
International Journal of Computer Engineering and Applications, 
Volume XI, Issue XI, Nov. 17, www.ijcea.com ISSN 2321-3469 

Dr. Archana Chaugule  133 

 

 

 

 

 

 

 
 

      
 

CORRELATION BETWEEN PADDY SEED FEATURES FOR SEED 

IDENTIFICATION  

Dr. Archana Chaugule 

 PCCOER, Rawet, Pune,India, archna.isha@gmail.com, archana.chaugule@pccoer.in 

 

 
ABSTRACT:  

 
The objective of this work is to find the correlation between the different features of the paddy 

seeds. The paddy Seeds of four Paddy (Rice) grains: viz. Karjat-6(K6), Karjat-2(K2), Ratnagiri-

4(R4) and Ratnagiri-24(R24) were used. The correlation was found between the well established 

features such as color, shape and texture. The correlation was also found between the new 

features that were extracted. It was found that the color was not at all related to any feature, and 

that there was a relation between few shape and texture features.  

Keywords: Angle, Correlation, Features, Paddy 

[1] INTRODUCTION 

Automated assessment of digital seed images has the potential to cut down the manual grading 

workload and thus increase the productivity. The work addressed in this paper finds the correlation 

between different features of seeds. Feature extraction of seeds, like color, shape and texture 
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provides us useful indication in discriminating seeds. It is important to discriminate seeds from a 

seed lot of mixed seeds to increase the productivity. It is essential to detect precisely the seed 

features for discriminating seeds from a seed lot. To discriminate, detection of features is one of 

the steps in recognition. The seed features consist of color, shape and texture. The color of seeds is 

more or less same; therefore only color is not good for discriminating seeds. So apart from these 

features, new features are needed which have a high discriminating power. Also correlation 

between these feature need to be found out. 

 

[2] MATERIALS AND METHODS  

In this section we describe the materials and methods used in the proposed solution. 

1. Material and Grain samples 

Digital camera - Sony 18.9 Megapixels and Images of the Paddy seeds wherein the seeds were 

supplied by the Seed Testing Laboratory-pune, India.  

2. Image capturing 

The images were acquired using above specified digital camera. The saved images had the 

following parameters: 4896 × 3672 resolution, 350 dpi, 24-bit depth, JPG format. The sample 

images for the specific type are shown in the Table I. 
 

TABLE I:  Type of different variety of grains and number of seeds 

Type of Seed Type of Seed 

 

K-6 

 

K-2 

 

R-4 

 

R-24 
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3. Image pre-processing 

In order to extract object features, image segmentation and any necessary morphological filtering 

was done. The pre-processing phase includes de-noising the image to remove the noise, if any. 

Then it is converted to gray image. Image segmentation is done by applying threshold using Otsu’s 

method, to represent grains by white and background by black color. A total of eighty-four (color-

shape-texture) features were extracted to compare with the proposed method.   

Similarly Twelve features were extracted by the using our proposed algorithm and then used for 

evaluating the performance and the obtained statistics were fed to ANN classifier. To do this, the 

useless or extra information is removed by applying the cropping operation. The cropping step 

reduces image size and keeps the important part of image. A bounding box around region of interest 

of seed is used to crop the image. The cropped image is then rotated in clockwise direction to make 

it horizontal to x-axis. 

[3] FEATURES COMPUTATION 

Eighty four features were measured from the images of the seed to be later used for classification 

purposes. They were grouped in color, shape and texture features. Forty-four Shape features and 

nine color features match to features used in previous study of Chaugule et al. (2014) and Thirty-

One Texture features match to features used in previous study Chaugule et al. (2015). A list of these 

final parameters is given below. 

 

1. Color-Shape-Texture features 

1.1 Color features extraction 

The Nine color features extracted are Mean (μ), Standard Deviation (σ), and Variance (var), of the 

red (R), green  (G), and blue (B) color primaries values.  

 

1.2 Shape features extraction 

The Fourty-four Shape features are Area, Perimeter, maximum-length, minimum-length, axis-ratio, 

compactness, spread, slender, five-shape factors, Ten standard Moments, Seven-Central Moments 

, Seven-Invariant Moments, Seven- Unnormalized-Central Moments.  

 

1.3 Texture features extraction 

 

Gray Level Coocurrence Matrix (GLCM): 

They are contrast, correlation, energy, homogeneity, entropy for four offsets { (0°); (45°); (90°); 

(135°) }[11]. 

