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Abstract. Computer-aided diagnosis has received intensive study in recent years, especially in an
aging society which unforunately has limited medical resources but surging medical demands. It's a
challenging work to determine health conditions with knowledge of dynamic successive long-term
ECG.RR-Lorenz plot is an essential tool for analysing ECG, it's noise-immune, and time-domain
HRVs (heart rate variability) are transformed to plots, which arrhythmia could be visually identified
by expericed doctors. This paper proposes a novel approach for the problem based on
DBSCAN(density-based spatial clustering of applications with noise) using SNN(shared nearest
neighbor). It generates attractor features of RR-Lorenz with neither prior labels nor human
interventions which would be later used to measure heart conditions. We employ this approach on
datasets of PhysioNet CHF database and PhysioNet normal sinus rhythm database and comes with
promising results(97.35% accuracy. And also, there is significant difference on the attractor features
from NSR(normal sinus rhythm) and CHF(congestive heart failure) cases, Thus we believe the
proposed approach are practical and clinically useful.

E T SNNZZE B2 24R BIRR-Lorenz B S B IR 5 | FAFER HE OB o

HY R
Xt e, EH R, Aopye
B HCR AR 70 A Be S it R Gk TR 5 N pU i =, B, 3L %R, hE
31501213881@pku.edu.cn, P anxinwang@pku.edu.cn, 1501213868 @pku.edu.cn
TEIREE

48R SNN; Lorenz-RR; HFESEHL; 2L LA HT

HICHE. BEE T REIERIIARE, FIRTHEHIBORA 78 H 28 Kok i B 7 B8 oy H AT
HIWEFETT ], MBI EESE H I O LS 5 TP 2 38 e B AE 2 A I e 45 2 RO TR 4 B Ot
HEAL, 2 — IR A PR TAE . RR-Lorenz# st B 70 I [ 25 A5 0 HLE 5 1) B2
TR, EXEEEAUR, BEROBESEIOVANEIRGE S, feild BB tRE R
HOHERE . H AT RR-LorenzifUsd B 1) H 2112 Wr 45 B AE WP 0 FEB BLo AR SRR — Mk
T SNNRY# ERRTT %, MBI TT IR O T B sifEf FEERR-Lorenz KWK 5] 1 RFIE,
i34 F PhysioNet:Cy HE 8 22 o (FIRRIBDI G BEAT SEERI0AIE, Al F A7 V£ 3R HXRR -Lorenz
B B IR 5| T AR HE AR 2R T TA $197.35%, JE R RN E IR SE O HRR ] 188k A 78 i ik

Copyright © 2018, the Authors. Published by Atlantis Press.
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 358



£

ATLANTIS

PRESS Advances in Engineering Research, volume 155

0 /3555 B HORR ) 40 1R P AL 5| TR EAE SR B A 56, IR A VAR I R AE B A O
HZ IR o

1. 5l
1.1 RR-Lorenzgl 2 E5.LESHT

RR-Lorenz#{ & &l ( X #XRR-Poincaref{ & &) K B 26t VR v 25 S B0 H B A O RRU[H]
WP AN HEAT 4387 RR-Lorenz il st Bl & 7E —4EALAR R, FIH —BA& i I HES 1.0 5 5 RR
(6] B 7 21 H IR RAE xB AL AR, RRi By R AR FRTE BB B (D) o B o BT Kb (] i 42
AFO A S IEE T RN, e e S AR, B 54 S8 R =8N, AT AT
I ETEERR, T HExT O FAE 5 (1 ] W o

“WEl77 BIRMEFET RIS .. N TFRMARGRU, Wol FRIEE REMNREES, &
FME—VIUEIRES B R, AR 2 B FE— E3 b . EZERRE] BT 51 ) Lorenz
s R R IR 2 RER, W 5] TR BLE Lorenz 55U & Al f& A 2 BUS SR 7%, 24 218
R PEZERRE TS S51EE], ETERMEA T F D EdE &8 inm o ey, staefse s
PR 5| FHRFAE o [R]— P 5 (1) 0o 7F Lorenz B B W SREE A — M 51+ Mgl % H 50
IR A KPR s R AR, BT S| RS e AR, AN 2R Lorenz Hi A5
K B TEARRAE, TE & 3RO A HR s B 32 2 B I B0 A 1 5 R 7L “RRERITIR 7 (K1) %%
TR 22 B R S N 28 “ =404 7 CE1b). “PAn” (El1e) 8L “ 20 Aks IR

