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DIGITAL TWIN INFORMATION TECHNOLOGY FOR BIOMEDICAL DATA
COMPLEX REPRESENTATION AND PROCESSING

The paper presents an information technology of digital twin for implementation in healthcare, in
particular in e-health and m-health applications. The primary objective of this research is to develop a concept
of digital twin information technology for medical decision support systems. The second objective is to analyse
various medical data formats and to develop an approach to synchronization of multimodal medical data. The
approach proposed in the paper will enable aggregation of multimodal data sequences obtained from a wide
range of medical diagnostic equipment with the purpose of a patient’s digital twin creation. The paper presents
an analysis of data synchronization possibility and data representation formats for both single-channel and
multi-channel biological signals, results of such investigations as blood tests, ultrasound research, magnetic
resonance imaging etc.

Digital twin technology will enable development of a new generation of medical decision support
systems. A digital twin of a patient is a synchronized and aggregated multimodal data set obtained from a wide
range of diagnostic medical equipment which is continuously updated and based on a personalized semantic
modal of a patient. Since data are obtained from different medical devices and tools in various formats which
directly do not fit for data synchronization and aggregation, the format of a file-wrapper that enables storing
time characteristics of medical investigations (time stamps) in an evident form. It allows us to simplify a
procedure of multimodal data aggregation while creating and continuous updating the digital twin of a patient.
The process of digital twin forming includes the following stages: receiving of original data files in a device
format (sonographic device, MRI scanner, electrocardiograph etc.), analysis of data and their time stamps,
transformation of the original file to the format of a file-wrapper, data synchronization and aggregation,
representation of multimodal data in a digital twin format for further storing and processing.
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TH®OPMAIIMHA TEXHOJIOTISI IUD®POBUX ABIMHUKIB JIJ1s1
KOMILIEKCHOI'O OJAHHSI TA OBPOBJIEHHSI BIOMEJINYHUX JAHUX

