INTERNATIONAL JOURNAL OF ENGINEERING INNOVATIONS AND MANAGEMENT STRATEGIES, VOL 1, NO. 5, DEC 2024

Anonymization and Revocation of CP-ABE Based Ring
Networks

Dr. B. Ravinder Reddy?, Desharaju Sai Satwik?, Koushik Gurichettu®, Venkatesh Cheerala*

Assistant Professor!, Under Graduate Student®% Department of Computer Science and Engineering, Anurag
University

Abstract. In today’s digital landscape, ensuring the privacy and security of user identities has become more critical
than ever, given the increasing threats to data confidentiality and integrity. The project titled "Anonymization and
Revocation of User Identity in CPABE-Based Ring Networks™ addresses these concerns by integrating Ciphertext-
Policy Attribute-Based Encryption (CPABE) into a ring network environment. This novel approach effectively hides
user identities during communications, mitigating risks of unauthorized data access and preventing potential misuse
of sensitive information. A key feature of this project is the implementation of a secure revocation mechanism that
ensures once a user's permissions are revoked, they no longer have access to protected data, thereby strengthening
the overall security framework. By combining CPABE’s robust access control with the anonymity provided by ring
signatures, the project establishes a solution that guarantees both privacy preservation and secure data access control
in networked environments. The successful integration of anonymization and secure revocation into CPABE-based
systems represents a significant contribution to the field of secure communication networks, offering a reliable
method for safeguarding user identities and maintaining data integrity. This approach can greatly enhance the
security and privacy aspects of digital communications in a world where privacy breaches are increasingly prevalent.

1 INTRODUCTION

In healthcare systems, the confidentiality and privacy of sensitive medical records are critical concerns.
Patient data, including diagnoses, treatments, medications, and personal identifiers, must be protected to prevent
unauthorized access and ensure patient trust. Ciphertext-Policy Attribute-Based Encryption (CP-ABE) is an
encryption technique that provides a flexible and robust means of enforcing access control policies based on
user attributes. In CP-ABE, access to encrypted data is granted only to those users whose attributes satisfy
specific policy conditions defined by the data owner. However, while CP-ABE effectively addresses access
control, it does not inherently preserve the anonymity of the users accessing the data, which may be a significant
concern in healthcare scenarios. For instance, a healthcare worker accessing sensitive patient information may
need to remain anonymous, especially in situations where privacy violations could result in serious legal or
ethical consequences.

To overcome this limitation, a combination of CP-ABE and ring signatures can be employed to protect
user anonymity. Ring signatures, a cryptographic technique that allows a group member to sign a message
without revealing their identity, offer an effective solution to this challenge. By incorporating ring signatures
into the CP-ABE framework, it is possible to ensure that the identity of the user accessing the healthcare data
remains concealed, while still ensuring that the access control policies based on attributes are enforced. This
hybrid solution enables healthcare systems to balance the need for stringent access control with the need for
protecting the identities of authorized users.

The proposed system integrates these two cryptographic techniques—CP-ABE for defining and
enforcing access policies based on user attributes, and ring signatures for preserving the anonymity of users.
This solution is implemented using the Charm-crypto library, which provides a cryptographic framework for
implementing elliptic curve-based operations. By leveraging elliptic curve cryptography, the system can
perform encryption and decryption operations efficiently, ensuring fast processing times even in large-scale
healthcare environments. The use of elliptic curve cryptography also enhances the security of the system, as
elliptic curve-based algorithms offer strong security guarantees with relatively small key sizes, which helps
improve overall system efficiency.

To evaluate the effectiveness of the proposed solution, we implement the system on healthcare datasets
and perform an extensive analysis of its performance in terms of key generation, encryption, and decryption
times. The evaluation demonstrates that the hybrid CP-ABE and ring signature approach not only provides
robust access control and privacy preservation but also performs well in terms of computational efficiency. This
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makes the system viable for real-world applications in healthcare environments where both data security and
user privacy are paramount. By using this combined approach, healthcare organizations can secure sensitive
patient data while ensuring that authorized users can access the data without exposing their identities. This
method significantly contributes to advancing privacy-preserving techniques in healthcare data management
systems, which are essential for the growing need for secure and anonymous data sharing.

2 LITERATURE

The 2007 paper by Bethencourt, Sahai, and Waters, titled Ciphertext-Policy Attribute-Based
Encryption (CP-ABE), introduces a cryptographic technique that enables flexible, policy-based control over
access to encrypted data. Unlike traditional encryption schemes that rely on direct key exchange between sender
and receiver, CP-ABE allows data owners to encrypt information based on an "access policy." This access
policy, expressed as a logical combination of attributes (e.g., roles, department names), determines who can
decrypt the data. In essence, the data owner defines the access criteria, and only users possessing the required
attributes in their cryptographic keys can decrypt the data.

