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HEART RATE VARIABILITY SERIES ANALYZING BY FUZZY
LOGIC APPROACH

Raimondi G., Martynenko A., Barsi L., Maliarova L.

Introdution. Exercise can be defined as any structured and planned activity leading to an increase of
energy expenditure, breathing and pulse rate. In the context of a correct lifestyle, a regular physical activity
reduces the probability of cardiovascular events, diabetes and other possible related diseases. The aim of this
study is to evaluate the neurovegetative cardiovascular regulation and the fluids distribution in healthy
subjects undergoing dynamic and isometric training regimes. We have employed Heart Rate Variability
(HRV) analysis by various mathematical methods that are classified as Time Domain (TD), Frequency
Domain (FD) and Nonlinear (NM). We incorporated currently existing HRV indicators into a unified Fuzzy
Logic (FL) methodology, which in turn will allow to integrally assessing each metric and HRV results as a
whole.

Objective. The goal of this study is to verify the response of the ANS before and after the execution of
different training in the clearest view by our Fuzzy Logic approach to Heart Rate Variability series analysing.
Our Fuzzy Logic algorithm incorporate into a single view of each metric, — Time Domain, Frequency
Domain, Nonlinear Methods and HRV as a whole.

Materials and methods. 24 young subjects aged between 20 and 30 (11 males and 13 females) have been
enrolled. Exclusion criteria are: tobacco use; BMI > 25 kg/m? cardiovascular diseases; blood pressure
> 140/90 mmHg; chronic pathologies; sport competition. Each of the examined subjects underwent four
different tests and analyses: before the beginning of the isotonic training, which has been carried out by
30-minute run each day for a period of 20 days, and after the end of the training, both in upright and supine
position; before the beginning of the isometric training, which has been carried out by lifting a 2-kg weight
for 30 minutes per day for a period of 20 days, and after the end of the training, both in upright and supine
position.

Conclusion. HRV is a complex phenomenon, study of which requires various approaches and methods.
However, a comprehensive view of HRV is only possible when there is a technology similar to Fuzzy Logic,
one that allows combining all used methods and approaches into an integral assessment. In this article, we
showed the Fuzzy Logic approach for series of Heart Rate Variability records and we can assert that: the
training through exercises of dynamic type could reduce the cardiovascular risk, thus confirming the
importance of a correct lifestyle; the isometric exercise generally produces an increase of the indexes of the
sympathetic activity and then an increase of the cardiovascular risk with reduced cardioprotection; the Base
state (before training) showing the biggest distance from abnormality because the Norm HRV values were
defined for calm body state — before any training or disturbances; FL distances after Isometric training
showing the worst distance from abnormality.
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INTRODUCTION

Exercise can be defined as any structured
and planned activity leading to an increase of
energy expenditure, breathing and pulse rate.
In the context of a correct lifestyle, a regular
physical activity reduces the probability of
cardiovascular events, diabetes and other
possible related diseases. The aim of this
study is to evaluate the neurovegetative
cardiovascular regulation and the fluids
distribution in healthy subjects undergoing
dynamic and isometric training regimes. We
have employed Heart Rate Variability (HRV)
analysis by various mathematical methods
that are classified as Time Domain (TD),
Frequency Domain (FD) and Nonlinear (NM)
[1, 2]. Diversity of methods and approaches
to analysis of HRV is stemming from
complexity and nonlinearity of the pheno-
menon itself, as well as from greater diversity
of physiological reactions of an organism,
both in normal and pathological states.
Initially mentioned in [1] are 11 indicators of
TD, 7 indicators of FD, 6 indicators of NM
and 5 ways of graphical analysis of NM.
However, during the 25years of HRV
development and improvement since [1] had
been published, the number of HRV
indicators has increased significantly. This is
especially true for the area of NM, where the
number of distinct variants of NM indicators
has increased multi-fold. Thus, for example,
in [3] there are 42 various HRV indicators
discussed for the area of NM. A good review
of HRV metrics and norms is provided in [4],
in which it is highlighted that every one of the
reviewed HRV metrics — TD, FD and NM,
has its own distinct features and advantages.
We incorporated currently existing HRV
indicators into a unified Fuzzy Logic (FL)
methodology [5], which in turn will allow to
integrally assess each metric and HRV results
as a whole. There are more advanced topics
of FL applications for HRV [6, 7, 8, 9, 10].
Therefore, the goal of this study is to verify
the response of the ANS before and after the
execution of different training in the clearest
view.

