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1. INTRODUCTION

In today's digital landscape, safeguarding sensitive information such as credit card numbers is of
paramount importance, given the widespread reliance on online financial transactions. Using strong
encryption and decryption methods to guard against fraud and unauthorized access is a crucial part of
information security [1]. The evolution of financial transactions from traditional in-person exchanges to
online and digital platforms has dramatically increased the risks associated with these activities, particularly
in the form of data breaches and identity theft [2]. This study explores the fundamental principles of credit
card encryption and decryption and underscores their crucial role in securing online financial transactions.

Despite technological advancements, current strategies for protecting sensitive financial data often
fall short, especially in the transmission and storage of credit card information. Unencrypted data is
frequently sent to remote servers, increasing the risk of unauthorized access and breaches. Ensuring the
integrity, confidentiality, and privacy of credit card data is crucial for maintaining consumer trust and
preventing financial fraud [3], [4]. The limitations of existing encryption methods underscore the urgent need
for more secure and reliable solutions to protect financial data from malicious actors.
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Several studies have investigated various approaches to enhancing credit card security, with
encryption and tokenization techniques being at the forefront of these efforts. Encryption, a process that
converts credit card data from plain text into ciphertext, renders the data unreadable without the appropriate
decryption key as shown in Figure 1. Symmetric and asymmetric encryption are the two main types of
encryption methods. AES (advanced encryption standard) and RSA (Rivest-Shamir-Adleman) are two
popular techniques [5]. At instance, RSA encryption is a well-known public-key cryptosystem that has shown
to be successful at protecting private data [6]. It has also been shown that tokenization, which substitutes
distinct identifiers for sensitive data, is beneficial in lowering the exposure of credit card information during
transactions [7]. However, the challenge lies in integrating these technologies into a comprehensive security
framework. Regulatory compliance standards such as payment card industry data security standard (PCI
DSS) and general data protection regulation (GDPR) further underscore the importance of encrypting credit
card data to prevent unauthorized access and interception. Numerous data breaches have occurred due to
improper encryption of credit card data, resulting in severe consequences for both individuals and
organizations [8].

This study presents a security solution combining RSA encryption with tokenization to protect
credit card information. The system includes three modules: merchant, tokenization, and token vault. The
merchant and tokenization modules generate transaction validation tokens and securely transmit credit card
data, while the token vault, hosted on a cloud platform, ensures controlled and restricted access to stored
data. This multi-module design encrypts and safely stores critical information, reducing the risk of data
breaches and unauthorized disclosures. However, the decryption process faces challenges from brute-force
attacks and cryptographic vulnerabilities [9], [10].

The proposed solution significantly advances credit card security by integrating RSA encryption and
tokenization into a unified framework, addressing the limitations of existing measures and offering a
scalable, robust solution for securing financial transactions. By encrypting sensitive information during
transmission and securely storing it in a controlled environment, the system enhances credit card data
security. Emerging encryption technologies, such as homomorphic and quantum encryption, show promise
for further securing transactions against evolving cyber threats. This study also presents case studies of
organizations that have successfully implemented robust encryption practices, highlighting best practices for
securely storing and transmitting credit card information, including tokenization and end-to-end encryption.
Future trends and challenges in credit card encryption include the integration of artificial intelligence and
blockchain technology, which could set new standards for financial data protection, contributing to efforts to
prevent fraud and maintain consumer trust in digital transactions.
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Figure 1. Process of encryption and decryption [5]

2. RELATED WORK
2.1. Historical development of encryption in payment systems

The development of encryption in payment systems began with basic cryptographic techniques,
such as symmetric key encryption, to protect cardholder information during transmission. As cyber threats
evolved, more robust methods like AES and public-key infrastructure (PKI) were developed specifically to
secure financial transactions [11].

