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Onpegenenne JKI

dnektpokapguorpamma (IKI) — 1o curHan, otobparkatoLyuii SNeKTPUHECKYO
aKTWBHOCTb CepALa B TeYEHU ONPEAENEHHOro Neproda BpeMEHU.
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MMMyAbCca MO CEpPAEYHbIM OTAENAM.



NOVEL CLASSIFICATION OF CORONARY ARTERY DISEASE USING
HEART RATE VARIABILITY ANALYSIS

BCP(HRV)

BapuabensHocTb cepgeqtoro putma (BCP)— ato curHan, kotopblili nosnyvaercs
criegytowMm obpasom:

@ Uswmepsitotcst RR uHTepBans! (tgrr) cekyHa)

@ Kaxpas BennynHa npeobpasosbiBaeTcs B yaap/mMuHyTy 60/tgr

3apaya aBTOpPOB:

| A\

OnpepennTb No KapArorpamMmme miemMnyeckyto bonesHb cepgua. (Mwemnyeckas
6onesHb — 6onesHb, KOTOPas pa3BUBAETCS MPU HEAOCTAaTOYHOM MOCTYMNAEHUN
KNCIOpOAa K CEPAEHHOI MbllwLe Mo KopoHapHbiM apTepusm. Mposisnenusimun NBC

MOryT 6bITb: CTEHOKapans, MHDAPKT MUOKapAa, apuTMUKM CEPALA, a TakKe BHe3anHas
cepaeqHas cMepTb.)

HanHble:

10 6onbHbIX 1 10 300pOBLIX MAUMEHTOB, ANs Kakgoro nauvedTta 1000 kapguorpamm.
YHacrtoTa guckpeTtusauuu coctasnsna 500 Mu.




NOVEL CLASSIFICATION OF CORONARY ARTERY DISEASE USING
HEART RATE VARIABILITY ANALYSIS

MpepobpaboTka curHana

@ ®Punbrp BaTtTepBopTa (BepxHUX HacTOT C 4acToOToOl nogaeneHus curHana 0,3
u)

@ ®PunbTp BaTTepBopTa (HUXKHUX 4acTOT ¢ HacToToli nogasnenust curhana 15 My)

@ MegnaHHblil bUBTP, NpY MOMOLLN KOTOPOrO U3BJIEKAETCS TpeHa. | peHg,
KOTOPbIA Obla NoslyYeH Npy NOMOLLY MEANAHHOIO PUAbTPA BbIYUTAETCS U3
OCHOBHOIO CMrHasa.

®Punbtp BatTepsopTa

OTo Takue pubLTPbI, KOTOPbIE MPOEKTUPYIOTCS TakK, YTObbI ero
aMMINTYgHO-4acTOTHas xapakTepuctuka (AHX nokasbiBaeT, BO CKOJIbKO pa3
aMMINTyAa CUTHasa Ha BbIXOAE CUCTEMbI OT/IMHAETCH OT aMMUIMTYAbl Ha BXoae) bbina
MaKCMMasbHO FNafKoM Ha Y4acTOTax MOJIOCh MPOMYCKaHUS.

DuUAbTP HUKHUX HacTOT (BEPXHUX HACTOT) MOAABISIET CUTHAbI BbilLe(HUKE)
3a/laHHON YaCTOTbI, N MPOMYCKAET CUrHasbl HUKE(BbILLE) 3aA4aHHOI H4acTOTbI.

A




NOVEL CLASSIFICATION OF CORONARY ARTERY DISEASE USING

HEART RATE VARIABILITY ANALYSIS

Mpumep paboTtel punsTpos BaTTepBopga

V.

MegunaHHblii ounbTp

OKOHHBbIi bUIbTP BO3BPALLAIOWNI MEeAVAHHOE 3HAYEHNE BHYTPU OKHa;




NOVEL CLASSIFICATION OF CORONARY ARTERY DISEASE USING

HEART RATE VARIABILITY ANALYSIS

BoigeneHue R nukos ¢ nomowbto anroputma TomnkuHca. Anroputm ToMnkuHca
cocTouT us:

@ PunbTp HMKHUX HacTOT
@ DunbTp BepxHMX YacToT

@ Onepauus gudbdpeperunposarus (nogasnsier P n T, ycunusaer
BbICOKO4aCTOTHbIE KOMMOHEHTbI QRS)

@ BoseegeHue B kBagpat

@ WHTterpupytowmii hunbTp, KOTOPbINA CriakmMBaeT nukn B npeaenax ogHoro QRS
KOMMIeKca

