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ABSTRACT 

Emergency response time has always been one of the most important factors in saving lives, yet many 

healthcare systems struggle with delays and resource inefficiencies. This paper proposes the use of cloud-

based digital twin technology, integrated with an Internet of Things (IoT) hub, to enhance patient care and 

optimize emergency department workflows. The system utilizes an Azure IoT virtual hub and an Azure 

Digital Twins model for real-time data transmission and processing of bed availability and capacity in a 

hospital emergency department. Azure Digital Twins can create virtual models of any physical 

environment, such as an emergency department, which is essential for creating an automated decision-

making system using advanced and modern technologies. Unlike previous solutions that lack coherence in 

resource allocation systems or real-time decision-making mechanisms, our system dynamically updates 

emergency department bed availability in real-time through embedded system devices in hospitals, and 

makes automated decisions based on both patient location and resource availability. The system is 

implemented using a mobile application and validated using a case study. The case study includes data 

from multiple emergency departments in hospitals within a specific area. The system provides the best 

options for emergency patients based on the hospital location and bed availability. 

Keywords-Microsoft Azure; digital twins; cloud computing; emergency healthcare; IoT; smart emergency 

I. INTRODUCTION  

The Internet of Things (IoT), a network of interconnected 
devices that collect and transmit data in real-time, is 
revolutionizing the way devices communicate and interact, 
facilitating seamless integration between the physical and 
digital realms. By incorporating sensors, actuators, and 
connectivity into common objects, the IoT enables the real-
time data acquisition, surveillance, and regulation [1]. This 
collection of interconnected devices facilitates a wide range of 
applications, from domestic automation to industrial processes, 
and is establishing itself as a fundamental component in the 
development of more intelligent and efficient systems [2]. 

Smart healthcare environments employ IoT technology to 
construct spaces that dynamically adapt to the requirements of 
their occupants. By utilizing the integration of devices, sensors, 
and software, these environments optimize energy utilization, 
enhance safety measures, and enrich the user experience [3, 4]. 

Many researchers are using IoT for a large range of 
applications like security, emergency services, traffic 
congestion, structural health, healthcare, industrial control, and 
many others. For example, smart hospitals can use IoT to 
monitor patient conditions, manage equipment utilization, and 
automate essential operations, thereby improving healthcare 
outcomes and reducing operational costs and inefficiencies [5]. 
The independent adaptation of IoT is challenging due to its 
scaling limitations, so in robust and modern structures, cloud 
computing plays a crucial role in supporting healthcare systems 
that rely on IoT and smart environments by offering scalable 
and on-demand computing resources [6]. By acting as a 
platform for storing, analyzing, and processing large amounts 
of data, cloud technology ensures the efficient operation of IoT 
devices, allowing them to provide actionable insights [7]. 
Additionally, cloud computing facilitates collaboration and 
innovation by supporting advanced technologies like artificial 
intelligence, machine learning, and other useful tools discussed 
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in the following sections, which are essential for making 
intelligent decisions across various fields [8]. 

