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FUZZY LOGIC APPROACH FOR HEART RATE VARIABILITY
Martynenko A., Raimondi G., Barsi L., Budreiko N., Maliarova L.

Intrioution. The heart rate variability (HRV) is based on measuring (time) intervals between R-peaks (of
RR-intervals) of an electrocardiogram (ECG) and plotting a rhythmogram on their basis with its subsequent
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 phenomenon itself, as well as from greater diversity of physiological
reactions of an organism, both in normal and pathological states. Therefore, it appears relevant and important
to incorporate currently existing HRV indicators and norms into a unified Fuzzy Logic (FL) methodology,
which in turn will allow to integrally assess each metric and HRV results as a whole.

Objective. We propose a Fuzzy Logic algorithm for incorporating into a single view of each metric, —
Time Domain, Frequency Domain, Nonlinear Methods and HRV as a whole.

Materials and methods. We define by FL 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
and defuzzification rules for FL scores was defined. In order to implement the proposed algorithm, specified
parameters of mean values of HRV (M) indicators and their standard deviation (o) have been found in
scientific publications on HRV [1, 3, 7, 8, 9, 10]. We use for FL algorithm demonstration a long-term HRV
records by Massachusetts Institute of Technology - Boston’s Beth Israel Hospital (MIT-BIH) from [11], a
free-access, on-line archive of physiological signals for Normal Sinus Rhythm (NSR) RR Interval, Congestive
Heart Failure (CHF) RR Interval and Atrial Fibrillation (AF) Databases [12].

Conclusion. In this article, we have presented a comprehensive view of HRV by Fuzzy Logic technology
and thoroughly examined the peculiarities of its application and interpretation. Of all considered examples of
FL analysis, the worst result is demonstrated by a patient from the AF group, while the best one belongs to a
patient from the NSR group. Difference in FL Scores between these patients from NSR and CHF groups is
almost 4 times, while between patients from NSR and AF groups it is almost 6 times. It appears especially
important to implement such a design in portable medical devices for quick and easy interpretation of
numerous parameters measured by them.
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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. Therefore, it
appears relevant and important to incorporate
currently existing HRV indicators and norms
into a unified methodology, which in turn
will allow to integrally assess each metric and
HRYV results as a whole.

Abnaormal Low

Normal Value (M)

MATERIALS AND METHODS

Soft computing is a relatively new
approach to solving complex problems,
whenever traditional methods and algorithms
prove ineffective due to extensiveness and
diversity of systems in question. It includes
various algorithmic methods, primary of
which is fuzzy logic [5]. Fuzzy Logic (FL)
has become widespread in  medical
diagnostics as one of the key elements of
computer-aided diagnosis [6]. One of the
advantages of FL is the ability 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 Fig. 1.
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Fig. 1. Membership functions of HRV indices

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. Thus,
let’s construct the defuzzification rules for FL
Scores:

—1V Value < M — 3o
dsign(Value — M)(M — Value) 1

3a
—1V Value = M + 3o

FL Scare =




According to presented defuzzification
rules, 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.

In order to implement the proposed
algorithm, specified parameters of mean
values of HRV (M) indicators and their
standard deviation (o) will be required.
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Specified parameters have been found in
scientific publications on HRV and presented
in following groups: Mean Normal Values
(disregarding additional factors), Age (taking
Age into account), Gender (taking Gender
and Age into account), Circadian (taking
Time of Day and Age into account). All
collected data are represented mostly by
standard 5-minute HRV records (or 5-minute
fragments of more lengthy records), with
reference to a source of these data provided.

