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1. Introduction 

Internet of things (IoT) devices, such as smartphones, smart homes, wearable tech, artificial 

intelligence (AI), edge computing, etc., have revolutionized many industries, including healthcare, 

transport, energy, infrastructure, etc. [1] These innovations have brought many advantages and 

made life easier and more connected, but they have also put society under unprecedented cyber 

risks [2]. Cloud Computing, Big Data, and Other New Edge Computing Technologies are also on 

the increase. As a result of the global information revolution, the world economy, social progress, 

and human life are now more reliant on information technology than ever before. [3] The open 

nature of the internet and the ease with which data can be exchanged have rendered it a global 

threat. As a result, information security has become a national security priority. [4][5]. The amount  

 

and complexity of data storage is growing while the sharing of Big Data raises new questions about 

information security and privacy.[6], [7]. While the primary goals of cloud computing are data 

utility and data storage security [8], [9].  There are concerns about an all-inclusive approach to 
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securing smart technologies and users’ privacy through cyber security [13]. Some important 

questions that come up while examining the security challenges and trends in smart technology 

are: What is cyber security? what are cyber security measures and roles in combating cyber-

crimes? how do we protect our systems, networks, data stores, and programs from cyber-attacks? 

[10].   

 

A cyber-attack is any malicious cyber activity intended to harm, disrupt, or interfere with a national 

cyber asset’s services or information. An attack is a deliberate cyber activity using a cyber weapon 

to attack an information system and cause a cyber incident [45], [11], [12]. Cyber-attacks are on 

the rise, according to research and statistical reports. [13], [14], and people from all over the globe 

are attempting to gain access to vulnerable business systems. cyber-attacks are designed majorly 

to steal data, information and, money from organizations. This has been seen in the past few years 

when many computers have been hacked with malware that seeks to exploit financial systems in 

different countries [15]. In other cases, cyberattacks can be military in nature or political in nature. 

Some common types of cyberattacks include [16] [17], Ransomware Trojans, Phishing, DOS 

DDoS, SQL Injection DNS, Tunneling Zero day, exploits, and, Password attacks. XSS attacks, 

Rootkit attacks, DNS spying, or poisoning, Session hijacking URL manipulation, Crypto-jacking 

Inside threat, PC virus Knowledge breaks, DDS [11].  Cyber security has never been so challenging 

to implement because of the everincreasing number of devices, hackers, and the ever-changing 

nature of smart technologies [18]. Connected devices are one of the biggest threats to cybersecurity 

in smart technologies. [19].   

 

In addition, the ever-increasing amount of information used by millions of devices is now stored 

in the cloud, which attracts attackers. [20]. In June 2012 DDoS attackers took advantage of 

vulnerabilities in mobile voicemail service AT&T and Google account recovery service Gmail to 

get into Cloud Flare's DDoS mitigation. [21]. With over 2 billion people using smartphones in the 

world by 2015, the number of mobile malware infections has grown exponentially. For example, 

in 2012 alone, Android malware unique detections around the world increased by 17 times 

compared to the year before.[22]. Physical attacks are also possible on hardware devices, as they 

are relatively easy to access and control. This is where physical security can provide attackers with 

a great deal of flexibility and the opportunity to conduct sophisticated security attacks on the 

hardware device [23], [24]. In addition, the reliance on industry-specific communication protocols 

and hardware can lead to interoperability problems and increase the vulnerability of the system. 

There are also issues with weak authentication, weak network security, and the potential for large-

scale attacks on connected devices. [25].  Internal threats and data breaches as well as privacy 

issues also need to be addressed. [26]. Organizations need to implement cyber security regulations 

and standards such as GDPR, PCI, and DSS to ensure effective security controls and comply with 

data breach notification and privacy requirements. [27], [28], [29]. While the focus is on finding 

cost-effective solutions, advanced detection and response (ADR) systems are also required to 

mitigate the risk of a security breach on smart technologies.  

