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Abstract— In recent years, the cybersecurity attacks on the 

internet of things (IoT)-based healthcare systems became the 

major concern for researchers and health organizations. With 

time, the sophistication of these attacks is increasing. Therefore, 

healthcare service providers must implement efficient security 

mechanisms carefully while taking the advantages of connected 

devices without compromising the patient safety and disturbing 

the real-time health services. A digital twin (DT) is a virtual 

representation of a real-time counterpart of a physical world. 

DT offers significant advantages to cybersecurity experts, 

empowering them to predict risks without entering the physical 

world, and to simulate and test cyber-attacks that would 

otherwise be infeasible to do in real-time in the physical 

environment. DT in healthcare helps to identify security 

vulnerabilities, conduct attack simulations, and potential 

security breaches by creating a virtual replica of the targeted 

healthcare systems. In this paper, a novel and automated 

conceptual framework is developed for reinforcing the 

cybersecurity in IoT-based healthcare using DT technology. It 

includes the conceptualization and analysis of the proposed 

framework which can provide dynamic and adaptive security 

solution to identify real-time threats and vulnerabilities in IoT- 

based healthcare applications. 
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I. INTRODUCTION 

A. Overview 

Security of the IoT-based healthcare systems is crucial 

because individual medical information needs to be 

safeguarded against potential threats and risks. Although IoT 

overcomes critical difficulties in telecare, it is vulnerable to 

all sorts of physical and wireless attacks [1]. 

In modern era, the Digital Twins (DTs) have been widely 

applied to provide the interaction between physical and 

virtual worlds. DT is a virtual representation of the physical 

world by mapping the physical components throughout the 

life cycle of the process utilizing both physical and virtual 

information, and interaction between both worlds. DT 

communicates with the physical world without altering 

anything in both worlds [2]. This brings several benefits to 

different applications, particularly in the IoT-based healthcare 

applications, which saves costs, predicts potential threats, and 

enhances decision-making processes [3][4]. COVID-19 has 

witnessed a need for DT in public and private sectors since 

virtual interaction has been significant for smooth operations 

[5]. Various industries such as energy, healthcare, and 

transportation are applying DT technology to solve 

cybersecurity-related issues. Furthermore, the healthcare 

sector is also expected to demonstrate an essential increment 

in adopting DT technology post-COVID-19 [5]. A DT 

technology itself has a great potential to perform risk 

assessment to understand and mitigate security threats 
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available in the IoT-based healthcare systems. DT provides 

the following features for reinforcing cybersecurity: 

➢ Improves the understanding of cyber attacks 

➢ Gives a continuous overview of vulnerabilities, threat 

landscape, attack space, and mitigates them before they 

happen 

➢ Allows the design of new prevention, detection, and 

response methods without disturbing the physical 

world. 

 

In view of the above advantages of DT technology, this study 

develops an innovative and automated conceptual framework 

for enhancing cybersecurity using DT for IoT-based 

healthcare applications. This research work provides a novel 

and efficient methodology which can have a potential to 

provide more reliable, secure and rapid healthcare. It also 

proposes automated solution which will have great impact to 

be used in different IoT-based applications. 

 
B. Related work 

Several authors have discussed the applicability of DT to be 

used for enhancing cybersecurity in different aspects such as 

cyberattack prediction [2], vulnerability detection & cyber 

resilience [4], data security and privacy [6], and cyber-range 

[7]. Fig.1 demonstrates the potential application areas for 

enhancing cybersecurity using DT technology in IoT-based 

healthcare applications. Mittal et al. [7] discussed the 

importance of DT in testing and evaluating IoT security and 

developed a DT-based engineering methodology. The authors 

conducted a case study considering the Nest thermostat 

(www.nest.com), a device used to access and control the 

house temperature, occupancy information, weather report, 

etc. The key benefit of DT is that the virtual world gets 

updated continuously based on the input data received from 

the physical world. This characteristic of DT plays an 

essential role in enhancing cybersecurity in different 

applications [2]. Azzaouiet et al. [8] presented a blockchain- 

based approach for improving data security. Authors 

developed a secure blockchain-based DT approach for a smart 

healthy city composed of layered model to maintain privacy, 

security, and trust. 

In [9], the authors presented the state-of-the-art applicability 

of using Augmented Reality (AR) and DT for cybersecurity. 

