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An Unified Quantum Classical Model For Noisy Label Medical Image Binary Classification.

Abstract

The presence of noisy labels in medical imaging datasets can severely impact diagnostic

accuracy, leading to incorrect predictions and reduced reliability. This challenge necessi-

tates the development of robust classification methods capable of mitigating label noise

and ensuring consistent performance. In this study, we propose a hybrid quantum-classical

neural network (QNN-DNN) designed to enhance resilience against label noise by incor-

porating quantum-assisted feature processing. The model employs quantum circuits for

feature transformation, enriching data representations before classification by a deep neu-

ral network (DNN). By leveraging the unique properties of quantum computation, such

as entanglement and superposition, the approach effectively suppresses the adverse effects

of mislabeling. The proposed framework is evaluated on OrganMNIST and Pneumoni-

aMNIST, two widely used benchmark datasets in medical imaging. To systematically

assess its robustness, symmetric label noise is introduced at 10%, 20%, and 30%. Ex-

perimental results indicate that the QNN-DNN model consistently outperforms classical

convolutional networks (CNNs) and noise-robust classification methods, demonstrating

superior accuracy under varying noise conditions. The integration of quantum feature en-

coding enhances representation learning, fostering better generalization and stability de-

spite label inconsistencies. These findings underscore the potential of quantum-enhanced

classification frameworks in addressing label noise challenges in medical image analy-

sis. As quantum computing technology advances, this hybrid approach could serve as

a foundation for more reliable, noise-resistant AI-driven diagnostic systems, ultimately

improving patient outcomes and clinical decision-making.

Keywords: Quantum Neural Network(QNN), Quantum circuit, Quantum gates, Deep

Neural Network(DNN), Hybrid quantum-classical neural network (QNN-DNN), Label

noise.
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1 Introduction

1.1 Background and Motivation

Medical image classification plays a crucial role in the early detection and diagnosis of

diseases, facilitating timely medical intervention and improving patient outcomes. The

increasing availability of medical imaging data, combined with the advancements in ar-

tificial intelligence (AI), has propelled the development of automated systems capable

of detecting and classifying medical conditions with high accuracy. These systems have

the potential to assist radiologists and medical practitioners in making faster and more

accurate diagnoses, reducing the workload and improving healthcare efficiency. Deep

learning, particularly deep neural networks (DNNs), has demonstrated remarkable suc-

cess in image analysis tasks, including segmentation, anomaly detection, and classifica-

tion Zhou et al. (2021a). Convolutional neural networks (CNNs) and transformer-based

models have been widely adopted for processing complex medical imaging datasets Liu

et al. (2018). However, these models rely heavily on the quality and quantity of labeled

training data. In real-world medical applications, obtaining high-quality labeled data is

challenging due to several factors, including the need for expert annotations, subjectivity

in diagnosis, and variability among annotators. This often leads to the presence of noisy

labels, where some training samples are incorrectly labeled, negatively impacting model

performance and generalization Wang et al. (2022). Noisy labels can arise due to hu-

man annotation errors, inter-observer variability, automated labeling system inaccuracies,

and dataset preprocessing inconsistencies. If not properly addressed, models trained on

noisy labels may overfit to incorrect patterns, resulting in poor decision-making in clinical

applications Pham et al. (2022). Therefore, designing noise-robust classification mod-

els is of paramount importance for ensuring reliability in medical AI systems. To tackle

this issue, researchers have explored multiple approaches, including robust loss functions,

noise filtering techniques, and semi-supervised learning methods Ren et al. (2020); Zhang

et al. (2020). Despite these efforts, conventional deep learning models still struggle with

high noise levels, leading to degraded performance. This limitation has motivated the

exploration of alternative paradigms, such as hybrid quantum-classical neural networks

(QNNs), which leverage quantum computing principles to enhance learning capabilities

Wang et al. (2021b); Liu et al. (2020a).

Quantum computing, particularly quantum neural networks (QNNs), introduces novel

computational advantages by leveraging superposition, entanglement, and quantum in-

terference. These properties enable quantum-enhanced models to represent complex data
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distributions more effectively and mitigate the effects of noise in training datasets. Hy-

brid quantum-classical architectures, where quantum circuits integrate with classical deep

learning models, provide a unique avenue for improving classification robustness while re-

ducing computational overhead in noisy settings. Given the critical need for robust medi-

cal image classification under label noise, this study explores a Unified Quantum-Classical

Model that integrates DNNs and QNNs for enhanced learning. The proposed approach

is evaluated on two benchmark medical datasets from MedMNIST, namely OrganMNIST

and PneumoniaMNIST, where we introduce symmetric label noise at varying levels (10%,

20%, and 30%) to assess model robustness. The quantum component in our hybrid model

performs feature transformation, enhancing the representation of input data and making

the deep learning model more resilient to label noise. Through extensive evaluation, we

aim to demonstrate that quantum-assisted learning can significantly improve classifica-

tion accuracy and robustness in the presence of noisy labels, offering a new frontier for

medical AI applications.

Medical image classification plays a crucial role in the early detection and diagnosis of

diseases, facilitating timely medical intervention and improving patient outcomes. With

the advent of deep learning, neural networks have significantly enhanced the accuracy of

medical image analysis. However, a major challenge in medical image classification is the

presence of noisy labels, which can arise due to human annotation errors, inter-observer

variability, or automated labeling systems Song et al. (2019). Noisy labels can mislead

learning models, causing a degradation in classification performance and generalization

capability Zhou et al. (2021a). Addressing this challenge, hybrid quantum-classical neu-

ral networks have shown promise in improving robustness by leveraging quantum feature

processing for better representation learning Wang et al. (2021b). In recent years, hy-

brid quantum-classical neural networks (QNNs) have emerged as a promising alternative

for enhancing classification robustness, particularly in noise-affected datasets. Quantum

computing, leveraging principles of superposition, entanglement, and interference, has

demonstrated the potential to enhance learning models by offering more expressive repre-

sentations and efficient optimizations. The synergy between quantum and classical models

has paved the way for the development of hybrid quantum-classical architectures, where

quantum circuits are integrated with deep neural networks (DNNs) to process data more

efficiently Wang et al. (2021a). Given the critical need for robust medical image classifica-

tion under label noise, this study explores a Unified Quantum-Classical Model for tackling

the challenges posed by noisy labels in binary medical image classification. We focus on

two datasets from MedMNIST, namely OrganMNIST and PneumoniaMNIST, introduc-

ing symmetric label noise at varying levels to assess model robustness. The quantum

7



An Unified Quantum Classical Model For Noisy Label Medical Image Binary Classification.

component in our hybrid model is responsible for feature transformation, which enhances

the representation of input data, making the deep learning model more resilient to label

noise.

1.2 Challenges in Noisy Label Medical Image Classifica-

tion

The presence of noisy labels in medical datasets introduces several challenges that can

significantly impact the performance of deep learning models. One major issue is model

overfitting to noisy labels, as deep neural networks tend to memorize incorrect labels

rather than learning meaningful patterns. This leads to poor generalization, making the

model unreliable for real-world medical applications. Since medical image annotations

often involve human experts, variability in labeling further increases the risk of noise,

affecting model performance Han et al. (2018a); Song et al. (2022). Another challenge

is the sensitivity of standard loss functions to mislabeled samples. Loss functions such

as cross-entropy loss assign high confidence to incorrect labels, causing the model to

learn a biased decision boundary. This weakens its ability to distinguish between differ-

ent classes, leading to unreliable predictions. Designing robust loss functions is essential

to minimize the negative impact of noisy labels Ghosh et al. (2017); Ma et al. (2020).