2.1 Key Concepts and Mechanism

CP-ABE is part of the broader Attribute-Based Encryption (ABE) family. In ABE, each user is
associated with a set of attributes, and keys are generated based on those attributes. However, CP-ABE flips the
traditional model by embedding the access policy directly into the ciphertext, while user keys are associated
with attributes. This separation offers two advantages:

1. Fine-Grained Access Control

Access to data can be flexibly restricted to only those users who meet the specified attribute-based
criteria. For example, in a medical records system, access can be limited to users with attributes such as
"Doctor," "Nurse," and "Emergency Access."

2. Policy Flexibility

Policies are expressed using logical operators (e.g., AND, OR, threshold gates) over attributes, making
it easy to define complex conditions for access.

2.2 The Process of CP-ABE

The encryption process in CP-ABE consists of four main steps:
1. Setup

A central authority generates a master public key and a master private key. These keys are used in later
stages to generate user-specific keys and to encrypt data.

2. Key Generation

For each user, the authority issues a private key based on the user's attributes. Each private key is tied
to a set of attributes relevant to the user, like "Role: Researcher” or "Department: HR."

3. Encryption

The data owner specifies an access policy based on attributes and encrypts the data using the public
key, embedding the policy in the ciphertext. For example, a policy might state that only users with attributes
"Department: Finance" AND "Role: Manager" can access the data.
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4. Decryption

When a user attempts to access the encrypted data, their attributes (encoded in their private key) are
checked against the policy embedded in the ciphertext. If the user’s attributes satisfy the policy, decryption
proceeds; otherwise, access is denied.

5. Applications and Advantages

CP-ABE is particularly valuable in scenarios where centralized control over users is impractical, such
as cloud storage, loT environments, and large, decentralized organizations. It provides scalable access control
without the need for a continuous exchange of encryption keys.

2.3 Challenges and Limitations

While CP-ABE offers powerful access control, challenges remain. Key revocation is difficult to
manage since user keys are tied to attributes rather than unique identities. Additionally, as access policies
become complex, the computational load of encryption and decryption increases, potentially impacting system
performance.

In conclusion, CP-ABE represents a significant advancement in cryptographic access control,
balancing flexibility, security, and scalability. The technique allows data owners to manage access to sensitive
information in a highly customizable way, suiting diverse applications across sectors that require secure,
attribute-based access.

3 PRELIMINARIES

3.1 Pairing based Cryptography

Pairing-Based Cryptography (PBC) is a cryptographic technique that utilizes mathematical pairings,
specifically bilinear maps, to enable efficient and secure cryptographic protocols. A pairing is a bilinear map

Q€EG
e: Gy XGy = Gp
, Where G_1, G_2, and G_T are groups of points on elliptic curves
The bilinearity property means that for any points P and Q , and any integers a,b the pairing satisfies
e(aP,bQ) = e(p,Q)""
This property makes PBC especially useful for advanced cryptographic tasks such as:

Identity-Based Encryption (IBE): This allows the public key to be derived from a’n identity (e.g., email
address), eliminating the need for a traditional public-key infrastructure.

Attribute-Based Encryption (ABE): Enables fine-grained access control, where users can decrypt data
if they satisfy specific attribute-based policies.

Group Signatures: Allows a group of users to sign messages without revealing the identity of the
signer.
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Secure Multi-party Computation: Facilitates the computation of a function over inputs from multiple
parties without revealing those inputs.

The strength of pairing-based cryptography lies in its reliance on the difficulty of problems such as the
Discrete Logarithm Problem (DLP) and the Computational Diffie-Hellman Problem (CDHP) on elliptic curves.
These problems are believed to be hard and form the security basis for many PBC protocols.

For efficient PBC, the choice of elliptic curve is critical. Curves that are pairing-friendly—meaning
they allow efficient pairing computations—are typically used. These curves, such as Barreto-Naehrig (BN) and
Barreto-Lynn-Scott (BLS) curves, are chosen because they have specific properties that optimize pairing
computations, like a small embedding degree, which is the number of times the group order needs to be
embedded into a larger field.

Pairing-based cryptography has become a significant tool for modern cryptographic systems, especially
in scenarios where sophisticated encryption and access control are necessary. However, while it provides
powerful cryptographic capabilities, the efficiency and security depend heavily on the selection of appropriate
elliptic curves and the proper implementation of the pairing operations.

