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Abstract

This article presents the essence and architectural-technological principles of digital twin technology,
and presents an algorithm for creating a digital twin based on the visualization of medical data
through Power BI. The digital twin supports the early prediction of diseases and the analysis of
personalized medical indicators by simulating the human body and enabling real-time monitoring of
the condition. The article proposes a generalized architecture for building a digital twin of the human
body at the level of organs and relevant diseases, the stages of its formation, and develops a schematic
description of a virtual object. The Power BI platform is chosen to visually present the virtual object
update simultaneously with any changes occurring in the physical object, which is the main
architectural component of the medical digital twin. As a real source of information, it is referred to
the available national database where doctors periodically collect information about patients in
traditional clinical practice. Dashboards are developed on the Power BI platform to form the trajectory
of change of medical indicators based on their values given in a time series. The digital twin created
based on this approach enables the real-time monitoring of dynamic changes in test results, which
supports the acceleration of physician decision-making related to health condition management, the
improvement of service quality, and the provision of more prompt and personalized patient care.

Keywords: digital technology, e-health data, digital twin, visualization, Power BI,
digital twin dashboard.

I. Introduction

Nowadays, digital technology is applied in a complex and targeted manner in almost all areas
of healthcare. Today it is possible to process heterogeneous health data in real time, whereas,
previously, the generation, collection and joint processing of this data was time consuming and
performed offline.

The acceleration of the trends in the use of digital technology expands its boundaries and
possibilities, and accordingly, conditions the emergence of the phenomenon of “digital
transformation”. Digital transformation ensures the data transformation into information and
knowledge and its use for effective decision-making based on the new knowledge acquired [1]. The
digital twin (DT), one of the basic technologies of digital transformation, acts as a digital copy of the
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physical object or process they represent and enables their real-time monitoring and situation
assessment, regardless of location [2].

The present article proposes an algorithm for creation of a DT based on the Power BI platform
to visually present the essence, architecture of a medical DT and update of a virtual object.

II. Related work

In the 1950s, NASA (National Aeronautics and Space Administration), GE (General Electric)
and other industrial manufacturers created abstract digital models of equipment to account for
equipment productivity and life cycle through simulation modeling [3].

In 2002, DT was presented as a “virtual, digital equivalent of a physical object” [4], and
proposed as a conceptual model based on Product Lifecycle Management (PLM). It was
technologically extremely difficult and expensive to bring to the use. Ten years later, the rapid
development of “big data”, “Internet of Things” (IoT) and “Internet of Medical Things” (IoMT)
technologies enabled the implementation of this idea. In 2010, Jon Vickers from NASA introduced
the term “digital twin” to science. In 2014, the concept of “virtual digital equivalent of a physical
product” was proposed by M. Grieves [5].

Combining sensor data, computer modeling and artificial intelligence algorithms, medical DT
acts as a digital (virtual) mirror of the real object [6].

DT in healthcare is designed to provide more effective and flexible medical interventions,
assisting physicians and medical staff to understand the patient’s health status [7]. One of the main
conditions for the application of DT in medicine is its real physical object. A medical DT is a dynamic
digital model that contains all the information about a physical object or medical system.

Establishing a complete DT of healthcare is a long-term and multi-level process. The first, that
is, the health level, includes medical activity, pharmacy and medical education. The second level is
the subject level, which includes departments such as ambulatory care, emergency care, dentistry,
drug production and drug sales. The third and fourth levels, respectively, consist of the creation of
personalized (patient-centered) DT on individual human organs and diseases related to these organs
[8].

The benefits of DT can be applied in disease treatment, health management and many areas of
personalized medicine in the healthcare sector. DT can provide different treatment options for
different patients with the same disease and accelerate the development of personalized medicine.
The essence of patient-centered medicine is the individualization of drug therapy according to the
personal data and genotype of a specific patient. These opportunities created by DT are very
important in terms of providing medical services to patients, which is the main component of
healthcare. By transferring the patient’s physical characteristics and health data to the digital
environment, DT offers innovative solutions in determining the accurate diagnosis and treatment
process, as well as in the formulation of personalized medicine. Digital twins of the human body are
built to model its organs, cells, individual genetic composition, physiological characteristics and
habits (lifestyle) of each person, and enable the creation of individual drugs and treatment plans [9].
These copies (the digital patient), which are the internal subsystems of the human body as a whole,
can improve healthcare and patient care by personalizing diagnostics.

