
minimizing the residual or error sum of squares ( E ), 

( )[ ]∑ ++−=
22 cbxaxyE  (9) 

summation being extended over the given set of 
observations. The normal equations are given as 

0
0
0

=∂∂
=∂∂
=∂∂

cE
bE
aE

 (10) 

which result in 

2342

23

2

∑ ∑ ∑ ∑
∑ ∑ ∑∑
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++=

++=

++=

iiiii

iiiii

iii

xcxbxayx

xcxbxayx

cxbxay

. (11) 

Equations (11) are solved for a , b  and c . If (8) is 

reduced to the standard form, AYX 42 = , then the point 
(0,A) will be the focal point of the parabola and the Latus 
Rectum ( LR ) is given as 

ALR 4=   . (12) 
We found that the length of Latus Rectum of the test 

apple image to be 40. Thus LR  is used as a measure for 
comparing the sizes of parabolic shaped apples.  

VI. ELLIPSE METHOD 
Some of the apple varieties are nearly elliptical in shape. 

The gray image of a test apple of this category is shown in 
Fig. 6(a). Size evaluation is done by approximating the 
fruit image to that of an ellipse.  
Fig. 6(b) shows the contour of the test apple image. 
Fig. 6(c) shows the fruit image tilted to its stem calyx 
vertical position. P1( mid1x , mid1y ) is the mid-point of line 
joining the column maximum points and P2( mid2x , mid2y ) 
is the mid-point of the line joining the column minimum 
points. We found the values of P1 and P2 for this test 
image to be (186.5,4.5) and (129,200), respectively.  

The distance between these two midpoints is taken as the 
length of the major axis of the ellipse encompassing the 
fruit and is given as 

( ) ( )2
mid1mid2

2
mid1mid22 yyxxa −+−=  . (13) 

The distance between the row minimum point P3 
( minx , cor1y ) and the row maximum point P4( maxx , cor2y ) 
is considered to be the length of the minor axis and is given 
as 

( ) ( )2
cor1cor2

2
minmax2 yyxxb −+−=  . (14) 

We found the values of P3 and P4 for this test image to be 
(11,90) and (190,99), respectively. The ellipse drawn with 

a2  and b2  as major axis and minor axis respectively, 
nearly encompass the fruit, as shown in Fig. 6(c). This  
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   (a)                  (b)  

Fig. 8.  Contour images of the test apples: (a) “RedYell2” apple and (b) “Green2” apple. 
 
method is applied only when the mid-point of the line 
joining P1 and P2 nearly coincides with the line joining 
mid-point of P3 and P4.  

The eccentricity of the ellipse is given by 

( ) 222 abae −=  (15) 

We found the values of a, b and e for the test image to be 
100.27, 89.6 and 0.448, respectively. Thus eccentricity is 
taken as a measure to compare the sizes of fruits. 

VII. PRINCIPAL AXIS METHOD 
In case of apple fruits which are unsymmetrical about 

stem and calyx, as shown in Fig. 7(a), we propose a new 
method for quantifying the size. The contour of the test 
apple image is shown in Fig. 7(b). In this method the fruit 
is oriented to stem-calyx in the vertical direction as shown 
in Fig. 7(c). The dip points of the stem P1( stemx , stemy ) and 
calyx P2( calyxx , calyxy ) are identified. The line joining the 

points P1 and P2 is termed as principal axis. Its length is 
determined by 

( ) ( )2calyxstem
2

calyxstem yyxxh −+−=  . (16) 

The sizes of fruits are compared, by determining H  
factor defined as  

( )21 AAhH =   , (17) 

where h  is the height of the principal axis, 1A  and 2A  
are the areas on the either sides of the principal axis. 1A  
and 2A  are determined by finding the centroid.  