MATERIALS AND METHODS

24 young subjects aged between 20 and 30
(11 males and 13 females) have been
enrolled. Exclusion criteria are: tobacco use;
BMI > 25 kg/mz; cardiovascular diseases;

blood pressure > 140/90 mmHg; chronic
pathologies; sport competition. Each of the
examined subjects underwent four different
tests and analyses:

o before the beginning of the isotonic
training, which has been carried out by
30-minute run each day for a period of
20 days, and after the end of the training, both
in upright and supine position.

e Dbefore the beginning of the isometric
training, which has been carried out by lifting
a 2-kg weight for 30 minutes per day for a
period of 20 days, and after the end of the
training, both in upright and supine position.

A 5-minute resting ECG was recorded
through Cardiolab™ by which we have
performed the linear analysis of HRV both in
the time domain (classical statistical analysis)
and in the frequency domain (spectral
analysis), and later for 5 minutes during the
Tilt-Test. Later, the tachogram was evaluated
by Kubios for the nonlinear analyses
(Poincaré Plot and DFA) and by own
methods for Entropy [11] and Correlation
Dimension D2 [12]. Also, the body
composition was evaluated through the body
impedance analysis (AKERN) in the enrolled
subjects, in supine position in relaxed state
for 4-5 minutes.

We used the advantages of Fuzzy Logic
(FL) to incorporate various not always
accurately defined data, received from
observing a system, into a unified
mathematical model of a fuzzy logical
argument about state of the system. In our
case, we define the extent of belonging to
normal state both for each distinct HRV
metric — TD, FD and NM, and for a patient’s
HRV in general. Membership functions of
any HRV index are presented on [1]. We
compare the notion of ‘Norm’ with a mean
value of HRV, established on standard
records of RR-intervals. Notions of
‘Abnormal Low’ or ‘Abnormal High’ are
compared with values of indices, which are
away from a mean M value by a parameter of
3o. Statistically, it corresponds to 99,8 % of
confidence level of validity of statement
about abnormal value of a parameter.
According to presented defuzzification rules

[5]:

-1V Value <M — 30
2sign(Value—M)(M—-Value)
o +1

—1v Value > M + 30

FL=




we calculate FL scores of all HRV indicators.
Mean values of FL scores for each metric and
for all HRV indicators will define the extent
of validity of argument about normalcy of
state of each metric and of the whole HRV.

RESULTS AND DISCUSSION

We demonstrate the advantages of the
proposed FL approach by analyzing HRV
series: in Base (before training) and after
Dynamic and Isometric training for Clinostaic
and Orthostatic positions in Tilt tests. There
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are over a hundred of total number of
diagrams for analyzing without our FL
approach and all of them shows different
behaviors. Even our FL approach for different
HRV domains, — TD, FD and NL shows
unclear view (see left part of Fig.1 and
Fig. 2). This is accented for the problem of
understanding of complexed and different
indexes. Only our final FL compression (see
right part of Fig.1 and Fig. 2) shows clear
view for complex changes of HRV series.
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Fig. 1. Clinostatic position: left side — FL distances from abnormal state for TD, FD, NL in
Dynamic/lsometric, Base/Tilt; right side — total FL distances from abnormal state of HRV
for Base/Dynamic/lsometric.

