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Abstract: This work presents a hybrid quantum–classical approach to hazelnut image classification, 

experimentally comparing quantum and classical models, evaluating optimization strategies, and assessing 
current hardware limitations while highlighting the practical potential of quantum machine learning in vision 
tasks. 

 

This project investigates hybrid quantum–classical machine learning for hazelnut image classification, 
focusing on the design and benchmarking of Variational Quantum Classifier (VQC) against classical CNN baselines. 
A curated dataset of hazelnut images belonging to three classes (Giresun, Ordu, Van) (Fig. 1) is preprocessed 
through dimensionality reduction and used to train both classical and hybrid models. The quantum component 
relies on variational quantum circuits embedded within classical pipelines, enabling evaluation under different 
optimization strategies, including gradient-based and gradient-free approaches. Experimental results show 
comparable classification accuracy between classical and hybrid models, as highlighted by the confusion matrix 
on the test set (Fig. 2), while revealing differences in convergence behavior, robustness, and computational cost. 
The study also analyzes scalability and feasibility constraints imposed by current NISQ hardware. Although real-
device deployment remains limited, the results highlight the potential of quantum-enhanced learning for image 
classification and contribute to defining benchmarking methodologies. 

 
Fig. 1 Examples of hazelnut varieties (Giresun, Ordu, Van) used in the classification task. 

  
Fig. 2 Confusion matrices of classical model (left-side) Vs VQC (right-side) on test set. 

References 
1 A. Massa, G. Nunziata, F. Polverino, L. Campanile, M. Castaldo, L. Coraggio, S. Crisci, G. De Gregorio, W. Idrissi Ibnsalih, N. Itaco, E. Landolfi, 
S. Marrone, G. Toraldo, and A. Troiano, "A Quantum Machine Learning Algorithm for Hazelnut Variety Recognition," IEEE Int. Conf. Quantum 
Artificial Intelligence Proc., 979-8-3315-6986-0, 67–72 (2025). 

2 Napoli, L. Campanile, G. De Gregorio, and S. Marrone, "Quantum Convolutional Neural Networks for Image Classification: Perspectives 
and Challenges," Proc. Int. Conf. Internet of Things, Big Data and Security, 10.5220/0013521500003944, 509–516 (2025).  

3 RM. Henderson, S. Shakya, S. Pradhan, and T. Cook, "Quanvolutional Neural Networks: Powering Image Recognition with Quantum 
Circuits," Quantum Machine Intelligence, 2, 2 (2020). 


