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Abstract: Deep Convolutional Neural Network (CNN) with a unique structure for combining the feature extraction and
classification stages has been considered to be a state-of-the-art computer vision technique for classification tasks. Though there
is much technical advancement, Dry fruit recognition is still a difficult task in daily market. The CNN with deep layers has a
tremendous achievement in many image classification applications. In this research work, a novel method has been presented
for dry fruits recognition. This model was trained and tested on a primary Dry Fruit image dataset containing a total of 800
images belonging to 4 different classes of Dry fruits. The CNN model performs Dry fruit recognition and was able to achieve an
overall classification accuracy of 94%.
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L. INTRODUCTION
India being an agricultural country, agriculture forms the backbone of Indian Economy. India’s export in primary sector during 2013
was about $38 billion worth of agricultural products, making it seventh largest agricultural exporter across the world and the sixth
largest net exporter [1].
Currently, India is the world's second largest producer of several dry fruits. Dry fruits possess a lot of medicinal properties because
of the adequate amount of nutrients that are present in them. Although the dry fruits are really expensive and are regarded as
delicacies, but the health benefits makes them worth of their price [2].
Therefore, accurate and efficient Dry fruit recognition is of great importance in the field of robotic harvesting of agricultural
products and thereby increasing countries exporting rate of Dry fruits. In this paper, the emphasis is given on the classification of
Dry fruits by using deep learning convolutional Neural Network (CNN) due to wide recognition in terms of performance and
reliability of the outcomes achieved. For the current study, four different classes of Dry fruits have been considered .This model has
been implemented with deep learning CNN.
The rest of the paper is organized as: Section 2 throws light upon the literature related to the current study, Section 3 presents the
materials and methodology adopted in this work, Section 4 discusses the experimental results and Section 5 explains the conclusion
of this study.

1. LITERATURE REVIEW
A number of machine learning based approaches have been introduced recently about fruit classification by applying image
processing and classification techniques. Researchers also applied deep neural network in the domain of vegetable and fruit
classification. These approaches have been found to be efficient in automatic classification of vegetables and fruits.
Sunoj et al. [3] presented cashews whole and splits classification using a novel machine vision approach. The base of the study
involved a novel idea of using surface grayscale-intensity-profile for split-up cashews and object shadows for split-down and whole
cashews. An accuracy of 100% was achieved by the presented approach.
Halac et al. [4] proposed Almonds classification using supervised learning methods namely multi-class support vector machines and
artificial neural networks in order to perform classification of different types of almonds. In the process of defining the feature
vectors, study relied on the principal component analysis to identify the most significant shape and color parameters. The
comparative analysis of classification algorithms predicted that higher level of accuracy in almond classification was attained by
support vector machine as compared to artificial neural networks.
Siyaranjani et al. [5] implemented an approach for computer vision based cashew grading system using deep CNN. The presented
study used the computer vision based grading system and also deep Convolution Neural Network (CNN).
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Nasiri et al. [6] developed an image-based deep learning automated system for sorting of date fruit in order to distinguish healthy
date fruit (cv. Shahani) from defective ones. With the use of deep CNN, this method was able to predict the ripening stage of the
healthy dates.

VGG-16 architecture was used to construct the proposed CNN model which was followed by max-pooling, dropout, batch
normalization, and dense layers.

Training and Testing of this model was based on an image dataset containing four classes, namely Khalal, Rutab, Tamar, and
defective date. This CNN model achieved an overall classification accuracy of 96.98%.

Dheir et al. [7] introduced a technique based on CNN for classifying nuts types. The proposed work aimed to classify five types of
Nuts with a dataset of 2868 images. The trained model achieved an accuracy of 98% on a held-out test set.

Gupta et al. [8] presented a detailed overview of fruit classification and grading using soft computing techniques. VVarious extraction
methods like Speeded Up Robust Features (SURF), Histogram of Oriented Gradient (HOG) and Local Binary Pattern (LBP) along
with the common features of fruits like color, size, shape and texture have been reviewed. Machine learning algorithms like K-
nearest Neighbor (KNN), Support Vector Machine (SVM), Artificial Neural Networks (ANN) and Convolution Neural Networks
(CNN) were also discussed.

Zhang et al. [9] implemented 13-layer deep convolutional neural network for image based fruit category classification. This study
applied 13-layer convolutional neural network (CNN) to the dataset of 173 fruit images with background realistically complicated.
To train the CNN, stochastic gradient descent with momentum was used. The overall accuracy of method achieved was 94.94%.

1. METHODOLOGY
This study presents the classification of Dry Fruits based on Deep Convolutional Neural Network. The experimental study has been
carried out on Python platform using Jupyter Notebook interface. The primary Dry fruit dataset has been collected. In this study, the
Dry fruits of four different classes have been considered.
The collected dataset comprised of a total of 800 images, belonging to 4 different classes of Dry fruits. Figure 1 presents sample of
Dry fruit Dataset.
The four classes of Dry fruits comprised of Apricot, Almond, Cashew, and Date each having 200 images. The overall collected
dataset was divided into two sets in the ratio 85:15 into Train Image Set and Test Image Set images respectively. The overall
methodology for the proposed work is presented in figure 2.
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Fig. 1: Sample of Dry Fruit Dataset
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Fig. 2: Methodology of the current work

In this study, primary image dataset for Dry Fruits was collected. It consists of images of four different dry fruits. These collected
images have been pre-processed. Pre-processing steps involved filtering and resizing each image to 100x100 pixels .The pre-
processed image dataset was then partitioned into Train Image Set and Test Image Set in the ratio of 85:15. After dataset splitting,
Deep neural network was trained using convolutional neural Network algorithm. The CNN model was implemented by setting
three hidden convolutional layers, each of them followed by max pooling layers, one flatten layer and two fully connected dense
layers; and the model training was run for 50 epochs with a mini batch size of 32. In order to avoid overfitting, data augmentation
has been used. This technique has been done through image processing methods such as flipping horizontally or vertically the input
images. The trained CNN model was validated on test image set by computing various performance metrics such as accuracy, recall,
precision and f-score. Finally, model performance was evaluated based on experimental results.
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V. RESULT AND DISCUSSION
In this study, convolutional neural network has been implemented for dry fruits classification. CNN model was built on the primary
dataset of dry fruits in order to find the classification performance of the network. For determining the overall classification
accuracies, four different classes have been taken. From experimental results, it has been found out that CNN architecture can be
effectively used for dry fruit classification. The presented CNN model achieved training accuracy of 99.7% and validation accuracy
of 98.85%. The performance of the classifier was evaluated based on some measures such as accuracy, precision, recall and F1-
score. Finally, the overall accuracy of 94% was achieved by the model on test image set. Table 1 depicts the experimental results
achieved by CNN model for dry fruit recognition. The presented model predicted the best performance in case of apricot class with
f-score of 1.0.
Table 1.Experimental Results of Convolutional Neural Network for Dry Fruit recognition

Class Precision Recall F1 score
Apricot 100% 100% 1.00
Almond 90% 100% 0.95
Cashew 100% 97% 0.98

Date 87% 86% 0.87

V. CONCLUSION

This paper explores Dry Fruits recognition classifier based on CNN algorithm.The model achieved the best test accuracy of 94%.
This type of higher accuracy will cooperate to stimulate the overall performance of the machine more adequately in Dry Fruits
recognition. The current study is limited to four classes of Dry fruits. In future, this work will be extended to include other different
varieties of Dry fruits belonging to different regions.
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