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Abstract—This paper presents an approach to achieve seamless
and secure cross-cloud collaboration using ldentity and Access
Management (IAM) and identity federation. The proposed method
aims to enable interoperability between multiple cloud service
providers by establishing a common framework for authentication
and authorization, leveraging industry standards such as SAML,
OAuth, and OpenlID Connect. The paper highlights the challenges in
managing identity across heterogeneous cloud environments,
including inconsistent IAM policies, varied authentication
mechanisms, and administrative complexity. By using federated
identity protocols, the proposed solution ensures consistent and
secure access for users across different cloud platforms, reducing
complexity and enhancing security. Experimental results demonstrate
significant improvements in authentication success rates, reduced
access times, and decreased management overhead compared to
traditional IAM systems. This work contributes to building a practical
and scalable framework that simplifies identity management and
enhances cross-cloud security.

Index Terms—IAM, ldentity Federation, Cross-Cloud Collaboration,
Multi-Provider Environments, Cloud Security.

|. INTRODUCTION

The rapid adoption of cloud computing has led organizations
to utilize services from multiple cloud providers to achieve
greater flexibility, redundancy, and performance. However,
managing identity and access across these heterogeneous
environments presents significant challenges. Key issues
include inconsistent IAM policies, varying authentication
mechanisms, and lack of unified access controls. These
challenges often result in increased complexity, security
vulnerabilities, and administrative overhead.

Managing identities and access in multi-cloud environments
often requires organizations to maintain separate identity
systems for each cloud provider, leading to fragmented
identity management and an increased attack surface.
Additionally, the integration of identity services across cloud
platforms is complex, with each cloud provider implementing
its own set of identity standards and protocols. This
heterogeneity adds another layer of difficulty for IT
administrators responsible for managing identities, ensuring
compliance, and maintaining a consistent user experience.

To address these issues, identity federation mechanisms can
be used to unify authentication and authorization processes
across multiple cloud platforms. Federated identity
management, through protocols like SAML, OAuth, and
OpenID Connect, helps ensure consistent, secure, and
streamlined access for users across different cloud
environments. These identity federation protocols enable
Single Sign-On (SSO) capabilities, allowing users to
authenticate once and gain access to multiple cloud services
seamlessly.

The main contributions of this paper are as follows:

i) Proposing a unified framework for cross-cloud 1AM
andidentity federation.
ii) Implementing and evaluating the effectiveness of

feder-ated identity protocols in a simulated multi-cloud
environment.

iiii) Demonstrating how the proposed solution reduces
man-agement complexity, improves security, and enhances
user experience in multi-cloud environments.

Il. RELATED WORKS

The importance of federated identity management in a
multi-cloud setup has been studied by various researchers.
Existing methods include cross-cloud IAM architectures,
interoperability frameworks, and the use of federated
protocols to simplify secure access. Many approaches have
leveraged industry standards like OAuth and SAML to create a
common trust model among different cloud platforms.

For instance, authors in [3] explored the use of SAML for
federated identity management, emphasizing its ability to
facilitate Single Sign-On (SSO) across disparate services. SAML
has been widely adopted in enterprise environments due to its
ability to securely exchange authentication and authorization
information, which is particularly beneficial for integrating
with on-premises identity systems.

Another study [4] analyzed OAuth’s role in providing
tokenbased authentication to access multiple cloud services
without the need to share credentials, focusing on improving
security while enhancing user experience. OAuth’s capabilities
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for authorization have made it popular for enabling secure
access to APIs and for use cases involving consumer
applications that require multi-cloud integrations.
Researchers in [5] summarized various federated protocols
used for multi-cloud IAM, highlighting the need for improved
scalability and cross-platform integration. While SAML and
OAuth provide the basis for federated authentication, they

require significant customization and configuration to operate

efficiently in multi-cloud environments. The review also
identified gaps in existing approaches, such as the difficulty in
maintaining consistent attribute mapping and the lack of
automated role synchronization between clouds.

Authors in [6] proposed the use of identity brokers as an

intermediary to manage trust relationships between cloud

service providers. The concept of an identity broker is crucial
for establishing seamless interoperability between different
cloud IAM systems. By using an identity broker, organizations
can reduce the complexity involved in setting up individual
federations between each pair of cloud providers.

Studies such as [7] have examined trust relationships in
federated identity systems, focusing on methods to enhance
the trustworthiness of cross-cloud authentication. This
involves defining policies and trust levels, which can vary
significantly across different providers, creating challenges in
establishing mutual trust. The lack of standardized policies for
trust evaluation has been a major bottleneck in federated IAM.

Another relevant work [8] examined the complexities
involved in managing roles and permissions across multiple
clouds. They proposed a framework to centralize policy
management but found that this centralization often led to
performance trade-offs due to increased latency in policy
enforcement.

