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Abstract: AdaBoost classifier is one of the most widely used and accurate ensemble classifier. In this paper, a
robust predictive model has been framed with the help of machine learning algorithms, for the grading of walnut
kernels based on color. Extra light, light, light amber and amber color components of the walnut kernels were
determined for classification of walnut kernels. With the help of AdaBoost, classification of walnut kernel grading
was done and the results were promising.
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I. Introduction

The state of Jammu and Kashmir, India is the country’s main walnut-producing state. The walnuts exported by
India are produced in the state, with an annual production of approximately 60,000 tonnes and a farm value of about
25 million Indian rupees. The development of walnut cultivation has faced a number of constraints, including
absence of proper classification of walnut kernel. In order to have a good market, a more uniform product inspection
and classification of mixed walnut kernels into uniform shape and color is desirable. Visual inspection for the
classification of walnut kernel is usually performed by human operators and the performance of output is dependent
on different factors like age of operators, their concentration & motivation, fatigue & visual acuity and room
conditions etc. In order to minimize the percentage of human error an automated system is required to perform the
task of classification of walnut kernels based on colour. In recent years, computer generated neural classifiers which
are apt to mimic human decision makings for product quality have been studied intensively [5][6][7]. Combination
high technology handling systems, is the most important advantage of artificial classifiers provided in classification
of agricultural products. Combined image analysis and machine learning algorithms were used for the classification
of lentil, apple and sweet onion [8][9][10].

Il. Machine Learning
Machine learning is a branch of computer science which deals with the study of algorithms that have ability to
learn. Machine learning algorithms are computer programs that try to predict results based on the past experience
of Machine Learning algorithm. The goal of machine learning in walnut kernel color detection is to have trained
gmachine learning algorithm that can help in predicting whether the kernel is extra-light, light, amber-light or amber
in colour based on the data of a walnut kernel image. The predicted colour of walnut kernel facilitates in grading
of the kernel effectively and efficiently. In this model three machine learning algorithms Support Vector Machine
(SVM), Artificial Neural Networks (ANN) and Navi Baysian (NB).

I11. Ensemble Classifier and AaaBoost

In machine learning, there is a new concept of combining ML algorithms(classifiers) that are cooperatively trained
on data set in a supervised classification problem. And this ensembles of classifiers could achieve more certain,
precise and accurate system results and is proposed a new direction for the improvement of the performance of
individual classifiers.

Boosting is a type of ensemble classifier in machine learning which helps in predicting accurately by combining
many relatively weak and inaccurate machine learning algorithms[2][3]. The AdaBoost algorithm of Freund and
Schapire is the first practical boosting algorithm, and remains one of the most widely used and studied, with
applications in numerous fields[1]. Pseudo code for AdaBoost is shown in Figure 1. Here mis labeled is of training
examples (X1, y1),...,(Xm, Ym) Where the X;’s are in some domain ¥, and the labels yi € {—1,+1}. On each round t =
1,...,T, a distribution Dy is computed as in the figure 1 for m training examples, and a given weak learner or weak
learning algorithm is applied to find a weak hypothesis h; : ¥— {—1,+1}, where the aim of the weak learner is to
find a weak hypothesis with low weighted error & relative to D .
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Give:(X1,Y1),. .- (Xm , Ym) Where x€¥, y;€ {-1,+1},

Initialize: D, (i) = 1/m fori = 1,..,m

Fort= 1,...,T:

e Train weak learner using distribution D, .

e Get weak hypothesis h,: ¥ — {—1,+1}.

* Aim: select h, with low weighted error:
g = Pri~D [h(x;) 6% yi ].

e Choose o =% In (l ;E‘).

e Update, fori = 1,...m:

Dt+1(i) __Dt(Dexp ( ;Iatyihl(xi))

where Z; is a normalization factor (chosen so that D.,, will be a
distribution).

Output the final hypothesis:

H(x) = sign (ZZ‘= 1octht(x))

Figure 1.

The combined hypothesis H computes the sign of a weighted combination of weak hypotheses.

F(X)=XT_, at ht(x)
This is equivalent to saying that H is computed as a weighted majority vote of the weak hypotheses h; where each
is assigned weight oy .

1V. Dataset
The dataset corresponds of a database containing 85 images of walnut kernel of different colours. Fig 2 shows the
walnut kernel color chart. All the images were taken by a camera from Anantnag district of Jammu and Kashmir,
India. All the images were resized 89 x 142 pixel resolution for reasonable computation speed. All the kernels were
in halves and almost equal in size. Table 1 given below gives the specification of dataset.

WALNUT COLOR CHART

Extra Light

Light Amber

Light

Amber

Figure 2.

IJETCAS 16-205; © 2016, IJETCAS All Rights Reserved Page 11



Suheel et al., International Journal of Emerging Technologies in Computational and Applied Sciences, 17(1), June-August, 2016, pp. 10-13

Table 1 Shows the Specification of dataset

Kernel Type No. of Images Kernel Shape
Extra Light 13 Halves
Light 30 Halves
Light Amber 23 Halves
Amber 19 Halves

V. Our Contribution and Discussion:
(a). Feature Extraction:
Feature extraction from the images was done through a image processing software ImageJ. ImageJ contains a
macro language with which it is easy to extract features and then dump them into an AARF file. Each image in
the dataset was run through ImageJ to get feature vector of each image.

(b). Feature Selection:
Feature Selection Toolbox (FST) was used to select the subset of feature from the extracted features. FST
is software primarily for feature selection in the machine learning domain, written in C++, developed at
the Institute of Information Theory and Automation (UTIA), of the Czech Academy of Sciences.

(c). Final Model:

AdaBoost ensemble classifier is a base of the model which help in accurately predict the class of the walnut kernel.
10-fold validation technique was used to train the classifier which made the model well trained. There are many
ways of measuring classifier performance. Accuracy, confusion matrix, log-loss, and AUC are all popular metrics.
In this model Accuracy which simply measures how often the classifier makes the correct prediction is used. The
ratio between the number of correct predictions and the total number of predictions (the number of test data
points)[11]. The results showed 99% accuracy in the model explored in this research work. The
separation(classification) of different kernel classes(extra-light, light, light-amber and amber) are plotted by the
model in Fig. 3. The flow of the model is given in Fig. 4.
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Figure 4.
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V1. Conclusion

In this research work an effort has been made to classify walnut kernels based on the colour of the kernels using
Machine Learning Algorithms. The classification of walnut kernels was done by Adaboost classifier, which
classifies the kernels in four different classes namely Extra-Light class, Light class, Light-Amber class and Amber
class. The results of using Machine Learning Algorithm on walnut kernels will work as a facilitator to farmers in
general and scientific community in particular. This model can be further extended in grading other dry fruits like
almond kernels for reducing the human error by automating the process which is presently carried out by human
operators. This novel method can be applied to other kind of dry fruits such as almond kernels where classification
is usually done by human operators.
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