(E1d>) EEW, Fik, W5 FHRAE SRR N O R 2 B gtk a2,

Lorenz e

12 12

10

084 "= .0

RR(i+1)(sec)
RR(i+1)(sec)

0.8 1. N X .
RR(i)(sec) RR{i){sec)

11 " -
* = i
10 ;‘f%’ ) 6
'E X:] - " S -
%0 7 S ) = i’ =
g T - H
Ty 0.8
e ‘
. 6 *‘, . - -

le M4p4 1h-RR-Lorenz ff0 0.4 x = 1d # TR 1h-RR-Lorenz #fHH

0.6 0.8 1.0 1.2 1.4
RR(i)(sec) RR{i){sec)

1 i A 1ThiZEZERR (B #A T 1 FT/ERR-Lorenzi 15 1]
1.2 RR-Lorenz®% 5| FHRHEE X

IR AR 52, 25RO, sl FRTERIAL B, ST IR L
TR, PA ST 1 B A2 I PR A8 H Lorenz-RREUS B #EAT O AR H 2 T 1 “ 12 Y
TR AT LW BRI E G R HUR B RRIE B Y2 E 73 B 1 BRI R € 5|
THEH, RS T I R BRI SRR X . PRI X P X L PRI X 8
XA DX (12) 0 H T IR Bl AR A SRR AR, W IR SEIL 1 — g B 3h 42 BXRR-Lorenz
HIR IR 517 B H BT e B T i

359



ATLANTIS . . .
PRESS Advances in Engineering Research, volume 155

P X

RR(i+1)(sec)

PRI g

PR X

]

DRBR(i)(secD)

B2 ARSCE SIS0 B Xl 7

2. RHEREUT
2.1 SNN#HEFRREENH

FREFREEEAEAFRIR. RANFEEZRGER RDBIRE, & TR E KER S
A HHENIE N AT REL, LMY, FEREMEHD REFAENREHE, KA
H, BRATHT H R AT E BRI B R AR, DR RE S R oy SRR . W R I
RAHEAHE: KIMEE. SOM. DBSCAN. SNN#Z A ERAKLLE, Hrh, KIETR AL FEE
BRIEIFERMASF R /N5 KIEMSOM&R LT, MM HEEEASETEE, X TIiEFE
S E RN ARG H . DBSCANNT-25 A [A] (155 2 1] (%)) 43 Fe I s 22181,

SNN#Z FE RBE R TG B AW, BAENERIR. KNSR R 058
bk ) 2000, FI) F SNINSS B B SR A0t — 4 P 1 ) S AR Dk AT 583, R BB RN T .

1. f¥tPeD, PS5DHIHAFTA SRR T, FBK/NFME NK-Distance(P). 15—
D EPIKERITAEES (KNN, A(1)). XA fRKNN, #5KNNMatrix;

KNN(P)={Q € D|d(P,Q)<K Distance(P)} (1
2. X TE—-XECT, HEEMAE (Similarity, AR (Q2)), R NN AL
(SimilarityMatrix ) ;
Similarity(P,0)=size(KNN(PYNKNN(Q)) )
3. WWEAS R A% E (SNNDensity, 2 3(3));
SNNDensity(P) = size(Q|Similarity(P,Q) > 0) 3)

N

4. W EILEEITANE EFIR{EMinpts, Corepts, ARichZOr s, MR &

c {T%D,ﬁ if SNNDensity(P) = Corepts
75 15 if SNNDensity(P) < Minpts (4)

5. WHEBMEEps, B0 AR BN WR:

L% 5P, Ol /e SimilarityMatrix[P][Q]=Eps, WP, O/ HIEHE AN, HAP5OH
EEAIE, HOSREFEZEE AR, WPYSRE FETIE 45 A mif & B IR % Bl ik,
W& T R — 20

