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Methods of data mining and intelligent analysis of are investigated for the development of a
mobile intelligent application “Emergency Medical Aid”, which effectively solves the problems
of information support for medical purposes in a particular emergency situation for the user.
With the help of Data Mining methods, a knowledge base for a personal assistant has been
developed, which makes it possible to analyze indicators of a person’s condition and draw
conclusions regarding the diagnosis in the field of emergency medicine. The knowledge base
presented allows us to apply the inference model with the possibility of using fuzzy rules.

To improve the efficiency of determining the diagnosis by the system using the Process Mining
methods, models of the business process of the medical information system have been created,
built on the basis of an artificially generated event log compiled with the involvement of
experts in the subject areas of emergency medicine.

An intelligent application on the iOS platform that plays the role of a personal assistant for
decision support is presented.

Keywords: data mining, process mining, personal assistant, iOS, framework, medical services,
emergency, algorithm.

METOIU IHTEJIEKTYAJIBHOI'O AHAJII3Y IMTPOLIECIB
Y MEJUYHUX IHOOPMAIIMHUX CUCTEMAX

B. O. ®iaaros, A. JI. €poxin, O. B. 3oa0tyxin, M. C. Kynpssuena
XapkiBcbkuii HallioHAJILHUI YHiBepCHTET paaioesIeKTPOHIKH

JlocIimKeHO MEeTOAM 1HTENEeKTYaIbHOTO aHai3y MPOLECIB, SKi MPOTIKAIOTh Y MEAUIHUX iHPOP-
MaliifHuX cucTeMax. BiBYeHO MeToaM BUIOOYTKY JaHHUX Ta iHTENEKTyalbHOTO aHaNli3y MPOIECiB
UL PO3pOOKH MOOUTFHOTO iHTENEKTyalnbHOTo nomatky ‘“Hemimkmamna memmyHa momomora”,
SIKHI €)EeKTUBHO BHUPIIIye MpoOsieMu iHPOPMAaLiTHOTO 3a0e3MeYeHHS] MEANYHOTO MPU3HAYCHHS
y KOHKPETHiH Haa3BM4YaiiHill cuTyawil Juis KiHIEBOro KopucTyBauya. Taka 3amada € 0coOiMBO
aKTyaJIbHOIO uepe3 nmanzaemiro Bipycy SARS-CoV-2.

Bukopucrano meroan Data Mining, Ha OCHOBI SIKMX po3po0iieHo 0a3y 3HaHb AJIs EPCOHAIb-
HOT'O aCHCTEHTa, L0 J]a€ MOXJIMBICTh aHANI3yBaTH MOKA3HHKU CTaHY JIIOAMHU Ta POOUTH BH-
CHOBKH IIOJI0 AiarHo3y B rajy3i eKCTpeHoi MeauuuHu. Po3pobiieHa 6a3za 3HaHB Ja€ MOXJIHU-
BICTb 3aCTOCYBATH MO/IE]Ib YMOBHUBO/Y 3 MOYKIIUBICTIO BUKOPHCTAHHS HEYITKHUX TIPABHIL

JUts minBuiieHHs e(EeKTUBHOCTI BU3HAYCHHS AiarHO3y CHCTEMOIO 3 BHKOPHCTaHHSM METO/IiB
Process Mining cTBopeHi Mozenmi Gi3Hec-Tiporiecy MeaAnIHOI iHpopMamiiiHoi cucremu. st mo-
Oy/IOBH TakMX MOJieJIei 3alpoNOHOBaHO BUKOPHUCTOBYBATH LITYYHO CHOPMOBAHMIA JKypHAI IMO-
M, 110 CKJIAJIeHHUH 31 3aJTy4eHHM EKCIIePTiB 3 IaHOTO MPeAMETa 3a HapsIMOM HEBiIKIIaIHOT Me-
quimHA. Ilig yac cTBOpeHHsT MozeNell BUKOHAHI TakKi eTanu: OTpUMaHHS JKypHaiy 0i3Hec-Tpo-
1eciB, Bizyauizauis rpadikiB Ha OCHOBI pe3yJbTaTiB KIacTepH3alil )KypHaIy BUXIAHUX JaHUX
Oi3Hec-TIpolIeciB, HOBa T'eHEpAIlisl )KypHAy MOJiil Ha OCHOBI OTPUMAHOTO rpadiKy Ta CTBOPEH-
Hsl MOJIENI Ha OCHOBI MITYYHOTO KypHAITy Oi3HEC-TPOLIECiB.

[pencraBineno iHTeNeKTyalbHMI 3aCTOCYHOK Ha matdopmi iOS, skuif BUKOHYeE posb ocoduc-
TOTO aCHCTEHTA JUIS MiATPUMKH IPUIHATTS pilieHb. Y MpOrpaMHOMY 3aCTOCYHKY peasli3oBaHi
Taki QYHKIIIT:
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— IIBMAKA JONOMOTa MIBHAKOTO HAOOpY, NMeperisa KapTH MeIWYHHUX YCTaHOB Ha eoJIoKalliiHi
KapTi KOPHCTYBaya; MOXIIUBICTh BUMIPIOBaHHS ITyJIbCY. 3aCTOCYHOK Ma€ MiHIMaliCTHYHHUN iH-
Tepdelic, o T03BOIIsIE CKOPOTUTH Yac, HEOOXITHUHN JUIS TOUIYKY MTPABIJIBHOTO JiarHo3Yy.

