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Abstract - The increasing demand for robust encryption 

methods in the digital age has driven the development of 

innovative approaches within cryptographic systems. This 

project presents a novel cryptographic framework that 

integrates textual name values and dynamic key 

generation with advanced non-linear transformations, 

aimed at enhancing encryption security. To achieve this, 

the system employs lattice-based cryptography for secure 

key exchange, utilizing the Number Theoretic Transform 

(NTT) to facilitate efficient polynomial operations. 

Coupled with Advanced Encryption Standard (AES) for 

symmetric encryption, the framework incorporates a 

unique character-to-name mapping and dynamically 

generated S-boxes, which introduce additional layers of 

complexity to the encryption process. Extensive testing of 

the system reveals its robustness, highlighted by an 

average 51.72% bit change during avalanche effect tests, 

statistically significant key randomness, and strong 

resistance to differential attacks. This hybrid approach 

effectively combines post-quantum security features with 

the efficiency of symmetric encryption, positioning itself 

as a promising solution for high-security applications 

across financial, governmental, and personal data 

protection domains. 
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I. INTRODUCTION 

Cryptography is an essential field in modern 

technology, ensuring the confidentiality, integrity, 

and authenticity of data. At its core, cryptography 

involves the creation and application of algorithms to 

secure communication between parties. It leverages 

mathematical principles to transform readable 

information (plaintext) into an unreadable format 

(ciphertext), which can only be reversed by those 

with the correct decryption key. The fundamental 

goal is to prevent unauthorized access to sensitive 

information, ensuring that only intended recipients 

can decode and understand the message. 

 

There are two primary types of cryptography: 

symmetric and asymmetric. Symmetric cryptography 

relies on a single key for both encryption and 

decryption. Popular examples include the Advanced 

Encryption Standard (AES), which is widely used 

due to its efficiency and strength. In contrast, 

asymmetric cryptography, also known as public-key 

cryptography, uses a pair of keys — one public and 

one private. 

 

Cryptographic algorithms are evaluated based on 

several criteria, including their resistance to various 

types of attacks, speed, and key size. In recent years, 

advancements in lattice-based cryptography have 

garnered attention for their potential to resist 

quantum attacks, providing a pathway toward more 

secure future-proof encryption. Furthermore, hash 

functions, such as SHA-256, play a crucial role in 

ensuring data integrity by producing a fixed-size hash 

from variable-length input data. Hash functions are 

commonly used in both cryptography and blockchain 

technologies to verify the authenticity of digital 

assets. 

II. PROBLEM STATEMENT & OBJECTIVES 

Conventional encryption techniques, such as static 

key generation and predictable transformation 

algorithms, often leave sensitive information 

vulnerable to brute-force attacks and other 

cryptographic vulnerabilities. There is a pressing 

need for advanced cryptographic systems that can 

adapt to evolving security threats while maintaining 

high levels of efficiency and effectiveness. This 

project addresses these challenges by proposing a 

novel framework that leverages textual name values 
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and dynamic key generation alongside advanced non-

linear transformations. By integrating these elements, 

the proposed system aims to significantly enhance the 

security of encrypted data, making it more resilient 

against a variety of attacks. The integration of lattice-

based cryptography and the dynamic generation of S-

boxes will provide an additional layer of complexity 

and security. 

 

The project's objectives are centered around 

improving cryptographic security by integrating 

advanced techniques to enhance encryption systems. 

These objectives include integrating textual name 

values into key generation to increase encryption 

complexity and randomness; developing dynamic 

key generation algorithms using lattice-based 

cryptography for enhanced security; implementing 

advanced non-linear transformations like NTT to 

strengthen encryption against cryptanalytic attacks; 

incorporating dynamic S-box generation in AES to 

improve resistance against known-plaintext attacks; 

and using SHA-256 hashing to ensure message 

integrity and detect tampering. These objectives 

collectively aim to develop a comprehensive 

encryption solution that adapts to modern security 

challenges while providing flexibility, robustness, 

and enhanced data protection. 