A

S
-1 [ (w-0s)

@ CkaHupoBaHue parmeHTa curHana, B KOTOpoM oxugaetcs R-nuk Ha noumck
MaKCMMaibHOrO 3HaYyeHuns



NOVEL CLASSIFICATION OF CORONARY ARTERY DISEASE USING

HEART RATE VARIABILITY ANALYSIS

[pynnbl npusHakos

Mpu3Hakn ocHoBaHHble, Ha Recurrence Plot

0 otherwise

R(i,j) = {1 if [[x(7) = x()I < €

s o] -




NOVEL CLASSIFICATION OF CORONARY ARTERY DISEASE USING

HEART RATE VARIABILITY ANALYSIS

[pynnbl npusHakos

Mpu3Hakn ocHoBaHHble, Ha Recurrence Plot
pacpuk ctpoutcsa gnst HRV curnana.

_ 1N -
@ REC =+ Ei,j:o R; j — nnoTHocTb Touek Ha rpachuke

SN, IP()
@ DET = W, P(I)— uncno pnaroHaneli gavtbl /, — NPOLEHT Touek,
iyj N
KoTopble hOPMUPYIOT AMAroHasibHble JIMHNN
SN, IP()
Q@ Lean = ——=—— — cpegHsis AJIVHbI ANaroHanm

PO



NOVEL CLASSIFICATION OF CORONARY ARTERY DISEASE USING

HEART RATE VARIABILITY ANALYSIS

[pynnbl npusHakos

Poincare Plot

[ns curHana Xe, Xe4+1, X¢4+2... Ha rpaduke oTobparkatoTest ToHKM (Xe, Xe+1), (Xe+1, Xet2)

n T Ao B AAHHOM C/lyHae TOYKaMUn ABNAIOTCA RR NHTEpBabl.
V.

Mpusnaku, ocHoBaHHble Ha Poincare Plot

@ OrTkioHeHne Touek rpachrka ot npsimoii y = x. OnucbiBaeT MrHOBEHHYIO
BapuaTusHocTb RR uHTepBanos.

@ OrTknoHeHue Touek rpachuka ot npsmoli y = —x — 2RRmean, RRmean —
cpepeHee 3HaveHne RR nHTepeanos. OnucbiBaeT JONroBpeMeHHYyO
BapuaTuBHocTb RR nHTepBanos.

A\




NOVEL CLASSIFICATION OF CORONARY ARTERY DISEASE USING

HEART RATE VARIABILITY ANALYSIS

[pynnbl npusHakos

Detrended fluctuation analysis

@ X(t)= Zf‘zl[X(i) — Xmean]. JaHHble CEerMeHTUPYIOTCS C OKHOM pa3mepa An

@ Ha kaxxaoMm cerMeHTe AJjisi AaHHbIX HAXOAUTCS MOJIMHOM, KOTOpPbLI Haubonee
TOYHO MX NPefcTBASeT(0BbINHO NMHERHBIN) 1 HAXOANTCS cnefytolas yHKLNS

F(An) = /(& T [x(t) — xan()]?

<

Mpu3sHakm, ocHoBaHHble Ha Detrended fluctuation analysis

F(An) pns RR vHTepBanos, 3aTeM Ha JorapnmeHeckmx LWKanax cTpouTes
3aBucumocts log F(An) ot log(An).
Mpu3sHak: yron HaknoHa nunun log F(An) k log(An).




NOVEL CLASSIFICATION OF CORONARY ARTERY DISEASE USING
HEART RATE VARIABILITY ANALYSIS

[pynnbl npusHakos

MpunbnnxerHas dutponusi(Approximate entropy)

Mepa, ucnonbsyemasi Anst onpeaeneHnst YNcaa 3aKOHOMEPHOCTENR 1
HenpeAcKasyemMocTeli B curHasne.