 

This study is aimed at addressing the afore-mentioned cyber security challenges associated with 

smart technologies, as well as identify emerging trends in addressing those challenges and 

developing a proactive solution architecture response system against cyber-attacks.  

 

[30] This study focused on existing threats in cybersecurity domain: such as security vulnerability 

analysis, critical analysis of current mitigation techniques, pros and cons of existing mitigation 

techniques, new attack patterns coming from emerging technologies, and the need to develop more 

advanced and effective malware defenses. It is considered the most exploitable weakness in today’s 

hardware, software, and network layer which is the criticism of current mitigation technologies on 

https://www.sciencedirect.com/science/article/pii/S0022000014000178#br0190
https://www.sciencedirect.com/science/article/pii/S0022000014000178#br0190
https://www.sciencedirect.com/science/article/pii/S0022000014000178#br0190
https://www.sciencedirect.com/science/article/pii/S0022000014000178#br0190
https://www.sciencedirect.com/science/article/pii/S0022000014000178#br1070
https://www.sciencedirect.com/science/article/pii/S0022000014000178#br1070
https://www.sciencedirect.com/science/article/pii/S0022000014000178#br1070
https://www.sciencedirect.com/science/article/pii/S0022000014000178#br1070
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why they don’t work on social media attacks, cloud computing attacks, smart devices attacks, and 

critical infrastructure attacks.  

  

[19] The study addressed cybersecurity risks associated with IoT-enabled smart grid networks. the 

researchers also considered the security threats posed by online devices that made smart grid 

networks susceptible to large-scale attacks. The study highlighted the vastness of the attack surface 

on smart grid networks, with millions of nodes having the biggest attack surface. It also looked at 

the devastating consequences of a grid outage on widespread infrastructure, given the cascading 

effects of a power outage, as most of the things we rely on for our day-to-day lives, such as our 

homes and offices, as well as health centers and trains, need electricity to function. Once a smart 

device is breached, the whole grid is at risk of a full-scale outage, potentially causing significant 

economic and financial losses for whole cities. The study concluded that security should be a top 

priority for the large-scale roll-out of IoT smart grid networks. 

   

[32] The researchers discussed the cyber security threats in an existing connected home ecosystem 

of the future. They considered the premise that, while these devices bring more features and 

capabilities to the table, they also bring new risks. They posited that, most researchers focused on 

corporate and national systems defenses, while they often overlook the vulnerabilities in the 

devices used in connected smart homes of today and tomorrow. The paper seeks to examine the 

impact and challenges that cybersecurity has on smart devices in connected homes. It also looks at 

some of the related backgrounds and motivations that we’ve seen around the growth and demand 

of seamless connectivity for smart devices to offer different functionality and capabilities for users.  

 

[11]  The objective of the study was to define and evaluate standard developments in the field of 

cyber security and to evaluate the challenges, limitations, and benefits of the suggested approaches 

based on peer-reviewed literature reviews. Different types of new descendant attacks were studied 

in detail including standard security frameworks, the history and first generation of cyber security 

techniques, trends and emerging trends as well as the threats and challenges of cyber security. the 

evaluations showed that there is a need for more proactive measures to be considered in the battle 

against cyber insecurity.  

  

[31] This paper discussed the importance of cyber security and, the growing need to protect 

information in the modern world. It covers the current cybersecurity issues and the latest trends in 

the most recent technologies. It also covers the challenges related to cyber security on new 

technologies. These challenges include the inability to effectively protect private information, the 

increasing number of cyber-crimes, and the requirement of high-quality security for transparent, 

high-value transactions. The study found that the emergence of new technologies such as the cloud, 

mobile, electronic commerce, and network banking required increased security measures because 

they contain sensitive information about individuals. The paper also mentions that various 

government and corporate bodies are taking various steps to fight cybercrime. However, it does 

not specify what those steps are:  

 2.0  Methodology  

The methodology employed in this study involves describing the emerging trends employed in 

addressing the challenges posed by cyber security threats, examine relevant case-datasets, and 

providing strategies for mitigating cyber security risk.    