Medical digital twins can be used to solve the following problems for the formulation of
personalized medicine:

* making an early diagnosis at the initial stage of the disease;

* monitoring of further development trajectories of the disease;

e optimizing the time of medical aid;

* improving personalized medicine;
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¢ clarifying the mechanisms of drug action on the patient, etc.

Along with listed solutions, DT allows to test and visualize relevant results and predict

dynamic variables [10].

[11] defines the main features of DT as follows:

1. Connectivity- A connection is required between the DT and its real-life equivalent that

ensures a continuous and reliable data flow.

2. Homogeneity - the data from different sources should be homogenized.

3. Reprogrammable- as the volume of regularly collected data increases, DT also develops and

provides smarter decision-making through artificial intelligence.

4. Modularity- DT can allow the manufacturer to learn which specific components of the device

are underperforming.

A connection between the DT and its real-life equivalent that ensures a continuous and reliable

data flow is a prerequisite. Thus, DT is updated and changes as its physical equivalent changes. It

uses IoT to understand the physical object’s current state, location, function, composition, etc. The

generated unstructured data is then transmitted to the virtual twin in real time, resulting in a

dynamic representation of the situation. DT can learn from this data through machine learning, from

human experts with deep knowledge in the subject field, as well as from identical twins [12].

Thus, the general architecture of the medical DT consists of physical and virtual objects,

technologies that ensure the connection between them, a unified health database, a centralized

management system and visualization systems (Figure 1) [13].
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Figure 1: Generalized architecture of medical digital twins [13]

The physical objects of a medical digital twin refer to patient, hospital, doctor, medical devices,

organs, etc.

Table 1 presents the information required for building the DT of the physical objects of the

health care system.
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Table 1: Information required for building the DT

Ne Physical Information required for building the DT
objects of healthcare
system
1 Patient Genetic data, laboratory results, medical images, biomedical
signals, personal data, social determinants
2 Hospital Medical resources (equipment, medicinal preparations, etc.),
personnel resources, intra-hospital operational data, building
layout
3 Health data Sensor data, quality indicators, environmental data
collectors

Along with all examination data of the relevant physical object, data regularly collected through
4G/5G, IoT, IoMT are used to form a database of personalized medical DT [14,15]. The data collected
from physical objects are large-scaled and diverse in nature, but also obtained from different sources,
and in this regard, they can be classified as follows [16]:

¢ JoT devices: Blood pressure, heart rate and other biometric parameters;

¢ Electronic Health Records (EHR): Laboratory results, treatment plans and health regords;

¢ Artificial intelligence and analytical models: Data for patient health predictions and early
disease detection, etc.

This data is stored in databases such as cloud systems or SQL servers.

A virtual object is software consisting of a set of applications that explain the behavior of a
medical object on a computer. Applications are used as a real-time control system of the object’s
activity, and this system operates throughout the entire life cycle of the object.

Visualization system displays data management models, information from various sources
and results in a visual form in different fields of medicine. This enables effective monitoring, control
and management of processes occurring in a medical physical facility.

II1. Problem statement

I. Establishment of the DG at the level of the human body organs and relevant diseases;
II. Creating a digital twin through health data visualization.

IV. Problem solution

I. The study proposes the implementation of the following stages of the DT at the level of the
human body organs and relevant diseases:

1. first stage is characterized by the collection of necessary medical data on each relevant
physiological level. This stage builds a general (standard) digital model of the physical medical
object based on available medical data;

2. second stage performs collection, integration and analysis of data about a specific individual,
and creates an individual model of a physical object through modeling;

3. third stage analyzes the differences between the general and individual model built:

a) deviations in the considered parameters according to all physiological levels are determined;

b) an intellectual analysis of the current situation is performed and an appropriate decision is
made;

c) obtained positive decisions are used for examination, diagnosis, prediction of diseases and
prescription of the therapy of the patient.
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Figure 2 presents a schematic illustration of the proposed functionalization of the DT based
on medical data regularly collected from patients.
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Figure 2: Formation of DT based on medical data collected from patients