Y cmammi 3anpononosano ingopmayitiny mexnonoeito yugposux O8iliHUKI6 018 BUKOPUCAHHA Y
2ay3i 0OXOpoHU 300p08’s, 30Kkpema, y menemeouyuni. OCHOBHOIO MEMOIO Yb020 00CNIONCEHHS € PO3PODIeHHS
KOHyenyii iHgopmayitinol mexnono2ii yuposux OGIUHUKIE OISl cucmem NIOMPUMKU NPUUHAMM JIKAPCbKUX
piutens. Jpyeoro memoio y O0aHOMY OOCHIOJNCEHI € AHANI3 PI3HOMAHIMHUX (opMamie MeOUdHUX OaHux ma
PO3POONEHHSL NIOX00Y 00 CUHXPOHIZAYIL MYTbMUMOOAILHUX MEOUYHUX OAHUX. 3anponoHO8aHull y cmammi nioxio
3P06UMb MOICTUBOIO Acpe2ayilo NOCII00BHOCMEN MYTbIMUMOOANLHUX OAHUX, OMPUMAHUX 3 WUPOKO2O CHeKmpa
MEOUYHO20 OIAZHOCTNUYHO20 ODNAOHAHHS 3 MEMmOoK CMEOPEHHs «Yu@dpogo2o OsilHUKay nayicuma. Y cmammi
NPOAHANI308AHA MONCIUGICMb CUHXPOHIZaYll ma gopmamu NOOAHHS MAKUX OAHUX, SIK OOHOKAHATbHI Md
bacamokananbHi OION0CTUHI CUSHANU, pe3YTbmamu 1a00pamopHUX mecmie, YIbmpasgyKo8020 00CAIONCEeHHs,
MA2HIMHO-PEe30HAHCHOT momocpagii mowyo.
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Texnonozist yu@posux OSIUHUKIE 3p0OUMb MOICTUBUM CINEBOPEHHSL HOB020 NOKONIHHSL MEOUHHUX CUCTEM
niompumku nputinamms piwenna. Llugposuii 0silinux nayicuma a611€ cob0i0 CUHXPOHI308AHY MA A2PE20BAHY
CYKYNHICIb  MYTbIMUMOOAIbHUX OAHUX, OMPUMAHUX 3 WUPOKO20 CNEKmpy OldeHOCMUYHO20 MEeOUUHO20
0011a0HAHHS, SIKA NOCMIUHO OHOBNIOEMbCSL MA IPYHMYEMbC HA NePCOHIQIKOSANI ceManmuyHitl MoOei
nayienma. OcCKitbKu OaHi OMPUMYIOMbCS 3 MEOUUHUX NPUCMPOI8 MA NPUiados y pisHOMAHIMHUX GOpMaAmax,
KT 6e3nocepedHbo He NPUOAmHi 015l CUHXPOHIZaYil ma azpezayii, y cmammi 3anponoHo8ano gopmam Qariiy-
0020pmKU, AKULL 00360J15€ 30epieamu 4acosi XapaKmepucmuku MeOUYHUX 00CIIONCEeHb (HaACO8L MIMKU) Y SGHOMY
8u2nsdi, Wo 003601UMb CAPOCIUMU NPOYEOYpy dazpeayii MYIbmuMOOaIbHUX OAHUX NpU CMBOPeHi ma
NnoCMitiHOMy OHO61eHHI yu@posoeo Oeitinuka nayicuma. Ilpoyec opmyeanns yu@dposozo O0GIIHUKA BKIIOUAE
maxki emanu: OMPUMAHHA NePEUHHUX @ailnie Oawux y ¢popmami npucmpoio (anapam Y3/, MPT,
enekmpoxapoiozpag) mowyo), aHaniz OaGHUX Mma ix 4acosux MimoK, nepemeopeHHs NepeuHHo20 gaury y popmam
Qaiiny-ob2opmru, CUHXpOHI3AYiA ma azpe2ayis OAHUX, NOOAHHS MYTbMUMOOANLHUX OaHUX Yy ¢hopmami
yugposozo 0GitiIHUKA 018 NOOATILULO2O 30epedCceHHs ma 0OpoOIeHHs.

Kniouosi crosa: yugposuii 08itiHUK, MyTbMUMOOATbHI OAHI, CUHXPOHI3AYIA OAHUX.
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UH®OPMAIMOHHASI TEXHOJIOT WS IU®POBBIX IBOMHUKOB JIJISI
KOMIIVIEKCHOTI'O TPEJCTABJIEHUA 1 OBPOBOTKN BUOME/IMIIMHCKUX JJAHHBIX

B cmamve npeonosicena ungopmayuonnas mexmonocus yupposvix 080UHUKOS 017 UCNONBLIOBAHUS 8
cghepe oxpanvl 300po8bs, 8 wacmuocmu, 8 meiemeouyure. OCHOBHOU Yenbio OAHHO20 UCCTIe008aHUA ABNIACTNCS
paspabomka KoHyenyuu UHGOPMAYUOHHOU MEXHONO2UU YUPDPOBbIX OBOUHUKOE O CUCTHEM NOO0EPHCKU
NPUHAMUA 8PAYEOHbIX peuienull. Bmopou yenvlo 8 3Mmom Ucciedo8anuu A6IAemcs aHaIu3 pasHooOpasHbix
Gdopmamos  MeOUYUHCKUX OaHHBIX U  paszpabomka nooxo0d K peuleHuro 3a0auu  CUHXPOHU3AYUU
MYTLIMUMOOQILHBIX MEOUYUHCKUX OaHHbIX. [Ipednosicennoiii 6 cmambe nOOX00 NO360AUM  ASPESUPOBANb
nocnedosamenbHOCmu  MyIbmMUMOOAIbHbIX ~ OAHHBIX, NOAVYEHHBIX C WUPOKO20 CNEKMpa MeOUYUHCKO20
QUAHOCMUYECK020 000pY00BaHUsL C Yeablo CO30aHUs «Yupposozo O0eounuka» nayuenma. B cmamove
NPOAHATUZUPOBAHA  BOZMOICHOCHb CUHXPOHU3AWUU U  hopmambvl NpeOCmagieHus MAaKkux OaHHbIX, KaK
OOHOKAHAbHBIE U  MHOLOKAHANbHBIE OUONOSUYECKUe CUSHAMDbL, —DPe3yIbmambl  JIAOOPAMOPHLIX  Mecmos,
VALMPA36YKOB8020 UCCIO0BAHUA, MACHUIMHO-DE3OHAHCHOU oMozpagduu u opyaue 0aHHble.