6. K ARRIRMEZ O NIANSE Z Bl k%O 5 AT E 85

360



ATLANTIS . . .
PRESS Advances in Engineering Research, volume 155

22 ACHEB:

RR-Lorenz#i s B &40 FHREE: 1D W51 FIEE, REMBIIENER, KNG
Flp 2) BEAANER: 3) OHE T REBE K FIRRIAN P F2S 7 4 e 75 T4, MR g
S A I RE SRR o T AR S0 T SNINGE B SRR B0, ih T IR M H T RR-Lorenz il &1
BIZRER T71

A3 B T IR A H R AERRIHTE B, 4 JE A RR (B 4% 18] /7 51), AAH AR 4>
RRIFA S AE R e 1 R, BRSO (RRRRi+ )RR . AEIEREL, 285
21 TR AR S35 U T SNNDensity ITHE 775, FEW2.2.17; 4. SIEHISEIERR
W.2.2.27: TR0 RS0 B e T A s E AR U2, HOm &5 7 2.0
R, IO RIEIE RIS W 5 P E A B . RRFTR G, B
MRIALE, TEH2.2.375.

2.2 1 L B A0 P B

W AEBLRERE K SimilarityMatrix B AE A TG RV, 4 Similarit(P, 0)> 0, WA APE Qi@ —
SHBUE N Similarity(P, Q)FIIUMIE . B H FISNN R, (5 8A A LEER
AT R EIISNNE . (AN3)), B 7 & FANAUE. B, 8RR U BUE, AAff
ARG I E .

FIFHHEHL F PhysioNet:Cr FR B FEIRR (B T FIREA. (PR ILEE3 3 ) 4 Ailfd A 2 (3) M
A5 SNNDensity, 15%|SNNDensity NumAISNNDensity SumT5\, 7381945 51 18 5
(E3). Hr, BARFASIITS, HALFRASNNERE ., aUER, —HSEAME, H
A ISR, T T P, XU AR G)THESNNE L, &S U L [A]
T L2 7 1R 03 R 0 s

SNNDensity(P) = sum(Similarity (P, Q)|Similarity(P,Q) > 0) (5)
27.54
550 1
25.0
500 A
225
450 1
E 200 E
Z ;400 -
z Z
@175 i
g é‘ 350 4
2150 E
@ “ 300 A
12,5
250
10.0
200
75 T T T T T T T T T T T T T T T T
0 25 50 75 100 125 150 175 0 25 50 75 100 125 150 175

K3 PFSNNDensity 5 7 kBT 35 5150 E

2.2.2 Corepts~ Epsit ¥ 71k

CoreptsHIIEFERE T A HUR T ®RES 5REEN mEE. mikEd Rk, NaEmzss
IrRI AR AN, TEIEARER G T A, BRI E S R BRE D IR (4 rh DA T
PSR . FEREES A, W SHS 50 KK pEE R, LR MBS (S50, 4
R HEL % .

361



ATLANTIS . . .
PRESS Advances in Engineering Research, volume 155

Corepts=500 k=28,Corepts=500

+  Cluster0:11

Clusterl:28 /
«  Cluster2:26 S
+  Cluster3;10 yd

RR(i+1)(sec)
RR(i+1)(sec)

&) e
* “RRlisec) . o " " " RRiisect
K4 Coreptsii £ K FE 8 M
EpsitR RO x5 B H E IR . MR SimilarityMatrix(F15€ 3L, PIAMZ 0 1522 (8] FIAH
BUEAT[0,K]IX (8] o EFE%SEN, AT LI R EREARGAT 08, ME Y EpstE[0, K] [A1 1 B,
B 58 S LA FE AT IR B AZ O AN

6000 1

5000 4

S
o
o
o

w

o

o

(=1
L

Num of Points

2000 A

1000 4

5 10 15 20 25
Eps

KIS B B RSO RO B BE Eps AR A i 3

{5 FRR 8] HH 7 F1 A AR 00 452 T 402 55 P ]k () A% 00 s 0 N BB Eps AL 34 (5D,
TEALKR N Eps, Y\ALKER N 28T Eps it /& Similarity KT Eps % O i 8. AT LLE R, #hZR izl
KB Eps ¥ K BIKWEAE J5 46 T . IXFRBEAE Epsi3E RAZ 0 mE e 0 2N 240201, 41
SRR R, BEEAREE E SR, WL, RERIEE N RE R A,
P SR AR BRE N Eps -

