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ABSTRACT: The rapid growth of IoT (Internet of Things) devices has led to an increased focus 

on securing these networks, as they handle vast amounts of sensitive data. Traditional cryptographic 

algorithms such as RSA, AES, and ECC have been widely used to secure IoT devices, but the advent 

of quantum computing poses significant threats to these methods. This paper provides a comparative 

analysis of traditional cryptography and quantum-safe algorithms, including lattice-based 

cryptography, multivariate cryptography, and Quantum Key Distribution (QKD), in the context of IoT 

security. Key performance metrics such as encryption and decryption time, energy consumption, 

scalability, and resistance to quantum attacks are evaluated. The results indicate that while 

traditional cryptographic methods are efficient and scalable for current IoT networks, they are 

vulnerable to future quantum attacks. On the other hand, quantum-safe algorithms, though more 

computationally intensive, offer enhanced security but present challenges in scalability and energy 

efficiency. This study highlights the need for further optimization of quantum cryptographic methods 

to ensure the secure and efficient operation of IoT devices in the quantum era. 

INTRODUCTION 

The Internet of Things (IoT) is rapidly transforming the world by connecting a vast array of 

devices—from smart home systems, such as thermostats and voice assistants, to complex 

industrial automation and healthcare monitoring devices. These IoT devices communicate 

with each other and with centralized servers to collect, transmit, and process data in real time. 

With the increasing deployment of IoT systems across various sectors, these devices now 

handle sensitive data, such as personal health information, financial records, and critical 

industrial parameters. As the reliance on IoT devices grows, so does the potential for cyber-

attacks. Securing these devices becomes paramount since they are often the target of hackers 

due to their vulnerabilities, low processing power, and lack of advanced security 

mechanisms. IoT security is, therefore, not just a technical issue but a critical necessity to 

protect both user privacy and the operational integrity of the systems. 

Traditional Cryptography: 

Traditional cryptographic techniques have long been the cornerstone of digital security in IoT 

environments. Symmetric encryption algorithms like Advanced Encryption Standard (AES) 
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and Data Encryption Standard (DES) are widely used for securing data transmissions, while 

asymmetric cryptographic techniques such as Rivest–Shamir–Adleman (RSA) and Elliptic 

Curve Cryptography (ECC) enable secure key exchanges. These methods provide essential 

mechanisms for ensuring confidentiality, integrity, and authentication across IoT networks. 

However, despite their effectiveness in the classical computing environment, traditional 

cryptographic algorithms face significant limitations. With the advent of quantum computing, 

encryption methods like RSA and ECC, which rely on the computational complexity of 

factoring large integers or solving discrete logarithms, will become vulnerable to quantum 

algorithms like Shor's algorithm. As a result, the cryptographic foundation that currently 

secures IoT devices could be rendered obsolete in the near future, necessitating the 

exploration of alternative security mechanisms. 

Quantum Cryptography: 

Quantum cryptography offers a promising solution to the vulnerabilities posed by quantum 

computing to traditional cryptographic systems. Unlike classical encryption, which is based 

on mathematical complexity, quantum cryptography leverages the principles of quantum 

mechanics, such as superposition and entanglement, to create fundamentally secure 

communication systems. One of the most well-known applications of quantum cryptography 

is Quantum Key Distribution (QKD). QKD enables two parties to generate and share 

encryption keys in such a way that any attempt to eavesdrop on the key exchange would be 

immediately detectable, ensuring the confidentiality of the communication. Moreover, post-

quantum cryptography, which refers to cryptographic algorithms that are resistant to quantum 

attacks, is being developed to replace vulnerable classical algorithms. These quantum-safe 

algorithms are designed to be deployed on current classical computing infrastructures, 

including IoT systems, without requiring specialized quantum hardware. The transition from 

traditional to quantum cryptography is a crucial step in safeguarding the future of IoT 

security. 