In modern healthcare practice, effective management of 
patients within Emergency Departments (EDs) is critical to 
patient health, especially for high-demand cases in multiple 
healthcare facilities [9]. Traditional systems frequently 
encounter challenges in managing real-time resource allocation 
and decision-making during emergencies, leading to potential 
delays in treatment and undesired outcomes [10]. However, 
this study proposes a centralized platform that leverages digital 
twin technology, a virtual representation of a physical entity, or 
a system that continuously updates in real-time, to utilize the 
emergency response capabilities of multiple EDs. Multiple EDs 
of the same geographical area are represented as virtual copies 
of their physical counterparts within a unified emergency 
center. The system can provide real-time monitoring, resource 
management, decision-making, and emergency call handling, 
with digital twin technology serving as the backbone of its 
structure. We used a digital twin to manage and monitor patient 
flow during emergencies. In general, digital twins can be 
developed at various levels within emergency healthcare, 
including patients, hospital staff, ED equipment, and the ED 
itself. The application of digital twin technology in emergency 
healthcare offers significant advantages, as it can minimize 
errors, inefficiencies, and costs within healthcare systems [8, 
11]. The development of a digital twin-based system for an ED 
requires several preliminary steps. The first step is the 
collection of comprehensive data concerning the physical 
counterpart [12]. This includes, but is not limited to, details 
such as the name, location, bed availability, staffing, and 
schedules. The accuracy of the digital twin model improves as 
more data are collected. After gathering and organizing the 
required data, selecting a suitable platform to host our model is 
crucial. There are various software solutions for implementing 
a digital twin model, some of which offer cloud-based 
platforms, such as Azure Digital Twins [13], AWS IoT 
TwinMaker [14], and Google Cloud IoT Core combined with 
Partner Solutions [15]. In this paper, Microsoft Azure Digital 
Twins was used to implement the proposed system for several 
reasons. First, it supports the Digital Twin Definition Language 
(DTDL), a standardized modeling framework that simplifies 
the modeling process. Furthermore, as a cloud-native 
technology, it offers a scalable solution, rendering it suitable 
for real-world applications, including smart cities, healthcare 
systems, and industrial IoT. Additionally, it provides seamless 
integration with other Azure services, such as Azure IoT Hub, a 
managed cloud service that facilitates secure communication 
between IoT devices and cloud applications, and Azure 
Function App, a serverless cloud computing service that 
enables event-driven execution of code without requiring 
infrastructure management, which are essential for the 
implementation of our system. It is also particularly suitable for 
real-time monitoring use cases [16]. However, Microsoft Azure 
is not the only option for the implementation of our system, 
other service providers with similar tools such as AWS or 
Google can be adapted. An advantage of our proposed system 
is that the protocols have been carefully selected to achieve an 
optimal balance between efficiency, security, and reliability, 
thereby ensuring smooth data flow across all system 

components. Furthermore, a ranking equation was formulated 
to account for both bed occupancy and estimated arrival time to 
offer the optimal choice for the user. Additionally, the Azure 
Digital Twins Explorer is employed to visualize and monitor 
system performance. This tool provides real-time updates on 
hospital status and resource availability, enabling 
administrators to make informed, data-driven decisions. 
Moreover, our smart ED framework uses a mobile application 
to assist patients in accessing hospital emergency services. 
Through this application, patients can get more information 
about hospitals, saving time and potentially saving lives. 

II. RELATED WORK 

The concept of the digital twin has received significant 
attention the healthcare sector within due to its potential to 
improve patient care [11]. In the context of healthcare, digital 
twins are primarily used to model individual patients, 
healthcare facility operations, or medical devices. The 
utilization of digital twins is progressively being used to 
develop individualized patient models by merging data from 
Electronic Health Records (EHRs), wearable devices, and 
imaging technologies. For example, authors in [17] 
demonstrated the application of digital twins in the domain of 
cardiovascular care, where simulations tailored to individual 
patients assisted in the diagnosis and treatment of heart 
diseases. 

Recent advancements, such as in [18], have underscored the 
potential of digital twins in personalized healthcare, facilitating 
the emergence of human digital twins augmented with mobile 
Artificial Intelligence-Generated Content (AIGC) to transform 
treatment planning and monitoring. Authors in [8] employed 
digital twins to provide a storage solution that aims to improve 
emergency healthcare cases by delivering real-time access to 
patient data during emergencies. However, both lack emphasis 
on resource management and IoT integration. Authors in [19] 
proposed an IoT-based digital twin solution for real-time 
monitoring of patient vital signs via an Android application. 
While the study demonstrates the potential of digital twins for 
real-time monitoring, it lacks a framework for resource 
allocation and decision-making. Authors in [20] integrated a 
comprehensive smart hospital emergency system with a global 
positioning system and a smartphone application; however, it 
lacks cloud service integration to ensure scalability. 

Within the realm of medical device engineering, digital 
twins are instrumental in the processes of prototyping, testing, 
and real-time monitoring. Digital twins of medical devices 
have the ability to predict maintenance needs and enhance 
device reliability, thereby ensuring patient safety. For instance, 
authors in [21] employed digital twins to monitor the 
performance of medical devices, enabling prompt maintenance 
and minimizing downtime. Digital twins also have the ability 
to improve hospital operations by simulating workflows and 
forecasting the efficient management of resources. For 
example, authors in [22] highlighted how digital twins can 
enable personalized treatment plans, predictive analytics, and 
preventive interventions by leveraging data from EHRs, 
wearables, and IoT devices. Additionally, digital twins can 
improve clinical workflows, resource allocation, and 
emergency response training by providing realistic simulations 
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and real-time monitoring. However, these studies primarily 
focus on individual patient care and either don't have a resource 
allocation framework or don't mainly focus on decision-making 
in EDs. 