Of all considered examples of FL analysis,
the worst result is demonstrated after
Isometric training, — there are the smallest

distances

to abnormal state for

both

Clinostatic and Orthostatic positions. The

Base state (before training) showing the
biggest distance from abnormality (Fig. 1 and
Fig. 2) because the Norm HRV values were
defined for calm body state — before any
training or disturbances.
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Fig. 2. Orthostatic position: left side — FL distances from abnormal state for TD, FD, NL in
Dynamic/lsometric, Base/Tilt; right side — total FL distances from abnormal state
of HRV for Base/Dynamic/lsometric

CONCLUSIONS

HRV is a complex phenomenon, study of
which requires various approaches and
methods. However, a comprehensive view of
HRV is only possible when there is a
technology similar to Fuzzy Logic, one that
allows to combine all used methods and
approaches into an integral assessment. In
this article, we showed the Fuzzy Logic
approach for series of Heart Rate Variability
records.

The results of our research we can show in
a combined view (Fig. 3) as the distances
from abnormal HRV state (Fuzzy Logic
scores) for Clino and Orto positions in Base
state (ClinoB and OrtoB) and after Dynamic
(ClinoD and OrtoD) and lIsometric (Clinol
and Ortol) exercising. This is the advancing
of proposed FL method that combines in one
view all different HRV indicators from
different domains: TD, FD and NM.
Naturally, we can deeply research FL results
for each domain separately.
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Fig. 3. Distances from abnormal HRV state (Fuzzy Logic scores) for Clino and Orto positions
in Base state (ClinoB and OrtoB) and after Dynamic (ClinoD and OrtoD) and Isometric
(Clinol and Ortol) exercising.

In conclusion, we can assert that:
e the training through exercises of

cardioprotection. This is confirmed by
showing as the smallest Clino to Orto

dynamic type could reduce the cardiovascular
risk, thus confirming the importance of a
correct lifestyle. This is confirmed by training
effect that showing as the biggest Clino to
Orto excursion on the Fig.3 - the
sympathetic activity in Tilt test are increasing
over the Base;

e the isometric exercise generally
produces an increase of the indexes of the
sympathetic activity and then an increase of

excursion on the Fig.3 — the sympasetic
activity is dumping in Tilt test;

e the Base state (before training)
showing the biggest distance from
abnormality (Fig. 1 and Fig. 2) because the
Norm HRV values were defined for calm
body state — before any training or
disturbances;

o FL distances after Isometric training
showing the worst distance from abnormality

the cardiovascular risk with  reduced (Fig. 1 and Fig. 2).
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AHAJII3 CEPI 3ATIMCIB BCP 3A JIOIIOMOI'OIO HEUYITKOI JIOT'TKHA
Paiimonoi /1., Mapmunenko O., bapci JI., Manapoea JI.

Beryn. BripaBy MO)kHa BU3HAYHTH SIK Oy/Ib-SIKy CTPYKTypOBaHYy Ta 3aIlJIAaHOBaHY IiSUIBHICTB, IO BEIE O
30UIBIICHHS BUTPATH €HEprii, JUXaHHSI Ta YaCTOTH IyNbCy. Y KOHTEKCTI IPaBHIIBHOTO CIOCOOY XHTTS
perynspHa (i3udHa aKTUBHICTh 3HIKYE WMOBIPHICTH CEpIICBO-CYJUHHUX 3aXBOPIOBaHb, Aia0deTy Ta iHIIHX
MOXIIMBHX 3aXBOPIOBaHb. METOI0 IbOTO JOCITIIPKEHHS € OIiHKa HEHpOBEreTaTHBHOI CEpLEeBO-CYANHHOI
PeryIsImii Ta pO3NOALUTY PIAMHU Y 3J0POBUX CYO’€KTIB, IO MPOXOIATh PSKUMH JUHAMIYHHUX Ta 130METPHIHUX
TpeHyBaHb. MU BUKOPHCTOBYBAlM aHali3 BapiabempHOCTI cepreBoro putMmy (BCP) Ha OCHOBI pi3HHX
MaTeMaTHYHUX METOIB, SIKi KIACH(]IKYIOThCS K MeToan TuMiacoBoi obmacti (TD), wactorHoi obmacti (FD)
ta HeniHiiHI (NM). Mu BIrOUnIy icHyro9i B gaHuil yac nokasHukd BCP y ennHy METOIONOTiIF0 HEYITKOi
noriku (FL), sika, y cCBOIO 4epry, JO3BOJISIE KOMIUIEKCHO OLIHIOBATH KOXHY TPYIy METOJIB Ta Pe3yJbTaTH
BCP 3aranom.