3.2 Bilinear maps

A bilinear pairing is a mathematical map defined between two groups, typically elliptic curve groups,
that satisfies specific properties essential for cryptographic applications. Formally, a bilinear pairing is a map

e: Gy XGy; = Gy

are groups defined over elliptic curves, and the map itself is bilinear. This means that it is linear in
each argument; for any scalars a and b, and any elements

P €G,
Q €6,
The map satisfies e(aP,bQ) = e(P,Q)@P

The bilinearity property is important because it allows the pairing to link the group elements in a way
that makes cryptographic protocols, like identity-based encryption and attribute-based encryption, possible.

In addition to being bilinear, the pairing must also be non-degenerate, meaning that there exist points
P € Gy,

Q €eG,

This ensures that the pairing is useful for distinguishing different elements in the groups and forms the
basis for constructing cryptographic schemes that rely on it for security.

A key feature of bilinear pairings in cryptography is that they allow for more complex and flexible
cryptographic constructions than traditional cryptography, enabling secure key exchange, data encryption, and
digital signatures without the need for a central trusted authority. For example, in identity-based encryption,
public keys can be derived from user identities, reducing the need for a traditional public key infrastructure.
These properties make bilinear pairings central to modern cryptographic systems, as they enable new
functionalities and enhance security, particularly in systems that require fine-grained access control, multi-party
computation.
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The Tate pairing is a bilinear map defined on elliptic curves that takes two elements, one from each of
two groups G1 and G2, and maps them to a third group GT. It is bilinear, meaning it satisfies the property

e(aP,bQ) = e(P,Q)b

for all scalars a,b and points PEG1, Qe G2 . The pairing is non-degenerate, ensuring that it can
distinguish different elements in the groups, which is crucial for its cryptographic applications. Efficient
computation of the Tate pairing makes it suitable for various cryptographic protocols, such as identity-based
encryption (IBE) and attribute-based encryption (ABE), where its bilinearity allows for key management and
fine-grained access control. Its efficiency and non-degeneracy make it an essential tool in secure communication
systems, enabling constructions like short signatures and secure multi-party computation. The Tate pairing
serves as a foundation for more advanced pairings, such as the Ate pairing, which optimizes it for specific types
of elliptic curves

3.3 Attribute based access control (ABAC)

Attribute-Based Access Control (ABAC) is an advanced and dynamic model for controlling access to
resources based on attributes associated with users, resources, and the context of the access request. Unlike
traditional models that rely on roles or fixed permissions, ABAC offers more flexibility by allowing access
decisions to be based on a combination of attributes, such as a user's department, role, clearance level, or the
time of day. ABAC is typically implemented through two main models: Ciphertext-Policy Attribute-Based
Encryption (CP-ABE) and Key-Policy Attribute-Based Encryption (KP-ABE), each addressing different aspects
of data security. CP-ABE has gained significant attention in secure data access and encryption systems because
it directly associates access control policies with encrypted data, making it ideal for scenarios where data
confidentiality and fine-grained control are paramount. In CP-ABE, the data is encrypted with an access control
policy that specifies the required attributes needed to decrypt the data. This policy, which can be defined by the
data owner, is enforced on the ciphertext itself. A user’s private key is tied to a specific set of attributes, and the
decryption process is only possible if the user’s attributes satisfy the conditions specified in the encryption
policy. For example, in a healthcare system, a patient’s medical records may be encrypted such that only doctors
with specific qualifications, such as "specialist” or "oncologist,” are able to access certain records. This ensures
that only users who meet the necessary criteria can access the data, maintaining privacy and preventing
unauthorized access.

CP-ABE is particularly beneficial in environments where access control must be adaptable and
responsive to dynamic conditions, such as in cloud storage services or distributed systems. These systems often
require policies that change over time, and CP-ABE's ability to enforce policies based on attributes makes it a
powerful tool for protecting sensitive data in scenarios where multiple parties with varying levels of access need
to collaborate. Healthcare systems, for example, benefit from CP-ABE because it allows for secure data sharing
while ensuring that patient confidentiality is upheld and only authorized personnel have access to sensitive
information. The flexibility of CP-ABE also makes it highly relevant in government, finance, and corporate
sectors, where access to confidential documents or financial data needs to be carefully managed and monitored.
While KP-ABE also falls under the ABAC model, it differs in that the access control policy is associated with
the user’s private key rather than the encrypted data itself. In KP-ABE, decryption is allowed only if the user's
key attributes meet the access policy. While KP-ABE can be useful in some cases, CP-ABE’s approach of
attaching the policy directly to the data itself makes it more suitable for applications where data owners want to
maintain control over who accesses their encrypted information, independent of the user’s key attributes.
Therefore, CP-ABE's more widespread adoption in practical applications, such as securing sensitive healthcare
data, is due to its robust, flexible, and secure design that integrates easily into systems requiring fine-grained
access control.