Several studies have addressed healthcare systems related 
to bed occupancy, regardless of the implementation of digital 
twin technology. For instance, [23] proposed a real-time bed 
availability monitoring system to support users through a 
website application, in addition to a desktop application for 
administrative access. Although this study has a resource 
allocation framework, it lacks a good decision-making 
mechanism and doesn't support cloud services. Authors in [24] 
proposed a data-driven bed assignment methodology that seeks 
to optimize the balance between admission times and overflow 
in hospital wards, thereby maximizing compliance with 
mandatory patient care targets and minimizing reliance on non-
primary beds. Authors in [25] developed a mobile Bed 
Management Mobile Application (BMMA) to enhance PC-
based systems and provide convenience and mobility to 
hospital staff. Although users found it beneficial and 
promising, they also expressed concerns regarding data usage 
and internet connectivity. Authors in [26] presented an IoT-
based smart-bed system leveraging deep learning, smart 
sensors, and computer vision for efficient patient monitoring 
and posture detection. However, unlike these studies, our 
research focuses on developing a centralized platform that 
leverages digital twin technology and an IoT-based cloud 
system to enhance emergency response capabilities and 
manage bed occupancy in hospital EDs. 

III. DATASET 

The dataset used in this study for testing purposes consists 
of data from 252 hospitals in California, USA. It originally 
contained 17 fields per hospital covering various departments. 
The dataset was intentionally sourced from hospitals in a 
specific region and does not include personally identifiable 
patient information is included to protect privacy. However, to 
align with the study's focus, the data were carefully cleaned and 
filtered to include only information related to EDs. The final 
dataset retains key attributes relevant to emergency response, 
including hospital identification number, name, geographic 
location (latitude and longitude), and ED bed capacity. Other 
fields were excluded as they were not directly relevant to bed 
occupancy, which is the core parameter used for decision-
making in our system. This dataset is available online [27]. 
Examples of the data used are presented in Table I. One 
example instance represents Almeda hospital with an 
identification number of 106010735. The hospital's ED has a 
capacity of 12 beds and its geographic location is specified by 
the coordinates 37.76266 (latitude) and -122.254 (longitude). 

IV. PROPOSED SYSTEM IMPLEMENTATION 

The proposed system serves as a centralized platform aimed 
at optimizing patient flow among EDs of distributed hospitals 
within the same region. At its core, the system manages a 
virtual emergency center by employing digital twins of various 
EDs. This center increases the efficiency of managing 
emergency calls, enables real-time monitoring of hospital 
resources, supports decision-making processes related to 

patient allocation, and ensures continuous performance 
evaluation. As shown in Figure 1, the emergency center serves 
as the backbone of the system, hosting digital twins from 
nearby hospital EDs. It receives real-time status updates from 
IoT devices and performs the necessary computations to 
identify the optimal choice based on the received data. The 
emergency center then communicates the optimal solution to 
the user or updates the status of the digital twins in the 
monitoring software accordingly. 

TABLE I.  SAMPLE DATA FROM THE DATASET USED FOR 
TESTING 

Facility ID Facility name 
ED 

stations 
Latitude Longitude 

106010735 Alameda hospital 12 37.76266 -122.254 

106010739 
Alta Bates summit 
medical center – 

Alta Bates campus 
22 37.85645 -122.257 

106010776 
UC San Francisco 
Benioff children's 
hospital Oakland 

40 37.83722 -122.267 

106010846 Highland hospital 65 37.79925 -122.231 

06010937 
Alta Bates summit 

medical center 
30 37.82106 -122.263 

 

A. System Architecture 

The system consists of several interconnected components. 
As illustrated in Figure 2, certain components are integrated 
within Microsoft Azure tools, including Azure Digital Twins, 
Azure IoT Hub, and Azure Functions, whereas other 
components operate as independent development tools and 
services, such as OpenStreetMap and Flutter. Specifically, the 
system components are as follows: 

1. Azure Digital Twins: This is the basic framework of the 
system where digital twin representations of hospital EDs 
are constructed. Each digital twin includes attributes such 
as hospital name, geographical coordinates (latitude and 
longitude), total bed capacity, available beds, and ED 
status. Models of individual beds are also included to 
monitor their availability in real time. The digital twin 
models of the beds and EDs are developed using the 
DTDL, which is a JSON-LD-based used to describe digital 
twin models of smart devices, assets, spaces, and 
environments [13]. 