Gray Level Run Length: 

They are Short run emphasis (SRE), Long run emphasis (LRE),  High gray-level run emphasis 

(HGRE), Low gray-level run emphasis (LGRE), Short Run Low Gray-Level Emphasis (SRLGE), 

Short Run High Gray-Level Emphasis (SRHGE), Long Run Low Gray-Level Emphasis (LRLGE), 
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Long Run High Gray-Level Emphasis (LRHGE), Gray-Level Non-uniformity (GLN), Run Length 

Non-uniformity (RLN),  Run Percentage (RPC). Eleven texture descriptors are taken from . 

 

So the whole feature set consisting of eighty-four features is  

{ μR, μG, μB, σR, σG, σB, varR , varG ,  varB ,area, perimeter, maxlen, minlen, axisratio, compactness, 

spread, slender, shapefactor1, shapefactor2, shapefactor3, shapefactor4, shapefactor5, stdmom1, 

stdmom2, stdmom3, stdmom4, stdmom5, stdmom6, stdmom7, stdmom8, stdmom9, stdmom10, 

mu1, mu2, mu3, mu4, mu5, mu6, mu7, phi1, phi2, phi3, phi4, phi5, phi6, phi7, centralmom1, 

centralmom2, centralmom3, centralmom4, centralmom5, centralmom6, centralmom7, contrast1, 

correlation1, energy1, homogeneity1, entropy1, contrast2, correlation2, energy2, homogeneity2, 

entropy2, contrast3, correlation3, energy3, homogeneity3, entropy3, contrast4, correlation4, 

energy4, homogeneity4, 

entropy4,SRE,LRE,HGRE,LGRE,SRLGE,SRHGE,LRLGE,LRHGE,GLN,RLN,RPC } 

 

[4] EXTRACTION OF NEW FEATURES 

Most of the features were based on color, shape and texture. However, to increase accuracy, an 

additional unique feature was needed. Therefore, the following features were derived and used for 

classification. The novel features are as listed below. It is assumed that the seed is an individual 

non-touching seed. 

1. Horizontal-Vertical Angle:  

Bresenham's line drawing algorithm was used to draw a horizontal line from the front tip and to 

join the front as well as the rear ends (Figure 1). The resulting y-coordinates were stored for later 

use. The angle between upper horizontal line and slant line was calculated. Maximum numbers of 

points belonging to the edges were extracted to maximize the accuracy of the angle. The points 

were determined by finding the initial point. The initial point was set to front tip and the numbers 

of points were set to the length of the major axis. To find as many points belonging to the edges, 

the line drawn was traced from the initial point and in the direction which was set as shown below.  

To multiply two vectors, the lengths are multiplied together when they point in the same direction, 

using this concept the direction was set towards East for the horizontal line and towards South-East 

for the slant line. The (x, y) coordinates were obtained for both the lines. First few points lying on 

a line were detected and these co-ordinates were used to compute the angle. These points were used 

to find the polynomial p(x) coefficients that fits the data, p(x(i)) to y(i), in a least squares sense and 

these values were then stored in vectors as follows: 
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Figure 1 Horizontal-Vertical Angle 

 

 

2. Front-Rear Angle: 

Figure 2 shows the calculated front and rear angles. The angle calculation is done for the angle 

marked in the figure in red. Maximum numbers of points belonging to the edges were extracted to 

maximize the accuracy of the angle. The points were determined by finding the initial point. The 

initial point was set by dividing the figure into four parts. The first portion was taken to calculate 

the front angle and the last portion of the image was taken to calculate the rear angle. The sum, 

mean, standard-deviation and variance of both the angles are then calculated. 

 

 

Figure 2 Front-Rear Angle 

Thus total of twelve features is obtained by taking the fusion of features. 

The whole feature set are={ angle, diff_mean, diff_mode, diff_median, sum_rear, mean_rear, 

stddev_rear, var_rear, sum_front, mean_front, stddev_front, var_front}                                                                                                         

[5] INTER-CLASS CORRELATION ANALYSIS 

To determine inter-class correlation and how the classes differ from each other, correlation 

coefficient is used to find the relation between features. Correlation Coefficient is adopted to reveal 
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similarities, among numerous similarity measures. Statistical methods (Gupta et al. (1994), Ismail 

Avcibas (2006), Stephens et al.(2001), Surendiran et al. (2011)), Rough set based (Das et al.(2011), 

Dey et al.(2011)) generation methods, and Correlation-based methods (Tiwari et al. (2010) ) also 

contributed towards dimensionality reduction. The statistical method was used here for feature 

selection because statistical methods are in general lower in computational complexity compared 

to other methods. 