1. Cipher text attribute-based Encryption (CP-ABE)

Blockchain based CP-ABE

In data-sharing systems, especially those involving sensitive or private information, secure access
control and data integrity are paramount. Traditional data-sharing models often rely on centralized servers for
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storing data and controlling access, but this introduces risks related to single points of failure and potential
unauthorized data exposure. To address these concerns, advanced data-sharing architectures now leverage
blockchain technology combined with attribute-based cryptographic methods, creating a decentralized and
highly secure framework for managing access and ensuring data integrity.

Blockchain’s decentralized ledger and immutable nature provide a robust platform for logging and
verifying access to data. By distributing records across multiple nodes, blockchain removes the need for a
central authority and makes it difficult for any unauthorized entity to alter data records. This immutable,
decentralized system not only bolsters security but also provides transparency, as every access attempt and
transaction is recorded in a way that is visible to authorized parties.

Attribute-Based Signatures (ABS) and Ciphertext-Policy Attribute-Based Encryption (CP-ABE) play a
critical role within this architecture, strengthening authentication and access control. ABS allows entities to
authenticate and verify data based on specific attributes rather than identities, a method that maintains privacy
while still ensuring that only authorized users with the required attributes can generate or verify signatures. This
attribute-centric approach to authentication is particularly useful in systems where identities may need to be
concealed or where user roles are defined by specific characteristics rather than individual names.

CP-ABE further enhances access control by enabling data encryption tied to predefined access policies.
In CP-ABE, data is encrypted with an access structure based on attributes, allowing only users with matching
attributes to decrypt and access the information. This approach enables granular access control, ensuring that
data is only accessible to authorized users without requiring a central server to manage access rights. For
instance, sensitive data in a financial system could be encrypted in a way that only users with particular roles or
qualifications can access it, thus providing security that aligns precisely with organizational access policies.

Blockchain integration in this model ensures transparency and tamper resistance. As access records and
permission logs are recorded on the blockchain, they are securely distributed and resistant to manipulation.
Additionally, employing Practical Byzantine Fault Tolerance (PBFT) as the consensus mechanism allows the
system to achieve secure agreement among nodes efficiently without requiring the energy-intensive proof-of-
work (PoW) mechanism. PBFT ensures that the blockchain remains operational and secure even if some nodes
fail or act maliciously, thereby supporting data integrity and availability.

Together, ABS, CP-ABE, and blockchain create a comprehensive, privacy-preserving, and efficient
framework for secure data sharing. This integration addresses the need for strong, decentralized access control
mechanisms and provides a secure alternative to centralized data management, offering both fine-grained access
control and enhanced transparency in data-sharing systems.

2. Multi-Authority CP-ABE

In cloud-based data-sharing environments, ensuring data privacy and implementing effective access
control mechanisms are paramount for maintaining security. While traditional encryption schemes like
Ciphertext-Policy Attribute-Based Encryption (CP-ABE) have been widely used for this purpose, they come
with certain limitations. CP-ABE allows data owners to define encryption policies based on user attributes,
ensuring that only users whose attributes match the specified access policies can decrypt the data. This makes it
an effective solution for managing fine-grained access control in scenarios like cloud storage. However, CP-
ABE often struggles with issues related to efficient revocation and resistance to collusion attacks. Without
proper mechanisms for revoking access, both at the user and attribute levels, there is a risk that users who should
no longer have access may continue to do so. Additionally, collusion attacks, where users combine their keys to
gain unauthorized access, can undermine the effectiveness of the encryption system.

A promising approach to address these challenges is the Proxy-Based and Collusion Resistant Multi-
Authority Revocable CP-ABE (PCMR-CPABE) framework. This framework incorporates a proxy server to
improve revocation processes and reduce the computational load typically associated with CP-ABE schemes. In
PCMR-CPABE, the decryption key is divided into two components: a user-specific secret key and a proxy-
generated key. This division ensures that, during decryption, only the correct combination of these keys can
enable access to the data. By introducing a proxy server, the framework strengthens resistance to collusion
attacks, as even if multiple users share their keys, they cannot successfully decrypt the data without the
corresponding proxy key. Furthermore, in the event that a user’s access is revoked, the proxy server can
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invalidate the proxy key associated with that user, preventing them from decrypting any further data without the
need for re-encrypting the data or updating keys for other users. This approach not only enhances security but
also significantly reduces the computational burden on the cloud infrastructure.

