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Abstract—The integration of Internet-of-Things (IoT) devices with cloud computing environments significantly expands both scale and complexity of networked systems. Besides the substantial security challenges in regard to authentication, data privacy, and vulnerability management are most critical. This paper conducts an online survey among professionals engaged with security management in cloud services or IoT management to bring on board the major challenges and solutions as relating to the security of IoT in the cloud. Results indicate that the biggest security threat is the lack of effective authentication of devices, hence leaving IoT systems exposed to unauthorized access and possible breaches. Though some security measures have been instituted, such as data encryption and network segmentation, frequent security incidents show that there is a need for enhanced monitoring, threat detection, and periodic updates of devices. It also provides a depiction of the general outlook, wherein although organizations remain generally neutral about their confidence in the security of IoT, the situation seems to warrant investment in the same for improved security. This brings into sharp light a dire need for more robust authentication methods, proactive threat detection systems, and automated software updates that help to minimize vulnerability, so that there can be heightened overall security of IoT systems across cloud environments. These further cements investment in the IoT's security to safeguard cloud infrastructures, as such cyber threats will only get evolved. 
Keywords—Internet of Things (IoT), Cloud Computing, Device Authentication, Segmentation. 
Introduction
The rapid adoption of Internet of Things (IoT) devices into cloud computing environments has really transformed the way businesses and consumers interact with technology. IoT devices offer modern systems a means of collecting data, automation, and remote monitoring in various aspects of life. However, accommodating these devices into cloud infrastructures has also raised serious concerns about security that must be addressed. In other words, as the IoT ecosystem expands, challenges to confidentiality, integrity, and availability also expand in the network (Pandey et al., 2023).
Poor authentication of devices, primarily, creates the biggest security issues. Such a vulnerability opens unauthorized access that may affect sensitive data and system operations. Growing volumes and varieties of IoT devices add to concerns on data privacy, network vulnerabilities, and lifecycle management of devices-including updates and patches. Despite these efforts at the introduction of security measures like encryption of data, network segmentation, and firewalls, breaches and incidents are still common (Telo, 2023). The study will explore these challenges in IoT security through a survey of practitioners tasked with the management of IoT security and cloud security. This research elaborates on the exact most critical vulnerabilities and measures that are currently effective to show the constant need for enhanced security measures. These findings will aid future efforts to be directed towards efforts of securing IoT, particularly for cloud computing where threats continue to evolve (Attou et al., 2023).
 Literature Review 

The integration of IoT devices with cloud computing has transformed business operations, introduced significant advancements while simultaneously presented substantial security challenges. This section reviews existing literature on IoT security within cloud environments, highlighting key challenges, available solutions, and gaps in current research.

A. IoT Security Challenges in Cloud Computing 

The literature has extensively discussed the increasing security vulnerabilities caused by IoT devices in cloud environments. One of the major challenges is related to the resource constrained nature of IoT devices, which reduces the viability of traditional security methods. According to (Abdullayeva, 2023), authentication remains a persistent issue in IoT systems, as unauthorized access can lead to severe data breaches. In addition, scalability and heterogeneity of IoT devices further increase the complexity of addressing security issues effectively. (Abdull ayeva , 2023) further elucidates the risks related to sensitive data that are being transferred between devices and stored in the cloud. If the sensitive information falls into unauthorized hands, or if there is any data leakage, then severe damage could be caused to it, such as identity theft and financial loss. Management of IoT vulnerabilities also continues to be a significant issue. Several IoT systems do not have proper patch management or secure update mechanisms (Dawood et al., 2023). 

B. Existing Security Solutions 

Various solutions have been put forward to curb these challenges. Among the common solutions, as mentioned in Choudhary et al. (2023), is the use of strong encryption techniques, which protect data sent between IoT devices and the cloud. In such a case, the encrypted data will not be readable to any unauthorized user even if it is intercepted. Also, in a study by Choudhary et al. (2023), it has been proposed that IoT devices can be segregated through network segmentation from the critical cloud systems so that when any breach occurs, it does not spread to the whole infrastructure. While segmentation and encryption help in minimizing the effect of several kinds of threats, these cannot mitigate every sort of security risk by themselves. In addition to preventing unauthorized device access, biometric authentication or other robust forms of multi-factor authentication methods must be employed; here, again, not so many IoT devices may host automated software updates and patches on a priority basis against vulnerability. That essentially presents a serious chink in their security armor with regard to patching of vulnerable code, among other related considerations (Burhan et al., 2023). 

