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Abstract. The paper proposes an approach to the creation of a network of cognitive monitoring of
a patient's condition in a telemedicine network. According to the World Health Organization, there are a
large number of patients in the world who require constant monitoring of their condition. It is practically
impossible to ensure control over the condition of these people through constant visits to medical
institutions. However, today, thanks to the use of information and communication technologies, the concept
of the Internet of things, it has become possible to solve this problem by creating a telemonitoring system.
An urgent issue for this telemedicine monitoring system is not only monitoring the patient’s condition, but
also the ability to predict changes in his condition, which can be solved by combining modern ICT and
cognitive technologies. The article identifies the main tasks of the cognitive network monitoring system and
its propsed architecture. A model of prognostic analytics is developed, and procedures for cognitive
monitoring of indicators of the patient's condition are formalized. The proposed approach to cognitive
monitoring allows not only the ability to monitor the current state of the patient, but also to predict his
condition in order to prevent the occurrence of emergency situations. An algorithm for choosing the optimal
0T platform for the implementation of a cognitive network monitoring system in telemedicine is presented.
The solution proposed in this work is a relevant example of the fact that cognitive technologies are able to
significantly change a number of functioning processes of modern information and communication
networks.
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AHoTauifa. Y cratTi 3anponoHOBaHO Migxig A0 CTBOPEHHA CUCTEMM MEPEXHOrO KOTHITUBHOrO
MOHITOPUHIY CTaHy 340pOB’A naudieHta B Mepexi TenemeauunHu. 3a gaHMMKU BCECBITHLOT opraHisauii 3
OXOPOHU 30POB’S1 Yy CBITi € 3HAYHA KINbKICTb NAUIEHTIB, AKi NOTPeOYTb NOCTIMHOIO Harnsay, KOHTPOIIO
IXHBOro cTaHy. 3abe3neynT NOCTINHMIA KOHTPONb CTaHY UMX MOAEN LLMSAXOM iX NOCTIMHOrO BiABiAYBAHHS
MeAWYHMX 3aKknagiB MpPakTUYHO HEMOXMMBO, ane CbOroAHi, 3aBAAKM BUKOPUCTAHHIO iHGopmMaLiiHO-
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KOMYHiKaUiMHUX TeXHOMOorin Ta KoHuenuii IHTepHeT pedei (1oT) 3’dBunacb MOMJIIMBICTb BUPILLMTK LIO
nNpobnemy LUASXOM CTBOPEHHS CUCTEMU MEAUYHOTO TENEMOHITOPUHTY. AKTyanbHUM NUTaHHAM AN gaHol
TeneMean4yHoi CUCTEMU MOHITOPUHIY € HE TiNbKM KOHTPOSb CTaHy 340pOB’A nauieHTa, a i MOXMUBICTb
NPOrHO3yBaHHA 3MiH CTaHy NauieHTa, Wo BUPILLYETLCS 3a paxyHOK NnoeaHaHHa cydacHux IKT Ta KOrHiTUBHMX
TEXHOMOrIN. ¥ cTaTTi BU3HAYE€Hi OCHOBHI 3aBAAHHA CUCTEMWU MEPEXHOro KOrHITUBHOIO TENEMOHITOPUHTY,
3anponoHOBaHO 1i apxiTekTypy. Po3pobneHo Moaenb MPOrHOCTMYHOT aHanitTMkM i hopManisoBaHi
npoueaypyu KOrHITUBHOrO MOHITOPWHIY NOKA3HMKIB CTaHy nauieHTa. 3anponoHOBaHWi Niaxia KOrHITUBHOIO
MOHITOPUHTY AO3BONAE HEe TiNbku Bigobpa)katu MOTOYHWUI CTAH MOKA3HUKIB, LLO CMOCTEpirawTbes, a W
MPOrHO3yBaTh iX 3MiHM 3 METOK CBOEYACHOTO MOMEPEMKEHHA MPO MOXJIIMBICTb MOSBM NO3aLUTATHUX
cuTyauin. HaBegeHo anroputm Bubopy ontumanbsHoOi loT-nnatdopmmu aAna peanisauii CMCTEMU MEPEKHOTO
KOFHITUBHOIO MOHITOPUHIY B Mepexi TenemeauuuHu. [MponoHoBaHe B CTaTTi PILLEHHA € aKTyarbHUM
NPUKNAgoM TOrO, LLO KOTHITUBHI TEXHOMOrT 34aTHi iCTOTHO 3MIHUTU HU3KY NpoUeciB PYHKUiIOHYBAHHA
cyvacHux iHhopMaLinHO-TENEKOMYHIKaLInHUX MEpPeX.