The PCMR-CPABE framework handles two types of revocation mechanisms: user-level revocation
and attribute-level revocation. In the case of user-level revocation, a revoked user loses access to all data that is
encrypted under the existing attribute-based policies, making it an efficient means of controlling access when a
user’s permissions need to be completely removed. Attribute-level revocation, on the other hand, allows for
more granular control, revoking only specific attributes while maintaining access for other users who retain the
necessary attributes. This flexibility enables dynamic adjustments to access control policies without
compromising the overall security or privacy of the system. Additionally, the system guarantees both forward
and backward secrecy, ensuring that revoked users cannot access any past or future data that they were
authorized to access.

To implement the PCMR-CPABE framework, elliptic curve cryptography (ECC) is leveraged to
enhance security while maintaining computational efficiency. The Charm-Crypto library, a popular open-source
library for cryptographic operations, is used to streamline the implementation of this framework. By using
elliptic curve-based schemes, the system ensures that the cryptographic operations are both secure and efficient,
which is crucial in cloud environments where computational resources are shared among multiple users. The
proxy server plays a crucial role in offloading some of the cryptographic computations, reducing the
computational load on the cloud infrastructure, and simplifying the decryption process for users. This makes the
system more scalable and efficient, ensuring that it can handle large-scale cloud-based environments with a
dynamic user base and frequently changing access policies.

In conclusion, the PCMR-CPABE framework offers a robust solution for secure and efficient data
sharing in cloud-based environments. By combining multi-authority attribute management, collusion resistance,
and proxy-based revocation, this framework addresses the critical challenges of efficient revocation, data
privacy, and access control. It is a scalable and secure solution designed to meet the demands of modern,
dynamic cloud computing environments, ensuring that sensitive data remains protected and accessible only to
authorized users, while minimizing computational overhead. This makes it an ideal choice for securing data in a
variety of cloud-based applications, from healthcare systems to enterprise data sharing platforms.

3. CP-ABE in Healthcare

In healthcare, protecting sensitive medical data such as Electronic Health Records (EHRS) is critical for
patient privacy and maintaining trust in healthcare systems. Ciphertext-Policy Attribute-Based Encryption
(CPABE) offers a robust solution for securing EHRs by enabling access control policies based on the attributes
of users, ensuring that only authorized individuals can decrypt and access patient data. CPABE allows
healthcare institutions like hospitals or clinics to define access control policies that are tied to user attributes,
such as roles, credentials, or department affiliations. For example, a doctor with the proper medical license and
access rights for a specific department might be granted access to a patient's records, while other individuals,
such as administrative staff, may be denied access to sensitive information, ensuring that privacy is maintained.

One of the key strengths of CPABE in healthcare is its ability to enforce fine-grained access control,
which is essential for protecting patient confidentiality. Unlike traditional access control mechanisms that are
static and rigid, CPABE provides a flexible, dynamic framework for managing permissions. Healthcare
environments are often large, complex, and constantly evolving, with numerous stakeholders involved—doctors,
nurses, lab technicians, insurance agents, and patients—who require varying levels of access to different types
of medical data. CPABE allows healthcare organizations to manage these permissions in real time, adjusting
access policies as roles and responsibilities change, without the need for manual intervention or extensive
reconfiguration of access systems. For instance, if a nurse moves to a new department or a doctor’s credentials
are updated, the CPABE framework can immediately adjust the data access rights according to these changes,
all while ensuring that sensitive information remains protected.

Additionally, CPABE is particularly well-suited for modern healthcare systems where data sharing
across multiple platforms, such as cloud-based services, is necessary. Cloud computing has revolutionized
healthcare data management by enabling data to be accessible remotely to various healthcare providers,
insurance companies, and patients. However, it also raises concerns about data security and unauthorized access.
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CPABE addresses these challenges by encrypting data with policies that only permit access to authorized users
under specific conditions. As a result, CPABE enables secure sharing of critical health information—such as
diagnostic images, lab reports, treatment plans, and patient histories—across different healthcare entities,
ensuring that the data remains confidential while being accessible to those who need it. In a cloud environment,
where data may be accessed by multiple entities over different networks, CPABE ensures that even if data is
intercepted, it remains unreadable to unauthorized parties.

Moreover, CPABE eliminates the need for traditional, centralized access control mechanisms that
could potentially become single points of failure. In large, distributed healthcare organizations, centralized
systems may be vulnerable to attacks or failures, but CPABE’s decentralized nature provides enhanced security,
as access control is distributed across the system based on user attributes. This decentralized approach improves
both security and efficiency, as it reduces the reliance on a single, centralized server that could be targeted by
malicious actors.