2. Azure IoT Hub: This acts as a bridge between IoT devices 
and the cloud, receiving data from sensors deployed in 
hospitals. The data, such as bed occupancy status, is 
forwarded to Azure Digital Twins for processing and 
visualization [28]. 

3. Azure Function: A serverless computing component 
processes incoming IoT data, performs calculations such as 
travel time estimation, handles emergency application 
requests, and updates the digital twin models [29]. 

4. Flutter mobile application: Flutter is an open-source 
framework that facilitates rapid application development 
across multiple platforms from a unified codebase. This 
feature makes it particularly suitable for the creation of 
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visually appealing and responsive systems, such as 
applications for real-time emergency response. The user-
oriented application enables patients or emergency 
responders to initiate requests for assistance by delivering 
a ranked list of hospitals based on proximity, bed 
availability, and other relevant factors [30]. 

5. OpenStreetMap: This is an open-source cost-efficient 
platform that offers global coverage. It is integrated to 
calculate distances and estimated travel times between the 
patient's location and nearby hospitals. Its cost-efficiency 
and integration with open-source tools provide flexibility 
and reliability, particularly in specialized applications like 
emergency response [31]. 

B. Digital Twin Model Design 

To ensure a comprehensive representation, two primary 
digital twin models were developed using DTDL, as follows. 

1) Bed Model 

 ID: Each bed is assigned a unique identifier, which for 
simplicity begins with the prefix "bed," followed by the 
hospital identifier, and then the specific identifier of the 
bed. An instance of a bed's identifier can be represented as 
"bed-12345-0." 

 Availability: A Boolean property that indicates whether the 
bed is currently available. 

2) Emergency Department Model 

Name: Represents the name of the hospital. 

 

 
Fig. 1.  Proposed system overview. 

 
Fig. 2.  Proposed system components. 
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 Location: Contains the hospital's geographic coordinates, 
including latitude and longitude values. 

 Total beds: The total number of beds available in the ED. 

 Available beds: Dynamically calculated to reflect the 
current number of unoccupied beds based on bed 
availability updates. 

 Has bed: This is a relational attribute that facilitates the 
connection of a specific bed to a specific ED. This 
relationship simplifies the identification of which bed 
instance is associated with each ED instance, thereby aiding 
in the determination of the number of available beds within 
the ED. 

C. IoT Data Integration 

IoT devices play a key role in the system by providing real-
time updates. The process is as follows. 

1) Data Collection 

Sensors monitor bed occupancy and other environmental 
readings and send data to the IoT hub. Our work used Python 
code to simulate bed availability status, with each bed 
connected to a device instance in the IoT hub via a unique 
connection string. When the bed availability changes, the bed 
availability details are sent to the Azure IoT Hub, triggering the 
first Azure function.  

2) Data Processing  

Data processing within our system is divided based on the 
type of trigger that initiates the function. Two Azure Functions 
have been implemented: 

 An event-triggered function: This function is activated by 
an event, specifically detecting changes in bed occupancy 
sensors. It is responsible for updating the digital twin 
instance based on the sensor readings, as well as changing 
the number of available beds within the ED instance 
utilizing the previously established 'hasbed' relationship. It 
verifies which ED owns this relationship and, after 
obtaining the ED ID, calculates the number of available 
beds linked by the same relationship. Figure 3(a) illustrates 
the flowchart of the event-triggered function.  

 HTTP-triggered function. This function is activated 
whenever an HTTP request is made to its URL, which is 
provided by the Azure platform upon deployment of the 
function. The function is designed to manage HTTP 
requests from mobile application users that provide 
emergency case information, particularly their location. 
Utilizing these data, along with the information from digital 
twin instances of nearby hospitals, the function computes 
the distance and estimated arrival time between the 
emergency case and the ED locations using 
OpenStreetMap. It then uses this information, along with 
the data on available beds from the ED instance, to 
calculate a rank score using (1). The rank score is used to 
rank the hospitals, after which a list of hospitals with the 
highest rank scores is sent back to the HTTP request source. 
Figure 3(b) illustrates the flowchart of the HTTP-triggered 
function. 