2.2.4 BEECEWR G F AR B

S BT AEA B SCVE L1277 13 o ) BT ST 1) 5320 B B SR im0, Wl i
A AW S| F e B AR

1. EREE R Z AN ERE, REEM O Ha

2. L NG A, REENIFEZ Y1 = x + bl; PREEXSE L NS Ta, SEHLE
HEEHPELyY2 = x + b2, yUNMy2R PRI NEEEL X . PRIEX . BE X PiEX
PR X (E2);

3. #rafEyl b, WIEFRETERLX; S, wWHEN S, WiEpSyl. y2i0¢ R AW
pHTfE L B 5

362



£

ATLANTIS

PRESS Advances in Engineering Research, volume 155

4. XFFRANIGN, RAE K2 BORPTE XA B2 I AL E

3. SEIRHE
3.0 FEASRIRE R AL

RR-Lorenz i 3 B SEBR_F A2 O G 5 I —Fh ALt A 7 7%, JR4e: 7 VA IR R fEAH B
IR RFE AR B R ARE AN B 0 P R IR & T o i . A B R 2 S0 ae 3R BH, A
KA ThIIRRIEHAJE F1IAF H B Lorenz s B B TR 46 BR 5 24h il B B R — 8. Rk, AT
DLAE/ N A B AL 6 RRIGDEIE AT AR, 3 LA — AN ThRR-Lorenz st R A —AMEA

MPhysioNet CHF%{4fs % P ATPhysioNet NSR & 22 P15 B 29451 7 4 0 7 22 38 22 3% 34270
ANELEThRRIEIAFZI1ES T 4 (CHFZ), 5341 1E % S2 1 O FEAMA 520/ % 42 1hRR [8] #1741
YERNTT (NSRZH). XA FEFI/ERR-LorenzBiUA B, FFxF WK 51 780 H #E47 N THRIC

3.2 SEWEER

32.1EH

FVEI S — D BT EKNNAE R, 2R S RS . X R IGRR A B R
M, (RRL,RRuD) RIS A K EER S KREREE SRR SR T KNNARE R
ISR A, X B S (R AR LRE 2 bl A8 B R RO 2 s ok, BT ARACLEE
FEARHE R, XS E AT N ] R A R AR B AR 2 RO R . R R o AR R
[E— AR RS AE, mIRet T80 B S fAEUE SN, mgiRm A2 A2,

8 RFRATH H BI7E T FEHURR-Lorenz S0 B A W 51 -1 B A LARHE, R A4
BAE Y UG AN N Z e e s B B, (R PIAC BB By e BR B R A
3.2.25L06 45

KRAFIEFIES, WEN28: B T A0 I H Ak F204 e, @i H2.2.275
IR W S HUE R T IE M EEX A0 FEAR, B &0 5E Corepts 9200, EpsN16, 15EI3UF I
B (E6) . i FASCEE H SRR SE B2 ) 42 12504 R A LK TT 2H 38 42 U 5004 R A AT /ER R -
Lorenz {5 B 51 FAFIE, 5 AN TARESE BT E, IIESEERA . FR1FTR. EH S0
OVEEFEAH ) BUS E BB —, 2 N MEIREE IR, TTCHEREA U I H S
FRHITRCS B A, IR BEENSRA H FIHERf R AN B CHF 5 i, IXFF A TS,

/

® Cluster0:266
Clusterl:18

¢ Cluster2:19

¥  Cluster3:16

sec)

RR({i+ 1)

[ 1
RR{i)}{sec)

Ko Fika RIER

363



£

ATLANTIS

PRESS Advances in Engineering Research, volume 155

4. 5T

FEI3FIGUE T AL BURHIE B HER IR, 2 1 B AR SRS BB RFAE 0T 00 B 23 BT R 3
W 2083 T il AR Aok B T 1 (FR i O ) 32 20D 2504098 5| FHREE Sk B T4 CGE
MO 1IS00H MR T FRHMERHT BB RS (R2). BREELE FWE AN, A
FETR I FAl PR AE CHF A AINSRZH 2 [A] ) R I H BE M2 7 (pit/hT0.001) . X R IR
517 BE H AT AR AL BT IR QAR O R A B RE X

