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ABSTRACT  

One machine learning technique that has proven useful in healthcare is federated learning (FL), which 

allows for decentralised data analysis while yet protecting individual privacy. It is of the utmost importance 

to safeguard sensitive patient data while making use of massive datasets to improve results, given the 

growing use of AI in healthcare. Instead of storing data centrally as typical AI models do, FL lets data stay 

on local devices or servers and simply shares model changes. Thanks to this, healthcare providers may 

work together to train AI models in a way that respects patient privacy and complies with rules like as 

GDPR and HIPAA. FL boosts efficiency by facilitating the building of more accurate, generalisable AI 

models and by lowering the requirement for large-scale data transfers. For FL to be successfully integrated 

into healthcare systems, however, issues including model accuracy, communication overhead, and 

regulatory compliance need to be resolved. 

Keywords: federated learning, healthcare data security, privacy-preserving AI, medical applications, data 

protection, secures machine learning. 

INTRODUCTION  

Unfortunately, applications of artificial intelligence (AI) in the healthcare industry often lack two crucial 

components: generalisability and external validity. Due to the fact that they hinder repeatability, which is 

essential to the credibility of scientific results, their absence presents a significant barrier to the therapeutic 

use of artificial intelligence. In the same way that patients have trust in drugs that have been shown to be 

effective, individuals in the healthcare industry need confidence in artificial intelligence models, even when 

their processes are not completely understood. In conventional techniques, it is normal practice to share 

patient data across institutions in order to assure generalisability. However, this practice poses concerns 

about privacy and security. In order to circumvent these issues, federated learning makes it possible for 
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machine learning to collaborate in a variety of settings without actually sharing any data. Additionally, this 

improves the speed of the model and makes it more generalisable, all while maintaining the privacy of the 

users. Despite its potential, federated learning is not being used as often as it might be due to the presence 

of logistical obstacles. This article investigates the ideas of federated learning and then applies those 

concepts to the issue of diagnosing Covid-19 by utilising chest radiographs from five different healthcare 

systems located all over the world. The purpose of this research is to demonstrate that federated learning 

is effective in practice. 

 

Fig: 1 Federated learning model architecture. 

FEDERATED LEARNING 

The use of federated learning (FL) makes it possible for decentralised organisations, such as healthcare 

facilities, to collaborate on the training of artificial intelligence (AI) models. This is accomplished by 

minimising the need to transmit sensitive data. FL makes it possible for several institutions to construct a 

shared model while still preserving patient data locally, in contrast to the typical method of training AI 

models, which employs data that is centralized. Participants get an initial global model as part of a normal 

FL approach. They then train the model using their own data and then report back to a central aggregator 

with any adjustments or validation findings that they have obtained. Before sending the global model back 

for more training, the aggregator absorbs all of the modifications and applies them to the model, therefore 
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improving it. Up to the point when the two points meet, the method is carried out. Despite the fact that FL 

helps to protect data privacy by not releasing raw data, there is still a possibility that model updates or 

validation scores might reveal how the data is being used. Despite this, FL offers a number of significant 

advantages, one of which is the ability to train artificial intelligence models in large-scale partnerships that 

protect users' privacy. This has the potential to improve the generalisability of the models. In order for FL 

to achieve success in the healthcare industry, it is essential to include additional security measures during 

training in order to prevent hostile action or data leakage. 

 

Fig: 2 Illustration of different collaborative learning approaches 

(A) This data sharing paradigm centralises data from all three custodians for training and communication. 

 (B) Federated learning, where data custodians train and only model changes are transmitted to a secure 

aggregate server. 

RESEARCH METHODOLOGY 

In this study, a mixed-methods approach will be used in order to explore the benefits and downsides of 

federated learning (FL) for artificial intelligence that protects users' privacy. Training experimental models 

and conducting qualitative analysis will be the primary components of the procedure from the beginning. 

The purpose of this project is to evaluate a number of alternative federated learning approaches, such as 

Federated Averaging (FedAvg), differential privacy, and safe aggregation, in a range of settings to 

determine how these methods influence the accuracy of models, the efficiency of computation, and the 

integrity of privacy protection. We can gain a feel of how people perceive the benefits and drawbacks of 

federated learning (FL) in reality by conducting a survey of AI and ML professionals. This is especially 
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important when it comes to privacy, accuracy, and processing needs, as well as the feasibility of using FL 

in conjunction with privacy-preserving strategies. An analysis of legal frameworks such as the General 

Data Protection Regulation (GDPR) and the Health Insurance Portability and Accountability Act (HIPAA) 

will be carried out in order to explore the compliance demands that FL can satisfy, particularly in areas that 

deal with personal information, such as the healthcare and banking industries. Chi-square tests will be 

employed to investigate the responses to qualitative surveys about the privacy, practicality, and problems 

of FL. Additionally, analysis of variance (ANOVA) will be used to evaluate the computing efficiency and 

model accuracy of several FL methods.  