Mean Normal Values (disregarding additional factors)

Table 1
Normal Values of Standard Measures of HRV, Mean + SD
Time Domain Analysis of Nominal 24 hours [1, 7]
Variable Units Normal Values (mean + SD)
SDNN [1] ms 141 + 39
SDANN [1] ms 127 + 35
RMSSD [1] ms 27+ 12
HRV triangular index [1] 37+ 15
Recurrence [7] % 4.79+2.33
Time Domain Analysis of Short-Term Recording [8]
Variable Units Normal Values (mean + SD)
mMRR ms 926 + 90
SDNN ms 50+ 16
RMSSD ms 42 +£15
Spectral Analysis of Stationary Supine 5-min Recording [1, 8]
Variable Units Normal Values (mean + SD)
Total Power (TP) [1] ms” 3466 + 1018
Low Freguency (LF) [1] ms” 1170 + 416
High Frequency (HF) [1] ms” 975 + 203
LF [1] nu 54 +4
HF [1] nu 29+3
LF/HF [1] 1.5-2.0°
LF/HF [8] 28+256
Nonlinear Methods, 5-min Subsets of 24 hours RR Records [7]
Variable Units Normal Values (mean + SD)
Entropy (EnRE) 1.72 +£0.47
Correlation Dimension (D2) 2.10+0.28
Time Irreversibility (z > 1.96) 3.19+1.78
* Useless for current FL algorithm without SD
Age (taking Age into account)
Table 2
Aging Effects on 24-h Heart Rate Variability and Heart Rate by Decade [9], Mean = SD
Age SDNN SDANN SDNN Index rMSSD pNN50 HR
(yn (ms) (ms) (ms) (ms) (%) (beats/min)
10-19 176 + 38 159+ 35 81+20 53+ 17 25+13 80+ 10
20-29 153+ 44 137 +43 72+22 43+£19 18 +13 79+ 10
30-39 143 £ 32 130+ 33 64 + 15 35+11 13+9 78+7
40-49 132+ 30 116 £ 31 60 +13 31+11 10+9 78+7
50-59 121+ 27 106 + 27 52 +15 25+9 6+6 76+9
60-69 121+ 32 111+31 42 +£13 22+6 4+5 77+9
70-79 124 + 22 114+ 20 43+11 24 +7 4+5 72+9
8099 106 + 23 95+24 37+12 21+6 3+3 73+10
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Gender (taking Gender and Age into account)

Table 3
General age and gender dependency of HRV indices for two age clustered
(2549 years and 50-74 years) female and/or male subject groups [3], Mean + SD
HRY HRV Gender and age groups
methods indices Females, Males, Females, Males,
25-49y.0. 25-49y.0. 50-74y.0. 50-74y.0.
RR, ms 901 + 117 930 + 133 880 + 115 911+128
Time SDNN, ms 44,9 +£19.2 45.8+18.8 31.6+13.6 33.0+14.8
Domain rMSSD, ms 36.5+20.1 34.0+18.3 22.0+13.2 205+ 11.0
PNN50, ms 0.17+0.18 0.15+0.16 0.05+0.09 0.04 +0.07
LF/HF 2.09 + 2.05 3.33+3.47 2.75+2.93 4.29 + 4.06
LF/TP 0.31+0.14 0.38+0.16 0.28 +0.13 0.31+0.15
Fggxg:ﬁy HF/TP 0.24+0.15 0.19+0.13 017012 | 0.12+0.10
LFn, % 0.58 +0.19 0.67 +0.17 0.63+0.18 0.72+0.17
HFn, % 0.42 £0.19 0.33+0.17 0.37+0.18 0.28 +£0.17
Shannon En 3.08+0.49 2.99 +0.47 2.50+0.52 2.44 +0.49
SD1 25.8+14.2 24.1£13.0 155+9.3 145+7.8
Nonlinear SD2 57.5+24.4 59.7+24.2 413+17.6 43.9 +£20.1
Methods SD1/SD2 0.45+0.16 0.40+0.13 0.38+0.15 0.34+0.14
DFA, al 0.92+0.23 0.98 £0.22 1.06 £ 0.24 1.13+£0.23
DFA, a2 0.91+£0.20 0.87+0.22 0.98+£0.17 0.97 +0.20
Circadian (taking Time of Day and Age into account)
Table 4
Normal Values of Standard Measures of HRV [10], Mean+SE
Age, years 20-39 40-59 60-80
Times of Day day | night day | night day | night
Time Domain
mRR, ms 754 + 35 883 + 33 832+19 963 + 20 832+15 937 +22
SDNN-i, ms 59.8+ 3.7 67.8+3.5 51.6+1.7 56.5+1.8 450+ 1.7 49.7+23
SDANN, ms 84+6.0 133+9.6 77.5+3.8 88.6+5.1 76.6+2.9 90.1+5.3
RMSSD, ms 322+29 423+33 |27.7+12 325+22 26.0+1.7 295+1.7
PNNS50, % 9.8+24 175426 |[6.3+0.8 102+2.2 48+0.9 71+11
Frequency Domain
VLF, ms? 1677 + 136 | 2587 £251 | 1542 + 145 1994 + 133 | 1146 + 89 1505 + 124
LF, ms? 810+ 92 1347 +£110 | 710+ 63 922 +100 454 + 64 661+ 73
HF, ms® 540 + 98 1113+125 | 386+ 25 528 + 53 258 + 26 344+ 34
LF/HF 1.50+0.39 1.21+0.19 | 1.83+0.20 1.74+0.2 1.85+0.17 |1.94+0.14
LFn, % 59.8+2.2 546+19 |648+18 63.5+25 62.8+2.0 645+1.8
HFn, % 40.1+2.2 453+19 |351+17 36.4+25 37.1+2.0 354+1.8