The insights realized in their research are useful to design a 

conceptual approach by integrating AR and DT for improving 

cybersecurity. The physical and DT layers are extensively 

suitable for several use-cases of the AR-DT integration. 

Nevertheless, the application layer is highly dependent on 

which infrastructure it will be applied. Different cyber security 

measures can be enhanced, such as Intrusion Detection (IDS), 

cyber range, Security Information and Event Management 

(SIEM) systems, Intrusion Prevention Systems (IPS), etc. DT 
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has potential to become an essential part of enhancing cyber 

security in IoT applications. 

 
Figure1. Potential Application Areas for Enhancing Cybersecurity 

using Digital Twins in IoT-based Healthcare Applications 

 
However, there is still a lack of DT technology-based real- 

time approach for enhancing cybersecurity in healthcare 

applications. IoT-based healthcare enables healthcare 

providers to do remote monitoring to improve patient 

outcomes and comfort, to enhance efficiency of healthcare 

services, to increase decision making capabilities, and to 

increase safety for patients, health professionals and staffs. 

[10][11]. On one hand IoT-based healthcare offers numerous 

benefits, but it also poses many security risks that need careful 

attention. Therefore, this paper develops a novel and 

automated cybersecurity framework using DT which includes 

attack and response strategies for preventing cyberthreats for 

IoT-based healthcare systems. 

C. Our contribution 

This research work studies the impacts of DT technology for 

improving cybersecurity concerns of IoT-based healthcare 

applications. The foremost objective is to investigate the 

applicability of DT for cyber-attacks prevention, and to 

present strategic procedure for enhancing cybersecurity. 

Secondly, to develop a novel framework for reinforcing 

cybersecurity of healthcare systems. These objectives will be 

attained by introducing innovative healthcare security 

techniques, including system modelling, traffic and attack 

generation, impact assessment, attack and response strategies, 

and cyber-attacks prevention process to handle cyber threats 

and potential vulnerabilities. 

D. Organization 

This paper is organized as follows: Section 2 presents how 

DT technology can be applied to enhance cybersecurity for 

IoT-based applications. In Section 3, the strategic procedure 

for risk mitigation using DT in IoT-based healthcare systems 

is described. Section 4 elaborates the proposed framework. 

Finally, in Section 5, concluding remarks and future research 

directions are stated. 

II. APPLICABILITY OF DIGITAL TWINS FOR REINFORCING 

CYBERSECURITY 

DT technology can be used to mitigate security attacks in IoT- 

based healthcare systems by using risks simulation and testing 

capabilities in virtual world or improved perceptibility of the 

system behaviours. DT plays a significant role in solving the 

following cybersecurity challenges [12]. 

➢ Enhanced Security Patch Management: One of the 

main limitations of the patching operation technology 

(OT) is recognizing the impact of using the security 

patch on the overall system. Testing a single device 

independently is either costly or time-consuming. This 

challenge can be addressed by applying DT technology 

to simulate the OT infrastructure to assist in security 

patch management. 

➢ Improved Security Testing Opportunities: Cyber Digital 

Twins (CDTs) help in the smooth management and 

testing of security operations. Security threats are 

dynamic and fast evolving depending on several 

circumstances, including availability exploitation, 

vulnerability identification, and threat intelligence. DT 

and CDT enable service providers to offer 

comprehensive evaluations of potential vulnerabilities 

and attacks of the system, also study and assess possible 

attack vectors. 

➢ Improved Risk Management: DT can be valuable in 

improving risk management since it presents an 

opportunity to test and simulate the impact of 

configuration changes on the security components of 

the healthcare systems to prevent potential risks. 

Moreover, through automated investigation of DT 

records, the points of failures are instantly recognized, 

thus facilitating a risk mitigation response on time. 

➢ Active Cyber Defence: DT technology empowers 

incident responders with the knowledge to assess and 

evaluate any cyber threats in the system. Thus, DT helps 

in cyber defence by reducing the attack vectors and 

providing support for incident preparation. 

➢ Advanced Training for Cybersecurity Experts: DT and 

cyber-range are beneficial to strengthen the skill 

development of cybersecurity experts to enable risk 

detection and prediction. 