C. Threat Detection and Monitoring 

Different works identify proactive threat detection mechanisms. For example, Kumar et al. (2023) believe that ML and AI may play a significant role in detecting unusual behaviors or possible attacks in IoT networks. These are conceptualized to analyze data patterns in real time and, by means of anomaly detection techniques, automatically trigger alerts or mitigation actions. However, the diversity and heterogeneity of IoT devices pose a significant challenge: the training process for AI models often struggles to generalize effectively across different device types and configurations, thus complicating threat detection efforts. 

D. Challenges in IoT Cloud Security Implementations

Despite the availability of numerous solutions, it is still a significant challenge to implement IoT security in cloud environments. According to (Akindote et al, 2023), various organizations understand the importance of IoT security but are either unable to provide resources or lack expertise to deploy appropriate security measures. For this reason, they usually use simple cloud security protocols, which may be insufficient to meet the exacting demands of IoT systems. Additionally, maintaining security standards in cloud environments is further complicated by their dynamic nature, characterized by constant changes in devices, users, and data flow (Akindote et al., 2023).

 E. Research Gaps and Future Directions

Although a significant amount of improvement is being achieved in IoT security on cloud environments, gaps remain everywhere. Different related works have been performed, such as, which all lament the existence of a universally accepted set of protocols that is responsible for holding back mass adaption. Furthermore, most of the solutions are specific to any particular security feature related to IoT, such as authentication or encryption, but no solution provides an integrated platform that manages all aspects of IoT security (Ahmadi, 2024). It will be in the future development of unified security frameworks that address the challenges posed by IoT in a comprehensive manner. Integrating new technologies such as AI and blockchain into secure data sharing and real-time monitoring for IoT is another promising direction. Further work should also include scalability issues, related to cloud environments, regarding an increasingly high number of IoT devices (Dawood et al., 2023). The literature indicates that, in cloud environments, IoT security remains a challenge with issues regarding device authentication, data privacy, and vulnerability management. From the available solutions, gaps persist in the development of integrated, scalable, and automated measures for security. Continued research and innovation are necessary to deal with these challenges to secure IoT systems in cloud environments effectively (Attou et al., 2023).


Methodology
This research is based on a survey approach to investigate the security issues related to the integration of IoT devices within cloud computing. The work aimed at the determination of major security concerns and how these are addressed by organizations. The methodology of the paper was based on the development and dissemination of a structured survey to professionals involved in the fields of cloud security and IoT management. 
A. Survey Design 
This survey is designed to collect quantitative data. The series of closed-ended questions allows the collection of numerical data, the survey is organized into three key sections: 
- Section 1: Demographics and Professional Background This section was designed to obtain information about the professional role of the respondents, their experience in IoT and cloud security, and the involvement of their organization in IoT/cloud computing projects. It provided context to the responses to ensure the relevance of the data. 
- Section 2: Security Challenges and Concerns The discussion here is meant to establish and rank various security challenges facing the integration of IoT with cloud computing. Subjects included authentication at a device level, data privacy, network security, vulnerability management, and threats to the cloud infrastructure. Specific ratings for each question on severity, if present, and specific examples were asked. 
- Section 3: Current Security Measures and Solutions Also, the respondents were asked for any relevant elaborations they could provide about the particular security solutions of their companies against encryption techniques, authentication techniques, network segmentation, and other kinds of proactive threat detection system. This part also judged the effectiveness of the necessary measures to minimize IoT Security Risks and where needed. 
B. Sampling and Data Collection 
The target of the survey is professionals who work in organizations using cloud computing technologies and managing IoT devices. Sampling is purposive, targeting participants who have direct experience or responsibility in the security of IoTs within cloud environments. The participants targeted are drawn from very diverse industries, including health, manufacturing, retail, and technology. These samples were sent by email to the targeted pool of 50 identified professionals, with the key requirement to get a balanced sample representation across different sectors. Response responses are 26, with an actual response rate of 52%. This response rate can be considered adequate for undertaking both statistical analysis and quantitative interpretation. 
C. Data Analysis 
The collected data was analyzed using quantitative techniques: • Quantitative Analysis: Frequency and distribution of responses were analyzed for closed-ended questions using descriptive statistics. In ranking questions, the mean and standard deviation were computed to identify the most important security concerns and solutions. Cross-tabulation was done to study any possible relationships between professional background and perceived security challenges. 
D. Ethical Considerations
 Ethical considerations were addressed throughout the study. The participants were informed about the aims of the study and the confidentiality of their responses. Consent was sought before the respondents took part in the survey, and they were free to withdraw at any time without any repercussions. No personal identifiable information was requested, making the responses anonymous. 
E. Limitations 
While the survey provided an invaluable source for a better understanding of the current state of IoT security in cloud environments, several limitations have to be pointed out. First, the sample size of 26 respondents, while sufficient for the scope of the study, may not fully represent the diversity of experiences across all industries. The survey is also limited to self-reported data, which may contain bias, especially regarding the perceived efficacy of security measures. Finally, this study only targeted security professionals; therefore, insights from other groups of stakeholders, like manufacturers or end-users of IoT devices, were beyond the scope of this work. This study has presented a methodology that was aimed at comprehensively determining the challenges and solutions regarding security, as organizations are integrating IoT devices into cloud environments. A structured survey instrument allowed the collection of quantitative data, analyzed and interpreted to point out the main trends related to IoT security. The findings from this study present important insights to help in the direction of future research, while more robust IoT security frameworks will be developed for cloud computing environments. This Methodology section outlines the approach one took in the conduct of the survey: design, sampling, data collection, and analysis techniques.
· 
Results and Discussion 
This section highlights the outcome of the survey conducted on challenges in IoT security in cloud computing. The analysis is done based on the responses of 26 professionals working in cloud security and IoT management fields. The findings are highlighted across key areas: security concerns, current security measures, and perceived effectiveness of security solutions.