In order to demonstrate the proposed
algorithm in action, we used long-term HRV
records by Massachusetts Institute of
Technology — Boston’s Beth Israel Hospital
(MIT-BIH) from [11]
(http://www.physionet.org), a free-access, on-
line archive of physiological signals. Normal
Sinus Rhythm (NSR) RR Interval Database
includes beat annotation files for 54 long-
term ECG recordings of subjects in normal
sinus rhythm (30 men, aged 28.5 to 76, and

24 women, aged 58 to 73). Congestive Heart
Failure (CHF) RR Interval Database includes
beat annotation files for 29 long-term ECG
recordings of subjects aged 34 to 79, with
congestive heart failure (NYHA classes I, II,
and 1Il). Subjects include 8 men and
2women; gender of the remaining
21 subjects is not known. The original
electrocardiography (ECG) signals for both
NSR and CHF RR interval databases were
digitized at 128 Hz, and the beat annotations



were obtained by automated analysis with
manual review and correction. The MIT-BIH
Atrial Fibrillation (AF) Database [12]
includes 25 long-term ECG recordings of
human subjects with atrial fibrillation (mostly
paroxysmal). The individual recordings are
each 10 hours in duration, and contain two
ECG signals each sampled at 250 samples per
second with 12-bit resolution over a range of
+10 millivolts. The original analog recordings
were made at Boston's Beth Israel Hospital
(now the Beth Israel Deaconess Medical
Center) using ambulatory ECG recorders with
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RESULTS AND DISCUSSION

Demonstration of performance of the
proposed algorithm and interpretation of FL
results will be done on randomly selected
HRYV records of MIT-BIH Database for NSR,
CHF and AF groups. Numbers of analyzed
records, information about field and age of
patients (if such information was available),
as well as results of FL analysis are presented
in Table 5. As a norm, for the purposes of FL
analysis we have used data from various
tables 1-4 to provide completeness of study
for each metric — TD, FD and NM.