 
 

(a) (b) 

Fig. 3.  Azure Functions flowcharts: (a) event-triggered function, (b) 
HTTP-triggered function. 

Both functions were implemented and tested locally using 
C# before being deployed to the Azure framework. Using the 
Azure portal, each function is then linked to its triggering type. 

3) Twin Updates 

Since the details of the digital twin instances are initiated 
from the dataset, the real-time updates are performed using the 
event-triggered function. The processed data, update the 
corresponding digital twin models, ensuring real-time 
synchronization.  

D. System Workflow 

The system is designed to assist in emergency situations by 
recommending the most appropriate hospital. Figure 4 shows 
the complete system architecture; as well as the interaction and 
data flow between the system components. Locally, Python 
was used to configure the IoT devices and digital twins, as well 
as to simulate the bed status. Azure Digital Twins Explorer was 
employed to monitor the state of the digital twins. The system 
workflow includes the following steps. 

First, a patient or responder uses the Flutter app to share 
their location by pressing an emergency button in the app; a 
screenshot of the app is shown in Figure 5. The first screenshot 
shows the home page with an emergency button and at the top 
is the user's geographical information (if GPS is enabled). The 
other screenshot shows a list of hospital recommendations 
based on the following process: The app automatically initiates 
an HTTP request with the user's location to the Azure platform, 
which activates the HTTP-triggered function. The system then 
retrieves information about nearby hospitals, including bed 
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availability and distance from digital twin instances. Using 
OpenStreetMap, the system then calculates the travel distance 
and estimated time to each hospital. A sample of the data 
calculated using OpenStreetMap is shown in Table II. The 
hospitals are ranked based on a ranking score calculated using 
(1): 

If �����_���	 > 0, then 


��� ����� =
��

�������_����
+ �! ∙ ��#�����_���	$  (1) 

otherwise 
��� ����� = 0 

where �����_���	 is the number of currently unoccupied beds 
in the hospital's ED, �������_%�&� is the estimated travel time 
from the patient's location to the hospital, as calculated by 
OpenStreetMap, and �', �!  are weighting factors that can be 
adjusted based on priorities, such as favoring closer hospitals or 
those with higher capacity. Equation (1) ensures that hospitals 
with more available beds and closer proximity are ranked 
higher. The weighting factors can be fine-tuned according to 
the specific needs of the emergency response system. 

The mobile application provides a list of ranked hospitals to 
help the user make an informed decision. Figure 5 shows a 
screenshot of the user interface of the developed Android 
application. As can be seen, the hospitals are arranged 
according to the 
��� ����� , and the application offers a 
functional button to direct the user to the Google Maps 
application with the location of the desired hospital. The values 
used to calculate the 
��� ����� are presented in Table II. In 
this table, the �������_%�&�  is calculated using the 
OpenStreetMap service, whereas the number of available beds 
should be obtained from the real-time status of the ED's digital 
twin, but for testing purposes these data were simulated using 
Python. These values are then inserted into (1) to calculate the 


��� ����� . For example, Almeda hospital has an 
�������_%�&� of 18.77 min and 10 available beds. By inserting 
these values into (1), we get a 
��� �����  of 28.35. The 
values of �' and �! were set to 100 and 10, respectively. By 
repeating this operation for all hospitals, we obtain the results 
in Table II. 

E. Connection Information and Communication Protocols 

The system ensures the use of secure and efficient 
communication protocols to facilitate data transmission 
between IoT devices, the IoT hub, and user applications. The 
protocol used to transmit data from IoT devices to the IoT hub 
is the Message Queuing Telemetry Transport (MQTT) 
protocol. This lightweight and efficient protocol is specifically 
designed for real-time communication, making it suitable for 
resource-constrained IoT devices. Shared Access Signature 
(SAS) tokens were used to authenticate connections for 
security, limiting access to authorized devices. The telemetry 
data that is being sent from the devices to the IoT hub, such as 
bed occupancy is JSON formatted [32]. 