  

2.1 Emerging Trends to Address the Challenges Posed by Cyber Security Threats With the 

continuous development of cyber technologies, several cybersecurity solutions have emerged 
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over time [19] as illustrated in Figure 1. This section of the paper dwells on these emerging 

trends.  These emerging solutions trend usually address various trends such as in threat detection 

intelligence, machine learning algorithms, anomaly detection, secure hardware development, 

blockchain applications, and AI for proactive defense mechanisms.   

 

  
 

 

Figure 1: Emerging Solution Trends To Address Cyber Security Challenges  

  

a. Machine Learning (ML): The use of AI and ML in cyber security is increasing to 

improve the detection and response to potential threats [33].  Machine learning uses large 

volumes of data to recognize patterns and anomalies that can be used to detect potential 

risks.   AI-powered tools can automate threat response, making incident response more 

efficient and less prone to human error.  AI algorithms can continually learn and evolve, 

making it easier for them to identify and respond to new threats.  

b. Endpoint attack Detection and Response (EDR): In the past, perimeter defenses were 

the focus of cybersecurity strategies.  However, with the rise of remote and mobile 

devices, the attack surface has expanded beyond the network’s perimeter.  [34] EDR 

systems provide realtime monitoring and protection of endpoints, including laptops, 

desktops, and mobile devices, to detect and address suspicious activity or threats.  

c. Node Zero Trust Architecture (ZTA): ZTA is based on the premise that all users and 

devices at a node are at risk of compromise, so verification and strict access controls are 

required for every resource accessed. [35] Zero Trust Architecture ensures that no implicit 

trust is granted to any users, devices, or applications, regardless of where they are in the 

network.  ZTA takes a more granular, granular approach to access control to reduce the 

risk of lateral movement within the network.  

d. Software Development and Security Operations (DevSecOps): Integrating 

cybersecurity practices into DevSecOps makes security a part of the software development 

and deployment process.   This means that security measures are applied across the entire 

software development lifecycle (from code development to deployment and beyond) [36].  

Integrating security into DevSecOps early in the process reduces vulnerabilities, enhances 

collaboration between DevSecOps and Security teams, and accelerates response times to 

security issues.  
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e. Cloud Access Security: As cloud adoption continues to grow, the need for cloud security 

measures has never been greater. More and more cloud security solutions are popping up 

to secure data, manage access, and protect against cloud threats. [37] Cloud Access 

Security Brokers (CASBs), Encryption, and Identity and Access Management (IAM) 

solutions are some of the technologies being developed to secure cloud environments. 

Best practices include MFA, regular data backups, and robust disaster recovery plans.  

f. User Privacy-Preserving Technologies: Privacy-friendly technologies help 

organizations safeguard user privacy while allowing data-driven analysis and insights. As 

data privacy regulations become more stringent, there is a growing focus on privacy-

friendly technologies[38].Various privacy technologies, such as differential privacy 

techniques (DPPs), homomorphic encryption (HEMCs), and SMP (Secure Multi-User 

Computing), are designed to protect data privacy while enabling sensitive data analysis 

and sharing.  

g. Threat Intelligence Sharing: Cybersecurity collaboration and information sharing are 

essential. Threat intelligence sharing is a way for organizations to proactively identify and 

mitigate threats. [39] Formal sharing platforms, sector-specific ISACs, or P2P 

partnerships can be used to share information on emerging threats.  

2.2 Relevant Case datasets   

To supplement the theoretical analysis, this section presents case datasets that illustrate real-world 

cyber security incidents in the context of smart technologies.  These cases shed light on the scope 

and severity of cyber threats, their implications, and the lessons learned in terms of risk mitigation 

strategies.  