II. Visualization of a digital twin is a visual representation of a virtual object based on
continuously collected data to update it simultaneously with the changes occurring in the physical
object [17]. This article uses Power BI software, a cloud-based data analytics platform developed by
Microsoft, to visualize real health data. Power BI collects and cleans data from external sources,
creating data models, analyzing and visualizing data. As the visualization tool, Power Bl has a more
user-friendly interface than others. Power Bl enables intuitive visualization and continuous
updating of digital twin data by linking the built-in dashboard with data collected from a real
physical object. Visualization of medical digital twin data through Power Bl is a viable approach to
optimize healthcare services and improve decision-making based on real-time data [18].

The algorithm for creating a digital twin with the visualization of health data based on Power
Bl is performed in the following stages:

Stage 1: Selection of the base. In this regard, data can be connected to Power BI from sources
such as Azure Data Lake, SQL Database, APIs or Excel.

The present study refers to existing national database, which is periodically collected by doctors
in traditional clinical practice regarding patients, as a real source of information. The real database
is a database of cirrhosis patients created in Excel by doctors of the Surgical Diseases Clinic of
Azerbaijan Medical University (Figure 3).
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Name Gender |pate Diagnosis |age interval Birth date |BWI MELD |uB |Leuk

Patient 14 11/2/2022 | Cirrhosis 1960 9 14.5 5.54
Patient 14 6/23/2023 | Cirrhosis 1560 8 13.1 5.27
Patient 14 11/15/2023|Cirrhosis 1960 10 13 5.02
Patient 15 Female 10/12/2019|HBV, Cirrhosis 52 50-60 1572 13.4 8.44
Patient 15 11/4/2022|HBV, Cirrhosis 13.3 7.44
Patient 15 4/5/2023|HBV, Cirrhosis 9 13.5 7.53
Patient 15 4/27/2023|HBV, Cirrhosis 12 13.4 6.64
Patient 15 7/24/2023 | HBV, Cirrhosis 12 12.9 6.72
Patient 15 11/1/2023|HBV, Cirrhosis 8 12 5.96
Patient 16 Male 5/10/2023 | Alk, Cirrhosis 53 50-60 1971 12 11.4 4.25
Patient 16 6/12/2023 | Alk, Cirrhosis 1971 12 11 3.65
Patient 16 10/27/2023 | Alk, Cirrhosis 1571 12 1 3.47
Patient 17 Female 4/30/2021|Cirrhosis 67 60-70 1957 13.7 5.72
Patient 17 6/29/2021 | Cirrhosis 1857 10 11.2 5.6
Patient 17 10/4/2021 | Cirrhosis 1957 10 11.6 4.51
Patient 17 7/13/2022 | Cirrhosis 1957 12 11.8 4.66
Patient 17 6/19/2023 | Cirrhosis 1857 15 1 4.48
Patient 17 8/2/2023|Cirrhosis 1957 11.3 3.93
Patient 18 Male 7/31/2023 | Alk, Cirrhosis 59 50-60 15965 13 3.74

Patient 18
Patient 18

8/15/2023 | Alk, Cirrhosis
9/15/2023 | Alk, Cirrhosis

2.85
3.02

Figure 3: Fragment from the database created by the doctors of the Surgical Diseases Clinic of Azerbaijan Medical
University on cirrhosis diseases

Stage 2: Uploading the data collected in the Excel database to the visualization program.
Stage 3: Data transformation is performed. Data transformation in Power BI is implemented

through Power Query. At this stage, the following main tasks are executed:

¢ If empty cells are found in the medical records, they are either deleted or filled in accordingly;
® Detection of outliers, i.e., examination of abnormal values;

* Generated unstructured data is structured and so on.

Structuring the data from a physical object provides the following opportunities:

¢ Analyzing patient data more accurately;

* Detecting risky situations in advance;

* Making decisions based on real-time (live) indicators.

By the implementation of the listed stages of transformation, it is possible to create visual

images for each medical parameter characterizing the patient’s condition.