Texnonozus yugpoevix OBOUHUKOE COENAeN B03MONCHBIM CO30AHUE HOB020 NOKONEHUS MEOUYUHCKUX
cucmem noodepocku  npunamus  pewenus. Lugposoii  Osolinux  nayuewma npeocmasisiem  coool
CUHXPOHUSUPOBAHHYIO U ASPESUPOBAHHYIO COBOKYNHOCHb MYTbMUMOOANLHBIX OAHHYIX, NOJYYEHHBIX C WUPOKO2O
CNeKmpa  OUASHOCMUYECK020 — MeOUYUHCKO20 — 000py008anus, KOmopas MNOCMOAHHO — O0OHO6NAemcs U
OCHOBbIBACTNCA HA NEPCOHUPUYUPOBAHHOU ceManmuiecKoll modeau nayuenma. Ilockonvky oannvle nocmynaiom
¢ MeOUYUHCKUX npudopos u Ycmpolcme 6 pasHOOOPA3HLIX @opMamax, Komopvle HenoCpeoCmeeHHO He
npucoOHbL 011 CUHXPOHUZAYUU U azpeeayuu, 6 Cmamve npednodiced gpopmam haina-obepmru, KOmopbiil
nO0360J€m COXPAHAMb BPEMEHHbIE XAPAKMEPUCIUKU MEOUYUHCKUX UCCe008anull (BpeMeHHble MEMKU) 8 IBHOM
sude, umMoO NO360AUM YAPOCMUMb NPOYedypy dazpe2ayuu MyIbmMUMOOdIbHbIX OAHHLIX NAPU  CO30AHUU U
NOCMOAHHOM 00HO8NIeHUU YUPpPogo2o 0gounuxa nayuenma. Ilpoyecc opmuposanus yudpoeozo 080UHUKA
BKIIOYAEN maKue 3Manvl. NOIYYeHUue NepeuyHbIX (Qaiinios 0anuwvlx 6 gopmame ycmpoticmea (annapam Y3HU,
MPT, snexmpokapouocpag u m.0.), aHaiu3 OAHHBIX U UX BPEMEHHbIX MemoK, Npeodpa3o8aHue NepeutHbIX
atinos 6 popmam aiina-obepmku, CUHXPOHUZAYUA U acpe2ayuss OaHHBIX, NPeOCMAsieHUe MYTbIMUMOOATbHBIX
OaHHbIX 8 (hopmame yuppoeo2o OBOUHUKA 015l OAbHEUULe20 XPAHEHUs. U 00pabomKu.

Knioueswvie cnosa. yughposoil 060UHUK, MYTbMUMOOAbHbIE OAHHbLE, CUHXDOHUZAYUSL OAHHBIX.

Problem Statement
Digital twin technology is a new approach to representing and processing a dynamic digital model of a
physical object or process, its past, current and future state and behaviour. According to [1], a digital twin is a set
of virtual information constructs that fully describes a potential or actual physical manufactured product from the
micro atomic level to the macro geometrical level. It can be important to create a digital twin of a certain
physical object to model its possible behaviour, critical states in a future, etc. Digital twin technology was
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developed for optimization of business capability in industries, but the key idea of this technology can be applied
to other fields. In particular, it can be useful in health care applications, especially in e-health and m-health.
Implementation of digital twin information technology into healthcare enables creating a next generation of
medical decision support systems based on synchronized and aggregated medical data about a patient’s health
status. Such advanced medical decision support system will allow a medical doctor to see the overall picture of
the patient’s health status over time, to understand better dependences between treatment events and treatment
results (including side effects on other organs), to search for similar cases happened to the patient in the past, to
model possible impact of new treatment schemes, etc.