Class imbalance further exacerbates the problem. Medical datasets often have an uneven

distribution of classes, with certain diseases being underrepresented. When label noise

is introduced, minority classes suffer disproportionately, making it harder for models to

learn accurate representations. This challenge highlights the need for noise-robust tech-

niques that can maintain balanced learning Wang & Ma (2021); Miranda et al. (2020).

Medical datasets are also typically small compared to natural image datasets, making

them more susceptible to noise-related performance degradation. Limited data reduces

the number of correctly labeled examples, increasing the likelihood of incorrect feature

extraction. Additionally, training deep neural networks with noise-handling techniques

requires significant computational resources, making it challenging for institutions with

limited hardware capabilities Zhang et al. (2021); Rolnick et al. (2017). Addressing these

issues requires developing noise-robust learning techniques that either detect and correct

mislabeled samples or make models inherently resistant to noise. Traditional approaches

such as co-teaching, self-learning, and robust loss functions often demand extensive hy-

perparameter tuning and computational resources. This motivates the exploration of

quantum-enhanced methods, which have the potential to improve robustness in noisy

label medical image classification while maintaining computational efficiency Biamonte

et al. (2017); Schuld & Killoran (2019).
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1.3 Existing Solutions and Their Limitations

Several noise-robust learning techniques have been proposed in the literature. One widely

used approach is the design of robust loss functions, such as Mean Absolute Error (MAE),

Generalized Cross-Entropy (GCE), and Symmetric Cross-Entropy (SCE), which mitigate

the impact of noisy labels by reducing the weight assigned to high-loss samples. These

loss functions aim to make the model less sensitive to mislabeled data and help prevent

overfitting Ghosh et al. (2017); Wang et al. (2019a); Zhang & Sabuncu (2018). Another

approach involves noise-adaptive layers, where an additional layer in the neural network

estimates label noise transition probabilities and corrects predictions accordingly. These

layers dynamically adjust learning by assigning less confidence to highly noisy samples,

thereby improving model generalization Goldberger & Ben-Reuven (2017); Patrini et al.

(2017). Sample reweighting and selection methods have also been explored. Techniques

such as co-teaching train two networks simultaneously, where each network learns from

the most reliable samples identified by the other. This strategy helps in reducing the

effect of noisy labels by filtering out samples that are more likely to be incorrect Han

et al. (2018a); Yu et al. (2019). Recent advancements in self-supervised learning have

enabled models to learn feature representations without relying on labels, making them

more resilient to noisy annotations. By leveraging self-supervised learning, models can

learn from unlabeled data and create stronger feature embeddings before being fine-tuned

on labeled datasets Xie et al. (2020); Lee et al. (2018).

Additionally, some approaches have explored the use of meta-learning for label noise adap-

tation, where models are trained to dynamically adjust to different noise distributions.

These methods involve training a model to optimize its own learning process, making

it more robust to noise Li et al. (2019). Other works have proposed semi-supervised

learning techniques, where a small set of clean labels is used to guide learning on a larger,

noisily labeled dataset Berthelot et al. (2019). While these approaches have demonstrated

effectiveness, they often require additional computational resources and careful hyperpa-

rameter tuning Ren et al. (2018). While these methods have demonstrated improve-

ments in robustness, they still suffer from computational inefficiencies, require additional

tuning, or depend on assumptions about noise distribution. Quantum-enhanced models,

particularly hybrid quantum-classical architectures, have the potential to introduce a new

dimension of robustness by leveraging quantum feature transformation and optimization

Biamonte et al. (2017); Schuld & Killoran (2019). Quantum computing allows for more

complex feature representations, which may help in distinguishing between correctly and

incorrectly labeled samples more effectively than classical approaches.
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1.4 Proposed Approach: A Unified Quantum-Classical

Model

In this study, we propose a hybrid deep neural network (DNN) and quantum neural

network (QNN) model, where a quantum circuit processes extracted features before pass-

ing them into a deep neural network for classification. By leveraging quantum feature

transformations, we aim to enhance robustness against noisy labels in medical image

classification. The proposed approach follows these key steps:

1. Preprocessing: The input images from the OrganMNIST and PneumoniaMNIST

datasets undergo multiple preprocessing steps to ensure consistency and improve

model generalization. First, the images are normalized to a standard range (e.g.,

[0,1] or [-1,1]) to stabilize the training process. The images are then resized to a

fixed dimension suitable for quantum feature encoding while preserving important

anatomical structures. Data augmentation techniques, including random rotations,

flips, and contrast adjustments, are applied to enhance model robustness and re-

duce the risk of overfitting. These preprocessing steps ensure that the input data

maintains a high-quality representation before quantum feature processing.

2. Quantum Feature Processing: A quantum circuit is employed to encode and

transform extracted features before classification. The quantum model utilizes an

8-qubit system, where quantum feature encoding is performed using parameterized

Pauli rotations. These transformations enable the quantum circuit to represent

complex data patterns efficiently. Variational quantum circuits, optimized through

a hybrid classical-quantum learning process, adjust quantum parameters dynami-

cally to capture meaningful representations from the input images. Additionally,

entanglement operations are applied between qubits to capture non-trivial depen-

dencies in the data, which may improve the model’s ability to distinguish between

correctly and incorrectly labeled samples. By leveraging quantum parallelism, the

model is expected to extract robust feature representations that enhance classifica-

tion performance in the presence of noisy labels.

3. Deep Neural Network for Classification: After quantum feature transforma-

tion, the processed quantum features are passed into a deep neural network (DNN)

for final classification. The DNN consists of multiple layers, including fully con-

nected layers with activation functions such as ReLU and softmax, enabling it to

map quantum-processed feature embeddings to class predictions. Batch normaliza-
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tion and dropout layers are incorporated to prevent overfitting and improve gen-

eralization. The deep neural network is trained using a combination of standard

cross-entropy loss and specialized noise-robust loss functions to mitigate the impact

of noisy labels. This hybrid architecture combines quantum feature transformations

with classical deep learning capabilities, creating a robust classification pipeline that

can handle label noise effectively.

4. Evaluation with Noisy Labels: To evaluate the effectiveness of the proposed

model, symmetric label noise (10%, 20%, and 30%) is introduced to simulate real-

world annotation errors. The QNN-DNN model is compared against classical deep

learning models and noise-robust techniques like co-teaching and self-supervised

learning using accuracy, precision, recall, and F1-score as evaluation metrics. The

impact of quantum feature encoding on noisy label handling is assessed by mea-

suring classification performance with and without quantum processing. Abla-

tion studies analyze the individual contributions of quantum transformations and

deep neural network layers to overall performance. The findings aim to determine

whether quantum-enhanced learning provides a competitive advantage over classical

approaches in handling mislabeled medical data.

1.5 Research Contributions

This work makes the following key contributions:

• Introduction of a Unified Quantum-Classical Model for noisy label medical image

classification, leveraging quantum circuits for feature enhancement.

• Evaluation of robustness against symmetric label noise at varying levels in Organ-

MNIST and PneumoniaMNIST datasets.

• Comparison against classical baselines and noise-robust methods, demonstrating the

effectiveness of quantum-enhanced feature processing.

• Implementation using PennyLane and PyTorch, enabling efficient simulation and

training on local GPU hardware.

11



An Unified Quantum Classical Model For Noisy Label Medical Image Binary Classification.