KirouoBi cioBa: 0doOysannsa damux, 0obysamus npoyecis, nepconanrvHuii acucmeum, iOS,
@petimsopx, meduuni cepgicu, asapitina cumyayis, ancopumm.

Introduction. Mining data and processes in medicine is one of the tools for ana-
lyzing experimental data and clinical observations [1, 2]. The mathematical apparatus
is widely used for diagnostic purposes, solving classification problems and searching
for new patterns, for formulating new scientific hypotheses. The processing of medical
research is based on the principle — what is true for a random sample is true for the
population from which the sample is obtained. However, choosing or collecting a truly
random sample from a general population is practically very difficult. Therefore, one
should strive to ensure that the sample is representative of the studied populations, that
is, adequately reflects all possible aspects of the studied state in the population.

On the other hand, the last few years have seen an active increase in the popularity
of mobile devices. The increase in power and performance of mobile devices has ex-
panded the range of problems that can be solved with their help. Thanks to the built-in
sensors of geolocation, motion, cameras, as well as their compact size, mobile devices
have advantages over desktop personal computers, as well as more efficiently solve a
wide range of tasks. In the modern world, mobile devices are effective assistants in
business, widely used in medicine, taxi and delivery services. Experts draw consumers’
attention to the fact that now on the market of mobile platforms, iOS and Android are
gaining rapid popularity lately.

The application market is filled with a huge variety of applications ranging from
simple games to commercial business applications. In turn, applications can be const-
ructively different in nature: educational, entertainment, auxiliary and others. The num-
ber of applications of one nature or another depends directly on the interest of users.

After analyzing the market for existing applications, we can say that there are
practically no solutions that would help in emergency situations, in particular
emergency medical care. Emergency medicine is one of the few industries in which the
human factor plays a major role. Unfortunately, the most used transport for arriving at
a patient and for further transportation to a medical facility is an ambulance driven by a
human driver. Despite the special traffic rules for them, there is still a chance that the
ambulance will arrive too late, and in Ukraine this chance is especially actual. The actual
guestion is what then to do to the patient in this case.

The paper proposes to investigate intelligent methods for analyzing medical infor-
mation on emergency systems and develop a mobile intelligent application that will be
used for medical purposes as a personal intelligent assistant in the provision of emer-
gency medical care. The work is relevant due to the events of the SARS-CoV-2 pande-
mic in the world, the reform of medicine, as well as the lack of such solutions on the
market.

The purpose of the research. The paper examines the study of methods of data
mining and processes, the development of an intelligent application “Emergency medi-
cal care” on the iOS platform, which effectively solves the problems of information
support in medical emergencies for the user [3].

To achieve this goal in the work it is necessary to carry out:

— research of methods of data mining and processes;

— presentation of a knowledge base that allows one to analyze the indicators of a
person’s condition and draw conclusions regarding the diagnosis in the field of emer-
gency medicine;

— implementation of intelligent analysis of processes;
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— creation of a model of the IS business process, built on the basis of an artificially
generated event log compiled with the involvement of experts in the subject area of
emergency medicine;

— development of an intelligent application on the iOS platform;

— testing of the developed application.

The software application must have two modes of operation: manual and automatic.

In manual mode, the user has determined his diagnosis and is trying to find ways
to treat it before the ambulance arrives.

Automatic mode refers to those users who cannot diagnose themselves, in which
case the application begins to interact with the user through dialog boxes.

The following functions must be implemented in the software application: speed
dial ambulance; viewing a map of medical institutions on the user’s geolocation map;
the ability to measure the pulse; a minimalistic interface to reduce the time it takes to
find the right diagnosis.

Material and methods. Data Mining is an in-depth study of data, and Process
Mining, respectively, is the study of processes. Both directions solve the same problem
— business analytics, business process analysis [4, 5].

Let’s consider the main similarities of Data Mining and Process Mining techno-
logies: used to analyze large amounts of data that cannot be analyzed manually; extract
knowledge from data that can be used to make business decisions; use mining techno-
logies (or deep analysis technologies) in which algorithms go through large amounts of
data in search of models and relationships.

At the same time, it is necessary to delimit the spheres of technology activity.

Data Mining uses a multidimensional view to identify trends in interactions
between objects. Conclusion — Data Mining is aimed at finding patterns.

Process Mining, in turn, builds process models. It analyzes processes and events,
detects process performance deviations, bottlenecks and inconsistencies. Event logs,
audit logs, as well as data and events in information systems are used as input data.

Process Mining is the link between data mining and traditional BPM (Business
Process Management) organization. Data Mining “extracts” valuable information by
analyzing data, but, as a rule, does not affect processes. This is where Process Mining
is used.