If ( ){ }nkyx kk L,2,1,0,, = be the n  pixel points on the 
contour then the centroid ( )cc yx ,  is determined using 
Green’s theorem based on area moment of inertia  
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The sectoral area covered between any two radius 
connecting the pixel points ( )kk yx ,  and ( )11 , −− kk yx  
with the centroid ( )cc yx ,   is obtained as 

( )
ckck

ckck
k yyyy

xxxx
A

−−

−−
=∆

−

−

1

12/1  (20) 

For n pixel points taken along the contour, the total area is 
computed as, 

( )∑
= −

−

−−

−−
=

n

k ckck

ckck

yyyy
xxxx

A
0 1

12/1   . (21) 

The areas 1A  and 2A  are calculated by using (21). We 
found the values of 1A , 2A , h  and H  for the test 
apple image to be 5047, 6095, 112, and 92.74, respectively. 
We compared the sizes of different apple fruits using the 
value of H . 

VIII. RADIUS AND AREA SIGNATURE METHOD 
We have also compared the sizes of apple fruits using 

statistical methods. The statistical methods are based on 
radius signature and area signature by considering the 
points on the fruit image contour. 

Two different apples labeled “RedYell2”, “Green2” are 
taken for analysis whose contours are shown in Fig. 8.  

The local radius at different equiangular points are 
determined by  

( ) ( )22
ckckk yyxxR −+−=  (22) 

where kR  is radius computed for the contour point 
),( kk yx  and ),( cc yx is the centroid. 
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Fig. 9.  Radius signature analysis of the test apples “RedYell2” and 
“Green2”.  

 
Fig. 10.  Area signature analysis of the test apples “RedYell2” and 
“Green2”.  
 

       
RYP1          RYP2          RYP3            RYP4 

Fig. 11.  Four postures of a single test apple, i.e., RYP1, RYP2, RYP3, and RYP4. 
 

       
 RED1          RED2         RED3           RED4 

Fig. 12.  Gray image of four test apples, i.e., RED1, RED2, RED3, and RED4. 
 
The radius and sectoral area values for a number of 

points are plotted as shown in Figs. 9 and 10, respectively.  
The apples that have nearly identical curve patterns are 

classified under same shape category. There are many ways 
to compare two given curve patterns. One such method is 
to find out the first three harmonics using FFT (Fast 
Fourier Transform) and compare. The area below the 
curves is determined and used for comparing the sizes of 
different apples.  

IX. COEFFICIENT OF VARIATION METHOD 
We have also compared the sizes by determining the 

coefficient of variation for local radius at different points of 
the contour and the sectoral areas measured from the 
centroid. Measuring the set of parameters that differ widely 
in their averages can compare the variability in sizes of two 
fruits. In such cases, instead of merely calculating the 
absolute measure of dispersion, the relative measure like 
coefficient of dispersion ( CD ) is calculated for 
comparison. Coefficient of dispersion is measured in two 
ways namely, (a) based upon range and (b) based upon 
standard deviation. 

Equation (23) is used to calculate CD  based upon range 

of the local radius or sectoral area, where M  and N  are 
the greatest and smallest values, respectively  

( ) ( )NMNMCD +−=  (23) 

Equations (24) and (25) are used to calculate CD  and 
CV , respectively, based upon standard deviation of the 
above parameters, where avx and σ  are the mean and 
standard deviation  

( )avxCD σ=  (24) 

( )avxCV σ100=   . (25) 

The greater the CV , the greater is the variability in the 
parameter. This variation is taken as a measure to compare 
the fruits sizes.  

X. RESULTS AND DISCUSSION 
A set of experiments was conducted using the 

experimental setup as described in Section II. We took 
sample apple fruits of different sizes and shapes. Four 
different postures of a single test apple were imaged and 
digitized by the computer system for size analysis. The four 
images at different postures are shown in Fig. 11. 
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TABLE I 
RESULTS AT FOUR DIFFERENT POSTURES OF A SINGLE TEST APPLE 
Parameter RYP1 RYP2 RYP3 RYP4 

Dia 128.28 127.17 126.17 127.30 
Area 11257.5 11102.0 11325.0 11387.0 
LR  65.84 60.97 63.64 66.82 
Ecc  0.46 0.39 0.35 0.38 
H  104.91 113.83 110.76 117.91 