A digital twin is a virtual model of a real physical object which mirrors all characteristics and
functionalities of this object. Unlike of other virtual models, a digital twin is a dynamically updated model which
is working in parallel to its physical twin, i.e. the real object. It means that we need to collect data being
registered as a result of long-term monitoring of this real object. This meets the case of life-long monitoring of
patient’s health status, especially for patients with chronical diseases. Thus, the idea of digital twin application in
healthcare consists in creation and dynamic update of a patient’s individual data set. This individual data set
contains synchronized and aggregated multimodal data obtained from various medical investigations and stored
with respect to a personalized semantic model of a human body, its organs and systems of organs. This
personalized semantic model can also reflect chronic diseases and individual body conditions of the patient.

A human body on the whole as well as its organs and systems of organs can be characterized by many
parameters measured by using a wide range of medical equipment. Data we obtain from different medical
investigations and tests are multimodal as they describe a certain specific aspect of human organism functioning.
To create the digital twin of a physical twin, these multimodal data must be synchronized and aggregated.
However, since multimodal data for a digital twin can be obtained by using wide range of devices, tools and
instruments which generate multimodal data in specific (sometimes unique) formats, aggregation of multimodal
data in the data set of a digital twin appears a non-trivial task and it requires new solutions.

Analysis of Recent Researches and Publications

Since digital twin technology has wide range of applications in engineering, manufacturing, research,
medicine, education, there is a growing number of researches on this topic.

Thus, Talkhestani et al. [2] propose an engineering approach to integrate multi-domain engineering
models on the Digital Twin based on anchor points of mechatronic components and Product Lifecycle
Management platform during the engineering phase. For a successful synchronization, first the anchor points of a
mechatronic component must be identified from a data source of a manufacturing cell, where its actual status is
reflected. Then, any occurring changes must be adjusted to the shell of a mechatronic component in the
production structure on the platform.

Madni at al. [3] present an overall vision and rationale for incorporating digital twin technology into
model-based system engineering (MBSE). The authors give a recommendation to make digital twin technology
an integral part of MBSE methodology and experimentation testbeds.

Hu et al. [4] propose a method for reduction of computing resources in the information processing
center for efficient interactions between human users and physical machines.

Iglesias et al. [5] consider digital twin applications for JET divertor. These applications enable
increasing the JET reliability, operational limits, and accuracy of experimental results.

Uhlemann et al. [6] present a concept for the realization of the digital twin contribution to the
development of cyber-physical production systems.

Ayani et al. [7] discuss digital twin modelling by using Simumatik3D® library which allows to reflect
the geometry, kinematics, logic and interfaces of the digital twin’s real analogue.

Modoni et al. [8] present the digital twin conceptual model and discuss the digital twin synchronization
challenges and technological solutions. One of challenges relates to managing the real-time and historical data.
The authors claim that the technological system supporting the digital twin must be endowed with scalable
capabilities that enable to harvest real-time data which can be captured, processed and transformed into
significant insights in an efficient manner.

Cai et al. [9] present sensor data integration and information fusion to build digital twins virtual
machine tools for cyber-physical manufacturing. The authors discuss the techniques for deploying sensors to
capture machine-specific features, and analytical techniques of data and information fusion are presented for
modelling and developing digital twins virtual machine tools. The authors claim that the presented technique can
be used as a building block for cyber-physic manufacturing development.

Lohtander et al. [10] discuss the main characteristics and the restriction needed to describe Micro
Manufacturing Unit model, which is used later on as an element of overall a digital twin. The digital twin
consists of a machine, material, method, measurement and modelling fields like a physical world describes it.