The Hypertext Transfer Protocol Secure (HTTPS) protocol 
is used for communication between the user application and 
Azure services. HTTPS provides robust encryption for secure 
data transmission [33]. Azure Active Directory (Azure AD) is 
used for user authentication, ensuring secure access to sensitive 
information. Using RESTful APIs, the application retrieves 
hospital rankings and transmits emergency requests to the 
backend system [34]. After processing the data, Advanced 
Message Queuing Protocol (AMQP) is used to transmit the 
data from the IoT hub to the Azure Digital Twins platform. 
This protocol supports reliable message delivery, making it 
ideal for cloud-to-cloud communication. The data are then used 
to update the state of the digital twins in near real-time, 
ensuring consistent and accurate system behavior [35]. 

 

 
Fig. 4.  Proposed system architecture. 
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These protocols were selected to provide an optimal 
balance of efficiency, security, and reliability to ensure smooth 
data flow across all system components. 

 

 
Fig. 5.  The results on the Android application. 

TABLE II.  THE SAMPLE VALUES USED TO CALCULATE 
THE RANK SCORE IN FIGURE 5 

Hospital name 
())*+(,_-*./

(min) 
(+(*,_0/12 3(45 678)/ 

Alameda hospital 18.77 10 28.35 
Alta Bates summit medical 
center – Alta Bates campus 

23.2 6 22.23 

UC San Francisco Benioff 
children's hospital Oakland 

22.28 0 0 

Highland hospital 16.94 15 32.98 
Alta Bates summit medical 

center 
20.28 2 11.86 

 

F. Real-Time Monitoring 

Azure Digital Twins Explorer was used to visualize and 
monitor system performance. It provides live updates on 
hospital status and resource availability, enabling 
administrators to make data-driven decisions effectively. 
Figure 6 illustrates the digital twins of the hospitals and beds, 
along with their respective information. For example, in Figure 
6(a), Highland hospital is shown with its corresponding 
information such as ID, name, available beds, and location. 
Figure 6(b) shoes a digital twin of a bed in the hospital with its 
corresponding information such as ID and state. 

G. Scalability and Adaptability 

The system is designed to scale effortlessly. Adding new 
hospitals, beds, or IoT devices requires minimal effort, making 
it suitable for larger regions or additional use cases. The 
modular architecture also supports future enhancements and 
integrations. 

H. System Validation 

To ensure the validity of the system, it was tested with 
multiple scenarios, including varying bed occupancy and 
emergency calls from different locations, and the rank score 
behavior was tested with multiple values. The phone 
application was also tested with Android emulators and real 
physical Android phones. The results showed accurate real-
time updates and proper hospital rankings, demonstrating the 
reliability and efficiency of the system. However, formal user 
feedback from healthcare professionals has not yet been 
collected. 

V. CONCLUSION AND FUTURE WORK  

This project used Azure Digital Twins, Azure IoT Hub, and 
other tools to develop a decision support system for managing 
Emergency Departments (EDs) across hospitals. It provides 
real-time, ranked patient recommendations based on hospital 
location and resource availability. The digital twin model uses 
the necessary data from EDs, such as name, location, and bed 
availability. IoT devices send the data to the Azure IoT Hub in 
real time, and then the Azure Functions process updates the 
model. OpenStreetMap enables distance and arrival time 
calculations, while a Flutter app delivers ranked hospital 
recommendations by utilizing another Azure Function to 
perform the rank calculations. Unlike other works that focus on 
IoT monitoring or general hospital management systems, our 
work leverages the integration of real-time IoT data with digital 
twin technology to create a dynamic, real-time decision support 
system. The key innovation is the dynamic ranking mechanism 
that considers bed availability and estimated arrival time to 
provide the optimal hospital choice for the patient. 

Future work could include further system improvements by 
incorporating additional parameters into the digital twin, such 
as staff availability, specialized equipment, or real-time traffic 
data, to enhance decision-making accuracy. Another option 
could be to develop dedicated software to monitor and manage 
the digital twin with detailed information about the hospitals 
that can be used by authorized entities, such as the hospital 
management team or the 911 call center. In addition, 
integrating machine learning models into the system could 
provide predictive insights to improve system performance. On 
the application itself, other enhancements could be 
implemented, such as a notification system to inform the 
hospital staff of incoming cases to minimize preparation time, a 
hospital specialty indicator for specialized hospitals, and the 
addition of an emergency case description option that can be 
used to guide the user to better options or inform the hospital 
staff to better understand the emergency case. 
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(a) 

 
(b) 

Fig. 6.  The digital twins visualized in Azure Digital Twins Explorer: (a) ED digital twin, (b) bed digital twin. 
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