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ABSTRACT

India, 2 leading exporter of silk, heavily relies on the sericulture industry for its economic and cultural
development. The production of high-yielding hybrid silk cocoons necessitates efficient and accurate
classification of silkworm pupae based on sex. Traditional methods, which involve manual inspection and
cutting of cocoons, are labour-intensive and prone to errors. This study introduces non-destructive techniques
using X-ray and camera imaging to classify FC1 and FC2 silkworm pupae within cocoons. By utilizing
advanced feature extraction methods and machine learning algorithms, the proposed methods aim to enhance
the accuracy and efficiency of pupae classification. The X-ray imaging technique involves Gaussian blur for
noise reduction, Otsu’s binarization for segmentation, and skewness correction to align pupae. Innovative
width and height measurements, along with additional morphological features, are extracted and subjected to
Linear Discriminant Analysis (LDA) for dimensionality reduction. An AdaBoost classifier optimized with
grid search achieves classification accuracies of 97.1% for FC1 and 96.3% for FC2 during cross-validation,
and 95.3% for FC1 and 95.1% for FC2 during external validation. This method demonstrates high
computational efficiency and is suitable for applications requiring detailed anatomical insights. Conversely,
the camera imaging method utilizes accelerated HOG(AHOG) for feature extraction proceeded with block
level dimensionality reduction using LDA and a hybrid RFEXGBoost classifier for the classification process.
The XGBoost classifier is enhanced with a Teaching Learning Based Population Selection Genetic Algorithm
(TLBPSGA), achieves accuracies of 98.5% for FC1 and 98.2% for FC2. This method is distinguished by its
computational efficiency and cost-effectiveness. The research highlights the potential of integrating
non-destructive imaging technologies with machine leaming to revolutionize silk production, boost
productivity, and support sustainable development in sericulture. The findings offer valuable insights for both
the scientific community and practical applications in agriculture and silk production. '
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