a typical recording  bandwidth  of
approximately 0.1 Hz to 40 Hz.
Table 5
FL analysis for TD, FD, NM and total HRV (NSR, CHF and AF patients)
NSR (nsr002) CHF (chf204) AF (03665) AF (03665)
. Male, 67 y.o. Male, 62 y.0, before AF episode | AF episode
HRV index NYHA class 11l
Value ‘ FL score | Value ‘ FL score | Value ‘ FL score | Value | FL score
Time Domain (TD)
mRR, ms 915 0.958 741 -0.771 1137 -1.000 1157 -1.000
SDNN, ms 51 -0.622 25 0.279 162 -1.000 224 -1.000
rMSSD, ms 25 0.455 17 0.576 278 -1.000 326 -1.000
pPNN50, % 4.8 1.000 0.9 -1.000 15 -1.000 87 -1.000
HRV TI 13.7 -1.000 55 -1.000 31 0.467 5.7 -1.000
Recurrence, % 13 -1.000 30 -1.000 23 -1.000 8 -0.837
Mean of FL score for -0.035 -0.486 -0.756 -0.973
TD (subtotal) (-0.209) (-2.916) (-4.533) (-5.837)
Frequency Domain (FD)
TP. ms 3332 0.824 984 -1.000 756 -1.000 4266 -0.048
LFn, % 57 -1.000 55 -1.000 9 -1.000 27 -1.000
HFn, % 43 -1.000 45 -1.000 91 -1.000 73 -1.000
LF/HF 1.35 0.034 1.23 -0.005 0.1 -0.376 0.37 -0.287
LF/TP 0.06 -1.000 0.03 -1.000 0.02 -1.000 0.26 0.556
HF/TP 0.04 -0.067 0.02 -0.333 0.19 0.067 0.70 -1.000
Mean FL score for -0.368 -0.723 -0.718 -0.463
FD (subtotal) (-2.209) (-4.338) (-4.309) (-2.779)
Nonlinear Methods (NM)

Entropy, EnRE 1.70 0.943 0.99 -1.000 0.96 -1.000 1.30 -0.191
Correlation dimension, | 1.99 0.476 1.78 -0.524 2.47 -1.000 8.98 -1.000
D2
Irreversibility, z 2.18 0.243 2.80 0.708 3.93 0.446 1.78 -0.056
Poincare Plot, 0.12 -1.000 0.15 -0.081 1.59 -1.000 1.05 -1.000
SD1/SD2
DFA, al 1.43 -0.739 1.00 0.246 0.20 -1.000 0.57 -1.000
DFA, o2 1.07 0.333 1.83 -1.000 0.17 -1.000 0.57 -1.000
Mean of FL score for 0.043 -0.275 -0.759 -0.708
NM (subtotal) (0.256) (-1.651) (-4.554) (-4.247)
Mean of FL score -0.12 -0.50 -0.74 -0.72
(Total) (-2.16) (-8.91) (-13.39) (-12.86)
Total state of HRV Premorbid 88 % | Abnormal 50 % Abnormal 74 % Abnormal 72 %
(defuzzification) Abnormal 12 % Premorbid 50 % | Premorbid 26 % | Premorbid 28 %
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Let us analyze the results shown in
Table 5, in greater detail:

Normal Sinus Rhythm (NSR). Premorbid
state of HRV is 88% and 12 % total
abnormality are ‘true’. The best metric is
NM: 96 % of premorbid state of HRV and
4% of normal state are ‘true’. The worst
metric is FD: 63 % of premorbid state of
HRV and 37 % of abnormality are ‘true’.

Congestive Heart Failure (CHF). 50 %
total abnormality is ‘true’. The best metric is
NM: 72 % of premorbid state of HRV and
28 % of abnormality are ‘true’. The worst
metric is FD: 72 % of abnormality is ‘true’.

Atrial Fibrillation (AF). 74 % total
abnormality is ‘true’ for before/after AF
episodes. During AF episode 72 % total
abnormality is ‘true’. Therefore, despite
significant discrepancy of some HRV
indicators, total difference in FL Scores
before AF episodes and during an AF episode

D

.,.00 ‘\®

is just about 2 %, since it is one and the same
patient and the indicators have been measured
in a small time range (<<24 h.). The best
metric is FD for both cases and during AF is
better than before/after AF. The worst metric
is TD during AF and NM for before/after AF
episodes.