KnioyoBi cnoBa: TenemeguuuHa, KOTHITUBHI TexHonorii, IHTepHeT pedel, loT-nnatdopma,
TENEMOHITOPUHT.

AHHOTaumMAa. B crTatbe npegnoXeH noaxod K CO34aHWUI CUCTEMbl CETEBOTO KOTHUTMBHOMO
MOHWUTOPUHIA COCTOSIHUSI MauUMeHTa B CETU TeneMeauuuHbl. MO0 AaHHBIM BCEMMPHOW OpraHusauuu
34paBOOXPAHEHUS, B MUPE €CTb B0MbLIOE YACIO NALKUEHTOB, KOTOPbIE TPEOYIOT MOCTOSHHOTO KOHTPOSS UX
cocTosAHMA. ObecneynTb KOHTPONb COCTOSHUS 9TMX JIOAEN 38 CYET MOCTOAHHOTO MOCELUEHUA HUMMU
MEAULMHCKUX YYPEXOAEHUW NPaKTUYECKM HEeBO3MOXHO. OAHako cerogHs, Onarogapa MPUMEHEHUIO
MHPOPMALMOHHO-KOMMYHUKALUMOHHBLIX ~ TEXHOMOIMK,  KOHUenuuu WMHTepHeT BeweW nossunach
BO3MOXHOCTb PELNUTb 3Ty NpobnemMy nyTem COo34aHusd CUCTEMblI TENEMOHWUTOPWHra. AKTyanbHbIM
BONPOCOM ANA AAHHOW TenemeauuMHCKOW CUCTEMbI MOHWTOPUHIA SABNAETCSA HE TONbKO KOHTPOSb
COCTOSAHMA NAUMEHTA, 8 U BO3MOXHOCTb NMPOrHO3MPOBAHUS U3MEHEHUS €r0 COCTOSAHMUSA, YTO MOXET ObITh
peLueHo 3a cyeT obbeanHeHns coBpeMeHHbIX VKT 1 KOrHUTUBHBLIX TEXHONOMMIA. B cTaThbe onpeaeneHsbl
OCHOBHbIE 3aJa4u CUCTEMbI KOTHUTUBHOIO CETEBOrO TENEMOHUTOPMHIA, MPEASIOXKEHO €& apXuUTeKTypy.
PaspaboTtaHo MoOAenb NPOrHOCTMYECKOW aHanMTukM u (popmanusoBaHbl NpouUeaypbl KOTHUTUBHOIO
MOHWUTOPUHIa MOKa3aTenen COCTOSAHWUA mauueHTa. MNpeanoXeHHbIW NOAX0A KOrHUTMBHOTO MOHWTOPWHIa
NO3BOMSAET HE TONbKO KOHTPONMPOBATb TEKYLLEE COCTOSAHUE MALUEHTA, a U NPOrHO3MPOBAaTh €ro COCTOAHME
C LUENbIO yNpeXaeHusi MOSABIEHUs] BHELUTATHbIX CUTyauuii. NMpueeaeH anropuTm BeiGopa onTumanbHou [0 T-
nnaTdopMbl AN peanu3auun CUCTEMbl KOTHUTMBHOIO CETEBOr0 MOHWUTOPWHIA B CETU TenemeauUMHBI.
Mpeano>keHHOe B CTaTbe peLleHUe SABMSAETCH akTyarnbHbIM NPUMEPOM TOTO, YTO KOTHUTUBHBIE TEXHOMOTMK
CMOCOBHBI CYLLECTBEHHO U3MEHSTb PAA NPOLECCOB DYHKLUMOHUPOBAHMA COBPEMEHHBLIX MH(POPMALMOHHO-
KOMMYHWKALMOHHBIX CETEN.

KnioyeBble crnoBa: TenemeauuuHa, KOTHUTUBHbIE TexHonoruu, WHTepHeT Bewewn, loT—
nnaTdopmMa, TENEMOHUTOPUHT.