  

a. Mirai Botnet Attack on Domain Name Service (DNS): In 2016, Mirai, a malicious botnet, 

targeted Dyn, which is one of the biggest DNS servers in the world. The attack caused a 

massive outage on popular websites such as Twitter, PayPal, and Netflix. [40].  Mirai took 

advantage of weak or common passwords on Internet of Things (IoT) devices, using them 

as zombie devices to overwhelm Dyn’s servers with traffic and render them inoperable.  

The incident highlighted the need for more robust security measures in IoT devices, 

beginning at the manufacturing level and extending to regular software updates.  

b. Stuxnet Worm On Nuclear Program: Stuxnet is a worm that was first discovered in 2010. 

It targeted industrial control systems (ICSs) that were specifically designed for SCADA 

(supervisory control & data acquisition).  The Stuxnet worm was specifically designed to 

harm Iran's nuclear program, specifically targeting the centrifuges used to enrich the 

country's uranium.  [41] The malicious software exploited weaknesses in Windows and 

SCADA software to cause physical damage.  It spreads through USB drives as well as 

network shares.  The Stuxnet case highlighted the physical damage that cyberattacks can 

inflict on critical infrastructure and how important it is to protect industrial IoT devices.  

c. Jeep Cherokee Information System Hack: In 2015, a Jeep Cherokee’s infotainment system 

was hacked remotely by two security researchers, allowing them to gain control over the 

vehicle’s various functions, including the ability to brake and accelerate [42].  The flaw in 

the infotainment system’s software was due to poor security practices.  This incident raised 

questions about the potential risks of connected car technologies, as well as the need for 

strong security measures to protect passengers.  

d. Ukraine Power Grid Cyber Attack: The Ukrainian power grid was affected by two major 

cyberattacks in 2015 and 2016. [43] Power outages affected thousands of customers as a 

result of the attacks.  Black Energy malware and a variant known as “KillDisk” were used 
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by the attackers to access the control systems of the power grid and disrupt its operations. 

The events of 2015 and 2016 highlighted vulnerabilities in critical infrastructure systems 

as well as the need for improved cybersecurity measures to safeguard national power 

networks and other critical services.  

e. Unauthorized Access Device Ring Camera Breaches: In 2019, several incidents occurred 

at Ring, a top smart doorbell and home security camera manufacturer [44]. Hackers gained 

unauthorized access to Ring’s customer’s devices, such as cameras, live streams, and even 

conversations with homeowners [45]. Many of these incidents occurred because 

customers used weak passwords or reused passwords. These incidents are a reminder of 

the importance of strong authentication mechanisms and the need to educate users on how 

to properly protect their devices.  These case studies illustrate the real-life consequences 

of cybersecurity incidents within the smart technology space.  They highlight the urgency 

of cybersecurity measures to be taken seriously by security professionals and 

manufacturers, as well as individuals.  

 

3.0  Results and Discussion  

 

The afore mentioned relevant case datasets, [40],[41],[42],[43],[44],[46],[47][48],[49],[50] were 

used to develop the proposed design architecture solution as a proactive strategy, to address 

cyberthreats and security challenges.  

Case Datasets And Related Challenges  

We proposed the following solutions to address the use cases and other future cyber security 

related challenges as identified in the different literature reviews.  

I. Network segmentation: the study encourages the implementation of network 

segmentation to segregate the network into different segments or zones to limit the 

lateral movement of the malware. this can help contain the impact of an attack and 

prevent it from spreading to critical systems,   

II. Patch management: regularly update and patch software and systems to address 

vulnerabilities. Many successful attacks exploit known vulnerabilities for which 

patches are available,   

III. Multi-Factor Authentication (MFA): Implement MFA to add an extra layer of 

security, making it more difficult for unauthorized users or bots to gain access even if 

login credentials are compromised,   

IV. DNS Security Solutions: Employ DNS security solutions, such as Domain Name 

System Security Extensions (DNSSEC), to enhance the integrity and authenticity of 