Combined view for all HRV metrics
showed on the Fig.2. All patients from
Tabl. 5 presented together with point for
100% of ‘true’ Premorbid state (TD — 0, FD —
0, NM -0).

Of all considered examples of FL analysis,
the worst result is demonstrated by a patient
from the AF group, while the best one
belongs to a patient from the NSR group.
Difference in FL Scores between these
patients from NSR and CHF groups is almost
4 times, while between patients from NSR
and AF groups it is almost 6 times.

Fig. 2. Combined view for HRV metrics (patients from Tabl. 5: 1 — NSR; 2 — CHF; 3 — AF ‘before
episode’; 4 — AF ‘during episode’).

CONCLUSIONS

HRV is a complex phenomenon, study of
which requires various approaches and
methods. HRV metrics are characterized
concisely and clearly in [4]: ‘Time-domain
indices of HRV quantify the amount of

10

variability in measurements of the interbeat
interval (IBI), which is the time period
between successive heartbeats... Frequency-
domain  measurements  estimate  the
distribution of absolute or relative power into
four frequency bands...Non-linear indices
measure the unpredictability and complexity



of a series of IBIs’. 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 have presented
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thoroughly examined the peculiarities of its
application and interpretation. It appears
especially important to implement such a
design in portable medical devices for quick
and easy interpretation of numerous
parameters measured by them.

a technology similar to Fuzzy Logic and
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HEYITKA JIOT'IKA B IUATHOCTHII BAPIABEJIBHOCTI CEPIHEBOI'O PUTMY
Mapmunenko 0., Paitmonoi /., bapci JI., Byopeiixo M., Manapoea JI.

Beryn. BapiaGenbHicts cepuieBoro purmy (BCP) 6a3zyerbes Ha BuMipioBaHHI (dacy) iHTepBaiiB Mik R-
nikamu (RR-intepBaniB) enexrpokapaiorpamu (EKI') 3 momaHHsAM iX y BUIIAAI pUTMOTpaMH i HOAAIBIIOTO
aHaNi3y pI3HUMH MaTeMaTHYHUMH, SKi KIacu(iKylOTbcs sK MeToau (METPHKHM) THMYacoBOi oOmacti,
yacTOTHOI oOxacTi 1 HemiHiliHI. Pi3HOMaHITHiCTF MeTONiB 1 miaxomiB mo aHanmizy BCP o0ymoBieHo
KOMIUIEKCHICTIO 1 HEJIHIHHICTIO caMOT0 SIBUIA, a TAKOXX BEJIMKOIO PI3HOMAHITHICTIO ()i310JIOTIYHUX peakIii
OpraHiaMy, SK B HOpMi, TaKk 1 IpU NATOJIOTIYHMX CTaHaX. TOMy, BHJIAEThCS AKTyaJbHUM 1 BaXKIIMBHM
IHKOPIIOPYBAHHS HasIBHUX HA ChOTOJAHIIIHINA JIeHb MoKa3HUKIB i HopM BCP B €inHy MeTOMUKY, IO JO3BOJISIE
IHTErpajgbHO OLIHUTH KOXHY 3 METPHK 1 pe3ynbraru BCP B minomy.

Mera. ¥ crarTi 3anponoHOBaHO anroputM Heditkoi Jioriku (FL) ans BIIOYEHHS B €IMHE YSBICHHS
KOXKHOT 3 MeTpUK — TEM4acoBoi obnacti (TD), wactorHoi obnacti (FD), neniniiitnux meroais (NM) i BCP B
IOMY.

