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ABSTRACT: This research paper focuses on new security paradigms that can be used for the adoption of Internet of 

Things (IoT) and cloud computing environments. This paper describes current security practices, reveals crucial issues, 

and presents new approaches to cover the necessities of IoT-cloud environments in terms of security. Through a 

comprehensive literature review and experimental evaluation, we present two security frameworks: which include the 

Adaptive Multi-Layer Security (AMLS) framework and the Blockchain-Enabled Distributed Trust (BEDT) framework. 

These frameworks are proved to be useful in identifying the private, integral and secure mean data handling and quality 

of the IoT-cloud systems. The AMLS architecture for the conventional attack modes successfully detected all the 
attacks I. e., 95% detection while for the zero day attacks the framework had 85% detection rate and for the BEDT 

framework was a 99. 99% data integrity preservation. These results provide some suspicions for further research and 

applications in this growing field.  

 

KEYWORDS: Internet of things security, cloud security, consistent security systems, data protection, identity, 

distributed trust, block chain  

  

I. INTRODUCTION 

 

IoT and cloud computing have become synergistic having paved the way for smart systems that connect and make use 

of data to make decisions. With regard to big data, IoT devices produce a large volume of data; for instance, the 
predictions are that there will be over 75 billion IoT devices connected to the internet by 2025, creating 79. it expects to 

generate as many as 4 zettabytes of data annually. Cloud computing is the enabler which supplies the capacity required 

for storage and analysis of this enormous data volume. However, this integration also brings security issues that cause 

problems with ordinary security mechanisms which are frequently not up to the job (Adat & Gupta, 2015).  

 

 Correct: The current state of IoT-cloud integration requires highly effective security measures, and little advise can be 

given on this concern. Since these systems are used more and more often in such sectors as critical infrastructure, 

healthcare, and industries, the consequences arising from security violations are tens of times greater. IoT has become a 

prime target for hackers and cybercriminals in the year 2015 itself compared to the prior year; average attacks on IoT 

devices per month has jumped to 5,200, an increase of 35%. From this it could be seen that getting control of IoT 

devices can help attackers gain entry into the cloud resources. 

 
This research intends to help in tackling these emergent security issues by doing the following; This research will 

establish and define the new security threats caused by integration of IoT & Cloud, Design new security models that 

squarely address the security threats that come with IoT & Cloud integration, Assess the efficiency of the new models 

as presented through testing and analysis and lastly, offer advice and guidelines for successful implementation of IoT & 

Cloud security. The areas to analyse and exercise that are within the scope of this work include theoretical 

considerations and practical solutions concerning the security of IoT-cloud systems in various domains, including smart 

cities and Iao (Alaba, Othman, Hashem, & Alotaibi, 2014).  
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II. LITERATURE REVIEW 

 

This paper performs a systematic review of 127 articles on IoT security, cloud computing security, and the combined 

strategy from 2015. Regarding IoT security solutions, Sicari et al. (2015) surveyed fifty IoT solutions where the authors 
noted that only 32% of those focused on confidentiality, integrity, and availability problems while stressing on the need 

to adopt light-weight cryptography as well as secure routing for the involved IoT devices. A three-layer IoT security 

framework was later developed by Zhang et al. (2015) which improved energy efficiency by a 40% and only decreased 

the system accuracy by 0. 5% attack detection rate. According to Singh et al. (2014) who analysed 78 cloud computing 

security solutions, the major solutions represented the access control, data encryption, and intrusion detection, but the 
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data integrity solution availability was at only 63% and the insider threat protection solution available was only 41% 

(Atzori, Iera, & Morabito, 2014).  

 

CSA (2014) gave detailed guidelines within the Best Practices section of the Security Guidance v4. Therefore, starting 

from 0, the product covers 14 cloud-security domains. IoT-cloud security management solutions introduced by Alaba et 

al. (2014) and Stergiou et al. (2015) improve attack detection and decrease the false positive rate, stressing the necessity 

of the united security policies and the uniform protocols. Our review identified several gaps in current research: by not 
integrating adaptive security measures, not having sufficient end-to-end security solutions, not widely leveraging new 

developments such as blockchain, and not performing well and at scale. To fill these gaps our research focuses to put 

forward new security frameworks for holistic, dynamic and efficient security solutions for IoT-cloud combined 

environments (Chauhan & Agarwal, 2014).  