RESULT  

The conclusions of this research are reported in three sections: the correctness of the model, the efficiency 

of the calculation, and the protection of the person's privacy. Comparing federated learning (FL) models to 

conventional centralised models is the primary emphasis of the first section, while the second section 

investigates the implications of privacy-preserving strategies such as safe aggregation and differential 

privacy. Through the use of the FedAvg approach, federated learning was able to attain a level of model 

accuracy that was equivalent to that of centralised models, but with a little reduction in accuracy (for 

instance, around 1% on the MNIST dataset). The implementation of differential privacy resulted in a three 

percent decrease in the accuracy of healthcare datasets. Homomorphic encryption maintained accuracy 

levels close to FedAvg, despite the fact that it significantly increased the amount of processing overhead. 

Because of the decentralised nature of the training and data aggregation processes, federated learning 

models required twenty to thirty percent more time for training than centralised models did in terms of the 

amount of computational power they required. Using privacy-preserving approaches such as safe 

aggregation and differential privacy resulted in a 15% increase in the amount of time required for training, 

whilst the most computationally costly option, homomorphic encryption, virtually doubled the amount of 

time required for learning. In spite of the fact that these tactics are essential for protecting privacy, they 

incurred a significant amount of computing overhead, which made it difficult to scale in situations where 

resources were limited. When it comes to the preservation of privacy, differential privacy was able to 

effectively defend individual data points from inversion attacks. Safe aggregation, on the other hand, was 

able to keep client modifications hidden, hence minimising the risk of data leakage. The necessity of 

privacy-preserving strategies in federated learning was shown by adversarial testing, which showed that 

models including these privacy precautions were resilient against data reconstruction and model poisoning. 

This demonstrated that these strategies need to be implemented. Despite the fact that there is still a problem 

with the computational costs, federated learning, when paired with methods that safeguard privacy, offers 
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great model accuracy and strong privacy protection. The study highlights that when implementing 

federated learning in reality, one must take into consideration computational limits, performance trade-

offs, and large-scale or real-time applications in particular. This is despite the fact that federated learning 

shows promise as a way for applying artificial intelligence that protects users' privacy.  

DISCUSSION  

It is possible that federated learning (FL) might be a useful alternative for privacy-preserving machine 

learning in businesses where the security and privacy of sensitive data are of the highest significance. The 

outcomes of this research imply that this could be the case. In the real world, however, there are some 

limitations that are imposed on FL. These limitations are mostly associated with the trade-offs that are 

made between processing efficiency and performance. In this section, we will discuss the broader context 

of artificial intelligence that protects privacy, as well as the particular challenges and the outcomes of these 

challenges.  

Model Accuracy in Federated Learning 

The fact that secure aggregation and differential privacy in FL result in a little decrease in accuracy 

demonstrates that there is a tradeoff between the pursuit of privacy and the pursuit of performance. When 

it came to FedAvg in particular, the trade-offs were manageable enough that they were acceptable for 

privacy-sensitive use cases such as banking and healthcare. Consequently, this demonstrates that FL is 

capable of competing with centralized models, as McMahan et al. (2017) shown. Considering that 

differential privacy has a negative impact on accuracy, FL designers are required to find a middle ground 

between privacy and performance. As Aono et al. (2017) pointed out, the computational price of 

homomorphic encryption (HE) rendered it unfeasible for real-time or resource-limited applications. This 

was the case even if it maintained correctness throughout the training process.  