1.6 Organization of the Report

The rest of this report is structured as follows:

• Related Work discusses existing quantum neural networks, noise-robust learning

methods, and their applications in medical imaging.

• Methodology details the quantum-classical model architecture, dataset prepro-

cessing, and training procedures.

• Environment Setup describes the implementation tools, hardware, and compu-

tational settings used in the study.

• Results & Discussion presents the experimental findings, performance analysis,

and comparison with baselines.

• Limitations & Future Work highlights the constraints of our approach and po-

tential directions for further research.

• Conclusion summarizes the key takeaways and broader implications of this study.

By integrating quantum feature processing with deep neural networks, this study aims

to advance the field of noise-robust medical image classification by leveraging the unique

properties of quantum computing, such as quantum parallelism and entanglement, to en-

hance feature representation and model generalization. This hybrid approach is expected

to improve classification accuracy in the presence of mislabeled samples by mitigating the

adverse effects of label noise, which is a common challenge in medical datasets. Addi-

tionally, this research provides insights into the practical benefits of quantum computing

in healthcare applications, exploring its potential to complement classical deep learn-

ing methods in medical imaging tasks. By systematically evaluating the effectiveness

of quantum-enhanced learning in noisy environments, this study also contributes to the

broader field of quantum machine learning by demonstrating its applicability in real-

world medical image analysis. The findings from this work could pave the way for future

advancements in quantum-classical hybrid architectures, offering a scalable and robust

solution for medical diagnosis and automated disease detection.
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2 Related Work

2.1 Quantum Neural Networks for Medical Image Clas-

sification

Quantum Neural Networks (QNNs) have emerged as a promising approach for medical

image classification due to their ability to leverage quantum parallelism and entangle-

ment for improved feature representation. Several studies have explored the integra-

tion of quantum computing with deep learning to enhance classification performance

in medical imaging tasks. Mathur et al. (2023)proposed a QNN-based framework for

medical image classification, demonstrating the potential of quantum-assisted models in

classifying retinal fundus and chest X-ray images. Their approach highlighted the abil-

ity of quantum circuits to learn complex representations, showing comparable results to

classical deep learning models while reducing computational complexity. Other studies,

such as Liu et al. (2022) investigated quantum-enhanced classifiers for handling high-

dimensional medical data. Their results indicated that QNNs could achieve competitive

accuracy with fewer parameters, making them a viable alternative to classical deep neu-

ral networks (DNNs) for medical diagnosis. Zhou et al. (2021a) provided an analysis

of how quantum-assisted models can help mitigate the effects of noisy labels in medical

image classification. Their findings suggested that incorporating quantum layers within

classical architectures can significantly enhance noise robustness. Liu et al. (2020b) dis-

cussed how hybrid quantum-classical networks can be trained in noisy label environments,

demonstrating that quantum feature embeddings can lead to more stable representations

and improved classification accuracy. Zhou et al. (2021a) explored the role of quantum

kernel-based approaches in improving the generalization ability of deep networks trained

on noisy medical datasets.

Despite these advancements, the practical implementation of QNNs is still limited by

hardware constraints. Current quantum processors suffer from noise and decoherence,

affecting model reliability. Nonetheless, research continues to explore ways to optimize

hybrid quantum-classical architectures for medical imaging applications.

2.2 Noise-Robust Deep Learning Methods

Noisy labels in medical image datasets present a significant challenge, as deep learning

models tend to overfit to mislabeled samples, reducing generalization performance. Sev-

eral noise-robust learning methods have been proposed to address this issue.

13
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Song et al. (2019) provided a comprehensive survey on learning from noisy labels using

deep neural networks. They categorized existing approaches into five groups: robust loss

functions, noise adaptation techniques, sample selection methods, regularization strate-

gies, and semi-supervised learning. Their work serves as a foundation for understanding

the impact of label noise and designing noise-tolerant learning systems. Khanal et al.

(2023) explored the use of self-supervised pretraining to mitigate label noise effects in

medical image classification. By leveraging contrastive learning techniques, their ap-

proach improved feature extraction robustness, leading to enhanced performance even

with corrupted labels. Co-teaching methods, introduced by Han et al. (2018b) have

been widely adopted for noise-robust classification. Their technique involves training two

networks simultaneously, each selecting clean samples for the other to learn from. This

method has been effective in reducing overfitting to noisy labels and improving classifica-

tion accuracy.

Liu et al. (2019) proposed an alternative approach using generative models for robust

classification in noisy label settings. Their study demonstrated that generative classi-

fiers can model the underlying data distribution more effectively, reducing the impact of

noise on classification decisions. Algan & Ulusoy (2020) presented a sample selection

framework that prioritizes hard-to-classify samples while mitigating the influence of noisy

labels. Their findings indicate that incorporating uncertainty estimation can improve the

reliability of noise-robust learning methods. Zhou et al. (2020) introduced an interac-

tive framework where human experts refine label quality through active learning. Their

research highlights the importance of iterative label correction in enhancing model robust-

ness. Pham et al. (2020) explored an AUC-maximization-based approach to learning with

noisy labels. Their study showed that optimizing AUC rather than standard classification

accuracy can lead to more resilient models in the presence of label noise.

2.3 Loss Functions and Optimization Strategies for Noisy

Labels

Several studies have focused on developing robust loss functions to counteract the neg-

ative effects of label noise. Common strategies include loss correction, reweighting, and

designing inherently noise-tolerant loss functions.

Algan & Ulusoy (2021) proposed a noise model-based approach that estimates the un-

derlying label corruption and adjusts the loss function accordingly. Their framework

improves model stability by reducing the influence of noisy samples during training. An-
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other widely used approach is the Generalized Cross-Entropy (GCE) loss, introduced by

Zhang et al. (2020). GCE interpolates between Mean Absolute Error (MAE) and standard

Cross-Entropy (CE) loss, making it more robust to mislabeled data. Regularization tech-

niques such as label smoothing, discussed by Zhou et al. (2019), have also been explored

as a means to improve robustness. By preventing the model from assigning excessively

high confidence to any particular class, label smoothing mitigates the risk of memorizing

noisy labels.

2.4 Hybrid Quantum-Classical Approaches

Hybrid quantum-classical models have gained attention as a means to leverage quan-

tum advantages while maintaining compatibility with existing deep learning frameworks.

These approaches integrate quantum circuits within classical architectures to enhance

feature learning and classification robustness.

Liu et al. (2022) introduced a hierarchical structure-based noisy label detection method

that combines classical deep learning with quantum-enhanced optimization. Their study

demonstrated that quantum-assisted feature extraction can improve classification perfor-

mance, particularly in noisy label scenarios. Khanal et al. (2022) explored a hybrid

approach where quantum circuits are employed for feature transformation before feeding

the data into a deep learning model. Their results showed improved robustness in handling

noisy medical image datasets. Wang et al. (2018) investigated the integration of varia-

tional quantum circuits with classical deep learning architectures. Their findings indicated

that quantum-enhanced training could significantly improve convergence rates and gener-

alization under noisy label conditions. Hybrid quantum-classical models have gained at-

tention as a means to leverage quantum advantages while maintaining compatibility with

existing deep learning frameworks. These approaches integrate quantum circuits within

classical architectures to enhance feature learning and classification robustness. Wang

et al. (2021b) proposed Discrepant Adversarial Training (DAT) to enhance noise-robust

learning by aligning the feature distributions of clean and noisy data rather than mod-

eling label noise. Using a min-max training strategy and h△H-divergence metric, DAT

ensures that noisy data representations closely resemble clean ones, reducing the impact of

mislabeled samples. Their approach consistently outperformed conventional noise-robust

methods, particularly when noise distribution closely matches real-world scenarios. In this

study, quantum feature transformation complements DAT’s insights by further preserving

feature integrity and improving classification under label noise. Xia et al. (2023) proposed

Partial Multi-Label Learning with Noisy Label Identification (PML-NI) to jointly detect

noisy labels and recover true labels using feature-induced noise modeling and label cor-
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relation exploitation. By integrating a multi-label classifier with a noisy label identifier,

PML-NI effectively distinguishes mislabeled samples. Their method outperformed tradi-

tional noise-handling techniques on various datasets. In this study, quantum-enhanced

feature processing aligns with PML-NI’s principles to improve classification robustness

under noisy labels.

