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Introduction

Pistachio is one of Iran’s most significant non-0il export products, contributing substantially to the
country's economy. Iran ranks among the top global pistachio producers, with several varieties, including
Ahmad Aghaei, Fandoghi, Akbari, Badami, and Kalleh Ghouchi, dominating the market. Given the economic
and industrial importance of pistachios, accurate classification of different types is crucial for improving
quality control, optimizing processing efficiency, and minimizing waste. Traditional classification methods
face challenges in identifying pistachio types with high accuracy. Therefore, leveraging advanced image
processing, deep learning, and machine vision techniques has become a promising research direction. Among
various texture analysis techniques, Gabor filters have proven effective in extracting meaningful patterns from
images, offering a computationally efficient alternative to deep learning-based approaches.

Methods

This study proposes a machine vision-based method for pistachio classification using texture analysis.
The approach consists of several steps:

1. Image Acquisition & Preprocessing: High-resolution color images of bulk pistachios (3498 x 2542
pixels) were acquired using a scanner at 300 dpi. Images were converted to grayscale, and sub-images (512 x
512 pixels) were extracted for analysis.

2. Feature Extraction: A Gabor filter bank with five scales and four orientations (total of 20 filters) was
applied to the sub-images. The mean and standard deviation of filtered images were computed, resulting in a
40-dimensional feature vector.

3. Feature Selection: A genetic algorithm (GA) was employed to optimize feature selection, reducing the
initial 40 features to 18 while preserving classification performance.

4. Classification: The selected features were input to a K-nearest neighbor (KNN) classifier using the 2
distance metric. A dataset comprising 1000 sub-images from five pistachio varieties was used for evaluation.

Results

The proposed method achieved an overall classification accuracy of 99.5%, significantly outperforming
a reference method (Shamsi-Goshki et al., 2013) with 94.8% accuracy. The genetic algorithm effectively
reduced computational complexity while maintaining classification performance. Performance metrics,
including precision, recall, and F1-score, confirmed the superiority of the proposed approach over previous
methods. Additionally, the proposed bulk classification approach is more suitable for industrial applications
compared to conventional methods that classify individual pistachios.

Conclusions

This study demonstrates the effectiveness of combining Gabor filters, genetic algorithms, and KNN
classification for pistachio type recognition. The approach achieves high accuracy with significantly lower
computational costs than deep learning models, making it suitable for large-scale industrial applications.
Future research can explore integrating deep learning with texture-based methods for further improvements.
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