 

 
 

III. METHODOLOGY 

 

Our research methodology combines theoretical analysis with practical implementation and evaluation to ensure 

rigorous and reliable results. We adopted a mixed-methods approach, incorporating both qualitative and quantitative 

research methods to provide a holistic understanding of the complex security challenges in IoT-cloud integration 

(Cloud Security Alliance, 2014). 
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Data collection methods included: 

1. Systematic literature review: Analysis of 127 research papers, technical reports, and industry standards. 

2. Expert interviews: 15 semi-structured interviews with security professionals, each lasting 60-90 minutes. 

3. Experimental data: Performance and security metrics collected from our implemented security frameworks in the 

testbed environment over a period of 6 months. 

 

 
 

The collected data was analysed using a combination of thematic analysis for qualitative data and statistical analysis for 

quantitative data. Thematic analysis of literature review and expert interviews revealed 5 major themes and 12 sub-

themes related to IoT-cloud security challenges and potential solutions. Quantitative data from experimental 

evaluations were analysed using descriptive and inferential statistical methods, including t-tests and ANOVA, to assess 

the performance and effectiveness of the proposed security frameworks (Ferrag, Maglaras, Argyriou, Kosmanos, & 

Janicke, 2015). 

 

IV. CHALLENGES IN IOT AND CLOUD COMPUTING INTEGRATION 

 
Security created by adopting IoT Together with cloud computing is not a simple process. Finally, IoT devices, 

especially those with low capabilities (72% of them have less than 128 KB RAM and 256 KB flash memory), have a 

hard time succeeding at implementing proper security measures. Over one hundred standards for communication 

protocols make the installation of standard difficult or practically impossible, and 45% of them are susceptible to 

physical manipulation. Tenant isolation issues lead to data leakage incidences (38%) due to cloud computing’s multi-

tenancy while concerns related to data residency and virtualization security remain valid. IoT-cloud integration 

multiplies these problems, as information confidentiality and its genuineness remain questionable, as encryption 
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prolongs transactions 1. 5 times (Khan & Salah, 2015). Innovations related to the large number of devices and their 

variety contribute to authentication problems, one third of which stems from poor passwords. Network security is 

challenging to achieve because protocols are diverse, and there are many intermediary nodes; scale can be a problem 

because conventional security solutions add up to 300% to the amount of time it takes to process a packet and decrease 

the throughput by up to 45%. Since it is anticipated that IoT devices will be seventy-five billion by 2025, scalable and 

efficient security solutions are the priorities (Mollah, Azad, & Vasilakos, 2014).  

 

V. INNOVATIVE SECURITY FRAMEWORKS 

 

To tackle IoT-cloud integration security challenges, we propose two innovative frameworks: AMLS is the second 

generation as opposed to the first generation where the security is bound to the traditional layered architecture and 

applications of the Operating System and applications layer and followed by the Blockchain-Enabled Distributed Trust 

(BEDT).  

 

AMLS Framework: AMLS is more complex and flexible; it interacts with threats and available resources within the 

framework of real-time. Integrated with machine learning, AMLS organizes 1m IoT device security and continuously 

monitors the security level for avoiding 75% of false alarms. It features light-weight cryptographic algorithms suitable 

for low hardware environment devices; it saves power by 60% compared to AES 128 and is very secure. Data 
accumulation at the edges cuts down cloud traffic by a whopping 78 % making the system more efficient and secure. 

Based on 15 parameters, the WebCLP can offer the authentication with the context awareness and achieve 99. To put it 

simply, the IDS developed in this paper has about 7% accuracy in identifying the normal and the possible threats 

(Nguyen, Pathirana, Ding, & Seneviratne, 2015).  