Marepiann Ta Meroan. Mu Bu3HauaeMo 3a jpornomoroto FL cTyniHb NpHHAIEKHOCTI 10 HOPMAJIBHOT'O
CTaHy SIK JuIsl KOXHOro okpemoro nokasuuka BCP — TD, FD 1 NM, Tak i s BCP nauienra B minomy.
Buznaueno ¢yHkuii npuHanexHocTi 10 Oyab-sakoro inaexkcy BCP i npasuna nedyssidikanii ans ouninok FL.
st peanizanii 3anpornoHOBaHOrO aIMOPUTMY B HayKOBUX ITyOuikanisx no BCP 3naiineni 3anani napamerpu
cepenHix 3HaueHb nokasHukis BCP (M) i ix cranpaprHoro Biaxuienus (o) [1, 3, 7, 8, 9, 10]. lemoncrpanis
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pO0OTH 3aIPONIOHOBAHOTO AJTOPUTMY BHUKOHYBanacs Ha mijacraBi 24-roguuHux 3anuciB BCP 3 6a3zu maHux
MIT-BIH [11] nust nanienTiB 3 HopManbHUM cuHycoBuM putMoM (NSR), cepueBoto HenocrarHictio (CHF) i
¢i6pwisinii nepencepas (AF) [12].

PesyabtaTu i BucHoBKH. LlinicHuit mornsaa Ha BCP MoXMBHIl TilBKK TOAI, KOJIM € TEXHOJIOTIS, NOAIOHa
HEYITKOT JIOTIKH, 110 J03BOJISIE 00'€IHATH BCl BUKOPUCTOBYBaHI METO/H 1 MiIXOH B IHTETPaIbHY OLIHKY. Mu
npezacTaBmwm noAiOHy FL TexHomori0 B 1iif CTAaTTi 1 JOKJIAJAHO PO3MIISTHYJIN OCOOJIMBOCTI 1 3aCTOCYBaHHS Ta
iHTeprperanii. 3 ycix posrisHyTtux npukianie FL ananmizy Halripmmid pe3yiabTaT IEMOHCTPYE HAlli€eHT 3
rpymu AF, a naiikpanmii 3 rpynu NSR. Bigminnicts B FL oninkax y nanmx nauienriB 3 rpyn NSR i CHF
CTaHOBUTH Maibke 4 pa3u, a y NSR i AF — maiixe 6 pa3. OcoOMUBO BaXJIUBUM € IMIUIEMEHTAIlis MOiOHOT
PO3POOKH B HOCATHCSI MEAMYHUX IPUCTPOSX JUISl IIBUJKOI 1 JIETKOI iHTEpIIpeTanii YNCIICHHUX apaMeTpiB, sKi
BOHH BHUMIPIOIOTb.
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HEYETKAS JIOTUKA B IUATHOCTHUKE BAPUABEJIBHOCTHU CEPAEYHOI'O PUTMA
Mapmouinenxo A., Paiimonou /., bapcu JI., Byopeiixo H., Manapoesa JI.

BBenenne. BapuabensHocts cepaeunoro putma (BCP) 6aszupyeTcs Ha m3MepeHnn (BpEMEHN) HHTEPBAJIOB
Mexny R-mukamm (RR-mHTepBanoB) snekrpokapamorpamMmbl (OKI) ¢ mpencraBieHnmeM WX B BHIC
PUTMOTPaMMBl W TIOCIEAYIOUIEr0 aHAIN3a PA3IMYHBIMA MaTeMaTHYeCKHMH, KOTOpPbIE KIIaCCHU(PUIUPYIOTCS
Kak MeTOofbl (METPHUKH) BPEMEHHOH 001acTH, YaCTOTHOW 00JIacTH M HeNuHelHble. Pa3HooOpa3ue MeTonoB 1
noaxonoB K aHanmu3zy HRV 00yciioBiieHO KOMIIEKCHOCTBIO M HEIMHEHHOCTHIO CaMOTO SIBJICHHS, a TaKXkKe
GouibIINM pa3zHOOOpa3ueM (PU3NOJIOTHUECKUX PEaKIUi OpraHu3Ma, Kak B HOpME, TaK U IPH HaTOJIOTHYECKHX
coctosiHusX. IloaToMy, mpencraBisieTcss akTyaJlbHBIM M BaKHBIM HMHKOPIOPHPOBAHHE HMMEIOIIUXCS Ha
CEeTOJHAIIHUM AeHb Mmokaszateneid 1 HopM HRV B eanHyio MeToauKy, MO3BOJISIONIYI0 HHTETPAIEHO OILCHUTH
KKIYI0 U3 METPUK U pe3yabTrarel HRV B nenom.