Mera. Mera 1pOro JOCTDKCHHS — MpOaHANi3yBaTH Ta Bi3yamizyBatu peakmiro BHC mo Ta micms
BUKOHAHHS Pi3HUX TPEHYBaHb y HAHOLIBII 9iTKOMY BUTIISIL 32 TOTIOMOTOI0 HAIMIOTO ITiAXO0y HEITKOT JIOTIiKH
Io aHanizy cepii 3anuciB BCP. Hamr anroput™ HE9iTKOT JIOTIKM MOEAHYE B €TUHOMY MOJaHHI KOXKHY METPHUKY
— THMYacoBY 00JIacTh, 9aCTOTHY 001acTh, HeNiHIWHI MeToau Ta BCP 3aramom.

Martepiaan Ta meroau. J{o mocmimkeHHs Oyno BKIOYeHO 24 Monoaux mozaen BikoM Bin 20 mo 30 pokis
(11 gonogikis Ta 13 xixok). Kputepii BHKIIOUCHHS: BXKHBaHHS TIOTIOHY; IMT > 25 Kkr/M°; cepleBo-CyIuHHI
3aXBOPIOBaHHS; apTepianbHui THCK > 140/90 MM pT. CT. XpOHIUHI NaToJorii; cnopTuBHi 3MaranHs. KoxeH i3
HiIOCTIIHUX TPOWIIOB YOTHPHM PI3HUX BHUNPOOYBaHHS 1 aHal3y: Iepej MOYaTKOM 130TOHIYHOTO
TPEHYBaHHS, K€ BHKOHYBaJIOCs IOJCHHMM 30-XBWIMHHMM Oirom mpotsiroM 20 nHiB, 1 Iicas 3aKiHYEHHS
TPEHYBaHHS SIK y BEPTHKAJIbHOMY, TaK 1 JE€XKadoMy IIOJIO’KEHHI. MO3MLIs; Mepes MoYaTKOM 130MeTPUYHOI
TPEHYBaHHs, SIKa BUKOHYBaIAcs MiIHATTSAM Bard 2 Kr npotsroM 30 XBWIMH Ha jAeHb npotsroM 20 1HiB, i
TTiCIIs 3aKiHYEHHS TPEHYBaHHS SK y BEPTHKAJIBHOMY, TaK 1 JIS)Ka4OMY MOJI0KEHHI.

PesyabTaTu i BucHOBKH. BCP — cxiajiHe siBuIle, BUBUCHHS SIKOTO NMOTPeOy€E Pi3HNUX MiJIXOMIB Ta METOIB.
Opnnak noBHe ysiBiieHHs ipo BCP MoxkimBe nuine 3a HassBHOCTI TEXHOJIOTI1, aHAJIOT1YHOT HEWiTKO JIOTIKH, sIKa
JI03BOJISIE 00’€THATH BC1 METOJM 1 MiJXOJH, IO BHUKOPHUCTOBYIOTHCS, B €IMHY OLIHKY. Y IiH CTaTTI MH
MPOJIEMOHCTPYBAJIN MiJIXiJ] HEUITKOI JIOTIKM JyIsi cepil 3amuciB BapiaGebHOCTI CEpIEBOTO PUTMY I MOXEMO
CTBEPJUKYBATH, 1[0 TPEHYBAaHHS 3a JIOIIOMOTOIO BIIPAaB JAWHAMIYHOTO THITY MOXXE 3HH3UTH PU3UK CEpPLEBO-
CYAMHHHMX 3aXBOpIOBaHb, THM CaMHM IIiATBEP/PKYIOUH BaXJIMBICTh IPAaBHWIIBHOTO CIIOCOOY OKUTTS;
i30METpUYHI BIIPaBU 3a3BMYail CIPUYMHAIOTH IIJABUIICHHS NOKA3HWKIB CUMIATHYHOI aKTHBHOCTI, a IOTIM
Mi/BUILCHHSI PU3HMKY CEpLEBO-CYIMHHUX 3aXBOPIOBaHb NPU 3HW)KEHHI Kapaio3axucTy; 0a3oBuil craH (1o
TPEHYBaHHs), 110 TI0Ka3ye HaiOUIbITy BiACTaHb 10 BIAXWMIICHHS BiJ HOPMH, TOMY L0 3HadeHHs Hopmu BCP
OyJi0 BM3HAYEHO JUIs CIOKIHHOTO CTaHy Tila — A0 OyAp-SKOTO TPEHYBaHHS YW NOpYyIIeHb; Haiiripmni
JUCTaHLII 10 aHOPMAaJIbHOTO CTaHy JIEMOHCTPYIOTBCS TICIIS 130METPUYHOTO TPEHYBaHHS.