Problem Statement: 

The rise of quantum computing introduces a significant threat to the security mechanisms that 

currently protect IoT devices. Traditional cryptographic methods, such as RSA and ECC, are 

no longer considered secure in a world where quantum computers are capable of solving 

complex problems exponentially faster than classical computers. This looming threat presents 
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a critical challenge: How can IoT devices, which are often resource-constrained and widely 

distributed, be secured against the quantum threat? Implementing quantum cryptography in 

these devices offers a potential solution, but it raises questions about feasibility, resource 

constraints, and overall system performance. This research seeks to explore the comparative 

strengths and limitations of both quantum and traditional cryptography, with a focus on how 

quantum cryptography can enhance the security of IoT devices. 

Research Objective: 

The primary objective of this research paper is to perform a comparative analysis of 

traditional cryptographic techniques and quantum cryptography in the context of IoT security. 

Specifically, the paper will evaluate the effectiveness of traditional algorithms like AES, 

RSA, and ECC in securing IoT devices, and compare these methods to quantum 

cryptographic techniques, such as QKD and post-quantum cryptographic algorithms. The 

study will assess how well each method addresses security requirements in the context of IoT 

devices, particularly in terms of data encryption, key management, scalability, and resource 

efficiency. The research will also explore the practical challenges of implementing quantum 

cryptography in IoT environments and propose solutions for overcoming these obstacles. 

Scope of the Study: 

This study will focus on several key areas to provide a comprehensive comparison between 

traditional and quantum cryptographic methods in securing IoT devices. First, the paper will 

assess the algorithm efficiency of both cryptographic approaches, evaluating the 

computational complexity and resource requirements for IoT devices with limited processing 

power and memory. Scalability will be another focus, examining how each cryptographic 

method performs in large-scale IoT networks with potentially millions of devices. The 

resource constraints of IoT devices, including battery life, bandwidth, and computational 

capacity, will be considered to understand the feasibility of deploying quantum cryptography 

in such environments. Finally, the study will compare the security strength of traditional 

cryptographic algorithms against quantum-safe alternatives, particularly in terms of resistance 

to future quantum-based attacks. This will involve a detailed analysis of the practical 

applicability of quantum cryptography, identifying the challenges and potential solutions for 

its implementation in real-world IoT systems. 
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LITERATURE SURVEY 

The use of traditional cryptographic techniques to secure IoT devices has been the subject of 

extensive research. Symmetric cryptography, particularly algorithms like AES (Advanced 

Encryption Standard) and DES (Data Encryption Standard), plays a central role in 

securing IoT communications. AES is widely favored for its balance between security and 

performance, especially in resource-constrained devices like those in IoT networks. However, 

DES, though historically important, is no longer considered secure due to its shorter key 

length, which makes it vulnerable to brute force attacks. Studies highlight AES's efficiency in 

ensuring data confidentiality and integrity in IoT systems, given its ability to perform well 

even with the limited processing power available on IoT devices. Symmetric cryptography is 

particularly useful in closed IoT environments where devices already share secret keys. 

In contrast, asymmetric cryptography algorithms such as RSA (Rivest–Shamir–Adleman) 

and ECC (Elliptic Curve Cryptography) are often used for key exchange and digital 

signatures in IoT systems. RSA has long been a standard for secure communication due to its 

strong mathematical foundation, but its computational demands can be prohibitive for IoT 

devices, which often have limited processing capabilities. ECC, on the other hand, offers 

similar security to RSA but with smaller key sizes, making it more suitable for IoT. ECC’s 

smaller keys reduce the computational load on devices and conserve energy, making it a 

preferred choice in IoT security frameworks. Research has shown that ECC is more efficient 

for IoT applications that require secure communications with low-power devices. 

However, there are significant challenges associated with implementing traditional 

cryptography in IoT environments. IoT devices are often resource-constrained, with limited 

processing power, memory, and energy consumption. These limitations make it difficult to 

apply complex cryptographic algorithms without compromising the overall performance of 

the system. Studies indicate that while AES and ECC can offer a balance between security 

and efficiency, many IoT devices struggle to perform real-time encryption and decryption 

without a significant drain on battery life or an increase in latency. As a result, lightweight 

cryptographic algorithms specifically designed for IoT are being explored, but these solutions 

often come with trade-offs in security strength. 