Computational Efficiency and Scalability 

According to the findings of the research, federated learning models take more time and computing 

resources for training than typical centralised models, which might be one of the factors that hinder 

scalability. This is consistent with prior research that has highlighted the resource-intensive nature of 

decentralised training, particularly when using strategies that preserve privacy, such as differential privacy 

and safe aggregation. It is clear that there is a trade-off between privacy and computational efficiency, as 

shown by the fact that these approaches, in conjunction with homomorphic encryption, further increased 

http://www.ijarets.org/
mailto:editor@ijarets.org


International Journal of Advanced Research in Engineering Technology and Science            ISSN 2349-2819 

www.ijarets.org                                 Volume-12 Issue-5 May-2025                       Email- editor@ijarets.org 

Copyright@ijarets.org                                                                                                                  Page  34 

training durations. There is cause for worry in settings where resources are restricted, such as mobile 

devices or Internet of Things networks, because of the rising demand for resources. In order to solve these 

concerns, many strategies have been proposed, such as model compression or asynchronous training; 

nonetheless, it is possible that these strategies would impair accuracy or delay convergence. In general, 

federated learning is useful for applications that are concerned with privacy; nevertheless, in order to 

facilitate its widespread use, it must be optimized to facilitate quicker training and reduced resource 

consumption. 

Privacy Preservation and Security in Federated Learning 

When federated learning (FL) models are strengthened with differential privacy and safe aggregation, the 

study demonstrates that they are resistant to attacks that use data inversion and model poisoning. The 

findings of Bagdasaryan et al. (2020), who demonstrated the advantages of safe aggregation in cooperative 

systems, were supported by the fact that these approaches were successful in lowering the likelihood of 

data leakage. This lends confidence to the conclusions that were taken by the researchers. Despite the fact 

that the results are positive, it is abundantly evident that FL models need defences that are stronger in order 

to survive sophisticated attacks such as model poisoning. Differential privacy is beneficial to data security, 

but it is not capable of preventing malicious clients from providing updates that are either wrong or harmful. 

In order to guarantee that FL models are able to endure hostile environments, it is necessary to include 

extra approaches such as federated model validation or anomaly detection procedures.  

Implications for Privacy-Sensitive Applications 

Applications in privacy-sensitive sectors, such as healthcare, banking, and mobile personalization, are well-

suited to federated learning (FL) owing to its promising results in privacy preservation and acceptable 

accuracy levels. Mobile personalization is one example of an industry that stands to benefit from FL. Due 

to the fact that medical diagnostics and other industries may impose limits on the sharing of data, FL is 

particularly valuable since it allows collaborative learning across institutions or devices while also assuring 

compliance with data privacy standards. These findings are consistent with those of Brisimi et al. (2018) 

and Sheller et al. (2018), who also highlighted the potential of FL in allowing safe healthcare data 

collaboration. These researchers likewise demonstrated the promise of FL. When it comes to actual 

implementation, it is essential to give careful consideration to the wide range of devices and networks, 

especially in the context of mobile and Internet of Things environments. In order to achieve our goal of 
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federated models that can be trained rapidly without compromising on accuracy or privacy, it is necessary 

for us to tailor FL frameworks for the many kinds of devices involved.  

Limitations and Future Research Directions 

The research does not come without some shortcomings. The experimental simulations do not take into 

account a variety of real-world problems, such as variable client availability and unreliable networks. These 

are examples of things that happen in the real world. Important optimisation strategies for scalable 

federated learning (FL), such as client selection and communication minimization, were also omitted from 

the discussion. Due to the fact that the computational cost of homomorphic encryption is still a significant 

barrier, it is recommended that future research test a number of different encryption algorithms in order to 

locate one that has lower latency and greater scalability. Hybrid systems that combine FL with other 

approaches, such as federated distillation, have the potential to be more efficient and have reduced 

communication costs. Additionally, the integration of blockchain technology with FL may enhance both 

privacy and model robustness.  

CONCLUSION  

The use of federated learning (FL) provides a feasible alternative to privacy-invading artificial intelligence 

in the healthcare industry. This is accomplished by permitting the shared building of machine learning 

models without releasing personally identifiable information (PII). The fact that FL enables institutions to 

train models locally and then aggregate the results centrally, so addressing significant privacy concerns, 

may be beneficial to the healthcare industry as well as other businesses that are subject to regulations. The 

benefits for data security and privacy are enormous, despite the fact that there are certain tradeoffs in terms 

of model accuracy and computing efficiency. This is particularly true when using methods that preserve 

privacy, such as safe aggregation and differential privacy. Nevertheless, there are still issues about the cost 

of processing, scalability, and the use of it in real time. In further research, FL should be optimised, 

additional privacy techniques should be investigated, and hybrid models should be investigated in order to 

further increase privacy and computational practicality. This will allow for improvements in both 

performance and efficiency. Two potential advantages of the ongoing development of federated learning 

are the enhancement of patient outcomes and the protection of data privacy. Both of these advantages have 

the potential to pave the way for the safe, effective, and legally acceptable use of artificial intelligence in 

the healthcare industry.  
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