 Correlation coefficient: 

Correlation coefficients measure the magnitude and direction of the association between two 

variables. The correlation between them reflects the degree to which both are related. Correlation 

coefficients range from +1 to -1. The closer the correlation is to either +1 or -1, the stronger the 

relationship. If the correlation near to zero, there is no association between the two variables. The 

magnitude is the strength of the correlation (relationship). Usually it means the strength of the 

tendency of two variables, X and Y, to move in the same (or opposite) direction. The direction of 

the correlation estimate how the two variables are related. If the correlation is positive, the two 

variables have a positive (move in the same direction) or negative relationship (move in the opposite 

direction). A positive relationship means one variable increases and also the other one. In contrast 

a negative relationship reflects that the other variable decreases. The correlation is calculated as 

shown in (1). 

𝒓𝒙𝒚 =
∑ (𝒙𝒊−�̅�)(𝒚𝒊−�̅�)𝒏

𝒊=𝟏

√∑ (𝒙𝒊−�̅�)𝟐 ∑ (𝒚𝒊−�̅�)𝟐𝒏
𝒊

𝒏
𝒊

                                                                                                         (1) 

 

Algorithm 

 

1. The correlation between all shape features with texture and color is found  

2. The correlation is calculated as follows 

3. For all shape features  

a. Let x be ith shape feature 

b. For all texture features 

i. Let y be jth texture feature 

ii. Find the mean of x and y (�̅�, 𝑦 ̅) 

iii. Subtract the mean of x from every value of x (𝑥𝑖 − �̅�) ; let this be p 

iv. Subtract the mean of y from every value of y (𝑦𝑖 − �̅�)– let this be q 

v. Calculate 𝑝 ∗ 𝑞, 𝑝2, 𝑞2 for every value 

vi. sum 𝑝 ∗ 𝑞, sum 𝑝2,and sum 𝑞2  

vii. Divide the sum of 𝑝 ∗ 𝑞 by the square root of [(sum 𝑝2) x (sum 𝑞2)] 

 

4. Thus the correlation is calculated using (1) 

5. If the correlation between the ith shape feature and jth texture feature is between 0 and 0.7 

and between 0 and -0.7 then the features are selected 

6. Similarly the correlation between all shape and color features is found. 
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7. Similarly the correlation between all texture and color features is found. 

 

 

The features with correlation between 1 and 0.7 and between -1 and -0.7 are selected, by assuming 

that the features outside this range are not redundant. Thus from the total 84 features only 20 

features were extracted which are redundant. The rest 64 features are having correlation between -

0 and -0.6 and 0.6 and 0. As the following features are redundant they can be removed from the 

feature list and the rest can be kept.  

 

 

 

 

[6] RESULTS 

An inter-class correlation analysis was done to determine the relationships between the texture and shape 

features. Analysis showed that there was a relationship between spread, slender, standard moment1,standard 

moment2,mu2,central moment1, ,central moment2,central moment3,central moment4,central 

moment5,central moment5, central moment7 shape features and Energy (0°), Entropy (0°), Energy (45°), 

Entropy (45°), Energy (90°), Entropy (90°),Energy (135°), Entropy (135°) texture features. The rest features 

had a relation less than 0.7. There was no relation between color and the other features, so it was concluded 

that the color feature is independent of shape and texture. 

The result of the correlation analysis performed is illustrated in Table II and the plot is shown in Figure 3.  

 

TABLE II  : Correlation between shape and texture features 

 

    

Shape 

 

Textur

e 

Sprea

d 

Slende

r 

Standar

d 

moment    

1 

Standar

d 

moment    

2 

Mu2 Central 

momen

t1 

Central 

momen

t2 

Central 

momen

t3 

Central 

momen

t4 

Central 

momen

t5 

Central 

momen

t6 

Central 

momen

t7 

Energ

y (0°) 

 

-

0.9175 

-

0.8651 

-

0.9996 

-0.7212 -

0.7690 

-

0.9996 

-

0.9996 

-

0.9996 

-

0.9996 

-

0.9996 

-

0.9996 

-

0.9996 

Entro

py (0°) 

 

0.7407  0.8523  0.7726 0.8523 0.8520 0.8515 0.8512 0.8509 0.8506 0.8504 

Energ

y 

(45°) 

 