Overall, CPABE offers an ideal solution for safeguarding sensitive health information in a modern,
dynamic healthcare environment. Its flexibility, scalability, and ability to enforce granular access controls make
it an essential tool for maintaining the privacy and security of electronic health records, especially as healthcare
data becomes more interconnected and shared across multiple platforms. By providing a secure, efficient, and
flexible means of controlling access, CPABE plays a crucial role in enabling healthcare organizations to share
information securely, all while maintaining stringent privacy standards that are vital to patient trust and
regulatory compliance.

4 RESEARCH METHODOLOGY

This methodology provides a robust framework for securing user identities within Ciphertext-Policy
Attribute-Based Encryption (CP-ABE) networks, effectively combining CP-ABE for access control with ring
signatures to ensure user anonymity. In CP-ABE, data encryption is governed by attribute-based access policies,
meaning that only those users who possess the appropriate set of attributes are granted the ability to decrypt the
data. This ensures that sensitive information remains accessible only to authorized users based on predefined
conditions, maintaining a high level of data confidentiality.

To further enhance privacy, this approach integrates ring signatures, a cryptographic technique that
enables a group of users to collaboratively sign data or perform actions without disclosing their individual
identities. This is particularly important in scenarios where multiple users from a trusted group need to access or
process encrypted data, but individual identification is not desired. Ring signatures allow users to prove
membership in a group while ensuring that no external party can distinguish the actual signer, thereby
preserving anonymity.

Additionally, a crucial feature of this methodology is the incorporation of a revocation mechanism.
This ensures that if a user's permissions are revoked—either due to security concerns or the user leaving the
system—they can no longer access the encrypted data. The revocation process is integrated seamlessly into the
CP-ABE system, ensuring that the data remains secure even as users come and go from the network. This
mechanism prevents unauthorized access, even by users who may have previously been authorized but no
longer hold the required attributes or permissions.

The implementation of this methodology leverages the Charm-crypto library and elliptic curve
cryptography (ECC), which provide a secure and efficient foundation for the cryptographic operations involved.
The Charm-crypto library supports a wide range of cryptographic protocols, making it an ideal choice for
implementing CP-ABE and ring signatures. Elliptic curve cryptography, known for its efficiency and strong
security properties, is used to handle the mathematical operations required by these encryption schemes.

By combining CP-ABE for precise access control, ring signatures for anonymity, and a robust
revocation mechanism, this approach effectively addresses some of the key challenges in encrypted ring
networks, including privacy, secure access, and user revocation. It ensures that sensitive data remains protected,
accessible only to authorized users, and that users’ identities are shielded, all while maintaining the flexibility
required in dynamic, user-driven environments.
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4.1 Ciphertext-Policy Attribute-Based Encryption (CP-ABE)

Ciphertext-Policy Attribute-Based Encryption (CP-ABE) is a powerful encryption method used to
enforce access control policies based on user attributes, which is particularly useful in sensitive environments
like healthcare systems. In CP-ABE, healthcare records or any sensitive data are encrypted under an access
policy that defines which attributes are required for decryption. For example, an access policy might specify that
only users with specific roles (e.g., doctor or nurse) and specialties (e.g., cardiology or oncology) can access the
data. The access policy, in this case, would be expressed as a logical combination of attributes such as "((doctor
or nurse) and (cardiology or oncology))". Only those users whose attributes satisfy this condition will be able to
decrypt and access the medical records.

The setup for this system involves the generation of two essential cryptographic components by a
trusted authority: a master secret key (MSK) and a public key (PK). The MSK is kept private by the trusted
authority, while the public key is distributed to the users in the system. When a user joins the system, their
decryption key is generated based on their specific attributes (for instance, the user’s role, department, and level
of access). This process ensures that each user's decryption key is tied to their attributes, enabling the system to
enforce fine-grained access control. In the encryption phase, the data is encrypted under a specific access policy,
meaning that only those whose attributes match the policy will have the ability to decrypt and view the data.
This ensures that even if the encrypted data is accessed by unauthorized parties, it remains protected, as they
cannot meet the decryption conditions.

By tying encryption to user attributes, CP-ABE enhances security by ensuring that only users with the
appropriate roles, qualifications, and affiliations can access sensitive information, such as patient health records.
The system also offers the flexibility to update or modify access control policies as the roles or attributes of
users change, which is particularly beneficial in dynamic environments like healthcare, where staff roles and
responsibilities may frequently change. This combination of attribute-based encryption and access control
policies provides an efficient, scalable, and secure way to protect sensitive data while ensuring that authorized
users have timely access to the information they need for effective decision-making and patient care.

