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Preface

Eighth International Conference on Information and Communication Technology
for Competitive Strategies (ICTCS-2023) targets state-of-the-art as well as emerging
topics pertaining to information and communication technologies (ICTs) and effec-
tive strategies for its implementation for engineering and intelligent applications.

The conference is anticipated to attract a large number of high-quality submis-
sions, stimulate the cutting-edge research discussions among many academic
pioneering researchers, scientists, industrial engineers and students from all around
the world and provide a forum to researcher; propose new technologies, share their
experiences and discuss future solutions for design infrastructure for ICT; provide
a common platform for academic pioneering researchers, scientists, engineers and
students to share their views and achievements; enrich technocrats and academicians
by presenting their innovative and constructive ideas; and focus on innovative issues
at international level by bringing together the experts from different countries.

The conference was held on December 8 and 9, 2023, physically at Hotel—
Four Points by Sheraton Jaipur, India, and Digitally on Zoom organized by Global
Knowledge Research Foundation and Managed by G R Scholastic LLP.

Research submissions in various advanced technology areas were received, and
after a rigorous peer review process with the help of program committee members
and external reviewers, 200 papers were accepted with an acceptance rate of 17%.
All 200 papers of the conference are accommodated in five volumes; also, papers in
the book comprise authors from 22 countries.

This event success was possible only with the help and support of our team and
organizations. With immense pleasure and honor, we would like to express our sincere
thanks to the authors for their remarkable contributions, all the technical program
committee members for their time and expertise in reviewing the papers within a
very tight schedule, and the publisher Springer for their professional help.

We are overwhelmed by our distinguished scholars and appreciate them for
accepting our invitation to join us through the virtual platform and deliver keynote
speeches and technical session chairs for analyzing the research work presented by
the researchers. Most importantly, we are also grateful to our local support team for
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Transfer Learning Techniques in Medical | m)
Image Classification oo

D. S. Radhika Shetty and P. J. Antony

1 Introduction

Medical image classification, a cornerstone of modern health care, plays a pivotal
role in assisting clinicians with accurate diagnosis, treatment planning, and patient
care. With the advancement of medical imaging technologies, the sheer volume and
complexity of medical image data have ushered in new challenges and opportuni-
ties. The application of deep learning techniques, particularly within the realm of
convolutional neural networks (CNNs) [11], has demonstrated remarkable potential
in addressing these challenges. However, the success of deep learning models often
hinges on access to substantial labeled data, a resource that remains scarce in medical
imaging due to factors like data privacy, rarity of certain conditions, and the need for
expert annotation [1].

Enter transfer learning, a paradigm that has revolutionized the landscape of deep
learning by enabling the efficient adaptation of knowledge from one task or domain
to another. In the context of medical image classification, transfer learning tech-
niques have emerged as a powerful means to bridge the data scarcity gap, leverage
features learned from diverse sources, and enhance the performance of models on
medical images [1]. The underlying principle of transfer learning aligns with the
medical community’s pursuit of accurate, robust, and efficient diagnostic tools that
can improve patient outcomes.

This survey paper embarks on an extensive exploration of transfer learning tech-
niques in the context of medical image classification. By systematically reviewing a
plethora of research, methodologies, and applications, this paper aims to provide a
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comprehensive understanding of the diverse strategies that empower deep learning
models to excel in the medical imaging domain.

The primary focus of this survey is to shed light on various transfer learning
paradigms, ranging from fine-tuning and feature extraction to domain adaptation.
Each technique’s theoretical foundations, practical implementations, and implica-
tions for medical image classification will be scrutinized to unveil their potential and
limitations. Furthermore, the survey will delve into notable studies across different
medical imaging modalities, such as X-rays, MRI, CT scans, and histopatholog-
ical images, showcasing how transfer learning has been instrumental in achieving
breakthroughs in diagnostic accuracy and efficiency.

The ethical considerations inherent to deploying transfer learning models in
the medical domain will also be addressed. Ensuring patient safety, preventing
biases, and maintaining model interpretability are all vital factors that underscore
the importance of responsible implementation.

As the survey progresses, emerging trends, challenges, and future directions
within the realm of transfer learning for medical image classification will be iden-
tified [1]. The symbiotic relationship between transfer learning and deep learning
architectures, the exploration of domain adaptation methods, and the integration of
multi-modal data are among the anticipated avenues that will shape the trajectory of
medical image analysis [1].