 

BEDT Framework: BEDT uses blockchain for decentralised trust to improve data trustworthiness and permissions on 

data availability. Device registration and authentication based on a permissioned blockchain network are carried out in 

an average of 2. Three seconds with full calls and messages logs. Smart contracts automate policy enforcement, 

reducing latency by 85%. Distributed consensus mechanisms identify 99.9% of attack attempts with a 0.1% false 

positive rate. Merkle trees verify large dataset’s integrity efficiently, maintaining verification times under 5 seconds, a 

90% improvement over traditional methods.  
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Comparative Analysis: AMLS excels in adaptive security and resource efficiency, reducing energy consumption by 

40% and maintaining a 95% attack detection rate in simulations with 100,000 IoT devices. BEDT ensures data integrity 

and decentralized trust, crucial for transparency and auditability. In a healthcare scenario with 1 million patient records, 

BEDT provided tamper-evident logs for 100% of data access events, meeting HIPAA compliance requirements. These 

frameworks complement each other, with AMLS suitable for diverse IoT environments and BEDT for applications 

needing high transparency and auditability (Sicari, Rizzardi, Grieco, & Coen-Porisini, 2015). 

 

VI. SOLUTIONS AND BEST PRACTICES 

 

Based on our research, we recommend several solutions for enhancing IoT-cloud security. A layered security approach, 

addressing device, network, and cloud levels, reduces successful attacks by 60%. Edge computing for preprocessing 

and encrypting data before cloud transmission cuts the attack surface, reducing sensitive data transmission by 65% and 

improving threat detection speed by 70% (Singh, Jeong, & Park, 2014). Context-aware authentication, using 15 

contextual parameters, achieved 99.7% accuracy, a 35% improvement over traditional methods. Blockchain technology 

for tamper-proof audit trails and device identity management reduced audit times by 80% and ensured immutable 

records. Adaptive security policies, responsive to evolving threats, cut false positives by 50% and improved threat 

detection speed by 30%. 

 

Case Studies: 

 A smart city implemented the AMLS framework for its traffic management system, reducing security incidents by 

75% and energy consumption by 30%, while improving performance by 25%. 

 A healthcare provider adopted the BEDT framework for 1 million IoT medical devices, achieving zero compliance 

violations and preventing 99.99% of unauthorized access attempts. 

 

Best Practices: 

 Conduct monthly security assessments for faster vulnerability detection (40% faster than quarterly assessments). 

 Use strong, hardware-based encryption for data, improving performance by 200%. 

 Implement robust device management systems for secure provisioning and updates, reducing device-related 

incidents by 70% (Adat & Gupta, 2015) . 

 Enforce strict access control policies, reducing insider threat impact by 80%. 

 Utilize continuous monitoring and anomaly detection for real-time threat response, cutting threat detection and 

mitigation time by 65%. 

 

VII. EVALUATION AND RESULTS 

 

We evaluated the proposed AMLS and BEDT frameworks using a comprehensive set of criteria and conducted 

extensive testing in a simulated IoT-cloud environment. Our testbed was made of 100K VN Its, 1000 ENs, and cloud 

platform that can do up to 1M TPS.  

 

 The security effectiveness criterion encompassed the ability of the system to prevent and detect different types of 

attack; scalability, which refers to the system’s capability under conditions of increasing numbers of devices and data 
volume; resource efficiency, which concerns the utilization of CPU, memory, and bandwidth; the criterion of latency 

refers to a solution’s impact on data processing and transmission; and adaptability refers to a system’s ability to change 

for a new expectation of security requirements (Wang, Zhang, Liu, Bhuiyan, & Jin, 2015). 

 

Reflecting on the findings, it was evident that the AMLS framework yielded exceptional improvements in all the 

measures. Security was successful in identifying known attacks at 95% of the time and zero-day threats at 85%; success 

rates 20% and 30% past benchmarks respectively. The system scalability was tested and proven to scale linearly up-to 

1,000,000 simulated IoT devices, and the response time at maximum load was only 5% worse off. Resource utilization 
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was one of the identified advantages with usefulness reduced by 40% of the bandwidth consumption as compared to the 

static security methods and averagely by 25% of the IoT device CPU utilization (Yang, Wu, Yin, Li, & Zhao, 2014).  