DNS data and prevent DNS spoofing attacks,   

V. Anomaly Detection and Intrusion Prevention Systems: Utilize advanced threat 

detection systems to identify unusual or suspicious behavior on the network, 

triggering alerts and allowing for rapid response,   

VI. Use of Advanced Security Technologies: Implementing advanced cybersecurity 

technologies such as intrusion detection systems, firewalls, and antivirus software can 

help identify and block malicious activities,  

VII. Encryption: Utilizing strong encryption protocols for data transmitted between Ring 

Cameras and associated devices adds an additional layer of protection, making it more 

difficult for attackers to intercept and manipulate data.  
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Proactive Strategies For Cyber Security Risk Mitigation   

I. Education and Training: Cybersecurity best practices are one of the most important 

proactive measures that can be taken.  It requires that employees are well-informed and 

up-to-date on the latest security best practices.  Schedule regular training sessions to help 

them understand the risks they may be exposed to and how to reduce them.  For example, 

they should be aware of phishing scams and how to avoid them.  They should also be 

taught about secure passwords, safe browsing, and how to be more cautious when using 

email or social media.  By improving employees’ cybersecurity awareness, organizations 

can significantly reduce their employees’ risk of becoming victims of cyber threats.  

II. Regular Risk Assessments: Risk assessments are essential for identifying and 

mitigating cyber threats and vulnerabilities within your organization’s infrastructure.  By 

performing comprehensive risk assessments, users can identify vulnerabilities in their 

systems, networks, and processes proactively.  This allows them to implement controls 

and remedial measures to effectively mitigate these risks.  Risk assessments should be 

performed regularly or whenever there are significant changes to their business 

processes. Doing so ensures ongoing proactive management of cyber risks.  

III. Robust Cybersecurity Policies and Procedures: As the first line of defense against 

cyber threats, cybersecurity policies and procedures define acceptable technology usage. 

They also define password policies and email policies. They also define data 

classification policies and incident response policies.  Developing and enforcing these 

policies creates a strong security culture within the organization and provides clear 

guidelines on how to respond to cyber threats.  

IV. Multi-Factor Authentication (MFA): In MFA, users must provide more than just a 

username and password.  For example, they must provide fingerprint scans or SMS 

codes, as well as tokenbased authentication.  MFA takes the guesswork out of the 

authentication process by allowing users to provide more than just the username and 

password. This step-by-step approach significantly reduces the risk of an unauthorized 

user accessing your system, even after a password breach. Multi-factor authentication 

across applications and systems helps protect sensitive data and systems from easy access 

by cybercriminals.  

V. Regular Software Updates and Patch Management: It is essential for all software, 

operating systems, and applications to be regularly updated to reduce cyber risks.  Legacy 

systems are often susceptible to exploitation by cybercriminals seeking to gain 

unauthorized access or launch attacks.  Software updates and patch management are two 

processes that help organizations reduce vulnerability exploitation risk in the first place. 

Software updates and patch management help organizations mitigate risks in the first 

place by prioritizing software updates.  

VI. Continuous Monitoring and Analysis: Monitoring and analyzing network traffic and 

system logs, as well as security events, is an important proactive strategy for detecting 

unusual activity and threats in real time.  By implementing an SIEM system, 

organizations can identify, correlate, and act on security incidents quickly.  By 

monitoring their systems’ health regularly, organizations can identify and respond to 

suspicious activity in real-time, minimizing the impact of cyber-attacks.  

VII. Incident Response Planning: An incident response plan is a set of steps an organization 

takes in response to a security incident. It outlines who should be involved in the incident, 

escalation procedures, communications protocols, and how the incident should be 

contained and resolved.  By developing an incident response plan and testing it regularly, 

organizations can minimize the disruption caused by cyber incidents.  By preparing for 
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potential breaches ahead of time, organizations can respond more quickly and efficiently, 

reducing downtime and damage to their operations.  