In conclusion, this survey paper is envisioned as an essential resource for
researchers, clinicians, and machine learning practitioners interested in harnessing
the power of transfer learning to enhance medical image classification. By synthe-
sizing theoretical insights, empirical findings, and ethical considerations, this paper
aspires to foster advancements that further strengthen the marriage between deep
learning and medical imaging, ultimately resulting in improved diagnostic accuracy
and healthcare outcomes.

2 Different Transfer Learning Techniques

Transfer learning has proven to be incredibly effective in various fields of deep
learning, including medical image analysis. It involves using a pre-trained model
on a large dataset and adapting it for a different, often smaller, dataset or task. In
the context of medical image analysis, transfer learning techniques aim to leverage
knowledge learned from one medical imaging task and apply it to another task or
domain. Here are some common transfer learning techniques used in deep learning
for medical images:
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2.1 Feature Extraction and Fine-Tuning

Feature Extraction: In this approach, you use a pre-trained neural network as a feature
extractor. The early layers of the network, which capture basic features like edges
and textures, are kept frozen, and only the later layers are replaced with new layers
that are tailored to your specific task. This new architecture is then trained on your
medical image dataset.

Fine-Tuning: After replacing the final layers, you can also fine-tune some of the
earlier layers with a smaller learning rate. This allows the model to adapt some of the
learned features to the specific characteristics of your medical images. Fine-tuning
is especially effective when you have a larger dataset.

2.2 Domain Adaptation

Domain Transfer: In cases where the source and target domains have some differ-
ences, domain adaptation techniques aim to reduce the domain gap. This involves
techniques like adversarial training, where an additional domain discriminator is
used to minimize the difference between source- and target-domain features.

Domain adaptation is a critical challenge when applying transfer learning to
medical images because medical imaging encompasses a wide range of modalities,
specialties, and institutions, each with its unique characteristics and data distribu-
tions. Domain adaptation methods should be evaluated rigorously to ensure their
effectiveness in specific medical image classification tasks, considering the unique
characteristics of the data and domains involved.

2.3 Multi-task Learning

In medical imaging, there are often related tasks that can be learned simultaneously.
Multi-task learning involves training a single neural network to perform multiple
tasks. The idea is that shared lower-level features will benefit both tasks, even if the
tasks are somewhat different [17].

2.4 Self-supervised Learning

Self-supervised learning is a technique where the model learns from the data itself
without explicit annotations. For medical images, this could involve predicting
missing parts of an image, rotations, or other transformations. The features learned
through self-supervision can then be fine-tuned for the target task [1].



242 D. S. Radhika Shetty and P. J. Antony

2.5 Cross-modality Transfer

Medical imaging often involves various modalities such as MRI, CT, X-ray. Transfer
learning can be applied to adapt a model trained on one modality to another. This
can be particularly helpful when labeled data are scarce for a specific modality [1].

2.6 Zero-Shot and Few-Shot Learning

Zero-shot learning involves training a model on one task and then applying it to a
completely different task with no task-specific training data. Few-shot learning is
similar but allows for a small amount of task-specific training data. These techniques
are useful when obtaining labeled medical images for the target task is difficult.

2.7 Model Ensemble

Combine predictions from multiple pre-trained models, each fine-tuned for a specific
aspect of the target task. This can improve performance by capturing a broader range
of features.

When applying transfer learning to medical image analysis, it is crucial to consider
the domain shift, data variability, and potential biases present in medical data. The
choice of transfer learning technique depends on factors like the availability of labeled
data, similarity between the source and target tasks, and the nature of the medical
images being analyzed.

3 Literature Survey

Pre-trained deep architectures have proven to be effective in various medical image
classification tasks. The utilization of architectures such as VGG [3] and ResNet
[4] has demonstrated significant improvements in classification accuracy. These
models, originally designed for natural images, have been fine-tuned or used as
feature extractors for medical images, showcasing their ability to capture relevant
features [3, 4].