As a result of learning mentioned above and other published researches, we can conclude that in the
majority of researches there is a lack of attention to data synchronization and aggregation.
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Formulation of Research Objective

The primary objective of this research is to develop a concept of digital twin information technology for
medical decision support systems. The secondary objective is to analyse various medical data formats and to
develop an approach to synchronization of multimodal medical data; this approach will enable aggregation of
multimodal data sequences obtained from a wide range of medical diagnostic equipment with the purpose of a
patient’s digital twin creation.

Presentation of the Main Research Material

To develop a digital twin information technology, we need to analyse types of data sequences to be
obtained, presented, processed, stored, transmitted within this technology. Since these data sequences are
obtained from a wide range of medical devices and tools used in medical practice, the first task is to analyse the
medical equipment in terms of data obtained from these medical devices and tools.

All medical devices and tools can be divided into several groups which include diagnostic equipment,
medical laboratory equipment, medical monitors, therapeutic equipment, life support equipment, etc. In this
paper, we consider only devices and tools used for diagnostics.

Diagnostic devices and tools can be classified as measuring medical tools (thermometers,
sphygmomanometers, glucometers, etc.), laboratory equipment (biochemistry analysers, haematology analysers,
etc.), medical imaging equipment (ultrasound, MRI machines, PET, CT scanners, X-ray machines, etc.),
functional diagnostic equipment (electrocardiographs, electroencephalographs, electromiographs, rheography
devices, spirometers, etc.). These devices and tools can be either digital or non-digital. Measurement obtained by
using non-digital tools (e.g. mercury thermometer, manual sphygmomanometer) are usually recorded manually
either as paper notes or as electronic notes. Measurements obtained from digital equipment are presented as files
of certain formats depending on the type of medical equipment used. The most popular medical data file formats
are presented in Table 1.

Table 1
Medical Data File Formats
Data File File Main Data Type Investigation Type Availability of Time Stamps
Type Extension

File .FEF Biological Electrocardiography There is a time sample array

Extension signal measured data section; this

Format section can be absent [11].

BioSemi .BDF Multichannel Electroencephalography There are four time-related

Data Format biological fields: “Start date of
signals recording”, “Start time of

recording”, “Number of data
records” (it equals to -1 if this
number is unknown),
“Duration of a data record, in
seconds” [12].

LabPas HL7 HL7 Blood test Haematology analysis There is field “Date/Time of
results the Observation” [13].

Ultrasound UFF Ultrasound Ultrasound Investigation | There is “local_time” field

File Format research data (string value according to 1SO

8601) [14].

NIFTI .NII MRI data Magnetic Resonance The first three dimensions are
(imaging data, Imaging (MRI) reserved to define the three
statistical spatial dimensions, while the
values, and fourth dimension is reserved
other data such to define the time points [15,
as any vector, 16].
matrix, label set
or mesh)

DICOM .DC3, Medical images | Computer Tomography There are fields “Study date”

.DCM, and related data | (CT), Positron Emission | and “Study time” [17].
.DIC Tomography (PET), X-
Ray investigation, etc.

Comma- .CSV Integer values, Spirometry, There is no predefined time

Separated real values (in Thermometry, field [18].

Values ASCII) Sphygmomanometry,

etc.
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In certain diagnostics procedures, such as endoscopy in general and colonoscopy in particular, where
the result of investigation is video stream, general purpose file formats are used.

As we can conclude on medical data formats, most medical data formats predefine metadata field for
storing time stamps, however, the structure of the files differs significantly. Thus, there is a need in some upper
level file format which can be used as a wrapper for any other formats. The main requirement to such file-
wrapper is to present time stamps, which are extracted from the wrapped file content, in evident form easy for
further data synchronisation and aggregation.