III. EXISTING SYSTEM 

The landscape of cryptographic systems is dominated 

by several traditional techniques that aim to secure 

sensitive data. However, these existing systems face 

significant challenges regarding security, 

adaptability, and efficiency. The integrity of 

cryptographic frameworks is crucial for maintaining 

the confidentiality and authenticity of digital 

communications. Current methods often rely on static 

key generation and predictable algorithms, making 

them susceptible to various types of attacks, 

including brute-force and advanced cryptanalysis. 

Several prevalent systems highlight the limitations of 

current approaches: 

 

A. Static Key Generation Systems: 

These systems utilize a fixed key for both encryption 

and decryption, leading to vulnerabilities. The static 

nature of the keys makes them more easily targeted 

by attackers who can exploit their predictability. 

Once compromised, all data encrypted with that key 

is at risk, highlighting the need for a more dynamic 

approach to key generation. 

 

B. Traditional AES Encryption: 

The Advanced Encryption Standard (AES) is widely 

regarded for its speed and security in symmetric 

encryption. However, AES's reliance on static S-

boxes can render it vulnerable to certain cryptanalytic 

techniques. Its lack of dynamic key generation limits 

its effectiveness against emerging threats, especially 

in a post-quantum context where adaptability is 

essential. 

 

C. Public Key Infrastructure (PKI): 

PKI employs asymmetric cryptography using a pair 

of keys: public and private. While PKI enhances 

security, it remains susceptible to attacks if the 

private key is compromised. Moreover, managing 

keys and certificates can introduce complexities and 

potential points of failure within the system. 

 

D. Hash Functions: 

Cryptographic hash functions, such as SHA-256, 

play a critical role in ensuring data integrity by 

producing a unique fixed-size hash from variable-

length input data. However, the effectiveness of these 

functions depends on their resistance to collision and 

pre-image attacks. The evolving landscape of 

computing power continually poses new threats to the 

robustness of existing hash functions. 

 

The limitations of these existing systems highlight 

the necessity for innovative cryptographic 

frameworks that integrate dynamic elements to 

enhance security, complexity, and resilience against 

a broader array of attacks. 

IV. PROPOSED SYSTEM 

The proposed system addresses the vulnerabilities 

present in traditional encryption methodologies while 

enhancing security through advanced techniques. 

The main objective of our project is to develop a 

robust encryption framework that ensures data 

integrity, confidentiality, and adaptability in real-

world applications. By utilizing lattice-based 

cryptography, which employs non-linear 

transformations through techniques like 

compression, decompression, and Number Theoretic 

Transform (NTT), the system generates secure and 

session-specific keys that significantly enhance 

resistance to brute-force attacks and cryptographic 

weaknesses.  

 

Additionally, the dynamic S-box is generated from 

the AES key derived through the lattice-based key 

generation process, allowing for unique permutations 

of S-box values for each encryption session, thereby 
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improving resilience against cryptanalysis. To further 

protect sensitive plaintext data, character-to-name 

transformations are implemented, obfuscating the 

data before encryption and adding an extra layer of 

security against unauthorized access.  

 

The integration of advanced non-linear 

transformations, particularly through the NTT and 

related operations, adds complexity to the encryption 

process, enhancing resistance to linear and 

differential attacks. To ensure data integrity, SHA-

256 hashing is employed to detect any tampering 

with the encrypted messages. By appending hash 

values to the ciphertext, users can verify the 

authenticity of the decrypted data, ensuring that the 

information remains intact and trustworthy.  

 

The combination of these components offers 

significant advantages over existing encryption 

technologies, as the use of lattice-based methods 

prevents the addition, alteration, or deletion of keys 

and data once established, ensuring the security of 

sensitive information.  