@ Heobxopgumo 3achukcupoBaThb Leoe m U LeNCTBUTENLHOE
X(’) = Xiy Xj+1 o5 Xi+m—1

— Dxdx(D),x()]<=r|
G = st

®m(r) = (N — m+1)~1 SN ™ og(C(r))
ApEn = ®M(r) — d™+1(r)

(]
() rae d[x, x*] = maxa|xa — xZ|
(*]
("]

<

Mpubnnxennas sHtponusa gas HRV, npn r = 0.25D, m = 10




NOVEL CLASSIFICATION OF CORONARY ARTERY DISEASE USING
HEART RATE VARIABILITY ANALYSIS

[pynnbl npusHakos

BbibopouHoii aHTponus
BbibopouHasi sHTponust onNucLIBaeT MepPy NPPErynsipHOCTY SaHHbIX.
Q@ xm(i) = Xiy Xit1y ooy Xitm—1
Q@ A= |x:dxme1(i), xmy1(j)] < r
@ B =|x:d[xm(i), xm(j)] < r
@ SampEn = — Iogg

Bbi6opouHas aHtponusi gns HRV, npu r = 0.2SD,m =0,1,..,e — 1, rae B(0) = N




NOVEL CLASSIFICATION OF CORONARY ARTERY DISEASE USING
HEART RATE VARIABILITY ANALYSIS

[pynnbl npusHakos

dutponus LlleHHona

@ Outponusi LlleHHoHa B cnyyae curHanoB NCMOJIb3YeT HOPMAN3MPOBAHHYIO
CMEKTPasIbHYIO MIOTHOCTb MOLLYHOCTN CUTHaNa - PyHKLNIO pacnpegeneHmns
MOLLIHOCTN CUTHaJjia B 3aBUCUMOCTUN OT 4acTOThl

(At)? _ Six(w)
Sxx( Z iwn Sggrm w) —
= 2 5 Sel@)

, rae At - nHTepBas COMMINPOBaHMUS
T = N % At - nonHbI UHTEPBaAN W3MEPEHNS CUTHana
- OVUCKPETHbIV curHan.
JHTponus LLleHHoHa cyuTaeTca Kak cymma BCex Npou3BeAeHU MOLLHOCTY
onpegenieHHol YacToTbl s/ 1 norapudma obpaTHON BeNUNHBI K 3TOM
MOLLHOCTM.
ShanEn = Z s log(1/s2°™)
f




NOVEL CLASSIFICATION OF CORONARY ARTERY DISEASE USING

HEART RATE VARIABILITY ANALYSIS

[pynnbl npusHakos

Short-range scaling exponent

Ananornyno Detrended fluctuation analysis, Tofibko ULETCA HE NOAMHOM, a JMHERHas
hyHKLMS MO METOLY HAaMMEHbLUNX KBaApaToB.

o’

Correlation dimension

Q@ xm(1) = Xi, Xit1y ooy Xitm—1

® g =Ix: dixmi1(i)s xmir ()] < £
@ C(n)=+%

o

D2 = lim 280
r—0 log(r)




NOVEL CLASSIFICATION OF CORONARY ARTERY DISEASE USING
HEART RATE VARIABILITY ANALYSIS

OT1bop npusHakos

@ t-TecT cTblOAEHTA

(*] MeTO,D, rNaBHbIX KOMMNOHEHT

Table 1. Range of variance significant nonlinear features for the normal
and CAD groups
sronp Table 2. Range of variance of six principal components obtained using

- alization a ac ti 5% aria e.
Features Nowml (Mom £ 5D) _ CAD(Memn £ SD) _p-Valne 0-1 normalization and PCA accounting for 95% of variance.
1 sz 518 1301 112 264 20,0001 Principal components  Normal (Mean + SD)  CAD (Mean + SD)
N i ;
2 Lo 127 £ 6.67 230 £17.5 <0.0001 1 —0.01889 + 0320712 —0.48805 + 0.349908
3 g?fr v nfz 49.5 £ 189 <0.0001 2 0262432 + 0.232432  0.011774 & 0.225043
! ’ 980 & 1.4 990 & 113 <0.0001 3 134019 + 0154243 —1.13456 % 0.266746
5 ShanEn 3.22 4 0.388 36440560  <0.0001 | 003841 £ 019559 0.091956 4 0223662
6 ApHn 116 £ 0.188 1.01:£0.228 <0.0001 5 —0.173088 + 0.132831  0.255900 % 0.124357
7 SampEn 153 4+ 0.335 12240476 <0.0001 j COAL470 £ 01LISIT 0478 £ 0.102175
8 al 114 + 0235 0.865 £ 0383 <0.0001
9 D2 2.36 + 144 0.349 £ 0416 <0.0001




NOVEL CLASSIFICATION OF CORONARY ARTERY DISEASE USING

HEART RATE VARIABILITY ANALYSIS

0.95 = 0:895
0.9 : 0.86

085 - 4\ 0sn
0.762

OF;: _( N2

07 w

0.65

06

0.55
05

Acuracy (0-1)

1 2 3 4 5 6 7 8
Classifier

Fig. 5. Classification accuracies: 1: BN; 2: NB; 3: LibSVM; 4: ANN-MLP; 5: RBF; 6: SMO; 7: random
forest; 8: CART.