Let us assume that data, which describe an object of study based on relatively long term of monitoring,
are to be received from N sources. These sources can be of any type: a digital device (sensor), an analog tool if
data is being received in real-time, or a local storage, a cloud storage, paper records if data has been collected in
past. From each data source, we obtain a data sequence of a certain modality. It is evident that the timeline of
data generation (recording) differs for each modality. For example, if we deal with data of life-long monitoring
of a patient’s health status, then we can face with a case when there are the following results of medical
investigations obtained in different days, months, or even years: MRI, ultrasonic, cardiogram, blood tests,
temperature records, blood pressure records. Some of these investigation results can be paper records, e.g.
temperature and blood pressure records. It is important that each record (both digital and non-digital) is
accompanied with time record defining the date and sometimes the time when this record is taken. Besides, in a
digital twin application, we can deal with data records are being taken in real-time, simultaneously with their
processing in the application.

In any case, from each source, we obtain a multi-image [19, 20, 21] as follows:

nj

. .
I = [T, M) 2, 4dd) 2] @
where t{ is a time value (t{ eT); dij is a data value of a certain modality (d{ € M;);

T is time values set; M; is data set of j-modality;

j=[1..N]. ' '

Thus, we can establish a direct relation between ¢/ and d;. However, in most practical cases, each data

sequence (d{ 21 is arranged as a file of a certain format which depends on a particular source of data. Such a
file is characterized by time of its creation or modification, but in general case either a file does not keep any
time stamps of data values or these values can be extracted by using a certain format-specific procedure. To
simplify the multi-image processing, we can wrap a file of any type in a file-wrapper (Fig. 1), which includes
three sections: a metadata section, a time values section, and a main section where the wrapped file is stored. The
metadata section takes 12 bytes and contains the keyword “TIME”, an identifier of the file type (e.g. “nii” for
NIFTI file format, “dcm” for DICOM file format, etc.), and a size of the time values tuple. The time stamps
section contains time values placed in ascending order. The main section contains the wrapped file as a whole;
this file is ready for using, e.g. for data reproduction.

Metadata section

“TIME” (4 bytes)
Wrapped file type (4 bytes)
Length of time tuple (4 bytes)

Time stamps section

Time values tuple (N bytes)

Main section
(wrapped data file)

Original data file (N*m)

Fig. 1. A file-wrapper structure
Such wrapping enables unifying synchronization procedure of data sequences obtained from different

sources (devices, tools, records, etc.).
A general scheme of multimodal data synchronization and aggregation is shown on Fig. 2.
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Data stream 1
Source 1
Data stream 2 » Data Collecting » Data Encoding
Source 2
\4
N - Multi-image
»  Data Timing Data _ ——
Data stream N Aggregation
Source N

Fig. 2. Multimodal data aggregation as a multi-image

The approach to multimodal data synchronization is based on assumption that we can temporarily store
N; values of i-modality in the Data Collecting module. Let us consider the case when we have data being
registered by two sensors. These sensors are independent, and they generate data with frequency f; and f,
correspondingly.

Let the first sensor generate the date sequence (tuple) d! = (d},d3},d3) within the timeline
t1 = (ti, t1,¢1,t1,td,¢2) as it is shown on Fig. 3a. Let also the second sensor generate the date sequence (tuple)
d? = (d?, d3) within the timeline t2 = (t2, t3, ¢3) as it is shown on Fig. 3b. Then the task is to synchronize these
data sequences according to the Digital Twin timeline (Fig. 3c).

It is important that the local time of an investigation can differ from a global time of the digital twin.
Besides, if investigation events within the patient’s health status life-long monitoring can be carried out in
different time zones. Another problem in data synchronization can be related with time skew caused with data
transfer delays which can appear in e-health and m-health applications. These reasons require development of
mathematical models [22] for different cases of multimodal data synchronization in digital twins.