➢ Anomaly Detection: DT helps in detecting attacks by 

allowing modelling the system and performing 

simulation in a virtual environment. DT and digital 

shadows may also improve the runtime verification, a 

specification-based method connecting anomaly 

detection and dynamic testing. 

➢ Virtual Commissioning: DTs are performance enablers 

because of fault forecasting and virtual commissioning 

capabilities. The data produced by the DT as the result 

of the commissioning procedure can be applied to 

develop training strategies for detecting anomalies and 

making cybersecurity defence profiles. 

➢ Ensuring Autonomy: DT is also fundamental for 

developing autonomous systems that have potential to 

provide timely and effective response to system faults, 

anomalies, errors, and cybersecurity threats. 

III. STRATEGIC PROCESS FOR RISK MITIGATION USING 

DIGITAL TWINS IN HEALTHCARE 

DTs can play a significant role in enhancing cybersecurity, 

because they allow us to simulate risks in a virtual 

environment of IoT-based applications that exactly mirror 

their real systems [13]. There are three key elements for 

developing the strategic process for enhancing cybersecurity 



  

in DT technology for healthcare applications, as shown in Fig. 

2. 

➢ Attack Graphs Generation: At this stage, it will be 

demonstrated what could be the possible ways that 

attackers may use to enter the system. DT allows 

analysing asset-by-asset of healthcare systems by 

providing a continuous overview of vulnerabilities, 

threat landscape, and attack space. At every step, one 

can monitor the potential of attackers for entering the 

system and evaluate what kind of security threats they 

may bring. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Strategic Process for Risk Mitigation using Digital 

Twins in IoT-based Healthcare Applications 

 
➢ Risk Assessment: The learning from the first step will 

provide insights into the healthcare systems, and their 

potential vulnerabilities, risks and threats. Later, 

acquired knowledge and simulation from DT can be 

useful for risk assessment and management at each 

level at individual or operational stage. 

➢ Risk Mitigation: After identifying risks and 

vulnerabilities at each process in IoT-based healthcare, 

testing can be performed on DT, and different strategies 

can be developed to prevent risks. Overall, DT can 

empower smart applications to minimize risks across 

each process. IoT-based healthcare systems are prone 

to several risks and cyberattacks, if not addressed, they 

may possibly have devastating consequences. Further, 

the effects of cyber-attacks on healthcare services are 

not only restricted to data confidentiality and integrity 

but may also endanger precious lives. Health service 

providers must identify which processes are more 

vulnerable. CDT can be helpful to fight against 

intruders and improve cybersecurity. 

IV. PROPOSED FRAMEWORK USING DIGITAL TWINS FOR 

ENHANCING CYBERSECURITY 

The proposed conceptual framework includes contextual 

computing and simulation technologies for healthcare to 

forecast and mitigate security threats in real-time. This 

framework can be helpful to update access control policies and 

enhance cybersecurity. Fig. 3 illustrates the proposed 

framework for improving cybersecurity services in IoT-based 

healthcare. Our framework provides an automated 

cybersecurity solution by incorporating the system model and 

resolving known vulnerabilities and threats. The proposed 

solution using DT will be useful to: 

• Analysis vulnerabilities and threats in the healthcare 

system. 

• Automate prediction and mitigation of potential 

security threats using testing and simulation. 

• Develop attack and response strategies for enhancing 

cybersecurity in IoT-based healthcare systems 

 

 

Figure 3. Proposed Conceptual Framework for Enhancing Cybersecurity in IoT-based Healthcare 
 

The proposed framework is divided into three modules: 

physical world, digital twin world and cybersecurity. The 

ensuing sections briefly describe these: 

 

A) Physical World 

This module is the physical healthcare system which is 

equipped with IoT devices that process data from patients, 

elder persons, healthcare professionals, staff, and medical 

centres. A real-time security monitoring system is integrated 

with the physical healthcare to identify security threats and 

vulnerabilities. This provides real-time security inputs and 

visibility into how users and their devices interact within the 

healthcare systems. It also provides the initial inputs for the 

system modelling, threat intelligence to the automated 
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cybersecurity system to respond proactively and quickly to 

potential threats and compromises. 