Proposed Design Architecture to Address Cyber Security Challenges  

Figure 2 illustrates the implementation of layered security controls across the system. Below is a 

brief description of a design structure that can help resolve cybersecurity issues:  

 

  
Figure 2:  Multiple Layers Of The Security Architecture Of Iot Devices 

  

In the end, a good cyber security architecture should combine several layers of protection, focus 

on preventing attacks, quickly identify and address incidents, and continually improve security 

defenses.  

I. Network Segmentation: The most effective way to restrict lateral movement for an 

attacker is through a structured and segmented network architecture. Firewalls, VLANs, 

and access controls all work together to isolate different areas of the network and reduce 

the impact of a breach.  

II. Intrusion Detection and Prevention Systems (IDPS): Identity and Access Protection 

(IDPS) is deployed at critical points of entry and exit within the network to provide real-

time visibility and protection against known and potential threats.  Identity and Access 

Protection can identify and prevent malicious activity, as well as anomalies, and prevent 

attacks before they can cause significant harm.  

III. Secure Endpoint Protection: Endpoint protection solutions include anti-virus software, 

Host Interception Prevention Systems (HIPS), and endpoint encryption.  These solutions 

protect individual devices against malware, viruses, and unauthorized access.  Endpoint 

protection solutions need to be updated regularly to keep up with new threats.  

IV. Security Information and Event Management (SIEM): SIEM allows the user to 

centralize, monitor, and correlate security incidents in real-time across their network. It 

also enables proactive threat detection, incident response, and enhances incident 

management capabilities.  
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V. Two-Factor Authentication (2FA): 2FA is another type of security measure. 2FA 

requires users to provide two different methods of authentication: a username and 

password, and a unique code sent to the user’s device. This ensures that no one can gain 

access to the user’s account, even if their password has been hacked.  

VI. Data Encryption: Both in-transit and out-of-band encryption are essential to protect 

sensitive information from unauthorized access.  By implementing encryption algorithms 

and protocols, the user reduces the chances of data breaches.  

VII. Regular Patch Management: All software, operating systems, and applications need to 

be kept up to date with the most up-to-date security patches to address vulnerabilities and 

prevent known exploits.  Implementing a consistent patch management process will 

ensure that all systems are kept up to date.  

VIII. Employee Awareness and Training: Employees should be trained on how to identify 

cyber threats, best practices for safe computing, and the need to adhere to security 

policies. With regular training programs, the employees will understand their part in 

keeping the organization secure and will be able to identify phishing attacks, social 

engineering, and other attack methods. IX. Incident Response Plan: In the event of a 

security breach identified, it’s essential to establish an incident response plan (ERP). The 

ERP should outline how an incident is identified, analyzed, contained, eradicated, and 

recovered. The users are required to test and improve their ERP regularly.  

X.  Regular Security Audits: Regular security audits conducted by independent assessors 

can help you identify weaknesses and areas for improvement.  These audits look at 

system configurations, access control, policies, and procedures, and provide valuable 

insights to close security gaps.  Cybersecurity threats and vulnerabilities are constantly 

changing, and the architecture needs to be regularly evaluated, updated, and enhanced to 

respond to emerging threats and vulnerabilities.  

 

4.0 Conclusion  

This study summarizes the key findings and provides an overview of the challenges smart 

technologies face when it comes to cyber security, as well as the emerging trends in risk mitigation.  

It highlights the need for organizations to take proactive steps to protect and mitigate the risks 

associated with smart technologies in an ever-changing threat environment.  By investing in 

education, training, risk assessments, strong policies and procedures, MFA, software updates, 

constant monitoring, and incident response planning, organizations can significantly improve their 

cybersecurity posture and reduce the impact of cyber risks. It is essential to remain vigilant and 

continually adjust these strategies as cyber threats evolve. The recommendation for further studies 

is the physical  implementation of the proposed architectural design.  
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