Rl SNNE LRGN ST H H 5N THRERS s 45

2 51 55N TRy 45 AR [F] L A5
I CHF4 (n=250) W5 ¥4 93.66%
W 5| ¥ P EAL B 92.02%
IINSRZH (n=500) W51 ¥4 99.53%
W5l PfEhr B 98.52%
FrAFEAR (n=750) W5 ¥ 97.35%
W 5| P fEhr B 96.37%

22 CHFZH 5NSRZHRR-Lorenz & KW 5| THFAE 5 35 P46 06 45

FHIE bR CHF4 (141> NSR#AL (1141) FfH PfE
(n=250) (n = 500)
Mean+Std Mean=+Std
P X 0.43+0.497 0.0940.282 388.447 1.327E-17
% X3 18 s [X 0.53+0.549 0.06+0.244 592.364 6.573E-24
W5l 4 PRIFIE X 0.3640.491 0.06+0.237 451.277 2.638E-14
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W 5] A W 5] T AL 2.734+1.356 1.2740.789 185.249 9.535E-34
5. ZinEEy

AR B R S AU RR -Lorenz f{st B (AT 7T, 4 HY A6 A 5 - SN JE R SRR SiE SR I H
ZNFEHRR-Lorenz Al s B BUIR 51 FHFAE, FFEEH 118 A R ASIE FE SN SRR S AU 7
%, AR IEA S N TTHRIOR S FREAR R . (H b Ak i 2 5 R{E S Y 5 €
SR LR RS B I RCR ATIE R, 8 ORF AR SE R A B N 2 BT ik
AR . 4k, fEEE3 % it B VAR IR I0IE 1A SCER B 51 5~ H A BT AE AL B4 0 v
AT S R O S R O B R TR E S TS TR A S A, A
SR, 7 RR-LorenzUni I B4, HEBE fi 04T 10 H 3046 5 8 ek

6. g

RS CZEIN TR RITUE . HRVIPZ S e85 AR5 (JCYI20170306091821082)
FE T R B R A W i i 26 e B S BRI 2R R G R AR (JCYT20170306092000960) %t B .

364



£

ATLANTIS

PRESS

Advances in Engineering Research, volume 155

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Li Fang-jie, The important concepts, terms and their connotations of Lorenz plot, Journal of
Practical Electrocardiology, vol.24( 3), pp.153-157, 2015.

Zhong Hangmei, Li Li, Wu Ying, Application of ECG scatterplot in quick determination of
complex arrhythmias. Journal of Practical Electrocardiology, vol.25(1), pp.9-16, 2016.

Jihong Guo, Ping Zhang, Ambulatory electrocardiography. Beijing: PMPH, 2003

Li Fang-jie, Yang xin-chun, Bai Jing et al, The contrast analysis on diagnosis of 1153 arrhythmic
patients between Lorenz plot and ambulatory electrocardiogram, J Clin Electrocardiol, vol.15(5),
pp-330-333, 2006.

Stein PK, Ehsani AA, Domitrovich PP, et al, The effect of exercise training on heart rate
variability in healthy older adults. Am Heart J, vol.138, pp.567-76, 1999.

Krum H, Bigger JT Jr, Goldsmith RL, et al. Effect of long-term digoxin therapy on autonomic
function in patients with chronic heart failure. J Am Coll Cardiol, vol.25, pp.289-94, 1995.

Hartigan J A, Wong M A. Algorithm AS 136: A K-Means Clustering Algorithm. Journal of the
Royal Statistical Society, vol.28(1), pp.100-108, 1979.

Ester M, Kriegel H P, Sander J, et al. A Density-Based Algorithm for Discovering Clusters in
Large Spatial Databases with Noise. 1996.

HAN Jia-Wei, KAMBER M, Data Mining Concepts and Techniques 2nd Edition, Beijing:China
Machine PRESS, pp.251-299, 2007.

[10]Levent Ertoz, Michael Steinbach, Vipin Kumar, A new shared nearest neighbor clustering

algorithm and its applications// The Workshop on Clustering High Dimensional Data & ITS
Applications at Siam International Conference on Data Mining. 2002.

365