A recent survey [9] identified the main challenges in

implementing federated IAM, including latency,
synchronization issues, and difficulties in maintaining
compliance across cloud platforms. These challenges

underscore the importance of a unified framework that
simplifies and automates identity management operations.

In [10], the authors presented a case study using Keycloak
for multi-cloud identity federation, highlighting its benefits and
limitations. While Keycloak provides a flexible open-source
platform for identity federation, integrating it with different
cloud services required extensive customization, particularly
for attribute mapping and ensuring compatibility with
cloudspecific IAM policies.

Our work aims to fill these gaps by providing a practical,
scalable solution for federated IAM in multi-cloud
environments. Unlike previous studies that primarily focused
on individual aspects of federated identity (such as SSO or
authorization), we propose a comprehensive architecture that
integrates identity brokering, trust management, and attribute
mapping, all aimed at providing a cohesive solution for secure
cross-cloud access.

I11. PROPOSED ARCHITECTURE AND METHODOLOGY

To address the limitations identified in related works, we
propose an architecture that integrates IAM systems with
federated identity protocols, ensuring secure access control
across multiple cloud providers. The proposed architecture
includes several key components designed to facilitate
seamless crosscloud collaboration:

Federation Hub: The Federation Hub acts as a central point for
managing identity federation across multiple clouds. It
leverages SAML and OAuth protocols to facilitate trust
relationships and Single Sign-On (SSO) capabilities. This
centralized approach helps minimize redundant IAM policies
across providers.

Identity Broker: The Identity Broker is responsible for
managing trust relationships between various cloud service
providers. It ensures that authentication tokens and
credentials are securely exchanged between different cloud
environments, thus maintaining a high level of security.
Attribute Mapping and Role Translation: One of the challenges
of cross-cloud IAM is the inconsistency of roles and
permissions across platforms. Attribute mapping and role
translation mechanisms are implemented to ensure that roles
and permissions are consistently enforced, irrespective of the
cloud provider.

The overall architecture is depicted in Figure 1. The
architecture illustrates how different IAM components
interact, ensuring a consistent user experience across multiple
cloud environments while maintaining security.
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Fig. 1. Proposed Architecture for Cross-Cloud IAM and Identity Federation
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To implement this architecture, a proof-of-concept
environment was created using AWS, Azure, and GCP services.
The Federation Hub was built using open-source solutions such
as Shibboleth and Keycloak, which provided SAML and OAuth
support, respectively. The Identity Broker was implemented
using a combination of AWS Cognito, Azure Active Directory,
and Google Identity Platform, allowing secure identity
exchange.

To further illustrate the implementation, Figure 2 shows the
token exchange flow between the Federation Hub, Identity
Broker, and cloud service providers. This diagram explains how
authentication tokens are generated, mapped, and exchanged
to ensure secure access control across clouds.

Enterprise User Federation Hub Identity Broker Cloud Provider
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I

User credentials + MFA

2. Token Request
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User context + trust level
3. Evaluate Request
A
Apply security policies

Check trust score
Verify permissions
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Signed SAML/JWT token

5. Exchange Federation Token

Provider-specific
token exchange

6. Validate Token
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Verify signature
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Apply local policies

7. Return Access Token

Provider-specific
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«
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Enterprise User Federation Hub Identity Broker Cloud Provider

Fig. 2. Token Exchange Flow in Proposed Federation Architecture

A. Technical Flow of the Identity Federation

The technical implementation of the identity federation
involves several key steps:

User authentication requests are initiated at the Federation
Hub.

The Identity Broker evaluates the request and establishes trust
relationships with the respective cloud service provider.

The appropriate identity protocols (such as SAML or OAuth)
are invoked, and the tokens are mapped based on predefined
attribute and role mappings.

The Identity Broker issues a federated token that grants access
to resources across multiple cloud platforms.

This flow provides a robust mechanism for ensuring secure and
efficient cross-cloud authentication, making it suitable for both
enterprise and consumer-level applications.

IV. SECURITY CHALLENGES IN CROSS-CLOUD IDENTITY MANAGEMENT

Managing identities across multiple cloud environments
introduces numerous security challenges:

A. Data Breaches

Cross-cloud identity systems are more susceptible to
breaches, given the higher number of trust relationships and
token exchanges. A data breach in one cloud provider can
potentially compromise the entire identity federation, leading
to data leakage or unauthorized access across all connected
cloud services. This risk is exacerbated by the complex trust
relationships that must be maintained between multiple cloud
environments. The Federation Hub and Identity Broker
components must be carefully secured, and any vulnerabilities
can serve as entry points for attackers. To mitigate the risk of
data breaches, multi-layer encryption strategies, and robust
monitoring mechanisms need to be implemented at every
point in the identity federation process.