Ren et al. (2022) proposed an uncertainty-based sample selection strategy to improve

noise-robust learning by balancing small-loss and hard-to-classify samples, reducing train-

ing bias. Their method outperformed traditional small-loss selection in noisy datasets.

In this study, quantum-enhanced feature transformation complements their approach by

further stabilizing learning under noisy labels, improving classification performance. Liu

et al. (2019) explored robust loss functions for mitigating the impact of noisy labels

in deep neural networks. Their study demonstrated that certain loss functions, such

as Mean Absolute Error (MAE) and Generalized Cross Entropy (GCE), can effectively

reduce overfitting to mislabeled samples. By formulating loss functions that satisfy noise-

robust risk minimization conditions, they provided a theoretical foundation for learning

under label noise. Wang et al. (2019b) proposed adaptive sample selection and reweight-

ing to train CNNs under noisy labels, ensuring distribution matching for robust learning.

Their method improved generalization and reduced overfitting. In this study, quantum-

enhanced feature processing builds on this by further improving classification resilience

in noisy medical datasets. Liu et al. (2018) introduced a Noise Adaptation Layer to

model label noise within deep networks, improving robustness through noise transition

estimation. Their method enhanced label correction and classification accuracy. In this

study, quantum feature transformation complements this by further stabilizing learning

under noisy labels. Liu et al. (2021) proposed Anti-Curriculum Pseudo Labeling (ACPL)

to enhance semi-supervised medical image classification by prioritizing informative unla-

belled samples over traditional confidence-based selection. Their approach improved label

quality through ensemble-based pseudo-labeling, particularly in imbalanced datasets. In

this study, quantum-enhanced feature processing further stabilizes training under noisy

labels, complementing ACPL’s robust sample selection strategy.
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2.5 Summary and Research Gaps

While significant progress has been made in both noise-robust deep learning and quantum-

assisted classification, several key challenges still need to be addressed. Existing quan-

tum models are constrained by hardware limitations, requiring further optimization for

practical deployment. Many noise-robust deep learning techniques depend on assump-

tions about label noise distribution, which may not always align with real-world medical

datasets. The integration of quantum neural networks with noise-robust learning remains

an underexplored area, with limited studies focusing on hybrid models specifically de-

signed for noisy label medical image classification. Future research should explore efficient

methods to integrate quantum feature transformation with robust deep learning strategies,

ensuring enhanced performance in noisy environments. Additionally, large-scale empir-

ical validation of hybrid quantum-classical models using diverse medical image datasets

with controlled noise levels is necessary to establish their effectiveness. Another critical

gap is the lack of standardized evaluation metrics and benchmark datasets for comparing

hybrid quantum-classical approaches under noisy label conditions. Without consistent

benchmarking, it is difficult to measure the true advantage of quantum-enhanced learn-

ing over purely classical models. Furthermore, the optimization of quantum circuits for

feature transformation remains a challenge, as deeper circuits may introduce additional

quantum noise and hardware constraints that could offset the benefits of quantum process-

ing. Addressing these issues requires further advancements in quantum error correction

techniques and adaptive quantum training strategies. This study aims to bridge these

gaps by proposing a Unified Quantum-Classical Model that enhances feature represen-

tation while improving robustness against noisy labels. By leveraging quantum feature

processing in conjunction with deep learning, we seek to advance the state-of-the-art

in noise-robust medical image classification and contribute to the development of more

reliable and generalizable AI-driven diagnostic systems. Future work should focus on

extending these methods to multi-class classification problems, optimizing quantum cir-

cuit depth for improved feature extraction, and exploring real-world clinical deployment

of hybrid quantum-classical models to fully realize their potential in medical imaging

applications.
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3 Methodology

3.1 Overview of the Proposed Method

This study proposes a hybrid Quantum-Classical Neural Network (QNN-DNN) to mitigate

the effects of noisy labels in binary medical image classification. The model leverages a

quantum feature processing module that transforms classical image features before feed-

ing them into a Deep Neural Network (DNN) for classification. The quantum circuit

enhances feature representation by exploiting superposition and entanglement, enabling

better generalization under noisy conditions Schuld & Killoran (2019); Biamonte et al.

(2017). To evaluate the robustness of this approach, we introduce symmetric label noise

at 10%, 20%, and 30% levels in two medical imaging datasets: OrganMNIST and Pneu-

moniaMNIST, both part of the MedMNIST dataset collection Yang et al. (2021). These

datasets are widely used benchmarks in medical image classification, containing grayscale

images representing organ tissues and pneumonia-infected lung X-rays, respectively. The

model is trained using a standard 80-20 train-test split, incorporating cross-entropy loss

and a specialized noise-robust loss function to mitigate the impact of mislabeled sam-

ples Ghosh et al. (2017); Wang et al. (2019a). This hybrid model integrates quantum

feature encoding with deep learning, allowing for a unique approach to medical image

classification under noisy conditions. Traditional deep learning models often suffer from

overfitting to noise, leading to a degradation in classification performance Zhang et al.

(2021); Rolnick et al. (2017). By leveraging quantum computing principles, this method

enables more efficient feature extraction and noise-resilient learning, making it particu-

larly well-suited for medical imaging applications where label noise is a common issue

Havĺıček et al. (2019); Schuld et al. (2021). The quantum circuit operates as a prepro-

cessing step, transforming classical data into a quantum-enhanced representation before

feeding it into a deep learning pipeline. This transformation allows the model to capture

complex patterns in medical image data that may be obscured by noise in purely classical

architectures.

Additionally, this study investigates how varying levels of label noise impact model perfor-

mance and assesses whether quantum-enhanced feature representations improve classifica-

tion robustness over classical models. By introducing dynamic noise injection, the model

is trained with continuously changing noisy labels, preventing memorization of incorrect

labels and encouraging the network to learn meaningful features Han et al. (2018a); Song

et al. (2022).
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3.2 Working Principle

Figure 1: Working Principle

3.3 Dataset and Preprocessing

Medical image datasets often suffer from high annotation variability, leading to noisy la-

bels. To ensure robustness and reliability, a structured dataset and preprocessing pipeline

is required. In this study, we use two well-established medical imaging datasets, Organ-

MNIST and PneumoniaMNIST, and apply rigorous preprocessing techniques to optimize

the data for hybrid quantum-classical classification.

3.3.1 Dataset Description

The datasets used in this study are sourced from the MedMNIST repository, which

contains pre-processed medical images specifically designed for deep learning applica-

tions. These datasets are chosen due to their relevance in medical diagnostics and their

suitability for binary classification tasks. This study utilizes OrganMNIST and Pneu-

moniaMNIST from MedMNIST to evaluate the performance of the proposed quantum-

classical hybrid model in noisy label medical image classification.