)(rCDR  0.18 0.12 0.08 0.10 

)(rCDSD  0.08 0.07 0.04 0.05 

)(rCV  8.34 6.52 4.25 5.42 

)(aCDR  1.00 1.00 1.00 1.00 

)(aCDSD  0.38 0.39 0.34 0.37 

)(aCV  38.39 39.30 34.50 36.78 
 

Dia=Diameter, LR =Latus Rectum, Ecc =Eccentricity, H = H  factor, 
)(rCDR =Coefficient of dispersion for range (radius), 

)(rCDSD =Coefficient of dispersion for standard deviation (radius), 

)(rCV =Coefficient of variation (radius), )(aCDR =Coefficient of 
dispersion for range (area), )(aCDSD =Coefficient of dispersion for 
standard deviation (area), CV(a)=Coefficient of variation (area).  
 

 
Fig. 13.  The graphical forms of the radius analysis of the four test apples. 
 

We have evaluated all the variables like Diameter, Latus 
Rectum, Eccentricity, etc., for four different postures of the 
same test apple as shown in Table I. 

We have developed algorithms to obtain consistent and 
accurate results for size classification of apples. Of the 
many tests and experiments carried out by us with large 
number of apples, results of four apples labeled as RED1, 
RED2, RED3, and RED4 shown in Fig. 12, are presented 
in Table II. The experiments were performed for all the 
methods proposed in this paper.  

XI. CONCLUSIONS 
Many commercial factors like pricing, identification of 

fruit by variety, grading etc., are decided by many 
parameters like size, shape, color, surface defects, etc. 
Machine vision technology can be applied to extract 
information about all these parameters using appropriate 
optics and imaging systems. Most of the image processing 
applications for parameter extraction deals with huge 
amount of data; hence, the algorithms applied should be 
efficient and be optimized for speed to keep the system 
throughput as per the market demands. With all this in 
view, we have proposed different methods in this paper for 
obtaining the fruit sizes for any kind of apple fruit. If the  
 

TABLE II 
TEST RESULTS OF FOUR DIFFERENT SIZE APPLES 

Parameter RED1 RED2 RED3 RED4 
Dia 126.17 104.00 81.17 60.59 
Area 11317.0 7275.5 4695.0 2557.5 
LR  63.64 51.67 36.64 24.13 
Ecc  0.35 0.46 0.31 0.23 
H  110.66 83.88 72.22 58.67 

)(rCDR  0.08 0.19 0.14 0.09 

)(rCDSD  0.04 0.09 0.06 0.05 

)(rCV  4.22 8.52 6.03 4.90 

)(aCDR  0.44 0.63 0.66 1.00 

)(aCDSD  0.22 0.28 0.35 0.40 

)(aCV  21.77 28.38 34.86 39.70 
 

Dia=Diameter, LR =Latus Rectum, Ecc =Eccentricity, H = H  factor, 
)(rCDR =Coefficient of dispersion for range (radius), 

)(rCDSD =Coefficient of dispersion for standard deviation (radius), 

)(rCV =Coefficient of variation (radius), )(aCDR =Coefficient of 
dispersion for range (area), )(aCDSD =Coefficient of dispersion for 
standard deviation (area), CV(a)=Coefficient of variation (area).  
 

 
Fig. 14.  The graphical forms of the area analysis of the four test apples. 
 
target apples are from the same geographical area, the 
shapes are normally same for all the fruits. Hence for such 
applications with the prior knowledge of shape, appropriate 
algorithms like circle method, ellipse method and parabola 
method can be chosen for the best results.  

The graphical forms of the radius and area analysis of 
the four test apples are shown in Figs. 13 and 14. In all the 
proposed methods, though we are measuring the sizes and 
classify under a particular method, the shape classification 
is also implied indirectly. The tabulated results form one of 
the input parameters for the classification and grading. 

However, if the apples to be graded are from different 
areas which are usually the case with Indian markets, other 
methods like Principal axis or Radius and Area signature 
are more acceptable.  

The circle method suggested can be extended to other 
similar shaped fruits, like oranges, lemon, etc. Similarly, 
the ellipse method can be extended to certain varieties of 
mangoes, papaya. We have conducted many experiments 
for the size determination of apples and obtained consistent 
and repeatable results. The suggested methods are very 
useful for realizing online automatic fruit sorting and 
grading system based on the size. 
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