 

B) Digital Twin World 

This module is exactly the replica of the physical IoT-based 

healthcare system (physical world module) and leverages a 

model to simulate different processes of physical world 

dynamically adapt to environmental changes. To achieve this, 

it has a connection with the target physical system so that up 

to date communication with physical module can occur. In 

this framework, the Digital Twin World enables the 

Cybersecurity module to develop different cyber-attack 

prevention strategies to predict the potential attacks and 

vulnerabilities and optimizes the protection mechanisms. 

 

C) Cybersecurity 

This module communicates with Digital Twin World for 

developing strategies to prevent the cyber threats before they 

happen and update the physical world about potential threats. 

The proposed framework is automated and has the following 

processes: 

➢ System Modelling: The system modelling deals with 

the layered architecture of the healthcare system and 

flow of information between layers. It also takes inputs 

from the real-time continuous monitoring module and 

outcomes of the automated cybersecurity system. The 

security of each layer is considered. 

➢ Testing/Simulation: Based on the input data and system 

model, a threat scenario is designed and integrated with 

the DT world. The DT module runs simulations and 

performs tests on the simulated environment of the 

healthcare system. The testing includes traffic 

generation on the existing network that helps to 

identify the bugs and vulnerabilities such as drop loss 

of packets and connection drops. Network traffic 

determines the flow of data and how effectively the 

IoT-based healthcare systems interact, which is crucial 

for successful operation of healthcare systems. The 

next component of testing is attack generation. This is 

an automated process that considers the attack patterns 

and potential attacks and generates the test cases 

accordingly. The attack patterns are based on the 

potential threats and vulnerabilities from the real-time 

monitoring system of the physical world module. The 

potential vulnerabilities can be considered from the 

OWASP top vulnerabilities [14]. The next component 

of the testing is impact assessment that includes three 

stages: impact identification, impact evaluation and 

impact prediction. Impact identification provides list of 

potential attacks, guidelines, data collection processes 

and predictive techniques. Impact evaluation provides 

the magnitude and likelihood of an attack. This 

evaluation process may consider other factors such as 

cost associated with an attack and recovery time. 

Impact prediction uses the output of the impact 

evaluation and predicts the magnitude and likelihood 

of an attack. It can also be useful to predict the extent 

and duration of the impact. The DT module then 

analyses the current performance of the system and 

suggests improvements accordingly which can be 

applied to the physical world. 

➢ Cyber Threat Prevention Process: This process 

implements the measures and technology to prevent the 

security threats of the IoT-based healthcare system 

based on attack and response strategies. The cyber 

threat prevention process is adaptive and considers the 

potential threats, attack strategies, environmental 

factors that change over time to dynamically adapt and 

update the defences mechanisms and measurements in 

real-time to make the healthcare system secure. Based 

on the inputs from the testing and simulation processes 

the cyber threat prevention process will be 

continuously up to date. 

V. CONCLUSION AND FUTURE RESEARCH DIRECTIONS 

This paper discussed how testing cybersecurity in smart IoT- 
based healthcare applications becomes difficult in many cases 
because it is not viable to stop the running ecosystem for 
testing security threats and risks. DT has a potential for 
solving this problem by providing an opportunity to work on 
networks virtually without directly interfering in the normal 
activities of the physical world. The paper presents a novel and 
automated conceptual framework using DT which aims to 
enhance cybersecurity for IoT-based healthcare systems. This 
paper aimed to demonstrate the impact of DT on improving 
cybersecurity in healthcare systems. Our research uses DT 
for enhancing cybersecurity because it provides analysis, 
design, optimization of systems to improve accuracy, speed, 
and effectiveness. A DT may also be used to simulate a 
security breach and develop decision-making and mitigative 
responses to simulated cyberattacks. Thus, we believe that DT 
is a valuable tool in developing solutions to determine the 
extent of the threat and the appropriate response. It can 
provide a real-time responsive environment to simulate 
various types of control system compromises. 

DT is an emerging technology requiring further study from the 

perspective of effective innovation regarding its ethical 

impacts. DTs incorporate numerous developing technologies, 

including big data, robotics, AI, IoT and Quantum. Therefore, 

in the future, we are planning to develop an ethical method for 

DT regarding the socio-ethical characteristics of various 

technologies and the digital artifacts they create in the virtual 

world. Finally, we are also planning to validate the 

effectiveness of the proposed framework through set of 

experiments and simulations. 
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