2.2. Encryption standards and protocols

Credit card transactions use industry-standard encryption mechanisms to ensure data integrity and
confidentiality. The PCI DSS mandates strong encryption methods like triple data encryption standard (DES)
or AES to protect sensitive cardholder data. Protocols such as secure sockets layer (SSL) and transport layer
security (TLS) secure communication channels and enhance electronic payment security [12]. Despite these
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measures, credit card systems still encounter security challenges, including cryptographic attacks and
malware threats. These vulnerabilities highlight the need for additional security measures, such as endpoint
protection and user authentication.

2.3. Future directions and emerging trends

Future advancements in credit card encryption are poised to address current security issues and
enhance payment system resilience. Innovations like quantum-resistant cryptography, homomorphic
encryption, and blockchain-based solutions promise significant improvements in financial transaction
security [13]. Furthermore, advancements in artificial intelligence and machine learning are expected to play
a crucial role in detecting threats and enabling proactive security systems to swiftly counter evolving cyber
risks [14].

3. PROPOSED METHOD
The proposed system addresses the shortcomings identified in evaluated and published works by
incorporating merchant and tokenization modules, along with a token vault, as illustrated in Figure 2.
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Figure 2. The proposed system's architectural design [6]

3.1. System architecture

The system is designed to enhance security by separating the credit card processing into distinct
modules:

i) Merchant module: this module is where customers enter their credit card information. It functions as the
initial point of interaction for cardholders, capturing essential data such as card number, expiration date,
and CVV code. This data is then securely transmitted to the tokenization module.

ii) Tokenization module: the payment gateway controls this module, which is responsible for generating
unique transaction validation tokens. When a credit card transaction is initiated, the tokenization module
replaces sensitive card information with a non-sensitive token. This token is used in place of the actual
card number during the transaction process, thereby reducing the risk of data breaches.

iii) Token vault: the token vault is a secure, restricted access database stored on a cloud storage platform. It
holds the mapping of tokens to their respective credit card information. Access to this vault is tightly
controlled and regulated to ensure the protection of the sensitive data it contains.

The interaction between these modules is crucial for secure credit card transactions. The merchant
module collects and transmits card information securely, while the tokenization module generates and
manages tokens. These tokens are stored in the token vault for validation, minimizing unwanted access and
reducing the risk of disclosing private credit card information.

3.2. Hardware and software requirements
The hardware requirements for this system include a standard computer with a multi-core processor
and sufficient RAM to handle data processing efficiently. The software stack comprises [15]: i) backend:
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APACHE server; ii) frontend: HTML, CSS, and JavaScript; and iii) database: MySQL, used for managing
credit card encryption and decryption processes essential for secure payment processing.

3.3. Security protocols
Security protocols are critical for protecting credit card information during transmission and storage

[16]. The following protocols and encryption methods are implemented:

i) SSL/TLS: this industry-standard security protocol creates secure connections by encrypting data in transit
to guarantee secrecy between a user's web browser and a website or between servers within a network.

ii) Point-to-point encryption: using a card reader or other point of sale, this method encrypts credit card data
all the way to the payment processor. It requires specialized hardware and software for data encryption
during the transaction process.

iii) End-to-end encryption: this comprehensive approach encrypts credit card data from the moment the
cardholder enters it until the payment gateway or processor processes it, typically involving secure
payment gateway services and software that handles encryption.

3.4. Payment gateway services and encryption algorithms

Third-party payment gateway services facilitate payment processing, often incorporating built-in
encryption to safeguard cardholder information. Examples of such services include Stripe, PayPal, and
Authorize.Net. Several encryption techniques, such as the AES, triple DES, and RSA algorithms, are used to
safeguard credit card data [17], [18]. These algorithms are implemented through software libraries and
frameworks.