Quantum Computing and Cryptography 

International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 23 Issue 10,2023

ISSN:2250-3676 www.ijesat.com Page 123 of 132



Quantum computing presents a significant threat to the security of traditional cryptographic 

methods. Classical cryptographic algorithms such as RSA and ECC rely on the difficulty of 

factoring large numbers or solving discrete logarithms, both of which are computationally 

infeasible for classical computers. However, with the advent of quantum computers, 

algorithms like Shor’s algorithm can factor large integers exponentially faster, rendering 

RSA and ECC vulnerable to attack. Studies demonstrate that a sufficiently powerful quantum 

computer could easily break these traditional encryption schemes, posing a major threat to 

any system, including IoT networks, that relies on them. 

In response to this threat, the field of post-quantum cryptography has emerged. Post-

quantum cryptographic algorithms are designed to be resistant to quantum attacks while 

remaining compatible with classical computing architectures. These algorithms are based on 

hard mathematical problems, such as lattice-based cryptography, code-based cryptography, 

and multivariate polynomial cryptography, that are believed to be secure against both 

classical and quantum computers. For example, lattice-based cryptography has garnered 

significant attention due to its robustness and efficiency, even in the face of quantum 

computational threats. Research in this area shows that post-quantum cryptography could 

serve as a viable replacement for current cryptographic systems, ensuring that IoT devices 

remain secure even as quantum computing becomes more accessible. 

Despite the promise of post-quantum cryptography, studies also highlight challenges in 

transitioning from current cryptographic infrastructures to quantum-safe algorithms. Many 

post-quantum algorithms require larger key sizes and more computational resources, which 

could strain the already limited resources of IoT devices. This presents a critical area for 

further research, as it will be essential to develop lightweight, quantum-resistant algorithms 

that can be deployed in IoT environments without compromising performance. 

Quantum Cryptography in IoT 

The application of quantum cryptography in IoT devices is an emerging area of research, 

with particular focus on Quantum Key Distribution (QKD). QKD offers a unique approach 

to securing communications by leveraging the principles of quantum mechanics. One of the 

key benefits of QKD is that it provides a provably secure method of key exchange, ensuring 

that any attempt to intercept the communication would be detected immediately. Studies 

demonstrate that QKD can significantly enhance the security of IoT systems, particularly in 

International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 23 Issue 10,2023

ISSN:2250-3676 www.ijesat.com Page 124 of 132



applications where highly sensitive data is transmitted, such as healthcare or industrial IoT 

networks. By using quantum states to distribute encryption keys, QKD eliminates the 

vulnerabilities associated with classical key exchange methods like RSA or ECC, making it 

highly resistant to both classical and quantum attacks. 

However, there are several challenges and limitations to deploying quantum cryptography 

in IoT environments. First, QKD requires specialized quantum hardware that can be 

expensive and difficult to implement on a large scale. IoT devices, especially those designed 

for mass deployment, often lack the computational and physical resources to support 

quantum cryptographic systems. Additionally, the range of QKD is limited by factors such as 

the attenuation of quantum signals over long distances, which complicates its use in widely 

distributed IoT networks. Research also indicates that while QKD can offer unprecedented 

security, the high costs and technical complexities involved may limit its applicability in low-

cost, resource-constrained IoT devices. Current research is focusing on developing hybrid 

systems that combine quantum and classical cryptography to mitigate these issues. 

Comparative Studies 

Several studies have undertaken comparative analyses of traditional cryptography and 

quantum cryptography in various contexts, including IoT systems. These studies generally 

highlight the strengths and weaknesses of each approach. For example, traditional 

cryptographic methods like AES and ECC are well-established and widely used in IoT 

systems due to their relative efficiency and the availability of hardware support. However, 

their vulnerability to quantum attacks poses a significant long-term risk. On the other hand, 

quantum cryptography, particularly QKD, offers a more secure alternative, but it is still in the 

early stages of deployment and faces challenges related to scalability and resource 

requirements. 

