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Abstract 
With the exponential growth of digital data and the increasing reliance on cloud services, 

securing data transmission has become a critical concern. While traditional encryption 

techniques protect data confidentiality, they restrict the ability to perform operations on 

encrypted data. Homomorphic encryption (HE) overcomes this limitation by enabling 

computations on encrypted data without requiring decryption, ensuring privacy-preserving 

operations. This paper explores the role of homomorphic encryption in ensuring secure data 

transmission, with a specific focus on its application in sensitive sectors such as finance, 

healthcare, and government. By analyzing the advantages and challenges of HE, this paper 

highlights its potential in facilitating secure, privacy-preserving communication in modern 

digital infrastructures. 

Introduction 

In today’s digital era, data privacy and security have become critical concerns for both 

individuals and organizations. With the growing volume of sensitive data being transmitted 

across insecure networks, it is essential to ensure its confidentiality without compromising its 

usability. Traditional encryption methods, such as symmetric and asymmetric encryption, 

effectively secure data at rest and in transit, but they fall short when it comes to allowing 

computations on encrypted data. Typically, computations require decryption, which can 

expose sensitive information and undermine privacy. Homomorphic encryption (HE) 

addresses this limitation by enabling computations directly on encrypted data, thereby 

preserving confidentiality even during processing. This revolutionary cryptographic 

technique opens up new possibilities for secure cloud computing, privacy-preserving data 

analysis, and secure communication. This paper investigates how homomorphic encryption 

facilitates secure data transmission, focusing on its role in maintaining data privacy and 

operational efficiency in applications across sectors such as finance, healthcare, and 

government. 

Objective 

• Explore the concept of homomorphic encryption (HE) and its role in secure data 

transmission. 

• Analyze different types of homomorphic encryption schemes: Partially Homomorphic 

Encryption (PHE), Somewhat Homomorphic Encryption (SHE), and Fully Homomorphic 

Encryption (FHE). 

• Highlight the advantages, limitations, and applications of each HE scheme. 

• Examine the challenges associated with implementing HE, such as performance and 

computational overhead. 

• Discuss potential solutions for improving the efficiency of HE. 

• Emphasize the transformative potential of HE in enabling privacy-preserving technologies 

in sectors like cloud computing, healthcare, and finance. 

Literature Review 

Gentry (2009) introduced the world’s first fully homomorphic encryption (FHE) scheme, 

which allowed arbitrary computation on encrypted data without needing to decrypt it first. His 

work was revolutionary because it solved a long-standing challenge in cryptography—

performing secure computations on private data. The scheme was based on ideal lattices and 

introduced a novel method called bootstrapping, which reduces noise in ciphertexts, enabling 

unlimited computations. Despite its initial inefficiency, Gentry’s scheme became the 

foundation for a new generation of cryptographic research and development. It inspired 
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further advancements like BGV, TFHE, and CKKS, aiming to make FHE more practical for 

real-world applications such as secure data transmission, cloud computing, and privacy-

preserving machine learning. 

Halevi and Shoup (2014) made significant contributions to the practical implementation of 

homomorphic encryption through the development of HElib, a software library for 

homomorphic encryption based on the BGV (Brakerski-Gentry- Vaikuntanathan) scheme. 

Their work focused on optimizing various algorithms required for efficient encrypted 

computation, including modular arithmetic, polynomial operations, and ciphertext packing. 

HElib became one of the first comprehensive and open-source libraries capable of performing 

non-trivial encrypted computations, such as addition and multiplication on large datasets. By 

enabling experimentation and real-world testing of FHE schemes, this implementation played 

a crucial role in bringing theoretical cryptographic research closer to practical deployment in 

secure data transmission systems and privacy-preserving applications. 

Acar et al. (2018) provided a comprehensive survey of homomorphic encryption schemes, 

exploring both theoretical foundations and practical implementations. Their work categorizes 

homomorphic encryption into partially, somewhat, and fully homomorphic schemes and 

analyzes their capabilities, performance, and security levels. The survey also evaluates 

widely-used HE libraries such as HElib, SEAL, and Paillier, highlighting their strengths and 

limitations in real-world scenarios. One of the key contributions of the paper is its discussion 

on the applicability of HE in various domains including cloud computing, privacy-preserving 

data mining, and secure communication systems. This work serves as an essential resource for 

researchers and practitioners looking to understand the landscape of homomorphic encryption 

and select suitable schemes and tools for their privacy-preserving applications. 

Homomorphic Encryption: Fundamentals 

Homomorphic encryption allows mathematical operations (addition, multiplication) on 

ciphertexts, generating an encrypted result that, when decrypted, matches the result of 

operations performed on the plaintext. Based on operation types, HE schemes are classified 

as: 

• Partially Homomorphic Encryption (PHE): schemes are the earliest and simplest 

forms of homomorphic encryption. These schemes support only one type of mathematical 
operation—either addition or multiplication—on encrypted data, but not both. For example, 

the RSA encryption scheme supports multiplicative homomorphism, meaning that the 

product of two ciphertexts corresponds to the product of their plaintexts after decryption. 