Domain adaptation techniques play a vital role in addressing domain shift chal-
lenges in medical image classification. Adversarial domain adaptation, proposed by
Ganin et al. [5], has been widely employed to align feature distributions between
source and target domains [5]. Additionally, domain-invariant feature learning
methods [6] have shown promise in reducing the impact of domain discrepancies

[6].
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Self-supervised learning has emerged as a valuable approach in medical image
classification tasks. Techniques such as image rotation prediction [7] and contrastive
learning [8] have been adapted to pre-train models for subsequent medical image
analysis, showcasing their ability to learn informative representations [7, 8].

The paper titled “Invasive Cancer Detection Utilizing Compressed Convolutional
Neural Network and Transfer Learning” by Kong et al. [9] focuses on the detection of
invasive cancer using advanced machine learning techniques. The authors propose a
methodology that combines a compressed convolutional neural network (CNN) with
transfer learning to improve the accuracy of cancer detection in medical images [9].

The paper titled “Deep Learning Predicts Underlying Features on Pathology
Images with Therapeutic Relevance for Breast and Gastric Cancer” by Valieris et al.
[10] discusses the application of deep learning techniques to predict relevant under-
lying features in pathology images of breast and gastric cancer. The study aims to
identify patterns and characteristics within these images that have therapeutic signif-
icance. The authors employ advanced deep learning algorithms to analyze pathology
images and extract valuable information related to cancer characteristics. By doing
so0, they aim to predict therapeutic implications based on the identified features. The
study primarily focuses on breast and gastric cancers, two prevalent types of cancer
[10].

The paper titled “Application of Artificial Intelligence Technology in Oncology:
Towards the Establishment of Precision Medicine” [11] explores the utilization of
artificial intelligence (AI) technology in the field of oncology to advance precision
medicine. The authors discuss how Al techniques are being employed to analyze
complex medical data, including genomic information, medical images, and clin-
ical records, with the aim of tailoring treatment approaches to individual patients.
The paper emphasizes the potential of Al to enhance diagnostic accuracy, predict
treatment outcomes, and guide personalized therapies. It highlights the importance
of interdisciplinary collaboration between medical experts and Al researchers to
harness the full potential of Al in oncology [11].

The paper “Deep Convolutional Neural Networks with Ensemble Learning and
Transfer Learning for Automated Detection of Gastrointestinal Diseases” by Qiaosen
Su, Fengsheng Wang, Dong Chen, Gang Chen, Chao Li, and Leyi Wei focuses
on using advanced machine learning techniques, specifically deep convolutional
neural networks (CNNs), for automating the detection of gastrointestinal diseases.
The authors combine the power of ensemble learning, where multiple models are
combined for better performance, with transfer learning, which involves leveraging
knowledge from pre-trained models. By employing deep CNNs along with these
strategies, the paper aims to improve the accuracy and efficiency of automated detec-
tion of gastrointestinal diseases. The authors provide insights into how their approach
enhances the capability of computer-aided diagnosis for these medical conditions
[12].

The paper titled “Automatic Detection of Early Gastric Cancer in Endoscopic
Images using a Transferring Convolutional Neural Network™ by Y. Sakai et al.
presents a method for automatically identifying early-stage gastric cancer in endo-
scopic images. The authors leverage a transferring convolutional neural network
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(CNN) approach, which involves adapting a pre-trained CNN model on a large
dataset to the specific task of detecting gastric cancer. This transfer learning approach
enables the model to learn relevant features from the existing data and apply them
effectively to the new medical image dataset. The study showcases the potential of
this technique in enhancing the accuracy and efficiency of early gastric cancer detec-
tion, contributing to improved diagnostic capabilities in the field of gastroenterology
[13].

Rajaraman et al. [14] study emphasizes the potential of transfer learning as a
valuable tool in medical image classification, showcasing how pre-trained CNNs can
serve as powerful feature extractors for the accurate detection of malaria parasites in
thin blood smear images. The authors adopted a transfer learning approach, where
they utilized pre-trained CNN models that were originally trained on large-scale
natural image datasets. They fine-tuned these models on a dataset of thin blood
smear images specific to malaria parasite detection. The fine-tuning process involved
modifying the last layers of the pre-trained networks to match the classification task
for malaria detection [14].

Hosseini-Asl and Keyvanpour’s [15] research contributes to the field of medical
image analysis by showcasing the successful adaptation of a 3D CNN for Alzheimer’s
disease diagnosis. The authors propose the utilization of a 3D CNN, which is designed
to process three-dimensional data such as volumetric medical images. The network
is trained on a dataset containing medical images of individuals with Alzheimer’s
disease and healthy controls. The architecture of the 3D CNN is adapted to the
specific characteristics of the dataset and the task of Alzheimer’s disease diagnosis
[15].