Stage 4: Building a digital twin dashboard. Data visualization enables healthcare professionals

to monitor patient conditions in real time and make flexible decisions. Dashboards in Power BI

provide detailed analysis and targeted monitoring.

Fig. 4 shows the control panel of the digital twin based on dynamic examination data of

cirrhosis patients: a) by the cirrhosis types (HCV cirrhosis, HBV cirrhosis, ALK cirrhosis, cirrhosis);

b) by the demographic distribution of patients (age, gender).

Dynamic examinations

Distribution of diagnosis Distribution of patients by gender

HCV,Cirrhosis 9
HBV, Cirrhosis 45

Cirrhosis 114

Alk, Cirrhosis 78

Distribution of patients by age
30401

40-50 4
60-70 8

Analysis results

50-60 6

Figure 4: Digital twin control panel: a) by the cirrhosis types (HCV cirrhosis, HBV cirrhosis, ALK cirrhosis,
cirrhosis); b) by the demographic distribution of patients (age, gender)
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As shown in the figure, 11 patients are male, 8 are female, 1 patient is aged 30-40, 4 patients
aged 40-50, 6 patients aged 50-60 and 8 patients aged 60-70.
When we click on the “Analysis results” button, the window illustrated in Figure 5 opens.

File Home Insert Modeling View QOptimize Help I&> Share v
E & i &
EeORE® & [ dlreskeprar A
Get Excel Data SQL Enter Dataverse Recent Transform Refresh New (D @ Bﬂ E s @ @ Y| Tet More New Quick Publish
datav workbook hubv Server data sourcesy datav visual box visuals v measure measure
Clipbeard Datz Queries Insert Caleulstions Sensithity Share ~
ol (Blank) ~ & Data >
Blank e 4 |75 )
= R T v
= = i = (Blank) E muc o
[] Patient 10 @S N
> rroz
(] Patient 11 (Blank) 8 Siez 2 =
[] Patient 12 First Disanoz > B Simoz (3) +
> @ Sinroz (4)
(Blank)
N >, Count of 5C
Leukocyte i PLT
o
= U ) Page 1 Page 2 Page 4 Page 3 Page s n B

Figure 5: “Analysis results” login window

To view individual analysis results of any patient in the login window, select the patient’s name
from the list. In the window depicted in Figure 6, it is possible to see the patient’s year of birth, type
of disease, and how laboratory analysis results change over time through visual tools, such as Gauge
chart, line chart, and slicer for a specific selected patient. By approaching any point in those graphs,
it is possible to see the date and result of the analysis.
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Figure 6: Visual image of a digital twin of a cirrhotic patient
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Real-time visualization of data from a physical object through dashboards created in Power BI
provides the following opportunities:

® The dashboards represents the dynamics of time series formed on each medical parameter of
the patient;

¢ Early prediction of diseases and optimization of treatment processes are ensured;

* Decision-making process accelerates for physicians by creating a visual representation of
personalized indicators related to each patient.

Such a “digital twin” contains information about the patient, shows trends in the development
of the disease, and shapes the patient’s health trajectory by updating the data after each medical
examination.

Based on our proposed algorithm, it is possible to create a digital twin by visualizing
examination data related to other diseases in a similar manner.

Thus, the visualization of personal health data through Power BI allows for continuous
monitoring of patients’ conditions and timely medical interventions through dashboards created in
real time.

V. Summary

The use of medical digital twins has great potential for improving individual treatment
programs in the healthcare sector. This article presented the architecture of creating a DT - the
transformation of a physical object into a virtual object based on data collected from patients. It
proposed the architectural and technological principles of DT at the level of the human body organs
and relevant diseases and the stages of virtual object formation and a schematic description. When
creating a DT, data collected regularly under the supervision of doctors in clinical practice were
referred to as real-time data, and an algorithm for building a visualization system on the Power Bl
platform was given. The Power BI visualization tool visually depicted the trajectory of change of
that parameter according to parameters recorded at different points in time, creating the conditions
for viewing the patient’s vital medical indicators in context with time and space components, which
supported doctors in assessing the criticality of the current situation. In further studies, it is planned
to conduct research on the prediction of the patient’s health based on clinical data through the
integration of Power BI with artificial intelligence models.
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