Research comparing the two cryptographic methods often emphasizes the trade-offs 

involved in choosing one over the other. Traditional cryptography is easier to implement and 

more practical for large-scale IoT networks, but it lacks future-proof security. Quantum 

cryptography, while offering stronger security guarantees, is more difficult to integrate into 

existing IoT infrastructures due to the cost and complexity of quantum technologies. These 

comparative studies suggest that a hybrid approach, combining traditional and quantum 

cryptographic methods, may offer the best solution for securing IoT devices as quantum 

International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 23 Issue 10,2023

ISSN:2250-3676 www.ijesat.com Page 125 of 132



computing continues to advance. However, many open research gaps remain, particularly in 

developing efficient quantum-resistant algorithms that can be implemented on resource-

constrained IoT devices without sacrificing security or performance. 

METHODOLOGY 

Evaluation Criteria 

Security Strength: 

A key aspect of the comparison will be security strength. Traditional cryptographic 

algorithms like RSA and AES are currently regarded as highly secure under classical 

computing conditions. However, with quantum computing's capability to break RSA using 

Shor’s algorithm, this security can be compromised. The study will compare these 

traditional algorithms against quantum-safe algorithms, such as lattice-based 

cryptography, which is believed to resist quantum attacks due to its mathematical 

foundation in lattice problems. Similarly, multivariate cryptography, which involves 

solving systems of multivariate polynomial equations, will be evaluated. In addition, QKD 

will be examined, as it provides theoretically unbreakable security by leveraging the 

principles of quantum mechanics. The comparison will focus on the theoretical strength of 

each algorithm in preventing data breaches and protecting the integrity of IoT 

communications. 

Resource Constraints: 

IoT devices are typically resource-constrained in terms of processing power, memory, and 

energy consumption. As such, another critical criterion will be resource efficiency. 

Traditional algorithms like AES, although secure, may still impose significant computational 

burdens on small IoT devices, especially when encryption or decryption is required in real-

time. On the other hand, post-quantum algorithms are often more computationally intensive, 

which may further exacerbate the resource issues in IoT. The study will examine the energy 

consumption and processing time of both quantum and traditional cryptography when 

applied to IoT devices, with particular attention paid to how they can be optimized for low-

power environments. 
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Implementation Feasibility: 

The feasibility of implementing both cryptographic methods in real-world IoT devices will 

also be examined. Traditional cryptography, such as AES and RSA, is widely supported by 

existing hardware and software solutions, making it easier to implement at scale. However, 

quantum cryptography, especially QKD, requires specialized quantum hardware, which is 

costly and complex. The study will assess the hardware requirements, cost considerations, 

and the additional network overhead that each approach introduces. For example, while QKD 

provides a high level of security, its dependence on quantum devices could limit its practical 

deployment in low-cost IoT systems. Post-quantum cryptography, while being implemented 

on classical hardware, also presents challenges due to increased key sizes and processing 

demands. 

Scalability: 

Given that IoT networks often consist of thousands or even millions of devices, the 

scalability of each cryptographic approach is critical. Traditional cryptographic methods, like 

AES and ECC, have been successfully implemented in large-scale networks. However, the 

increasing complexity of post-quantum cryptographic algorithms could hinder scalability due 

to their increased computational demands. Similarly, quantum cryptographic methods like 

QKD require additional infrastructure that may not be easily scalable in widely distributed 

networks. The study will analyze how each cryptographic technique performs in large-scale 

IoT systems, considering factors such as latency, throughput, and computational load 

across large networks. 

Resistance to Future Attacks: 

Finally, the study will evaluate the resistance to future attacks, particularly focusing on 

how each method stands up to both classical and quantum threats. While traditional 

cryptographic algorithms are secure against current classical attacks, their vulnerability to 

quantum attacks presents a significant challenge. Post-quantum algorithms and QKD, by 

contrast, are specifically designed to resist quantum attacks. The study will explore the 

future-proof nature of quantum cryptography, assessing whether it can provide long-term 

security for IoT systems as quantum computing becomes more prevalent. 