1 1 1 1 1 1
& 4 8 L R
4 + ——— Timeline of sensor 1
1 1 1
d 1 d 2 d 3
—@ L 4 L 4 Data registration events of sensor 1
(a)
2 2 2
L t t3
t t t Timeline of sensor 2
d3 d?
—% § Data registration events of sensor 2
(b)

T Timeline of Digital Twin

}
d
4 \ 4 Digital Twin's data of modality 1

& & Digital Twin's data of modality 2
(c)
Fig. 3. Data synchronization principle: (a) Data Sequence from Sensor 1;

(b) Data Sequence from Sensor 2;
(c) Multi-Image Data of Digital Twin

The data synchronization and aggregation procedures are essential part of the digital twin information
technology which enable further processing of compound multimodal data structures.

The general concept of the information technology for a patient’s digital twin creation is presented in
Fig. 4. The first stage of the technology is to obtain data about the biomedical object. This data can be obtained
from various diagnostic medical equipment, such as medical devices, medical tools, laboratory equipment,
medical records. The data can be of both digital and non-digital nature. Digital data are presented in various file
formats depending on a medical device (sensor) used for measurements.

117



BICHHK XHTY M 3(70), 2019 p. IHOOPMAILIHHI TEXHOJIOTII

Medical Device 1

Hp File Type 1 » Timed File Type 1

Semantic Data
Model

'

Digital Twin
Representation

!

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
: Digital Twin l—
|
|
|
|
|
|
|
|
]
|
|
|
|
|
|
|
|
|
|
I

File Type n » Timed File Type n

¥

Medical Device n

Medical Tool 1

» Timed File Type n+1

Reproduction

e

Request for Data

Timed File Type
n+m

Medical Tool m

and Aggregation

> File Type n+m

Data Synchronization

1
1
]
I
]
]
1
]
1
]
]
]
1
l
1
1
:= File Type n+1
|
]
1
1
|
|
T
1
|
1
]
]
1
]
]
1

Laboratory = . _| Timed File Type ‘
Test Results > FileType ntm+l . n+m+1 '
Digital Twin
_______________ Processing

Timed File Type
ntm+2
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Fig. 4. Digital twin creation scheme

Since data files obtained on the first stage differ in their structure, the next stage is to convert every file
into the universal format which contain time stamps in a predefined format proposed in the previous section.
This conversion is carried out as wrapping an initial file by high level metadata which includes time stamps
section. As a result, timed file is obtained for each initial file of a certain type. Time stamps can be defined in
several ways: they can be extracted from the initial file metadata or they can be added manually.

The next stage is data synchronization and aggregation. The synchronization procedure uses time
stamps available in metadata of timed files. Synchronized data sequences are presented as aggregated data
structure called multi-image [19, 20, 21]. The obtained multi-image is a complex representation of the
corresponding digital twin data.

To create the digital twin, we need to know a semantic model of a corresponding physical twin, i.e. the
patient. This semantic model is supposed to be based on medical standards such as [23]. The personalized
semantic model of the patient is initial data for this information technology, along with data to be obtained from
diagnostic medical equipment. The synchronized and aggregated data is stored in conformity with the semantic
model. The data representation model can include several levels [24].

Both data processing and reproduction of the digital twin are based on external requests of information
retrieval, analysis, modelling, prediction, etc. depending on specific tasks of the patient’s health status
monitoring and investigation.

These main stages of the proposed information technology can be implemented as corresponding
components of an advanced medical decision support system.

Conclusions

Implementation of the digital twin concept into healthcare field creates an opportunity for development
of the next generation medical decision support systems. These new systems are to be based on personalized
semantic models and synchronized and aggregated multimodal medical data sets. These new key elements to be
added due to application of the proposed digital twin information technology will enable more accurate, flexible
and time-wise manipulation with patient’s health status data being obtained during long-term (life-long) medical
monitoring. In its turn, it creates favourite conditions for easier, deeper and more accurate medical diagnostics.

The proposed approach enables multimodal data collection, synchronization and aggregation. The data
sequences are collected from digital sensors of different types. The purpose of aggregation is obtaining a multi-
image which as a data model for the biomedical object’s digital twin.

The range of potential applications for digital twin technology in healthcare is quite wide and includes
e-health and m-health. In particular, it can be useful for Hospital-at-Home applications for chronical patients.
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