Hean. B crarbe npemiosxken anroputM HeueTkoit soruku (FL) i BKitoueHHs B eIMHOE TPEJICTaBICHHE
KaxIoi u3 MeTpuk — BpeMeHHOU obnactu (TD), wactorHoit obmactu (FD), HenuuelHbIx MeTonoB (NM) u
BCP B nenom.

Matrepuansl 1 MeToabl. Mbl onpenenseM ¢ nomompto FL creneHs NpuHaUIeKHOCTH K HOPMAIbHOMY
COCTOSIHHIO KakK IS Kaxkaoro otaeiabHoro mokasatensi BCP — TD, FD u NM, tak u mis BCP manuwenra B
nenom. Ornpeznernens! GyHKIUHM PUHAUIEKHOCTH K 1r00oMy nHaekcy BCP u npasnna nedyssudukanum s
ouenok FL. /i peanusanuy Npeayio)KEHHOTO alropuTMa B HaydHbIX nyonukanusax no BCP nHaiinensi
3aJlaHHbIEe TapaMeTphl CpeTHUX 3HaueHNH nokasareneit BCP (M) u nx crannaptHoro otkioHenus (o) [1, 3, 7,
8, 9, 10]. JemoHcTpammst pabOTHl MPEAIOKEHHOTO AJTOPUTMa BBINIOJHAJIACH HAa OCHOBAaHMHU 24-4acoBBIX
zanuceit BCP u3 6a3pl ganueix MIT-BIH [11] ans manmeHTOB ¢ HOpMajibHbIM cHHYCOBBIM putMOoM (NSR),
cepaeunoii negocratrouHoctbio (CHF) u ¢pubpuisiueii npencepaeit (AF) [12].

PesyabTaTnl U BbIBOABIL. LlenbHblil B3rasa Ha BCP Bo3MOXKeH TOIBKO TOrja, KOTAa €CTh TEXHOJOTHS,
nogoOHasi HEYETKOW JIOTMKH, IO3BOJISIOMAS OOBEIMHUTH BCE HCIIOIb3yeMble METOJbl U IOJXOIBlI B
MHTETPaJbHYI0 OLEHKY. Mbl mpeactaBmwim nomoOHyto FL TexHosoruio B Hacrosmed craTbe M MoJIpoOHO
paccMOTpeny OCOOCHHOCTH €€ NMPUMEHEHHs M MHTepnperanuu. M3 Bcex paccMoTpeHHbIX npumepoB FL
aHaIM3a XyJIIIUH pe3yiabTaT JEMOHCTpHpYeT nauueHt u3 rpynnsl AF, a wamnmyummit n3 rpynmsr NSR.
Otnnuve B FL onenkax y nannsix nanuenTtos u3 rpynn NSR u CHF cocrasnser nouru 4 pasa, a y NSR u AF
— noutd 6 pa3. OcoOEHHO BaXHBIM IPEICTABISCTCS WUMILIEMEHTAlMsl MOJ00HOH pa3paboTKU B HOCHMBIX
MEIMIMHCKUX YCTPOMCTBax st OBICTPOM M JIETKOH MHTEPIPETAllMi MHOTOYHCIIEHHBIX IApaMeTPOB, KOTOPHIE
OHHU U3MEPSIOT.
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