A. Security Concerns in IoT Cloud Integration

The results of the survey indicate that device authentication is the most critical security challenge in the integration of IoT and cloud. 62% of the respondents rated device authentication as the topmost concern because of the potential for unauthorized access and spoofing identities. Since IoT devices are usually autonomous and do not always have human oversight, securing the devices at the point of entry into the cloud is important. Data privacy was the second most-identified challenge among all the participants at 58% of votes. It comes as no surprise since an immense amount of personal and sensitive information is constantly recorded and passed around by devices; IoT produces voluminous sensitive data that contains personal health, financial, and industrial control system data that require protection from unauthorized access or leakage. Other concerns worth noting were vulnerability management at 48% and network security at 42%, representing the complex job of managing a large and heterogeneous network of IoT devices, which is open to several types of exploitation due to either unpatched or poorly configured systems. 

B. Current Security Measures 

In the light of these security apprehensions, respondents indicated that various security measures have been implemented across their respective organizations. • The most adopted security measure is encryption; 76% of the respondents admitted to using it to secure data in transit between IoT devices and cloud systems. This shows how important it is to protect data during transit by ensuring its confidentiality and integrity. • Network segmentation was in place for 62% of the respondents to isolate IoT devices from critical cloud infrastructure, limiting the potential blast radius in case a device gets compromised by limiting its access to sensitive systems. • Respondents have said that 48% of them consider multi-factor authentication (MFA) as the most widely used method to secure access to a device. It requires several means of verification, hence adding an extra layer of security to prevent unauthorized access. • Automated software updates, which 40% of the respondents had implemented, ensured their devices received regular security patches for known vulnerabilities. However, a good number of the respondents—44%—said automated updates couldn't be universally applied due to resource constraints of certain IoT devices or because of complexities in their deployment environments.

C. Perceived Effectiveness of Security Solutions

They were also asked to evaluate how effective security measures were as put in place within their respective organizations: • 68% of respondents found encryption highly effective in protecting data privacy and disallowing unauthorized access during transmission. On the other hand, 12% of respondents claimed that encryption alone was not adequate to secure IoT systems, especially when combined with other vulnerabilities, such as poor authentication of devices. • Network segmentation was considered moderately effective by 60% of the respondents, even though some noted that it did not address all risks, especially in large-scale systems with many devices and communication points. A few respondents, 8%, noted that network segmentation could be bypassed if devices were compromised on the edge. • 52% of respondents believed that multi-factor authentication was effective in preventing unauthorized access to devices, although there is a concern about added complexity due to managing authentication across a large fleet of diverse IoT devices. This suggests that while MFA is a robust solution, its implementation must be tailored to specific device capabilities. • Automated software update: 54% of participants found this measure effective for addressing vulnerabilities. Many respondents pointed out various challenges related to keeping updates timely and/or compatible with older or resource-constrained devices. In fact, the main reasons were related to the lack of standardization of update protocols across manufacturers. 