Similarly, the Paillier cryptosystem supports additive homomorphism, enabling the 

summation of encrypted values without revealing them. Although PHE schemes are limited in 

functionality, they are efficient and still useful in specific applications such as electronic 

voting, privacy-preserving billing systems, and secure aggregation in sensor networks, where 

only one type of operation is needed. However, for more complex tasks requiring 

multiple operations, more advanced schemes like Somewhat or Fully Homomorphic Encryption are 

required. 

• Somewhat Homomorphic Encryption (SHE): is a cryptographic scheme that 

extends Partially Homomorphic Encryption (PHE) by supporting a limited number of 

operations—typically both addition and multiplication—on encrypted data. However, SHE 

schemes are still constrained by the amount of noise that can accumulate during operations, 

limiting the number of times the encryption can be applied before the ciphertext becomes 

corrupted or the decryption process fails. Unlike fully homomorphic encryption (FHE), 

which allows arbitrary computations, SHE only supports a restricted number of operations 

before decryption is required. This makes SHE schemes more efficient than FHE while still 

offering privacy-preserving features. SHE is useful in scenarios where only a limited amount 

of encrypted computation is needed, such as secure data aggregation or processing in cloud-

based environments, and can serve as a stepping stone towards more practical FHE 

implementations. 
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• Fully Homomorphic Encryption (FHE): is the most advanced and powerful form of 

homomorphic encryption, enabling arbitrary computations to be performed on encrypted 

data without the need for decryption. Unlike Partially Homomorphic Encryption (PHE) and 

Somewhat Homomorphic Encryption (SHE), which support only a limited number of 

operations, FHE allows for the execution of both addition and multiplication operations 

repeatedly on ciphertexts, enabling the evaluation of any computable function. This 

capability makes FHE suitable for a wide range of privacy-preserving applications, such as 

secure cloud computing, privacy-preserving machine learning, and encrypted data analysis, 

where sensitive information remains protected throughout the entire computational process. 

However, the computational overhead of FHE remains a challenge due to the complex 

mathematical operations involved, making it less efficient than traditional encryption 

methods. Despite these challenges, advancements in FHE, such as optimized bootstrapping 

techniques and hardware accelerations, continue to improve its practicality for real-world 

applications. 

Need for Privacy-Preserving Communication 

In domains like healthcare, finance, and national security, data is highly sensitive and 

regulated. Breaches can lead to legal consequences and loss of trust. While encryption secures 

data, traditional systems require decryption for processing, exposing data to risk. 

Homomorphic encryption allows service providers to process encrypted data without learning 

its contents, enabling secure data transmission and compliance with data privacy laws like 

GDPR and HIPAA. 

 
Figure: Need for Privacy-Preserving Communication 

Proposed Architecture for Secure Transmission Using HE 

1. Data Sender: Encrypts the data using a homomorphic scheme before transmission. 

2. Transmission Channel: Transfers the encrypted data over a secure or insecure network. 

3. Data Processor: Performs computations on the encrypted data without decrypting it. 

4. Data Receiver: Decrypts the final encrypted result using the private key. 

This setup ensures that data remains encrypted throughout its lifecycle, minimizing exposure 

to threats. 

Applications of HE in Secure Communication 

• Healthcare Systems: Secure transmission and analysis of patient data for remote 

diagnostics. 

• Financial Institutions: Encrypted transaction processing, fraud detection without 

revealing user details. 

• Smart Grids and IoT: Secure sensor data transmission and aggregation. 

• E-Governance: Secure communication between government departments and citizens 

while preserving identity privacy. 

Challenges and Limitations 

While homomorphic encryption provides strong security guarantees, it is not without 

challenges: 
• Performance Overhead: HE operations are computationally intensive and slow compared to 

traditional cryptographic methods. 

• Key Management: Secure distribution and management of encryption keys remain complex. 
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• Storage Requirements: Ciphertexts are significantly larger than plaintext, increasing 

bandwidth and storage needs. 

• Limited Adoption: Due to complexity, integration into existing systems is limited. 

Future Scope 

Advancements in hardware acceleration, such as GPUs and TPUs, can significantly improve HE’s 

performance. Research in lightweight HE schemes and hybrid models combining HE with differential 

privacy or secure multiparty computation (SMPC) offers promising directions. As data privacy 

regulations become stricter, demand for privacy-preserving computation will rise, making HE an 

essential tool in secure communication systems. 

Conclusion 

Homomorphic encryption (HE) represents a transformative advancement in the field of cryptography, 

offering a robust solution to secure and privacy-preserving data transmission. While the 

performance overhead and computational complexity of HE still present significant challenges, its 

ability to support computations on encrypted data without ever needing to decrypt it makes it a game-

changer for numerous sectors. In particular, HE holds immense potential for enabling secure cloud 

computing, where sensitive data can be processed without exposing it to service providers, as well as in 

healthcare, where patient privacy is paramount. Moreover, its application in finance and government 

sectors ensures that personal and financial data can be securely processed and analyzed without 

violating privacy laws. This paper emphasizes the critical role of homomorphic encryption in 

fostering secure, trustworthy, and privacy-preserving digital infrastructures, highlighting its importance 

in the future of secure communication and data processing. Moving forward, advancements in 

performance optimization, hardware acceleration, and hybrid encryption models will likely drive the 

broader adoption of HE, making it a cornerstone of modern cryptographic solutions for a wide range 

of applications. 
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