4.2 Ring Signatures

Ring signatures are a cryptographic technique that enables a member of a group to sign a message on
behalf of the entire group, while maintaining the anonymity of the individual signer. In the context of our
system, ring signatures are employed to anonymize the identities of users who access encrypted healthcare data.
When a user decrypts and accesses healthcare data, their identity is concealed, as the system only knows that a
member of an authorized group (such as doctors, nurses, or medical professionals) accessed the data. However,
it does not reveal which specific individual in the group performed the decryption.

The process of creating a ring signature begins by selecting a random element from the set of possible
signers, such as members of the healthcare team authorized to access the data. This element is then used to
generate a signature that proves the signer belongs to the authorized group, without revealing the specific
identity of the individual. The signature is constructed in such a way that it’s computationally infeasible to
determine which member of the group created the signature, thus ensuring anonymity. The cryptographic design
behind ring signatures ensures that the signer cannot later be identified, but the data can still be trusted because
it has been signed by someone with the correct group membership.

In healthcare systems, where privacy is paramount, this approach is crucial. It allows healthcare
professionals to access sensitive patient information in an encrypted format while preserving their anonymity.
For instance, in a hospital setting, if a doctor or nurse accesses a patient’s medical records, their actions are
recorded through a ring signature that proves their authorization to view the data, but does not expose their
personal identity. This enhances privacy and security, reducing the risk of unauthorized tracking or profiling of
individuals based on their interactions with sensitive healthcare data. By combining ring signatures with CP-
ABE, this solution ensures that access control policies are upheld while safeguarding user privacy and
maintaining the integrity of the data.
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4.3 Integration of CP-ABE and Ring Signatures

The proposed system integrates CP-ABE with ring signatures by first encrypting the data using CP-
ABE based on the user's attributes, and then generating a ring signature to ensure anonymity during data access.
This two-step process ensures that access control policies are enforced, and the identities of users who access
the data remain anonymous.

5 THEORY AND CALCULATION

5.1 CP-ABE Calculations
1. Key Generation
For each attribute tt;, the key generation algorithm produces a decryption key component:
Ko, = g%+ H@tt)t (1)

where g is a generator of an elliptic curve group, o is the master secret, and H(att;)tis a hash of the
attribute.

Encryption:

To encrypt a message M, a random secret sss is chosen and the ciphertext is generated as:
C=(Cy=¢g5C=M":-e(gg™C) ... 2)

where C, represents components related to the attributes in the access policy.

2. Decryption

The decryption process reconstructs the secret s by using the decryption key components corresponding
to the user's attributes. If the user’s attributes satisfy the policy, the message M can be recovered:

M =2(CoKag) e 3)
4.2 Ring Signature Calculations
3. Signature Generation

For a group G of users, the signer generates a ring signature by selecting a random value x and
computing:

o = x{yvyz -y 4)

where y; are values computed for each member of the group. The signature ensures that the identity of
the specific signer remains unknown while still proving that the signer belongs to the group.

4. Signature Verification

The verifier checks that the signature corresponds to a valid member of the group but cannot determine
which member signed the message.
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5. Mathematical Expressions and Symbols
CP-ABE Key Generation
The key generation for each attribute attiatt_iatti is defined by:
Ko, = g%+ H@tt)* ®)
where:
g is a generator of the elliptic curve group,
o is the master secret,
H(att;)" is the hash of the attribute,
t is a randomly chosen exponent.
CP-ABE Encryption
The encryption of a message M under a specified policy is given by:
C=(Cy=¢g5C=M:e(ga*sC) ... (6)
where:
s is a randomly selected secret,
e(g,g) isthe bilinear pairing function,
C, represents the components related to the attributes specified in the access policy.
CP-ABE Decryption

The decryption process is defined by:

M =2(CoKae) e (7
if the user’s attributes satisfy the access policy.
Ring Signature Generation
The generation of a ring signature c\sigmac by a user in a group G is expressed as:
0 = X{yLyz YD)
where:
x is a randomly chosen secret,

y; are values computed for each member of the group, ensuring anonymity for the signer.
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6 RESULTS AND DISCUSSION