3.5. Algorithm used
RSA encryption: the security of data storage and transmission is enhanced by the RSA asymmetric
encryption technique. By encrypting and decrypting data using a pair of keys (public and private), RSA
guarantees secure communication between parties, as illustrated in Figure 3, which shows the flowchart of
the RSA algorithm and tokenization process [19]. RSA encryption process includes:
i) Key generation: generate two keys - a private key (d) and a public key (e). The encryption process uses
the public key, whereas the decryption process uses the private key.
ii) Encryption: given a plaintext message M, the encryption process is represented as C=E(M), where C is
the ciphertext.
iii) Decryption: the decryption process is M=D(C), where M is the recovered plaintext message.
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Figure 3. Flowchart of RSA algorithm tokenization [6]
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Luhn formula: the Luhn algorithm is used to verify credit card numbers. Given a credit card number
Ag, Ay, ..., A, the algorithm calculates sums of digits at odd and even positions, verifying the card number if
Z mod 10=0. For private key calculation, the private key for decryption is determined using the extended
euclidean algorithm (EEA), Euler's totient function, Euler's totient theorem, and the RSA method. Euler's
totient function for a prime number p is ¢(p)=p—1. For two prime numbers p and g, ¢ (p - g)=(p—1) (g—1). In
tokenization integration, tokenization servers use RSA and EEA to decrypt ciphertext transmitted by the
payment gateway. The EEA calculates the private key A using a matrix iterative algorithm with ¢(n) and a
public key e. HMAC (hash-based message authentication code) to guarantee data integrity and authenticity,
HMAC uses a cryptographic hash function with a secret key [20]. Lastly, PKI in order to ensure the security
of encryption key transfers and the legality and integrity of credit card transactions, PKI offers a safe
framework for handling digital certificates and public-key encryption [21].

4. METHOD
Credit card encryption ensures the security of sensitive financial data during transactions, including
card numbers and billing details. Figure 4 illustrates the encryption and decryption process of a cipher, where

plaintext ("Hello World") is converted to ciphertext and then back to plaintext using a shared key [22].

Encryption includes:

i) Symmetric encryption: using a single key for encryption and decryption makes symmetric encryption
quick and efficient for big data volumes. For instance, AES. This method encrypts credit card data using a
private key, preventing unauthorized access. Since anybody with the key may decode the data, securely
sharing and controlling it is difficult [23].

i) Asymmetric encryption: private keys decode data while public keys encrypt it in asymmetric encryption,
or public-key encryption. The private key cannot be deduced from the public key since these keys are
mathematically linked but separate. This algorithm is popular: RSA [24]. Credit card transactions are
encrypted by the recipient's public key, and only the recipient's secure private key may decode it. This
strategy boosts security by reducing the need to exchange the decryption key with external parties.

iii) Transmission: the intended destination, usually a payment processor or a merchant's server, receives the
encrypted credit card information safely across the network. The recipient uses the appropriate decryption
key, either symmetric or asymmetric, to decrypt the data for further processing.

iv) Data processing: once the credit card information is decrypted, it can be used for payment authorization
and processing. Secure decryption ensures that sensitive data remains protected until it reaches a trusted
party.

Security Measures includes:

i) Key management: to prevent unauthorized access to sensitive data, encryption keys must be securely
managed and stored. This includes using hardware security modules (HSMs), implementing key rotation
policies, and restricting key access based on roles and responsibilities.

ii) Transport layer protection: data transmitted over the internet is encrypted using secure channels like TLS,
providing protection against interceptions and man-in-the-middle attacks. TLS ensures that intercepted
data cannot be decrypted without the proper key.

iii) Compliance standards: the payment card industry data protection standard mandates robust encryption
and protection for credit card data [25]. Compliance ensures that sensitive data is protected throughout the
transaction process.
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Figure 4. The methods used by ciphers to encode and decode data [22]
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iv) Tokenization: tokenization enhances security by replacing sensitive credit card information with a unique
token. This token is meaningless without authorization and reduces the risk of data breaches by ensuring
actual credit card numbers are not transmitted or stored.

v) Authorization and processing: after decryption and validation, the transaction is authorized and payment
processing begins. Strong encryption and decryption techniques and other security measures reduce the
danger of data breaches and unauthorized access.