Bag-of-words representation for biomedical time series classification

3agava

Npentudbukauus yenoseka

HaHHble

@ 40 yenosek. Hactora gnckpetrusauyum 250 Ny, 50 kapamorpaMm Ha KaXkgoro
Yyenoseka

@ 15 yenosek. 100 KapanorpaMm Ha Ka>xgoro
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Bag-of-words representation for biomedical time series classification

KaJibHasAi CerMeHTauns

OKHO 3aaHHON AMHbLI N.

Hopmanusaums ka>kgoro IokasbHOro CerMeHTa.

[na Ka>kaoro fokanbHOro cermeHTa 6epyTca ero annpokcumupyowme
ko3bhULIMEHTBI ANCKPETHOro BeliBneT BeliBneT-npeobpasoBaHus.

[JunckpeTHoe BeliBneT-npeobpasosaHue

BeiiBnerbl — 370 0606LEHHOE Ha3BaHME BPEMEHHbIX (OYHKLUI, UMEIOLNX BUA,

KOPOTKOI BOJIHbI TOW WU WHOW hOPMBI.

BeiiBner-npeobpasosaHne — pasnoxeHue no 6asucy, COCTOsILLEMY U3 BENBIETOB.
+o00 _ +o0o 2 .

JIZY(t)dt =0 [T7° |W(t)[°dt < inf

oo

ylnl = (xxg)ln] = > x[klgln— K|

k=—oc0
o0
Yiowlnl = Y. x[k]g[2n — k] — koacpcbuLieHTHI annpokcrmaLumm
k=—o0

e
Yhigh[n] = >°  x[k]h[2n — k] — koadbbuieHTI aeTanusaumn

=—00




Bag-of-words representation for biomedical time series classification

@ dopmuposanue kogosbix cnoe. Knacrtepnsauusi k-means. B = by, by, ..., by
@ c = argmin;d(bj, x;)
@ [lpur3Haku: mMewok cnos

@ Knaccndumkaumsa: 1-NN

BVI,D,I:I MEpP paccTosiHua Mmexay rucrorpammamn:

@ Esknuposas meTtpuka
. 1/2
Di, (h k) = (D2 1() = k(u)?)
i

@ PaccrosiHue rucrtorpam no nepeceyeHunto

Dyy(hlk) =1 — Z max(h(i), k(i))

I

h, k — HopManun3oBaHHble rucTorpammbl Hem Gosblie ructorpammei
nepecekalroTCsi, TeM MeHbLue ByaeT pacCcTOsiHUE FMCTOFPaMM MO NepeceveHuto.



Bag-of-words representation for biomedical time series classification
Mepbl paccTosiHus

@ Xu-kBagpaT mMeTpuka

Doa(h k) = 3 1) = KOP

k) =

X — h(u) + k(u) + €
€ - Masioe 4NCNo ANs n3beKaHUst LeNeHNs Ha HOJb.
Xn-kBagpaT MeTprKka HOPMUPYET PACCTOSIHNE MEXAY ABYMSI SJEMEHTaMM
rMCTOrpammbl Ha CYMMapHOe KONIMHYECTBO 3/IEMEHTOB B 3TOW KOp3uHe.
Mo3BonsieT yMeHbLWUTL BAUSIHNE HA MEPY YAaCTO MCMOJIb3YEMbIX CTOM-CJIOB,
pasivyHoe ynoTpebnieHne NCNOIb30BaHNE KOTOPbLIX HE HECET MHOMO
nHpopmaunn.

@ Paccrosanne JykeHceHa-LLlenHoHa
['McTorpammy MOXKHO CpaBHWTL C MOMOLLbIO METOA0B CPABHEHWS [UCKPETHbIX
cnyqaiiHbix - Hanpumep ausepreduunn Kynbbaxa-JleiibHepa.

Dy (hlk) = h(i)(log, (i) — log k(i)

i

Pacctostue [JyxerceHna-LLleHHoHa ncnonb3yer ameepreHumio
Kynbbaxa-JlelibHepa n cocTaBnsieT CUMMETPUYHYIO OTHOCUTENILHO NapameTpoB
dopmyany.

Dis = 3 Dy (hIK) + Dye (k1)



Bag-of-words representation for biomedical time series classification
PesynbTaThl
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Bag-of-words representation for biomedical time series classification
PesynbTaThl
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