V. SYSTEM ARCHITECTURE 

The architecture of the cryptographic system 

illustrates various entities involved in the 

cryptographic system. The proposed cryptographic 

system is structured around the following key 

components: 

 

A. Lattice-Based Key Generation: 

The key generation process utilizes lattice-based 

cryptography, specifically leveraging the 

compression, decompression, and Number Theoretic 

Transform (NTT) operations. These steps serve as 

non-linear transformations that significantly enhance 

the complexity and unpredictability of the keys 

generated. The NTT and its inverse (INTT) facilitate 

efficient polynomial arithmetic, allowing for the 

generation of secure, session-specific keys that resist 

brute-force attacks and ensure adaptability for each 

encryption session. 

 

B. S-Box Generation: 

A dynamic S-box is employed for the AES 

encryption process, generated from the AES key 

derived through lattice-based key generation. This S-

box adapts based on the key, providing a unique 

permutation of S-box values for each encryption 

session.  

 

C. Character-to-Name Transformations: 

The system incorporates character-to-name 

transformations that convert plaintext data into 

secure formats, ensuring that sensitive information is 

obfuscated during encryption. 

 

D. Message Integrity Verification: 

To ensure the integrity of the encrypted messages, 

SHA-256 hashing is incorporated into the system. By 

appending hash values to the ciphertext, users can 

verify the authenticity of the decrypted data.  

 

Figure 1. Cryptographic System Architecture 



© November 2024 | IJIRT | Volume 11 Issue 6 | ISSN: 2349-6002 

 

IJIRT 169305   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY    643 

The system initiates the encryption process by 

generating a secure key using lattice-based methods, 

applying NTT and INTT to enhance the key's 

complexity. The unique AES S-box is generated 

dynamically, which is then employed in the 

encryption of the transformed data. Throughout the 

process, SHA-256 hashes are created and attached to 

the encrypted messages, allowing for integrity checks 

upon decryption. This comprehensive approach not 

only enhances the security of the encryption process 

but also provides users with confidence in the 

integrity and authenticity of their data. 

VI. RESULTS & DISCUSSION 

The process commences with the implementation of 

lattice-based cryptography to generate unique, 

session-specific keys. The cryptographic system 

leverages lattice-based cryptography for dynamic 

key generation, providing highly secure and session-

specific keys for each encryption session. By using 

polynomials and noise-based error polynomials, keys 

are generated dynamically, ensuring that no two 

encryption sessions use the same key. The system 

employs Number Theoretic Transform (NTT) and 

Inverse NTT to operate on polynomials, creating a 

robust and mathematically complex foundation for 

key generation. 

Figure 2. Generated AES key 

This figure shows the AES key that is generated 

through the lattice-based cryptography. Now, the 

original plaintext is combined with its SHA-256 hash 

This hash ensures message integrity and helps verify 

any changes. It secures the plaintext before 

encryption. 
 

 
Figure 3. Transformed message 

 

This figure displays the transformed message through 

character-to-name mapping, adding complexity. This 

obfuscation technique enhances security before 

encryption. Each character is uniquely mapped for 

unpredictability.  

 

Figure 4 displays the S-box which is generated for 

each encryption session based on the AES key. This 

S-box is dynamically created, which uses the key to 

create a permutation of byte values. This S-box 

generation operates independently of the AES 

encryption process, but it still leverages the AES key 

to produce a customized S-box for each encryption 

session. The S-box adds an additional layer of 

security, ensuring that each encryption session uses a 

different permutation of values. 

 
Figure 4. S-box generated by the AES key

 
Figure 5. Encrypted message
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The above figure presents the final encrypted 

message as ciphertext, secured with AES and the 

dynamic S-box. This result is a secure, unreadable 

output. Only decryption with the right key can reveal 

the original message.  
The process is then reversed by applying the inverse 

transformations of the S-box and character name 

mappings, followed by hash verification. This 

sequence of steps ensures that the original plaintext 

is accurately recovered, maintaining the integrity and 

confidentiality of the data throughout the encryption 

and decryption processes. 