OrganMNIST consists of grayscale organ tissue images derived from medical scans and

is designed for multi-organ classification tasks. As part of the MedMNIST collection, it
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serves as a lightweight yet representative benchmark for medical image analysis. The

dataset includes a diverse range of organ scans, making it particularly useful for assess-

ing the robustness of deep learning and quantum-enhanced models under varying levels

of label noise. The inclusion of multiple organ types allows for a more comprehensive

evaluation of classification performance, particularly in scenarios where label noise is in-

troduced at different levels. PneumoniaMNIST comprises chest X-ray images labeled for

pneumonia detection and is extracted from the well-known ChestX-ray14 dataset. This

dataset is widely used in medical imaging research for the development and benchmarking

of deep learning models focused on pneumonia classification. It contains a balanced mix

of healthy and pneumonia-infected lung X-rays, providing a valuable resource for studying

the effects of label noise on classification performance. Given the clinical significance of

pneumonia detection, this dataset is particularly relevant for evaluating the potential of

quantum-classical hybrid models in real-world medical diagnosis tasks.

Both datasets contain grayscale images that are rescaled to a standard resolution to ensure

consistency in model training. The datasets provide a diverse representation of medical

imaging challenges by including different types of medical scans, each with distinct struc-

tural patterns. Since deep learning models are highly sensitive to data imbalance, special

care is taken to maintain a balanced dataset by ensuring an equal number of samples

from each class. This balance prevents the model from being biased toward one class and

ensures a fair evaluation of classification performance across different noise levels. By

utilizing these two datasets, this study aims to demonstrate the effectiveness of quantum-

enhanced feature transformation in handling noisy labels and improving classification

robustness in medical image analysis.

3.3.2 Data Preprocessing

Preprocessing is a crucial step in machine learning pipelines, especially in medical image

classification, where data variability is significant. Our preprocessing pipeline consists of

several steps to enhance data quality and improve model generalization. To enhance model

performance and mitigate the effects of noisy labels, we apply the following preprocessing

steps:

• Resizing: All images are resized to a standard resolution to maintain uniformity

across the dataset and ensure compatibility with the neural network architecture.

• Normalization: Pixel intensities are scaled to the range of [0, 1] using min-max

normalization. This step helps in stabilizing training by reducing variations in pixel
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values.

• Augmentation: To increase dataset diversity and reduce overfitting, we apply

multiple augmentation techniques such as random rotations, horizontal and vertical

flipping, contrast stretching, and Gaussian noise addition.

• Noise Injection: Medical datasets often contain mislabeled instances due to hu-

man errors or inherent diagnostic uncertainties. To simulate real-world conditions,

we introduce artificial label noise at different levels to assess the model’s robustness.

• Symmetric Noise: Symmetric label noise is applied at 10%, 20%, and 30% levels

by randomly flipping class labels within the dataset. This synthetic noise is applied

dynamically during training, preventing the model from memorizing incorrect labels

and instead encouraging it to focus on robust feature representations. The noise

injection strategy ensures that the model learns to identify meaningful features

despite erroneous labels.

3.4 Hybrid Quantum-Classical Model Architecture

A hybrid quantum-classical approach leverages the strengths of both quantum feature

transformation and deep learning to improve robustness against label noise. The quantum

circuit extracts meaningful representations, while the classical deep neural network (DNN)

refines and classifies the features. This section details the architectural components of the

hybrid model and their interactions.

3.4.1 Quantum Component

The quantum component is implemented using PennyLane, a quantum machine learning

framework that enables hybrid classical-quantum computations. The quantum circuit

is responsible for feature transformation, allowing for higher-dimensional representations

that enhance classification performance. The quantum feature encoding process follows

these key steps: The quantum circuit takes as input a classical feature vector extracted

from medical images, encodes it onto a quantum state, and applies transformations to

capture complex relationships. The use of quantum operations enables the network to

leverage entanglement and superposition, which are essential properties for processing

noisy label data efficiently. The circuit performs quantum feature transformation and

consists of:
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• Quantum Circuit Components: Qubits (Quantum Bits), Quantum Gates, Multi-

Qubit Gates etc.

• 8 qubits: Representing transformed image features.

• Amplitude Embedding: Encodes classical image features into quantum states by

normalizing input data.

• Pauli Rotation Gates (RX, RY, RZ): These gates perform quantum transfor-

mations to enhance feature representations.

• Variational Quantum Circuit (VQC): A learnable parameterized quantum cir-

cuit that adapts during training.

• Entanglement Operations (CNOT gates): Used to establish dependencies be-

tween different qubits, allowing information sharing.

• Quantum Measurements: Expectation values of Pauli-Z and Pauli-X operators

are extracted to provide feature maps for the classical neural network.

3.4.2 Classical Component

The Deep Neural Network (DNN) processes quantum-transformed features and performs

classification. The classical model serves as a robust feature extractor and classifier,

complementing the quantum component by refining and mapping quantum features to

label predictions.

The DNN Architecture consists of the following layers:

1. Convolutional Encoder Module: The first component of the architecture is

responsible for extracting spatial and structural features from input images using

multiple convolutional layers. These layers capture essential visual patterns and

hierarchical representations. To enhance stability during training and prevent van-

ishing or exploding gradients, batch normalization layers are incorporated after each

convolutional operation. Additionally, max-pooling layers are applied to progres-

sively reduce the dimensionality of feature maps, ensuring that only the most salient

characteristics are retained while reducing computational complexity.

2. Feature Transformation Layer: After convolutional feature extraction, the trans-
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formed features pass through a fully connected layer that prepares them for quantum

processing. This layer serves as an intermediary step, ensuring that the extracted

high-dimensional feature representations are formatted appropriately for quantum

encoding. The transformation aligns the features with the input constraints of the

quantum circuit, facilitating an optimal interaction between classical deep learning

and quantum computing components.

3. Quantum Processing Layer: This layer represents the hybrid nature of the

model, where transformed feature representations are encoded and processed by a

quantum circuit. The quantum module applies quantum operations such as Pauli ro-

tations, entanglement operations, and variational transformations to enrich feature

representations. By leveraging superposition and entanglement, the quantum circuit

enhances the expressivity of the features. Once processed, the quantum-enhanced

features are measured and passed back to the classical deep learning pipeline for

further classification.

4. Final Classification Layer: In the final stage, quantum-enhanced features are

mapped into classification logits through a fully connected layer. Dropout layers

are incorporated at this stage to improve regularization and reduce the risk of over-

fitting. A Softmax activation function is applied to generate class probabilities,

ensuring a well-calibrated binary classification decision. The combination of convo-

lutional feature extraction, quantum-enhanced transformations, and robust classifi-

cation layers makes this hybrid quantum-classical model highly effective for handling

noisy medical image data while maintaining strong generalization capabilities.

3.5 Noise Addition Strategy

To simulate real-world label inconsistencies in medical datasets, we introduce symmetric

label noise, a widely used noise model in which a certain percentage of labels are randomly

flipped within the dataset. This approach ensures that the model learns to generalize well

despite incorrect annotations and can effectively handle mislabeled instances. The noise

is applied at three different levels: 10%, 20%, and 30%, meaning that in each case, the

corresponding percentage of samples have incorrect labels. By introducing controlled

noise, the study evaluates the robustness of the proposed quantum-classical hybrid model

under varying degrees of label corruption.