D. Comparison with Industry Trends 

The survey findings are in agreement with various industry reports on IoT security, such as that. (Akindote et al, 2023) which also finds device authentication and data privacy to be the major issues of IoT cloud integrations. Additionally, the popularity of encryption and network segmentation as measures for security strengthens the growing consensus on the need for multi layered security strategies in cloud environments. But these challenges in scaling security solutions and making timely software updates underline the ongoing difficulties organizations face in managing large, diverse IoT networks. 
These findings of the survey indicate that, though organizations are implementing different kinds of security measures to counteract the challenges regarding the integration of IoT devices into cloud computing, various shortcomings still remain in securing the system properly.
Major concerns involve authentication, data privacy, and management of vulnerabilities, reflecting upon the complex nature of IoT security on dynamic cloud environments. While encryption and network segmentation are current security solutions applied to varying degrees of scale and need for an organization, threat detection systems definitely need much more robustness, and the industry needs a certain standardization to respond to the changing security landscape of IoT cloud integrations. This Results & Analysis section summarizes the trends of your survey data on security and perceived challenges in securing IoT devices in cloud environments. 
Table 1.of Results Based on the Survey.
	Section 
	Question 
	Answer 
	Count 
	Total Responses 
	Percentage (%)

	About Your Role
	What is your role?
	IT Professional
	20
	50
	40

	
	How many IoT devices are connected to your cloud environment?
	Less than 100
	13
	50
	25

	IoT Security Challenges
	What is the biggest IoT security challenge?
	Unauthorized access to devices
	15
	50
	30

	
	How often do you experience IoT security issues?
	Rarely
	18
	50
	36

	
	Which security measures have you implemented?
	Device authentication
	25
	50
	50

	
	How confident are you in the security of your IoT devices?
	Somewhat confident
	22
	50
	44

	Future Outlook
	Would you invest in improving IoT security?
	Yes
	32
	50
	64

	
	How often do you monitor IoT devices?
	Continuously (24/7)
	20
	50
	40

	
	How often are IoT devices updated?
	Monthly
	25
	50
	50



Conclusion 
The aim of this research work is to outline the major challenges related to security that arises due to the integration of devices with the Internet of Things (IoT), concerning a Cloud computing environment. In that note, the survey conducted within this review amongst professionals responsible for managing security over the IoT and cloud has marked four critical areas: Device authentication, Data privacy, Vulnerability management, Network security. These challenges become multifold because of the heterogeneity of IoT devices and intrinsic complexity in large-scale cloud infrastructures.
The survey findings also indicate that even while organizations take different security measures such as encryption, network segmentation, and multi-factor authentication, these solutions cannot always cover all the vulnerabilities associated with IoT cloud integration. Device authentication remains a critical concern, and many organizations have been found at a disadvantage in securing access to IoT devices. Another complication in the creation of a unified framework of security is the inconsistent protocol of security across IoT devices. On the other hand, the survey also showed a proactive approach by organizations concerning the adoption of security measures-they are open to investment in enhanced solutions. 
This, however, in practice, is effective when it comes to encryption and network segmentation, with its effectiveness depending on the scale or specific needs of the entity. But one thing that's not as yet in place, at least for now, is a clear recognition of more robust monitoring, threat detection, and automated updates to secure both IoT devices and cloud infrastructures. Findings from this study show how continuous investment in the security of IoT is critical and an issue that requires cooperation within the industry to standardize protocols on the subject. This would, in turn, need a focused security framework for developing integrated IoT security solutions that meet all aspects of IoT security and also provide a means for organizations to scale up their security activities to meet the rapidly increasing IoT adoption. Organizations must continue to be aware of changing dynamics, proactive, and agile in cloud-based IoT systems' security. This Conclusion sums up your findings briefly while identifying major challenges on security, the state of current measures, and the need for future developments in the field of IoT security on cloud computing.
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