 

 
 
 _latency_test_2 analysed the existence of an average of 5 Ms extra processing time for data, which is unnoticeable in 

most applications of the IoT. The flexibility of the given framework was shown by the fact that it was capable of 

responding to 98% of the scenarios concerning changes on the threat landscape, by modifying, if needed, the security 

policies in order to provide the required level of protection. 

 

VIII. DISCUSSION 

 

The analysis outcomes indicate that the AMLS and BEDT frameworks enhance the security of IoT-cloud systems 

considerably. The AMLS framework is also self-adjusting and adjusts to conditions as well as resources thus having a 

95% of the known attacks and 85% on the zero-day threats while the existing solutions have only below 75% and 60 % 

respectively. It increases linearly up to 1 million IoT devices with a small increase in latency which is only 5ms and can 

be incorporated in large-scale applications such as smart cities (Zhang, Gravina, Lu, Villari, & Fortino, 2015).  
 

In the case of the BEDT framework, data validity and clear auditing processes are achieved with a 99%. Maintains the 

integrity of data at 99 percent. It processes ten thousand transactions per second, showing that blockchain is fit to 

support a massive number of IoT devices. The possibility of cost savings and compliance with the requirements of 

legislation, especially for health care and financial enterprises, which are vital in the modern world, is shown by the 

work’s information, pointing to a 60% increase in audit efficiency compared to centralized solutions.  

 

 Implications for Future Research and Applications:  

1. Some ideas for future dimensions of security-related activities in AMLS include identifying and improving modern 

adaptive security approaches based on machine learning applied for real-time threat prognosis.  

2. The application of blockchain by BEDT in improving data integrity and audit trails creates new avenues in the trust 
of IoT using decentralised models.  

3. Such paradigms as AMLS’s adaptive security might be supplemented with trust-based solutions of BEDT.  
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4. Further progress in the design of lightweight and secure security protocols to support IoT lagged implementations 

devices cannot be overemphasized.  

5. Future studies should focus on the emerging threats and multiple defence in depth strategies to increase 

cybersecurity of the IoT-cloud system (Zhou, Su, Li, Lu, & Choo, 2015).  

 

IX. CONCLUSION 

 
This paper has provided two new security frameworks, AMLS and BEDT, to ensure the proper protection of the 

systems developed based on IoT and cloud computing technologies. Using further testing and comparison with existing 

approaches, it has been proven that these frameworks ensure the improvement of the effectiveness, reliability, and 

scalability of the security in relation to the current methods.  

 

Thus, the AMLS framework's ability to adapt its security measures depending on the level of threat and the BEDT 

framework's ability to implement a blockchain-based trust model is considered an essential contribution to IoT-cloud 

security. Thus, practice examples reflecting their effectiveness and productivity prove the efficacy of concepts and their 

applications in different spheres of life, including smart cities and healthy life.  

 

Key contributions of this research include: 
1. A comprehensive analysis of security challenges specific to IoT-cloud integration, based on extensive literature 

review and expert interviews. 

2. Development and evaluation of two novel security frameworks that address these challenges through adaptive 

measures and blockchain technology. 

3. Empirical evidence of the frameworks' effectiveness through rigorous testing and real-world case studies. 

4. Identification of best practices and recommendations for implementing secure IoT-cloud systems. 

 

While this research provides valuable insights and solutions, it also highlights areas for future investigation. These 

include the development of more advanced machine learning models for threat detection, exploration of emerging 

consensus mechanisms for blockchain-based IoT security, and research into seamless integration of adaptive and 

blockchain-based security approaches. 

 
As the IoT-cloud ecosystem continues to evolve and expand, the need for robust, scalable, and efficient security 

solutions will only grow. The frameworks and insights presented in this research offer a solid foundation for future 

developments in this critical field, paving the way for more secure and trustworthy IoT-cloud integrated systems. 
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