-

0.9128 

-

0.8585 

-

0.9995 

-0.7231 -

0.7784 

-

0.9995 

-

0.9995 

-

0.9995 

-

0.9995 

-

0.9995 

-

0.9995 

-

0.9995 

Entro

py 

(45°) 

 

0.7407  0.8523  0.7726 0.8523 0.8520 0.8515 0.8512 0.8509 0.8506 0.8504 
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Energ

y (90°) 

 

-

0.9063 

-

0.8493 

-

0.9998 

-0.7232 -

0.7907 

-

0.9998 

-

0.9998 

-

0.9998 

-

0.9998 

-

0.9998 

-

0.9998 

-

0.9998 

Entro

py 

(90°) 

 

0.7407  0.8523  0.7726 0.8523 0.8520 0.8515 0.8512 0.8509 0.8506 0.8504 

Energ

y 

(135°) 

 

-
0.9128 

-
0.8585 

-
0.9995 

-0.7203 -
0.7772 

-
0.9995 

-
0.9995 

-
0.9995 

-
0.9995 

-
0.9995 

-
0.9995 

-
0.9995 

Entro

py 

(135°) 

 

0.7407  0.8523  0.7726 0.8523 0.8520 0.8515 0.8512 0.8509 0.8506 0.8504 

 

 

 

 

Figure 3 Plot of correlation between shape and texture features 

 

An inter-class correlation analysis was also done to determine the relationships between the front-rear angle 

and horizontal-vertical angle features. Analysis was performed between horizontal-vertical angle and mean, 

standard deviation and variance of front and rear angles. Analysis was also done between mean, mode of 

difference of horizontal-vertical lines and mean, standard deviation and variance of front and rear angles. The 

result of the correlation analysis performed is illustrated in Table III and the plot is shown in Figure 4.  
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TABLE III 

CORRELATION BETWEEN ANGLE FEATURES 

 

        FRONT-REAR 

  

 HOR-VER 

  

1 2 3 4 5 6 

MEAN-

REAR 

STD-

REAR 

VAR-

REAR 

MEAN-

FRONT 

STD-

FRONT 

VAR-

FRONT 

1 ANGLE 0.3646 -0.0685 0.0596 0.3474 -0.6450 -0.6591 

2 YDIFF-MEAN -0.0144 0.1375 0.2464 0.1843 -0.3117 -0.3059 

3 YDIFF-MODE 0.1033 0.0452 0.2051 0.0635 -0.2542 -0.2719 

 

 

 

 

Figure 4 Plot of correlation between angle features 

The angle is negatively correlated with standard deviation and variance of front angles. The standard 

deviation and variance of rear angles had no relation with the horizontal-vertical angle and had low positive 

correlation with mean of front and rear angle. The mean of difference had low negative correlation with 

standard deviation, variance of front angles and low positive correlation with variance of rear angles, and had 

no correlation with others. Similarly the mode of difference had low negative correlation with standard 

deviation and variance of front angles and low positive correlation with variance of rear angles and had no 

correlation with others. The standard deviation and variance of rear angles had no relation with the horizontal-

vertical angle and had low positive correlation with mean of front and rear angle. The mean of difference had 

low negative correlation with standard deviation, variance of front angles and low positive correlation with 

variance of rear angles, and had no correlation with others. Similarly the mode of difference had low negative 
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correlation with standard deviation and variance of front angles and low positive correlation with variance of 

rear angles and had no correlation with others. 

[7] AXIOM 

One of the research finding from Figure 5 is the axiom for the seeds which can be stated as: 

 

 

Figure 5 Axiom 

 

 The sum of the Upper and Lower angle (marked as 170 and 130 respectively) is always 

< 360 and > 180 

o The sum of the Upper and Lower angle is approximately equal to 300 

o Upper angle is greater than 160 and less than 80 

o Lower angle is greater than 120 and less than150 

 The sum of the Front and Rear angle (marked as 30 and 30 respectively) is 

approximately equal to 60 

o The sum of Upper and Lower angle /10= 300/10 is approximately the Front 

angle 

o The sum of Upper and Lower angle /10= 300/10 is approximately the Rear 

angle 

 

[8] CONCLUSION 

The color is not at all related to any feature, shape and texture few features are related as shown above.  The 

Energy of all offsets is negatively correlated with all shape features and Entropy of all offsets is positively 

correlated with all shape features. Similarly angle, y-diff – mean and mode are correlated to standard 

deviation and variance of front angle and positively related to rest. 
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