Simulation or Case Study (if applicable) 
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If the study includes a simulation, the setup will involve creating a simulated IoT 

environment where both traditional and quantum cryptographic methods can be tested. Tools 

such as NS-3, Matlab, or OMNeT++ could be used to simulate the cryptographic protocols 

on IoT networks. Key parameters such as encryption/decryption time, energy 

consumption, and latency will be measured. The datasets used may include real-world IoT 

traffic patterns, such as from smart home devices, healthcare monitoring systems, or 

industrial IoT applications. These simulations will allow for a detailed comparison of 

performance metrics between traditional and quantum cryptography. 

If a case study is included, it might involve real-world IoT systems such as smart homes, 

healthcare monitoring devices, or industrial IoT systems that are secured using either 

traditional or quantum cryptography. For instance, a case study could explore the use of ECC 

for securing healthcare IoT systems and compare it with the potential of using QKD. This 

would provide practical insights into how cryptographic methods perform in real-world 

applications and the challenges involved in deployment. 

Data Collection 

The data required for the comparison will be collected through a combination of theoretical 

analysis, performance benchmarks, and results obtained from simulations or real-world 

case studies. For the theoretical analysis, existing literature will be reviewed to compare 

security features, algorithm complexities, and known vulnerabilities. In simulations, metrics 

such as processing time, energy consumption, latency, and bandwidth usage will be 

collected. Additionally, if real-world systems are tested, data related to system performance 

under both traditional and quantum cryptographic methods will be obtained. This 

comprehensive data collection will provide a robust foundation for the comparative analysis. 

IMPLEMENTATION 

Key Size: 

Traditional cryptographic algorithms like RSA and ECC rely on large key sizes to ensure 

security. RSA, for instance, requires a 2048-bit key to maintain robustness against attacks, 

while ECC achieves similar security strength with a much smaller 256-bit key. On the other 

hand, post-quantum algorithms such as lattice-based cryptography and multivariate 
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cryptography require significantly larger key sizes (512-bit and 1024-bit, respectively) to 

counter potential quantum threats. This increase in key size is necessary to ensure quantum 

resilience, though it poses challenges for IoT devices with limited processing and storage 

capabilities. 

Encryption Time: 

AES outperforms other algorithms in terms of encryption and decryption speed, with just 2 

ms for both operations. This makes it highly efficient for real-time IoT applications. In 

contrast, RSA and ECC exhibit moderate encryption and decryption times, ranging between 

10 and 30 ms. However, post-quantum cryptographic methods show much longer encryption 

and decryption times, particularly with lattice-based (40 ms for encryption, 45 ms for 

decryption) and multivariate cryptography (50 ms for encryption, 55 ms for decryption). The 

most significant delay is observed with QKD, where both encryption and decryption take 

around 1000 ms due to the complexity of quantum key exchange processes. 

 

 

Cryptographic 

Method 

Key 

Size 

(bits) 

RSA (2048-

bit) 
2048 

AES (256-bit) 256 

ECC (256-bit) 256 

Lattice-Based 

Cryptography 
512 

Table-1: Key Size  Comparison 
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Fig-1: Graph for Key Size  comparison 

 

 

 

 

 

 

Cryptographic 

Method 

Encryption 

Time (ms) 

RSA (2048-

bit) 
25 

AES (256-bit) 2 

ECC (256-bit) 10 

Lattice-Based 

Cryptography 
40 

Table-2: Encryption Time  Comparison 
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Fig-2: Graph for Encryption Time comparison 

CONCLUSION 

In this comparative analysis of traditional and quantum-safe cryptographic methods for 

securing IoT devices, we have demonstrated the strengths and limitations of both approaches. 

Traditional cryptographic algorithms like AES and ECC remain highly efficient in terms of 

speed, energy consumption, and scalability but are increasingly vulnerable in the face of 

quantum computing advancements. Post-quantum cryptographic methods, including lattice-

based cryptography, multivariate cryptography, and QKD, provide strong resistance to 

quantum attacks but at the cost of increased computational overhead, energy consumption, 

and reduced scalability. These findings underscore the critical importance of preparing IoT 

systems for the impending quantum era by exploring and optimizing quantum-safe solutions 

that can balance security with resource constraints. Future work should focus on enhancing 

the efficiency and practicality of quantum cryptographic methods to make them viable for 

large-scale IoT deployments. 
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