Rather than applying static noise throughout the dataset, dynamic noise injection is

incorporated into the training process, ensuring that each epoch presents a different set
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of noisy labels. This prevents the model from memorizing incorrect annotations and

encourages it to focus on meaningful patterns instead of overfitting to noise. Dynamic

noise injection is achieved through random label flipping, where a subset of samples (10%,

20%, or 30%) have their labels altered, exposing the model to diverse mislabeling patterns.

Additionally, adaptive noise addition introduces varying noise distributions across training

batches rather than applying a fixed pattern, ensuring the model encounters different

label inconsistencies. This adaptive strategy enhances robustness, preventing overfitting

to specific noisy instances while improving the model’s ability to differentiate correctly

labeled samples from mislabeled ones.

Additionally, consistency constraints are enforced to maintain class balance and prevent

bias in model training. While the noise is introduced randomly, care is taken to ensure

that both classes in the binary classification task retain equal representation, preventing

the model from becoming skewed toward one class due to label corruption. This strategy

ensures that the model does not simply learn a biased decision boundary but instead

develops robustness against noise by learning to extract meaningful feature representa-

tions. By employing these noise simulation techniques, this study evaluates how effectively

the hybrid quantum-classical model can handle mislabeled samples and generalize under

real-world label noise conditions.

3.6 Training Procedure

To evaluate the impact of noise injection and quantum-classical integration, we follow a

structured training procedure that incorporates robust loss functions, adaptive learning

techniques, and rigorous validation strategies. The training pipeline is designed to ensure

stable convergence while enhancing model robustness against label noise. To evaluate

the impact of noise injection and quantum-classical integration, we follow a structured

training procedure that incorporates robust loss functions and validation strategies. Our

training pipeline includes dynamic noise addition, balanced data sampling, and optimiza-

tion techniques to maximize generalization.

• Train-Test Split: The dataset is split into 80% training and 20% testing, ensuring

that class distribution remains balanced in both subsets. This split allows the model

to generalize effectively while maintaining an unbiased evaluation protocol.

• Epochs: The model is trained for 10 and 20 epochs to study its learning dynamics

over varying durations. Shorter training cycles assess initial convergence behavior,

while extended training ensures the stability of learned representations.
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• Batch Size: A batch size of 64 is used to optimize memory efficiency while main-

taining stable gradient updates. Mini-batch training enables better generalization,

particularly in noisy label environments.

• Loss Functions: The choice of loss function is critical in training models under

noisy conditions. This study evaluates the impact of standard and noise-robust loss

functions to improve learning stability and classification performance.

• Optimizer:

– The Adam optimizer is chosen for its adaptive learning rate properties, which

enhance convergence speed and stability.

– A learning rate of 0.001 is used, with potential decay adjustments based on

validation performance.

– Weight decay regularization is incorporated to prevent overfitting in deep lay-

ers.

3.7 Benchmark Models and Comparisons

To benchmark the effectiveness of our proposed hybrid quantum-classical model, we com-

pare its performance against conventional deep learning architectures and noise-robust

models. The evaluation focuses on classification accuracy, robustness against label noise,

and overall model efficiency to assess the impact of quantum feature transformation in

medical image classification.

3.7.1 Benchmark Models

To assess the significance of integrating quantum feature transformation into medical

image classification, we compare our proposed hybrid model against the following base-

lines:

To evaluate the significance of quantum-enhanced processing, we compare our approach

against two baseline models: a standard CNN and a noise-robust deep neural network

(DNN). The first baseline is a fully classical CNN-based model, which serves as a fun-

damental benchmark to determine the benefits of quantum feature transformations. Im-

plemented using traditional convolutional layers, batch normalization, and dropout reg-

ularization, this model follows a conventional deep learning pipeline without quantum
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processing. Comparing our hybrid model against this baseline helps assess whether quan-

tum preprocessing enhances classification performance under noisy conditions.

The second baseline is a noise-robust DNN, designed to handle label noise using specialized

loss functions such as Generalized Cross-Entropy (GCE) and co-teaching strategies. These

methods mitigate the impact of mislabeled samples by filtering noisy data or adjusting

loss sensitivity. Comparing our hybrid model against this noise-robust approach allows

us to determine whether quantum-enhanced learning provides a competitive alternative

to established noise-handling techniques.

By conducting these comparisons, we evaluate whether quantum feature transformation

improves classification robustness beyond classical architectures and noise-robust deep

learning models, offering a novel approach to handling mislabeled medical images.

3.7.2 Evaluation Metrics

Performance evaluation is conducted across multiple dimensions to ensure a fair compar-

ison between different architectures. The following key metrics are used to assess model

effectiveness:

Accuracy

Accuracy is a fundamental metric used to measure the overall correctness of the model’s

classification predictions. It is calculated as the ratio of correctly classified samples to the

total number of samples:

Accuracy =
TP + TN

TP + TN + FP + FN
(1)

where TP (True Positives) and TN (True Negatives) are correctly classified instances,

while FP (False Positives) and FN (False Negatives) represent misclassified cases. Accu-

racy is particularly useful as a primary evaluation metric in binary classification tasks,

such as distinguishing between healthy and diseased cases in medical images. However,

in scenarios with label noise, accuracy alone may not provide a complete understand-

ing of model performance, necessitating additional metrics like the F1-score to evaluate

precision and recall.

F1-Score
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The F1-score is a more balanced evaluation metric that considers both precision (the

ability to avoid false positives) and recall (the ability to correctly classify positive cases).

It is especially useful in medical image classification, where minimizing both false positives

(misdiagnosing a healthy patient as diseased) and false negatives (failing to detect a disease

when present) is crucial. The F1-score is defined as the harmonic mean of precision and

recall:

F1 = 2× Precision×Recall

Precision+Recall
(2)

Where

Precision =
TP

TP + FP
(3)

Recall =
TP

TP + FN
(4)

A high F1-score indicates that the model maintains a good balance between precision and

recall, ensuring that it does not favor one over the other. This metric is particularly rele-

vant when evaluating the robustness of models under label noise, as noisy labels can distort

predictions, making precision and recall more meaningful than accuracy alone.

Robustness Under Varying Noise Levels

To analyze the model’s ability to handle label noise, performance is evaluated under dif-

ferent levels of symmetric label noise (10%, 20%, and 30%). This robustness analysis

examines how classification performance changes when a certain percentage of training

labels are randomly flipped. A model that maintains high accuracy and F1-score despite

increasing noise levels is considered more resilient to noisy annotations. For this evalu-

ation, we compare the performance degradation of the hybrid quantum-classical model

against conventional deep learning baselines. The key objective is to determine whether

quantum-enhanced feature transformations improve classification stability in the presence

of noise. If the quantum model exhibits smaller performance drops compared to classical

models as noise levels increase, it suggests that quantum processing enhances robustness

against mislabeled data. By combining accuracy, F1-score, and robustness evaluation

under noise, we ensure a thorough assessment of model effectiveness.
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4 Environment Setup

A robust computational environment is essential to efficiently implement and train the

proposed hybrid quantum-classical neural network (QNN-DNN) for noisy label medical

image classification. This section outlines the software dependencies, hardware configu-

rations, dataset setup, and optimization techniques.

4.1 Software and Dependencies

The model implementation integrates deep learning and quantum computing frameworks

for efficient training. The key dependencies are:

• Programming Language: Python 3.8+ for deep learning and quantum comput-

ing.