K/TFO90BI C/IOBA: BapiabenbHICTh CEpLIEBOrO PUTMY, HEUITKa JIOTiKa
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AHAJIN3 CEPUM 3AIIMCEM BCP C IOMOIIBIO HEYETKOM JIOTUKH
Paiimonou /1., Mapmuinenxo A., bapcu JI., Manapoea JI.

BBenenne. YmpaxHeHHE MOXHO ONPEACTUTHh Kak JIOOYI0 CTPYKTYPHPOBAaHHYIO M 3aIDIAHUPOBAHHYIO
JeSTebHOCTD, BEAYIIYI0 K YBEIMYCHUIO pacxoja DHEPIHH, AbIXaHWS M YacTOTHl Iylbca. B KOHTEKCTe
MPaBWIBHOTO 00pasza >XH3HH peryisipHas (u3udeckas aKTHBHOCTh CHIKAET BEPOSATHOCTh CEpACYHO-
COCYNUCTHIX 3aboneBaHM, Iwa0eTa W IPYTHX BO3MOXKHBIX CBsI3aHHBIX 3a0oseBaHmil. llenpro 3TOTO
WCCIICIOBaHMS SBISICTCA OIICHKA HEHPOBETETATHBHOW CEPIIEYHO-COCYAMCTON PETYILIHMA W PaclpelelieHUs
JKUJIKOCTH Y 3IOPOBBIX CYOBEKTOB, MPOXOAALINX PEKUMBI JTHHAMUYECCKAX H H30METPUICCKAX TPESHHPOBOK.
Mer ucnonp3oBany aHanmu3 BapuabenpHOCTH cepaedHoro putma (BCP) Ha ocHOBaHMM pasziIHYHBIX
MaTeMaTHYECKUX METOJIOB, KOTOPHIE KIacCH(UIMPYIOTCS KaK MeTOAbl BpeMeHHoi oomactu (TD), wacToTHOM
obnactu (FD) u menmuueitapie (NM). MBI BKITFOYHITH CYIIECTBYIONINE B HacTosImee BpeMs mokasarenu BCP B
eIMHYI0 METOJ0JO0THI0 HedeTkoi jJoruku (FL), koTopas, B CBOIO o4epe/Ib, MO3BOJSET KOMIUICKCHO OLICHUBATh
KaXXIYI0 IpyInIy MeTo10B U pe3ynbTratel BCP B nemom.

Heas. Llens sTOro McciuemoBaHWs — MPOAHATIM3UPOBATH M IpencTaBuTh peakiuio BHC mo m mocie
BBITIOJTHEHHS Pa3IMYHBIX TPEHHPOBOK B HAWOOJEe YETKOM BHIE C ITOMOINBI0 HAIIETO IOIX0/a HEYETKOU
JNOTWKM K aHanm3y cepum 3ammceit BCP. Ham anroputM HeYeTKOW IOTHKH OOBETUHIET B EAHHOM
TPEJCTABICHAN KaXIyI0 METPUKY — BPEMEHHYIO 00JIaCTh, YaCTOTHYIO 00JIacTh, HeJIHHEHHBIe MeToabl 1 BCP
B IICTIOM.