The current trend in the development of information and communication technologies
(ICT) is the introduction of intellectualization functions - the creation of cognitive systems. One
of the main areas of application of intellectual and cognitive technologies is healthcare. Modern
ICTs allow the creation of so-called telemedicine networks which allow patients to receive quality
and timely medical care in all circumstances, regardless of any factors (long distance, difficult
weather conditions, etc.). According to WHO, there are a large number of people in the world who
need constant monitoring and control of their condition The vast majority of these are people
suffering from cardiovascular disease or diabetes [1, 2]. Previously it was practically impossible
to have constant monitoring of the conditions of these people, but today, thanks to the use of ICT
and the concept of Internet of Things (IoT), it has become possible to create telemonitoring
medical systems. Telemonitoring is a medical service that allows the patient to be constantly
monitored and to transmit the data to the medical facility in real time [1-3]. In this way, modern
ICTs allow the creation of a telemedicine networked system for the remote monitoring of the health
of patients who are not able to be permanently under the supervision of a qualified healthcare
professional but who need constant monitoring. A topical issue for this telemedicine system is not
only the control of the patient's health, but also the ability to predict changes in the patient's
condition. The solution to this problem is possible through the use of modern ICT and IoT
technologies.
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The processing of medical monitoring data in order to assess and predict changes in the
patient’s condition, as well as to convert the data into a form that is necessary for their transmission
to external objects, requires special procedures, the methods of implementation of which are
discussed below. Fig. 2 shows the architecture of the cognitive telemonitoring system.

The level of the
user interface

The level of implementation
of cognitive logic

Level of data processing

The level of sensors

Figure 2 - Architecture of a cognitive telemonitoring system

The cognitive telemonitoring system monitors the patient's condition to prevent
deterioration of his condition and prevent emergencies. Depending on the type of disease, different
medical parameters may be monitored. For example, for patients with cardiovascular disease there
is a high risk of myocardial infarction. The main signs of a heart attack are a significant drop of
blood pressure, disturbance of heart rate, shortness of breath (respiratory rate). The system tracks
these indicators:

— Continuous non-invasive blood pressure;

— Heart rate;

— Respiratory rate.

The determination of the trend component of the changes in the indicators that are
monitored makes it possible to predict and recognize the deterioration of the condition of the
patient with a predetermined warning period during which can be taken actions to reduce negative
effects. Therefore, such telemonitoring system can be defined as cognitive system [4].

Cognitive monitoring is performed by a system consisting of two functional subsystems -
subsystems of cognitive analysis and subsystems of interpretation of results. It is proposed to
introduce cognitive monitoring procedures using statistical analysis of time series and statistical
forecasting methods [5-7].

The initial data are:

— forecast bias periods LK, LC, LD (short-term, situational and long-term, respectively),
which are set based on the doctor's recommendations;

— parameter to be monitored. Y is a set of parameters with power m that describe the
dynamic characteristics of the monitoring object.
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where F" - the number of functions corresponding to the declared; F° - total number of declared

functions.
Then the function of choosing the IoT platform to create a system of cognitive monitoring
in the telemedicine network, subject to cost constraints, can be written in the following form:

1
y =) w,-Funct,+— —>maxic|ln|,
C <C,.,

where C, 1s the cost of the /-4 10T platform; C___-the maximum permissible cost of the platform;

w, is the element of the matching vector /¥ and takes on the value

w. =

7

1,  if the i-th characteristic is needed,
0. Otherwise, (4)

2

ie[l,n]
CONCLUSIONS

The paper proposes an approach to the creation of a network of cognitive monitoring of a
patient's health in a telemedicine network. The proposed solution is a relevant example of cognitive
technologies that are able to significantly change the number of processes of modern information
and telecommunication networks. The main tasks of the network cognitive telemonitoring system
are defined and its architecture is proposed. A model of prognostic analytics has been developed
and formal procedures for cognitive monitoring of patient's state parameters have been formalized.
The proposed cognitive monitoring approach not only reflects the current state of the observed
parameters, but also predicts their changes in order to promptly warn about possible emergencies.
The algorithm of choosing the optimal loT platform for implementation of the network of
cognitive monitoring in the telemedicine network is presented.
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