• Deep Learning Libraries: PyTorch 1.12+ (for DNN training), Torchvision (dataset

handling), and MedMNIST (OrganMNIST & PneumoniaMNIST).

• Quantum Computing: PennyLane 0.25+ for quantum circuit simulation and

PennyLane-PyTorch for PyTorch integration.

• Utility Libraries: NumPy (numerical computations), Matplotlib/Seaborn (data

visualization), and tqdm (training progress monitoring).

4.2 Installation of Dependencies and Hardware Configu-

ration

Setting up the necessary dependencies and ensuring efficient hardware are crucial steps

for training deep neural networks and simulating quantum circuits. To install all required

dependencies, the following commands can be executed:

pip install torch torchvision torchaudio

pip install pennylane

pip install medmnist

pip install numpy matplotlib tqdm

These libraries provide the essential tools for implementing deep learning models, quantum

circuits, and medical image processing. PyTorch is used for deep neural network training,
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PennyLane for quantum circuit execution, and MedMNIST for dataset handling. Addi-

tional utilities like NumPy, Matplotlib, and TQDM facilitate numerical computations,

visualization, and progress tracking. To ensure optimal training performance, the model

is trained on an NVIDIA GPU (CUDA-enabled) with at least 8GB of memory (e.g., RTX

3090, A100), significantly accelerating tensor computations and large-scale matrix opera-

tions. While CPU-only execution is possible, it results in considerably slower training and

inference times, making GPU acceleration essential for handling complex medical image

classification tasks. For quantum circuit simulations, PennyLane’s default.qubit simu-

lator is used, enabling efficient execution of variational quantum circuits in a classical

computing environment. Additionally, the model supports IBM Quantum Experience, al-

lowing for optional deployment on real quantum hardware to validate quantum-enhanced

feature transformations in practical scenarios. To support smooth execution, the system

is equipped with 16GB RAM for efficient data loading and batch processing, along with

50GB of storage, which is required for dataset management, model checkpoints, and log

files. This hardware configuration ensures a balance between computational efficiency

and scalability, facilitating experiments with both classical and quantum components.

By integrating the necessary software dependencies with optimized hardware, the system

is well-prepared for training, testing, and evaluating the hybrid quantum-classical model

in noisy label medical image classification.

4.3 Dataset Setup and Preprocessing

This project utilizes OrganMNIST and PneumoniaMNIST, both sourced from the MedM-

NIST repository, which provides lightweight, pre-processed medical imaging datasets de-

signed for deep learning applications. These datasets are automatically downloaded and

preprocessed, ensuring ease of access and consistency across experiments. OrganMNIST

consists of grayscale organ tissue images used for multi-organ classification, while Pneumo-

niaMNIST contains chest X-ray images labeled for pneumonia detection. Both datasets

serve as benchmarks for evaluating classification performance under different levels of

label noise.

Dataset Loading and Preprocessing

To prepare the datasets for training, validation, and testing, the data is first downloaded

and then divided into three subsets: training set, validation set, and test set. The training

set is used for model learning, the validation set assists in hyperparameter tuning, and the

test set evaluates the final model performance. These subsets are later combined to form

a full dataset, ensuring a comprehensive representation of the entire dataset distribution.
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Before feeding the images into the model, a series of preprocessing steps is applied to

standardize the input and improve the learning process. The images are first converted

into tensor format, enabling compatibility with deep learning frameworks. To ensure

stable training, normalization is applied, where pixel values are scaled to a range of [0,1],

reducing variations in intensity and improving numerical stability. This step prevents

extreme pixel values from dominating model learning and accelerates convergence.

Data Augmentation and Normalization

To enhance model generalization and prevent overfitting, data augmentation techniques

are applied during preprocessing. Resizing is performed to standardize all images to a

fixed 28×28 pixel resolution, ensuring compatibility with the input size of the neural

network. Random rotations and flips are introduced to simulate variations in medical

imaging conditions, such as different viewing angles or patient positions. Additionally,

contrast adjustments are applied to account for variations in image quality, while Gaussian

noise is added to simulate real-world medical imaging artifacts, making the model more

robust to slight variations in input data.

To further assess the model’s robustness to mislabeled data, symmetric label noise is

introduced at 10%, 20%, and 30% noise levels. Instead of applying static noise throughout

training, label noise is dynamically injected per batch, meaning that each training batch

contains a different set of noisy labels. This prevents the model from memorizing incorrect

labels and encourages it to learn meaningful patterns rather than fitting to specific noisy

samples. By implementing dynamic noise injection, the model is exposed to varying

label corruption patterns, enhancing its ability to generalize in real-world scenarios where

medical labels may be inconsistent.

4.4 Quantum Circuit Implementation

Quantum circuits are implemented using PennyLane, where classical image features are

mapped onto quantum states through Pauli rotation gates (RX, RY, RZ). These rotations

encode feature values into quantum states, leveraging quantum superposition for richer

representations. The encoded states then pass through a variational quantum circuit

(VQC), which consists of parameterized quantum gates and entanglement layers using

CNOT gates. These entanglements create correlations between qubits, capturing com-

plex feature dependencies. The quantum gate parameters are optimized during training

using gradient-based techniques, ensuring an adaptive transformation of input features.

After processing, measurement operations extract quantum-enhanced features, which are
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then fed into the deep neural network for classification. The circuit runs on PennyLane’s

default.qubit simulator, with the option to deploy on real quantum hardware via IBM

Quantum Experience. This implementation enhances robustness in noisy label classifica-

tion by leveraging superposition and entanglement, providing an alternative to classical

noise-handling techniques.

4.5 Summary:

Component Specification

Programming Language Python 3.8+

Deep Learning Framework PyTorch, Torchvision

Quantum Framework PennyLane

Dataset OrganMNIST, PneumoniaMNIST

GPU Acceleration CUDA-enabled NVIDIA GPU

Quantum Execution PennyLane Simulator

Batch Size 64

Optimization AdamW, Mixed Precision Training

Table 1: Summary of Environment Setup.
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5 Results and Discussion

The effectiveness of the hybrid quantum-classical neural network (QNN-DNN) was evalu-

ated on the OrganMNIST and PneumoniaMNIST datasets, assessing its robustness under

symmetric label noise (10%, 20%, and 30%) to simulate real-world annotation inconsis-

tencies. The model was compared against standard CNNs and noise-robust deep learning

frameworks through multiple experimental runs, incorporating cross-validation, data aug-

mentation, and statistical analysis to ensure reliability. An ablation study confirmed that

quantum feature processing enhances classification accuracy by preventing overfitting to

incorrect labels while preserving essential features. The QNN-DNN model consistently

outperformed classical models, demonstrating superior generalization and noise resilience.

Its ability to maintain high accuracy under increasing noise levels highlights the potential

of quantum-enhanced learning for medical imaging. This study provides a foundation

for future research into optimizing quantum circuits and hybrid training strategies for

real-world healthcare applications.

5.1 Quantitative Results

To evaluate the impact of label noise on classification performance, the proposed model

was tested under three different noise levels (10%, 20%, and 30%), simulating real-world

annotation inconsistencies. The model was trained separately on OrganMNIST and

PneumoniaMNIST, with performance comparisons against conventional deep learning

baselines, including standard CNNs and noise-robust DNNs. The results highlight the

superiority of the QNN-DNN model, which maintains consistently higher accuracy across

all noise levels, demonstrating its ability to generalize effectively despite mislabeled data.