 

The implemented system undergoes thorough testing 

to validate its security and effectiveness. The 

following tests are conducted: 

 

A. Avalanche Test: 

The Avalanche Test was conducted to evaluate the 

sensitivity of the ciphertext to minor changes in the 

plaintext. The test involved modifying a single bit in 

the plaintext and observing the resultant change in the 

ciphertext. 

Figure 6. Avalanche Effect 

 

B. Statistical Randomness: 

Statistical randomness tests assess the quality of the 

generated keys, determining whether they exhibit 

uniform distribution and unpredictability. Key 

properties analyzed include the frequency of bits and 

runs of consecutive bits. The results for the test are as 

follows 

• Frequency Test p-value: 0.7345 

• Runs Test p-value: 0.1710 

• Entropy: 7.9348 bits per byte 

These values suggest that the randomness of the 

generated keys is statistically significant. 
 

C. Performance Benchmarking: 

This measures the efficiency and performance of the 

encryption and decryption processes by analyzing the 

time taken and speed for various message sizes. 

Message Size 

(Bytes) 

Encryption 

Time (s) 

Decryption 

Time (s) 

1024 0.000364 0.000900 

10240 0.002434 0.004222 

102400 0.33642 0.054470 

Table 1. Performance Benchmarking 

 

D. Differential Cryptanalysis: 

Differential cryptanalysis examines how differences 

in input can affect the resultant output, which is vital 

for assessing the strength of the algorithm against 

such attacks. A strong resistance indicates that it is 

difficult for an attacker to derive information about 

the plaintext. The average bit difference observed 

was 1497.97 bits over 1000 pairs, indicating strong 

resistance to differential attacks. 

Figure 7. Differential Cryptanalysis 

 

The results of our comprehensive testing reveal that 

the proposed cryptographic framework exhibits 

strong resistance against common cryptographic 

attacks while maintaining efficient performance. The 

high avalanche effect, notable nonlinearity, and low 

collision probability affirm the robustness of our 

approach, making it a suitable candidate for secure 

communications in various applications. 

VII. CONCLUSION 

In conclusion, the developed cryptographic system 

integrates advanced encryption techniques to provide 

secure communication and reliable data integrity. By 

leveraging lattice-based cryptography for dynamic 

key generation and utilizing AES encryption with 

dynamic S-box construction, this system offers 

strong resistance against cryptanalysis and brute-

force attacks. The integration of SHA-256 hashing 

adds a crucial layer for message integrity verification, 

allowing detection of tampering and enhancing trust 

in secure transmissions.  
 

Comprehensive testing of the system supports its 

efficacy: Avalanche Testing confirmed high 
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diffusion with minor changes in input significantly 

affecting output; Statistical Randomness tests 

validated key uniformity and unpredictability; 

Performance Benchmarking results showed the 

system’s efficiency, with encryption and decryption 

times suitable for real-time use; and Differential 

Cryptanalysis demonstrated robust resistance to 

differential attacks, indicating strong security against 

adversarial data manipulation. Collectively, these 

results underline the system’s reliability and 

effectiveness in secure data transmission, marking it 

as a viable solution for applications demanding 

advanced cryptographic safeguards. 

 

Future enhancements to the cryptographic messaging 

system could involve integrating this cryptographic 

framework into real-world messaging applications 

presenting a promising direction. Such integration 

would enable dynamic key generation, lattice-based 

encryption, and adaptive S-box transformations on a 

larger scale, ensuring that messages remain 

confidential and secure. Expanding to cloud services 

for secure backup of encrypted conversations could 

also be beneficial, providing users with protected 

data storage accessible only through appropriate 

keys. This system thus represents a forward-looking, 

resilient solution for secure data transmission, 

balancing strong cryptographic safeguards with 

usability and efficiency for practical applications.. 
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