5. RESULTS AND DISCUSSION

Encrypting credit card data is crucial for protecting sensitive financial information. This process
involves converting plaintext, readable credit card information, into ciphertext using sophisticated encryption
algorithms and keys, making it unreadable to unauthorized users [26]. Decryption reverses this process,
returning the ciphertext to its original form.

5.1. Encryption methods and key management

Strong encryption techniques are essential for securing credit card data. One of the most reliable
algorithms is AES, which has key lengths of 128, 192, or 256 bits that are quite impervious to brute-force
assaults. Companies like Visa and MasterCard use AES to secure transactions, significantly reducing
unauthorized access risks [27]. Additionally crucial is secure key management, which covers key creation,
distribution, storage, and revocation. Google's Cloud Key Management service, for example, provides
automated key rotation and secure key management across cloud services.

5.2. Regulatory compliance

PCI DSS and other strict rules must be followed by businesses handling credit card data. PCI DSS
outlines comprehensive rules for protecting credit card data [28]. Companies like Amazon and Stripe follow
PCI DSS-compliant encryption protocols to avoid penalties and ensure data security, fostering customer trust.

5.3. Results of effective encryption and decryption
Good encryption and decryption techniques have the following beneficial effects:

i) Enhanced security: strong encryption protocols help protect credit card data from unauthorized access and
potential breaches. Organizations may protect sensitive information from cyber-attacks by making sure
that data is encrypted while it is in transit and at rest [29].

ii) Privacy protection: effective encryption safeguards customer privacy by ensuring that sensitive
information remains confidential. This builds trust with customers, who can be assured that their financial
details are being handled securely.

iii) Building trust with customers: encryption is one of the transparent security techniques that helps establish
and preserve consumer confidence. Consumers are more inclined to interact with companies that show a
dedication to protecting their financial and personal data.

iv) Regulatory compliance: compliance with PCI DSS and other relevant regulations helps organizations
avoid penalties and legal repercussions. It also ensures that best practices in data security are followed,
reducing the likelihood of security incidents.

v) Mitigated risks: organizations reduce the risks of financial losses, reputational harm, and operational
interruptions connected with data breaches by encrypting credit card data.

vi) Integrity of financial transactions: encryption helps maintain the integrity of financial transactions by
protecting the data from tampering and unauthorized alterations. This ensures that transactions are
processed accurately and securely.

5.4. Challenges

Encryption and decryption come with costs and complexities. Implementing and managing
encryption solutions can be resource-intensive, requiring specialized knowledge and infrastructure [30]. For
instance, small businesses might struggle with the initial costs and technical demands of advanced
encryption. However, the trade-off in improved security and compliance generally justifies the investment.
Large businesses and financial institutions often find that the long-term benefits of reduced data breach risks
outweigh the initial and ongoing maintenance costs. Additionally, as encryption methods evolve,
organizations need to continuously update their security strategies to counter new threats, adding to the
complexity. Nonetheless, the long-term protection of sensitive data and regulatory compliance make these
efforts worthwhile.
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6. CONCLUSION

Credit card encryption and decryption are vital in cybersecurity, ensuring the protection of sensitive
data during transfer and storage. Encryption converts readable plaintext into an unintelligible code through
complex algorithms and secure key management, acting as a barrier against unauthorized access. A popular
symmetric key encryption method that maintains data privacy even in the event that initial security measures
are compromised is the AES.

Encryption not only secures data but also builds trust between businesses and customers, crucial in
today’s digital economy where electronic payments are common. Compliance with industry standards, such
as PCI DSS, is essential to avoid data breaches, legal issues, and reputational damage, making robust
encryption both a security and strategic necessity.

Implementing encryption poses challenges, including managing key generation and transmission,
and addressing integration costs. However, these challenges are outweighed by the risks of data breaches and
regulatory penalties. By adopting advanced encryption practices and adhering to standards, organizations can
protect financial data, ensure privacy, and maintain consumer trust in an increasingly interconnected world.
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