Using the methods of Data Mining technologies, a knowledge base is presented,
using which it is possible to apply an inference model with the possibility of using
fuzzy rules (Fig. 1).

General description of the Process Mining method. At the first stage, using the
Process Mining method, it is necessary to build a model based on the existing event
log. Next, a model is used to artificially generate new process instances. This model is
flexible enough that the output may result in process instances that were not in the ori-
ginal process log. The presence of such additional behavior should increase the accuracy
of the resulting model and improve its overall performance.

For this purpose, it is necessary to take a complete log of the business process of
the information system, compiled with the involvement of experts in the subject area.

Next, build a model (or models if the instances of the business process are different
and have a complex structure). Generate new process instances based on the corres-
ponding model. Build a new business process model based on the event log using
business process recovery algorithms. Based on the existing event log, it is necessary to
teach a model that will encapsulate the behavior contained in the log.

The main requirements for the model are:

— simplicity that will not allow you to get a model that is “retrained”. Such a model
would be useless, since it would be possible to obtain such a log without introducing
additional behavior into it;

94 ISSN 0474-8662. Information Extraction and Process. 2020. Issue 48 (124)



— storing basic order relations between elements of the event space, which will
avoid adding unnecessary “noise” in the process model. Adding “noise” can only worsen
the metrics of the process model, and add additional work to filter out deliberately
incorrect process instances in the log.

Results. Within the framework of practical results, the implementation of the Data
Mining method is presented in the form of a rule base for storing diagnoses (Fig. 1).

The application uses the key to the file with the structure (Fig. 1) and receives a
dictionary that stores all the information and diagnosis. The rule base presents
information in the form of a diagnosis with its name, a step-by-step guide to first aid
and steps that illustrate user actions.
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Fig. 1. The rules base for the application.

A business process model is used to move from Data Mining methods to Process
Mining methods. Using the Process Mining method, we will build a model based on
the existing business process log of the information system, compiled with the
involvement of experts in the subject areas of emergency medicine:

Getting a log of business processes (Fig. 2):

Fig. 2. General information about the business process log.

Graph visualization based on the clustering results of the output log of business
processes (Fig. 3).

New event log generation based on the resulting graph and model creation based
on an artificial log of business processes.

Such a model is quite flexible, at the output we get process instances that were not
presented in the original process log, which increases the accuracy of the resulting
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model, improves its overall characteristics, allows for a more accurate diagnosis and
offers the patient emergency measures.
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Fig. 3. New event log.

Figure 4 shows the algorithm of the software application.

Discussion. Analysis of the subject area and analysis of existing solutions show
that existing solutions cannot claim to be a personal assistant in the field of emergency
medicine. The implementation of such an application will allow us to occupy a niche in
the appstore for the iOS platform.

During the implementation of the application, bottlenecks in the application were
identified that require improvement, namely: despite the depth of the analysis performed,
at this stage the application will not be able to help the user in all critical situations that
may arise, and in no way will be able to replace the help of the ambulance team. This is
due to the fact that the area of “Emergency medical care” is quite extensive, in which it
will be difficult for an ordinary user to separate the main part from the secondary part
without losing details. Working closely with a healthcare facility can improve this
indicator.

Another factor is the uniqueness of the content within the application, we are not
talking about the text load for the user, but about the image illustrating the steps to help
the victim, as well as the design of the application. The use of free images from the
Internet creates the risk of copyright infringement when using someone else’s content,
and there is also a possibility that the images will overlap between services, which is
unacceptable, otherwise the user of the final product will have a thought about the
unreliability and insufficient quality of the software product.

Work on the creation of the paid version will be carried out in several directions.

The disadvantages listed above determine the further vector of application
development. Since this version will be distributed free of charge, it is planned to
develop a paid version of the application in the future. Compared to the basic version,
the paid version will have a number of significant differences.

It is supposed to develop the server side for the application. This is important
because the following will be implemented:
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—secure login to the application using a username and password;
— creating a personal account for storing the user’s personal information;
— added support for third-party devices such as Apple Watch and other fitness

trackers.
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Fig. 4. Algorithm of the software application.

A client part for a doctor will also be developed:

Mo

To request
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(if this is a service

managemam
(il this is a change
proposal)

— a patient will be assigned to each doctor, access to the user’s personal data will

help to simplify medical interaction with the patient;

— implementation of the ability to make voice and video calls within the application;
— using push messages to speed up data exchange between client applications.
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Despite the fact that the interaction between the patient and the doctor will take

place through the application, it is highly recommended to create a web version of the
application. Of course, it will not have the same functionality as the mobile version, but
it should fully cope with the task of information support for the user.

CONCLUSIONS
Thus, the studied subject area is quite promising, especially in our country. The

space of technologies and the absence of competitors allows one to realize a more
responsible approach to the development process of all software product parts, and
interaction with medical institutions will be able to bring the product to a qualitatively
new level. The best option would be to integrate with a private clinic for reliability and
process automation, developing in this direction will help save lives.
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