Mou et al. [16] paper presents an embedding transfer framework that harnesses
knowledge from auxiliary domains for cardiovascular event prediction. The authors
present an embedding transfer framework designed to leverage data from different but
related domains to enhance cardiovascular event prediction. The framework involves
learning representations (embeddings) from auxiliary domains with abundant data
and transferring these embeddings to the target cardiovascular prediction task. This
enables the model to benefit from the knowledge captured in the auxiliary domains
[16].

4 Discussion

The field of medical image classification has witnessed significant advancements in
recent years, largely attributed to the application of transfer learning techniques [2].
This survey paper aimed to provide a comprehensive overview of the various transfer
learning methods utilized in medical image classification tasks. Through an analysis
of the selected studies, several key insights and discussions have emerged.
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4.1 Performance Improvement

The studies reviewed consistently demonstrated that transfer learning techniques
substantially enhance the performance of medical image classification models. Pre-
trained models, trained on large general datasets, capture rich features that are
beneficial for extracting relevant information from medical images. This is particu-
larly crucial in scenarios where obtaining large annotated medical image datasets is
challenging due to limited data availability.

4.2 Domain Adaptation

Domain adaptation methods have emerged as a critical aspect of transfer learning in
medical image classification. Medical images often vary significantly from natural
images, and direct transfer of knowledge from natural images to medical images may
not yield optimal results. Domain adaptation techniques, such as adversarial training
and domain-specific fine-tuning, were highlighted as effective strategies to bridge
the domain gap and improve model generalization.

4.3 Fine-Tuning Strategies

Various strategies for fine-tuning pre-trained models were explored in the reviewed
studies. Layer freezing, where certain layers are kept fixed during training, and
gradual unfreezing, which involves progressively unfreezing layers, were found to
prevent catastrophic forgetting and stabilize training. Selective fine-tuning of specific
layers based on their relevance to the task was also reported as a strategy to optimize
model performance.

4.4 Data Augmentation

Data augmentation was identified as a valuable technique to mitigate overfitting, espe-
cially when working with limited medical image datasets. Augmentation methods
such as rotation, scaling, and flipping were commonly employed to artificially expand
the dataset and improve model generalization. The choice of augmentation techniques
has depended on the specific characteristics of the medical images.
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Transfer learning will continue to be a driving force in the field of medical
image classification, helping to improve accuracy, efficiency, and clinical decision-
making. However, its successful evolution will depend on addressing specific chal-
lenges related to domain adaptation, interpretability, data privacy, and regulatory
compliance.

When using transfer learning in medical imaging, researchers and practitioners
should be acutely aware of a range of ethical considerations to ensure that the deploy-
ment of Al models is responsible and aligns with the best interests of patients
and the broader healthcare ecosystem. Here are some of the key ethical consid-
erations: Patient Privacy and Data Security, Data Encryption, Informed Consent,
Patient Consent, Data Bias and Fairness, Transparency and Interpretability, Account-
ability and Responsibility, Medical Professional Involvement, Data Ownership and
Sharing, Regulatory Compliance, Continual Monitoring and Improvement, Ongoing
Evaluation: Public Engagement and Transparency, Emergency, and Critical Use.

Ethical considerations in medical imaging extend beyond the technical aspects
of Al development and encompass broader societal, legal, and professional norms.
Researchers and practitioners must navigate these ethical challenges thoughtfully and
transparently to ensure that Al technologies in health care are trustworthy, safe, and
beneficial to patients and healthcare providers alike. Collaboration between multi-
disciplinary teams, including ethicists and legal experts, can help to address these
complex ethical issues effectively.

5 Conclusion

In conclusion, this study highlighted the significant impact of transfer learning tech-
niques on the advancement of medical image classification. The studies reviewed
collectively demonstrated that transfer learning not only enhances classification accu-
racy but also accelerates model convergence, reducing the need for extensive training
on limited medical datasets.

Domain adaptation methods have emerged as a critical component, addressing
the unique challenges posed by medical images and their distinct characteristics
compared to natural images. Fine-tuning strategies, along with thoughtful layer
selection, have proved to be pivotal in achieving optimal results while avoiding
overfitting.