Matepuanabl 1 MeToabl. B mccienoBanue ObUTH BKITFOYCHBI 24 MOJIOIBIX YeIOBeKa B Bo3pacte oT 20 1o
30 mer (11 myxumn u 13 sxenmun). Kputepun mckimodeHus: ynorpebienue tabaka; UMT > 25 kr/m’;
CEepICYHO-COCYTUCTEIC 3a00JIeBaHN; apTepruanbHoe gaBiueHue > 140/90 MM pT. CT. XpOHHYECKUE TATOJIOTHH;
CHOPTHUBHBIC COpEeBHOBaHUS. KaKIpIili M3 UCIIBITYEMBIX MPOIIET YETHIPE Pa3IMIHBIX MPOOBI U aHaJH3a: Iepes
HAvYaJIOM W30TOHHYECKOH TPEHHUPOBKHU, KOTOpPAsl BBIIOIHSIACH €)KEAHEBHBIM 30-MUHYTHBIM OETOM B TE€UYCHUE
20 pHel, U mocje OKOHYAHUSI TPEHUPOBKH KaK B BEPTHKAJIBbHOM, TAaK U B JIEKAUeM IOJIOKEHUH, MO3ULIMS;
nepesl HavyajloM M30METPUYECKOW TPEHHPOBKH, KOTOpas BBHINOJHSIIACH MOAHSITHEM Beca 2 KI' B TEYEHHE
30 MuHYT B JeHb B TeueHue 20 1HeH, U 1ociie OKOHYaHUsI TPEHUPOBKHU KaK B BEPTUKAJIBLHOM, TaK U B JIeKaueM
MOJIOXKEHHUU.

Pe3yabTaTsl 1 BBIBOABL. BCP — ciiokHOE sIBIICHHE, H3YYEHHUE KOTOPOTO TPEOYeT pa3IryHbIX ITOJXO0A0B U
MeTo10B. O1HaKo nojHoe npejacraBieHre 0 BCP BO3MOXHO TOJIBKO MPU HATMYUU TEXHOJIOTHUH, aHAJIOTHYHON
HEYCTKOW JIOTHKH, KOTOpas MO3BOJISET OOBECIUHHTH BCE HCIOIb3yeMbIE METOABI M IOAXOIBl B CIAUHYIO
OlICHKY. B 9Toil cTarbe MBI NPOAEMOHCTPUPOBAIM IMOJAXOJ HEYETKOW JIOTMKM [JIi CEepUu 3amucen
BapHaOCIbHOCTH CEPICYHOTO PUTMAa U MOXKEM YTBEpPXKIATh, YTO: TPEHHUPOBKA C IOMOIIBIO YIPAKHCHUHA
JUHAMHUYECKOTO THUIA MOYKET CHHU3HUTh PUCK CEPACYHO-COCYMUCTHIX 3a00JIEBaHUM, TEM CaMbIM MOJATBEPIKIAS
Ba)XHOCTh TPABHILHOTO 00pa3a XH3HH, H30METPUYECKHC VIIPAXKHCHHS OOBIYHO BBI3BIBAIOT MOBHIIICHHUE
MoKasarejieldl CUMITATUYECKOW aKTHBHOCTH, & 3aTEM IOBBIINICHUE PUCKA CEPACYHO-COCYTUCTHIX 3a00JIeBaHUI
NPU CHIDKCHUM KapAHMO3aIIUThl; 0a30BOC COCTOSHUE (0 TPECHUPOBKH), IOKAa3bIBAIOIICe HAMOOJbICE
paccTosiHME 0 OTKJIOHCHHS OT HOPMBI, MOTOMY 4YTO 3HaueHus HOpMbl BCP ObutH oOmnpemencHbl uis
CHOKOIHOTO COCTOSHHSI Tela — JO 000N TPCHUPOBKH WIM HAPYIICHWH; HAMXYJIIAC JUCTAHIUU 10
QHOPMAJILHOTO COCTOSIHUSL JIEMOHCTPUPYIOTCS TIOCIIE H30OMETPUUECKON TPEHUPOBKHU.

K/IFOYEBBIE C/IOBA: BapnalenbHOCTb CEpJICYHOT0 pUTMa, HeYeTKast JIOTHKa
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