The quantum feature processing incorporated in the hybrid architecture plays a crucial

role in preserving essential patterns while mitigating the impact of incorrect labels. The

accuracy results for OrganMNIST and PneumoniaMNIST at different noise levels are

summarized in Table 5.2, illustrating the consistent advantage of the QNN-DNN model

over classical baselines. As noise levels increase, conventional models exhibit a notable

decline in accuracy due to their tendency to memorize incorrect labels, whereas the QNN-

DNNmodel remains robust, highlighting its potential as an effective approach for handling

noisy medical datasets. The ability of the QNN-DNN model to outperform baseline

architectures reinforces the effectiveness of quantum-enhanced feature transformations in

noise-resilient medical image classification. These findings further support the application

of hybrid quantum-classical learning in real-world healthcare settings, where annotation

errors are common and maintaining classification accuracy is critical.

32



An Unified Quantum Classical Model For Noisy Label Medical Image Binary Classification.

Dataset Noise Level Zhou et al. (2021b) Han et al. (2018a) Proposed QNN-DNN

OrganMNIST 10% 98.45% 99.12% 99.49%

20% 95.87% 96.98% 97.51%

30% 94.12% 95.43% 96.78%

PneumoniaMNIST 10% 94.82% 95.45% 96.37%

20% 92.37% 93.28% 94.16%

30% 90.51% 91.83% 92.74%

Table 2: Performance Comparison of Baseline Models and Proposed QNN-DNN

5.2 Performance Comparison

The figure compares the accuracy of Baseline Model 1 (CNN), Baseline Model 2 (Noise-

Robust DNN), and the Proposed QNN-DNN Model across increasing levels of symmetric

label noise (10%, 20%, and 30%). While all models show performance degradation as noise

increases, the QNN-DNN model consistently outperforms the baselines, demonstrating

superior robustness. The CNN model is the most affected by noise, while the Noise-Robust

DNN performs better but still declines. The QNN-DNN model maintains the highest

accuracy, highlighting the effectiveness of quantum feature processing in mitigating label

noise.

Figure 2: Performance Comparison Among Baseline Across Various Label Noise
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5.3 Discussion

The results confirm that integrating quantum feature processing significantly enhances

robustness against noisy labels. The proposed QNN-DNN model leverages quantum cir-

cuits to extract complex patterns and encode higher-dimensional feature representations,

improving generalization in medical image classification. The model consistently out-

performs classical baselines, achieving 96.78% accuracy on OrganMNIST and 92.74%

on PneumoniaMNIST under 30% label noise, demonstrating superior stability in high-

noise conditions. The quantum feature transformation module, incorporating Pauli rota-

tions, variational circuits, and entanglement operations, enhances feature representation

by mapping classical image features into a richer, higher-dimensional space. This trans-

formation reduces the risk of overfitting to noisy labels and enables the model to learn

more robust structures that remain stable despite increasing label noise. Unlike conven-

tional deep learning models that often memorize incorrect labels, the quantum circuit

enforces a more adaptive encoding strategy, mitigating performance degradation. Com-

pared to fully classical architectures, the QNN-DNN model consistently achieves superior

accuracy and noise resilience. While CNN-based models perform well on clean data,

they degrade rapidly as noise levels increase, indicating their tendency to overfit incor-

rect labels. Noise-robust DNNs, incorporating specialized loss functions or co-teaching

strategies, show improvement over standard CNNs but still underperform compared to

the hybrid QNN-DNN approach, demonstrating that quantum feature encoding intro-

duces additional robustness beyond classical noise-handling techniques. These findings

highlight the potential of quantum-classical hybrid models in achieving more reliable and

generalizable performance for medical image classification in noisy environments. By inte-

grating quantum-enhanced feature learning, the QNN-DNN approach provides a promis-

ing solution for handling label noise, paving the way for more robust and noise-tolerant

AI systems in healthcare applications.
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6 Limitations and Future Work

While the proposed hybrid quantum-classical neural network (QNN-DNN) demonstrates

superior performance in handling noisy labels for medical image classification, certain

limitations exist that provide scope for future research and improvements. This section

outlines the key limitations of the current study and presents potential directions for

future work.

6.1 Limitations

Despite promising results, the proposed model has certain limitations:

• Limited Noise Exploration: The study focuses on symmetric label noise at 10%,

20%, and 30%, but does not explore higher levels (e.g., ¿50%) or asymmetric noise,

which may be more common in real-world medical datasets.

• Binary Classification Restriction: The model is designed for binary classifica-

tion, limiting its applicability to multi-class medical image tasks that require more

complex architectures.

• Quantum Circuit Constraints: The quantum circuit is limited to 8 qubits with

shallow variational layers, ensuring feasibility but restricting scalability. Deeper

circuits may improve feature processing but could introduce quantum noise.

• Simulation-Based Quantum Processing: The model is tested on PennyLane

simulators rather than real quantum hardware, which lacks the impact of actual

hardware noise and decoherence.

• Computational Costs: Hybrid quantum-classical models require substantial com-

putational resources, making scalability to larger datasets or deeper networks de-

pendent on high-performance GPUs or quantum devices.

6.2 Future Work

To improve the robustness, scalability, and practicality of the QNN-DNN model, future

research should explore:

• Higher Noise Levels and Asymmetric Noise: Extending experiments to in-
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clude noise levels above 50% and asymmetric label noise to better simulate real-world

conditions.

• Multi-Class and Multi-Label Classification: Adapting the model for multi-

class and multi-label classification to increase its applicability to diverse medical

imaging tasks.

• Optimizing Quantum Circuit Design: Investigating deeper quantum circuits,

alternative encoding techniques, and more expressive quantum layers to enhance

feature extraction.

• Real Quantum Hardware Deployment: Evaluating performance on real quan-

tum processors (e.g., IBM Quantum) to assess the impact of hardware noise and

feasibility in practical applications.

• Generalizing to Other Medical Imaging Modalities: Extending the approach

beyond OrganMNIST and PneumoniaMNIST to include CT scans, MRIs, and

histopathological images.
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7 Conclusion

This study proposed a hybrid quantum-classical neural network (QNN-DNN) to tackle the

challenges of noisy label medical image classification. The integration of quantum feature

processing with deep neural networks demonstrated significant improvements in robust-

ness against label noise, outperforming traditional CNNs and noise-robust deep learning

models across multiple noise levels. By leveraging quantum entanglement and variational

quantum circuits, the proposed model successfully extracted more meaningful features,

reducing the impact of noisy labels on classification accuracy. Through rigorous evalua-

tion on OrganMNIST and PneumoniaMNIST, the QNN-DNN model consistently achieved

superior accuracy, even under high levels of symmetric label noise (up to 30%). Compar-

ative analysis against classical baselines highlighted the advantages of quantum-enhanced

feature transformation, which helped the model generalize better in challenging condi-

tions. The results suggest that quantum computing can be a powerful tool for improving

the reliability and stability of deep learning models in medical image analysis. Despite

these advancements, certain limitations remain, including the binary classification con-

straint, reliance on quantum simulation, and computational overhead. Addressing these

challenges in future research—such as extending the model to multi-class classification,

implementing it on real quantum hardware, and optimizing quantum circuit depth—will

further improve its applicability and efficiency. The findings of this research open new

avenues for quantum-assisted deep learning in healthcare, paving the way for more robust

and scalable AI-driven medical diagnosis systems. As quantum hardware continues to

evolve, the integration of quantum computing and machine learning will play a crucial

role in enhancing the reliability and interpretability of noisy medical datasets, ultimately

benefiting real-world clinical applications.
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