The adoption of transfer learning in medical image classification holds immense
promise for improving diagnostic accuracy, aiding medical professionals in making
informed decisions, and ultimately enhancing patient care. As the field continues to
evolve, it is expected that further research will explore innovative transfer learning
architectures, domain adaptation techniques, and data augmentation strategies
tailored specifically to the nuances of medical image analysis.
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Integrating Al Tools into HRM m
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Jasno Elizabeth John and S. Pramila

1 Introduction

Sustainability has emerged as one of the most important aspects of any business
organization. The central objective of corporate governance is to attain an elevated
level of performance and profitability while safeguarding against management prior-
itizing their interests at the expense of stakeholders [1]. However, this goal is pursued
without considering the environmental damage that it can create. As stated by the
Chartered Institute of Personnel and Development in London [2], the core of orga-
nizational sustainability revolves around the idea of reinforcing the environmental,
societal, and economic aspects of business operations. It highlights how the concept
of sustainability enables a business to thrive while ensuring the well-being of future
generations’ needs is not overlooked [3].

Green HRM manifests an organization’s commitment to sustainability, where HR
strategies, policies, and practices are designed to not only enhance employee well-
being but also to reduce the environmental footprint of its operations. To fulfill their
sustainability objectives and to meet the expectations of the organizational stake-
holders, both internally and externally, companies are increasingly turning to Al
[4]. At the nexus of Al and Green HRM lies the prospect of reshaping the conven-
tional HR functions, and revamping the traditional process of HRM like recruitment,
development, engagement, and performance management to be eco-friendly and
resource-optimized.

Incorporating Al tools into HRM practices presents a novel dimension of opti-
mization and innovation, enabling organizations to harness data-driven insights,
predictive analytics, and automation to achieve their sustainability objectives. The
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ingenious employment of Al can contribute to reducing energy consumption, mini-
mizing waste, and enhancing operational efficiency, all of which are central to the
themes of Green HRM.

2 Literature Review

The organizations have developed strategies to deal with the ecological footprint’s
reduction, in addition to addressing economic concerns. In today’s corporate land-
scape, to thrive in the corporate arena and to facilitate shareholder profit, organiza-
tions must concentrate on a holistic range of factors, encompassing not only economic
and financial aspects but also social and environmental factors [5]. The Agenda 21
action plans for sustainable development also highlight the need for interdisciplinary
coordination to integrate environmental and social issues into business practices [6].

The term ‘Green HRM’ was coined in 1996 by Wehrmeyer in his book ‘Greening
People,” marking the inception of its evolution. The author discussed improving
sustainability through the most vital resource—Human Resources. It elaborated
the idea of raising awareness about the significance of these practices, introducing
policies for their practical implementation, and incentivizing individuals who adopt
environmentally sustainable behavior through rewards to encourage their continued
adoption. This also resulted in a substantial shift in work attitudes and personal
motivation concerning their jobs and the organization [7]. Considering the current
heightened emphasis on corporate environmental sustainability, contemporary HR
managers have been tasked with the added duty of integrating Green HR principles
into the corporate mission statements and HR policies. Green HRM fosters an envi-
ronmentally conscious behavior and culture, both at the organizational and individual
levels [8].

HRM as a critical function that directs the workforce, has been entrusted with the
responsibility to drive initiatives that align with sustainability goals. The integration
of Al tools into HRM processes presents an exceptional scope to achieve this target,
underlining the tenets of Green HRM. A varied array of Al applications centered
on Human Resource Management (HRM) is employed within organizations. These
applications enhance the cost-efficiency of HR processes and consequently enhance
the overall employee experience. This, in turn, leads to heightened levels of employee
commitment and satisfaction while reducing instances of employee turnover [9]. We
anticipate technology to not only streamline back-office operations but also progres-
sively assume the more human-centric aspects of HR responsibilities. While these
technologies undoubtedly enhance efficiency, reduce bias, and enhance the HR func-
tion’s value within organizations, it is essential to recognize that the human touch
will remain indispensable for achieving success [10]. Maintaining a harmonious
equilibrium between technology and the human element is essential to ensure that
employees’ distinct requirements and emotions continue to be efficiently addressed.
These tools should be integrated and utilized in such a way that they minimize