For the performance evaluation of the proposed system, several critical variables were utilized to assess
the efficiency and effectiveness of the cryptographic operations involved. Key Generation Time is defined as the
time required to generate decryption keys for users based on their attributes in the Ciphertext-Policy Attribute-
Based Encryption (CP-ABE) scheme. This metric is essential for understanding the system’s responsiveness in
generating keys for new users and enabling timely access control. Encryption Time refers to the time taken to
encrypt healthcare data stored in a CSV file, a key factor when evaluating the scalability and performance of the
system, especially in the context of large datasets. Decryption Time denotes the time required for authorized
users to decrypt the encrypted data, which is a critical measure of the system’s usability and efficiency in
providing quick and secure access to encrypted information. Lastly, Ring Signature Overhead represents the
additional computational time incurred by generating and verifying ring signatures, which are employed to
preserve user anonymity. While ring signatures provide privacy benefits, this overhead must be evaluated to
ensure that the anonymity feature does not significantly degrade system performance. Collectively, these
variables offer a comprehensive framework for assessing the system’s overall performance in terms of security,
efficiency, and usability in encrypted healthcare data management.

6.1 Performance Metrics
The performance of the system was evaluated using several key metrics:

o Key Generation Time: The time required to generate decryption keys for users based on their
attributes.

e Encryption Time: The time taken to encrypt healthcare data stored in a CSV file.
e Decryption Time: The time taken for authorized users to decrypt the encrypted data.

6.2 Evaluation Results

The results indicate that the encryption and decryption times are linearly proportional to the number of
attributes involved in the access policy. The ring signature introduces a small overhead, but this is minimal
compared to the overall benefits of maintaining user anonymity. The system is suitable for real-world healthcare
applications, providing both privacy and security without significant computational overhead.

(%3]

FIGURE 1 Encryption time vs number of attributes
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FIGURE 3 Key generation time vs number of attributes
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FIGURE 4 Ring signature overhead vs number of attributes
User cases and sequences

The collusion-resistant CP-ABE (Ciphertext-Policy Attribute-Based Encryption) scheme significantly
improves security in cloud-based systems, particularly in sensitive domains such as e-health data management,
by addressing key vulnerabilities like unauthorized data access and inadequate user revocation mechanisms. In
such systems, users are granted decryption rights based on their attributes (such as role, department, or security
clearance), and an access policy governs the conditions under which encrypted data can be decrypted. This
model is especially useful in settings where it is essential to ensure that only authorized individuals can access
protected information.
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One of the major challenges in implementing CP-ABE systems is the risk of collusion attacks. In a
collusion attack, users with different attributes might combine their decryption keys to circumvent access
controls and gain unauthorized access to encrypted data. The CP-ABE scheme in question effectively prevents
such attacks by integrating advanced mechanisms that make it computationally infeasible for unauthorized users
to combine keys in a way that would bypass the access policy. This feature is crucial in environments like
healthcare, where sensitive data—such as medical records—must remain protected from malicious access.

In addition to collusion resistance, the scheme incorporates accountability features that track and log
user actions. This ensures that any malicious behavior or unauthorized attempts to access data can be traced
back to the responsible individual. In environments like healthcare, where trust is essential, accountability
mechanisms help to maintain transparency and prevent misuse of sensitive information. These mechanisms also
support the auditing of data access, providing a critical layer of security for compliance with privacy regulations
such as HIPAA (Health Insurance Portability and Accountability Act) or GDPR (General Data Protection
Regulation).

Another essential component of this scheme is its efficient and secure revocation process. User
revocation is necessary when an individual's access rights change, such as when they switch roles, leave the
organization, or when a security breach occurs. Traditional CP-ABE schemes often struggle with slow or
cumbersome revocation procedures, which could result in delayed data protection. The proposed scheme
addresses these issues by offering a revocation mechanism that ensures unauthorized users are quickly removed
from the system and can no longer decrypt data. This ensures that access control remains effective, even in
dynamic environments where roles and permissions change frequently.

Moreover, the system employs privacy-preserving techniques that allow users to access encrypted data
without revealing their identities. This is particularly critical in healthcare, where patient privacy is not just a
legal obligation, but a moral imperative. By combining CP-ABE with privacy-preserving methods, the system
allows healthcare providers to access critical patient information while maintaining confidentiality and ensuring
that personal details are kept anonymous.

By integrating collusion resistance, accountability, secure revocation, and privacy preservation into a
unified framework, this CP-ABE scheme offers a comprehensive and effective solution for managing sensitive
data in cloud-based environments. It addresses the complex challenges of maintaining data confidentiality,
enforcing access control policies, ensuring user accountability, and facilitating efficient revocation processes, all
while respecting user privacy. This approach is particularly valuable in industries like healthcare, where the
integrity of data security systems is crucial to ensuring the confidentiality and privacy of patient information.
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