B. Man-in-the-Middle (MITM) Attacks

The use of multiple protocols and platforms in cross-cloud
identity federation increases the risk of interception during
token exchanges. When authentication tokens are transmitted
between the Federation Hub, Identity Broker, and the cloud
providers, they are susceptible to MITM attacks, especially if
secure channels are not maintained throughout the token’s
journey. To combat this risk, secure communication protocols
like TLS (Transport Layer Security) must be enforced rigorously.
Moreover, mutual TLS authentication between entities and
regular key rotation practices are essential in mitigating MITM
risks. Enhanced visibility over data in transit and integration of
anomaly detection systems can also help in identifying
potential interception attempts.

C. Inconsistent Policies and Misconfigurations

Different cloud providers have unique IAM policies, which
makes aligning these policies across a multi-cloud
environment challenging. This inconsistency can lead to
misconfigurations, resulting in unintended permissions, over-
privileged accounts, and increased risk exposure. These risks
are heightened when role translations between cloud
providers are improperly mapped, leading to gaps in the
enforcement of least privilege access principles. To manage
this, it is important to have standardized policy frameworks
that ensure role consistency. Tools that automate policy
translation and validate configurations can help maintain
consistency across cloud platforms. The implementation of
automated compliance audits is also crucial in ensuring
continuous adherence to best practices.

D. Auditing and Compliance

Monitoring user activities and ensuring compliance across
multiple environments is complex and requires robust audit
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trails. Cross-cloud IAM systems must be equipped with
comprehensive logging to record all access and authorization
events across providers. These logs must then be aggregated
and analyzed to identify suspicious activities, potential
breaches, and policy violations. The lack of unified logging and
auditing standards across different providers can result in
fragmented and incomplete activity trails, complicating
forensic analysis and compliance reporting. To overcome these
challenges, a centralized logging system that aggregates audit
data from all cloud providers must be implemented. This
system should support real-time

V. RESULTS AND ANALYSIS

The proposed architecture was implemented in a simulated
multi-cloud environment, including AWS, Azure, and GCP. We
evaluated the performance of our system based on several key
metrics: access time, success rates for identity authentication,
scalability under load, and cross-cloud permission
management efficiency.

A. Access Time

The average access time for users to authenticate and gain
access to resources was significantly reduced compared to
traditional IAM setups. The proposed federated approach
achieved an average access time of 95 ms, compared to 150
ms with traditional IAM systems. Figure 3 shows a comparison
of the access times between traditional IAM and the proposed
federated system.

Comparison of}OTgaditionaI IAM and Proposed Federation Approach
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Fig. 3. Access Time Comparison Between Traditional IAM and Federated
System

B. Authentication Success Rate

The authentication success rate was also notably improved.
The success rate for federated authentication was 98%,
compared to 85% for traditional systems, indicating a higher
reliability of identity verification across multiple clouds. Figure
4 depicts the success rates for different scenarios.

C. Scalability Under Load

The scalability of the proposed architecture was tested by
simulating multiple user access requests simultaneously. The
system successfully scaled with increased load, demonstrating
the capability to handle high traffic without compromising
access times or success rates. Table | presents the scalability
metrics under varying loads, while Figure 5 shows the
corresponding graph for scalability performance.
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g. 4. Authentication Success Rates for Traditional vs. Federated Systems

TABLE |
SCALABILITY METRICS FOR CROSS-CLOUD |IAM FEDERATION
Number of Users Access Time (ms) Success Rate (%) Latency (ms)
100 95 98 50
500 110 96 65
1000 130 95 85

D. Management Complexity

We assessed the complexity of managing IAM policies in a
multi-cloud setup using a scoring system, with lower scores
indicating simpler management. The proposed federation
approach scored 2.1, significantly better than the 4.5 scored by
traditional IAM systemes, reflecting the reduced administrative
overhead achieved through centralized policy management.
Figure 6 presents a comparison of management complexity
scores.

VI. CONCLUSION

The study concludes that integrating IAM with federated
identity protocols offers a practical and efficient solution for
cross-cloud collaboration. The proposed approach not only
simplifies access management but also enhances the security
and efficiency of identity management across different cloud
service providers. By leveraging standards like SAML, OAuth,
and OpenlID Connect, organizations can reduce the complexity
of managing multiple IAM systems and provide a seamless
user experience.

The results demonstrate significant improvements in
authentication success rates, reduced access times, and
streamlined management complexity. The scalability of the
system was validated under simulated loads, indicating the
robustness of the proposed architecture in handling
enterprise-level requirements. Additionally, incorporating
enhanced security measures, such as MFA and zero-trust
principles, ensures a higher level of security for federated
environments.

Future work will focus on implementing zero-trust principles
in a federated multi-cloud environment. Additionally, we plan
to investigate the application of machine learning algorithms
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user behavior and threat detection, thereby further enhancing security and adaptability. We also aim to explore decentralized
identity approaches using blockchain technology to improve trustworthiness and reduce dependency on centralized identity
brokers. [15]
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