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Abstract: Paroxysmal Atrial Fibrillation (PAF) is a kind of accidental arrhythmia, and its high missed
detection rate leads to the increase of heart-related diseases. An automatic detection method is proposed based
on kernel sparse coding, which can identify PAF attacks based only on short RR interval data. A special
geometric structure is presented to analyze the high-dimensional characteristics of the data, and the covariance
matrix is calculated as a feature descriptor to find the Riemannian manifold structure contained in the data;
Based on the Log-Euclidean framework, a manifold method is used to map the manifold space to a high-
dimensional renewable kernel Hilbert space to obtain a more accurate sparse representation to identify quickly
PAF. After verification by the Massa-chusetts Institute of Technology-Beth Israel Hospital atrial fibrillation
database, the sensitivity is 98.71%, the specificity is 98.43%, and the total accuracy rate is 98.57%. Therefore,
this study has a substantial improvement in the detection of transient PAF and shows good potential for
clinical monitoring and treatment.
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Krag 7 BB A FE R KU HE & 1 Se,
SpFlAcc&E I, A SCHH M EEIUS T RIS
MR e BRI S 8O N=80, MELH N32,
BBURNENDS.7T1%, FEFFEN98.43%, EHEMZEA
98.57%. R LIEFIREFHIEFLRBN. W
U NnAIZ2 RS IR £ 48 H &1k, Se, SpMl
Acc RARBAK o TESEI0 IR 7 3L 5 T ZUN T
JRI S BEER TR 2 LARIE F A & T A TR
TR, NERWRED LT IR B TUAR T RAS L
Mt E. R1P ] LR B Y5 7 2808808100
i, 3372 IR AR TR, uE B R

58 & M R AR S5 . RS EGUE A, AR ¥
2R A R 787 57 I 243 2 ik 25
RHEEAR, WX EEAIRGIZ AR

T AE SR A O3 T RRB) B4R AIE Az I B 44 s B
SCHRI Ay R RN 2P 7n, AT 50 S8 45 0 & 5
TMIT-BIH AFDB, PEaE#HH /NS J5 P A3
TNe S R IN 28 AH bE A SO T BRI 28 7R A
Ae LM AP E . 2 IR 22 HG I #5518 20R H
T 11128838 K FIRRIE A & 10, (HIXFRK
P& DAL 25 5 A5 1 F T (W PAF R AE . TE4R G
PRAL KIS PR RERT, H T RIS R BR R, ab A 2L

® 1 SHTREMIEEE(%)

SENEENE H (n)

F IR T HU(N) H A XIIE 16 32 64
Se Sp Acc Se Sp Acc Se Sp Acc
e/ 97.99 96.63 97.32 98.44 97.95 98.19 98.86 97.75 98.30
Hdm 2 97.95 97.42 97.68 98.74 98.15 98.44 98.67 98.43 98.55
K3 98.00 97.99 97.99 98.65 98.51 98.51 98.97 98.30 98.64
0 KRt 97.38 98.44 97.91 98.50 98.67 98.59 98.78 98.57 98.67
g 98.36 98.34 98.35 98.49 98.55 98.52 98.89 98.57 98.73
S 97.94 97.76 97.85 98.56 98.37 98.45 98.83 98.32 98.58
e/ 98.15 96.91 97.53 98.38 98.31 98.34 98.97 96.04 97.51
Hdm 2 98.26 97.32 97.79 98.06 98.12 98.09 98.46 94.26 96.36
K3 98.32 97.10 97.71 98.19 98.52 98.36 98.97 98.40 98.68
% KR s 97.76 98.41 98.09 98.78 98.52 98.65 98.91 98.64 98.78
g 98.03 98.67 98.35 98.57 98.60 98.58 98.86 98.53 98.69
S 98.10 97.68 97.89 98.39 98.41 98.40 98.83 97.17 98.00
e/ 98.15 97.26 97.70 98.52 98.24 98.38 98.97 98.17 98.57
Hidm 2 97.99 97.43 97.71 98.81 98.27 98.54 98.97 98.35 98.66
K3 97.98 97.96 97.97 98.86 98.31 98.58 99.00 98.48 98.74
* KRt 97.39 98.24 97.81 98.73 98.66 98.69 98.93 98.44 98.69
ke 97.60 98.62 98.11 98.65 98.66 98.65 98.88 98.67 98.78
T 97.82 97.90 97.86 98.71 98.43 98.57 98.95 98.42 98.69
e/ 98.29 97.29 97.79 98.77 98.23 98.50 99.00 97.01 98.01
Hdm 2 98.13 97.72 97.92 98.81 98.09 98.45 98.94 98.56 98.75
100 K3 97.70 97.72 97.71 97.52 98.51 98.01 98.94 98.80 98.87
KRt 97.90 98.38 98.14 98.60 98.72 98.66 98.94 98.80 98.87
ke 98.35 98.47 98.41 98.70 98.68 98.69 98.97 98.63 98.80
-1 98.07 97.92 97.95 98.48 98.45 98.46 98.96 98.36 98.66
e/ 96.64 94.03 95.33 97.87 95.86 96.86 98.89 97.10 97.99
Hdm 2 98.11 93.22 95.66 98.81 97.74 98.28 97.73 97.84 97.79
190 A€/ T K] 97.59 97.49 97.04 98.79 98.54 98.66 99.00 97.36 98.18
KRt 98.24 98.10 98.17 98.50 98.59 98.54 98.94 98.46 98.70
A6/ T 98.23 98.44 98.34 98.34 98.68 98.51 98.80 98.54 98.67
S5 97.76 96.26 96.91 98.46 97.88 98.17 98.67 97.86 98.27
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FHHEERANEEPAFLIEMNGE S, Petrénas®
N3 55t 3 A 15 M60 (1 B 38 30 4IF T 2 kM BE,
SRS 21967 % 1) BUR P FN97.9% I RE 7 B
SN60FA B 15 21971 % 1) U F198..3 % I 45 57 5
SCHER[LOJ AR AT T REE O R AR T, EOON
31N UK N98.98%, 45 5FE N96.95%,
SAER R NIT.80% o T AS S 7 v A A4S )
n=16/F, FLIEF] T 98.07% M HURIEFI97.92% K4
SR . Y TR B =320, kR Sy R
98.71%. HF52E98.43% . MUEHIFE NI8.5T%, &
AR E VL P ERE R I . LRI, A AT
VAR E T o 4 38 2 8 BA T AE
IR RE, P ASEEL AP AR (I HERRIZ W

*® 2 REIEZED LRI (%)

SCHR HE4 RRIEHIKE Se Sp Acc
Lian%§ A\ 2011 128 95.89  95.40 -
HuangZE A 2011 128 96.10 98.10 -
Petrénas® A 2015 60 97.10 9830 -
ZhouZs A\ 2015 128 97.37 98.44 97.99
Cui%s A® 2017 150 97.04 97.96 97.78
Andersen® A1 2018 31 98.98 96.95 97.80
AKRILTTE 2019 33 98.71 98.43 98.57
3.4 Wig

WFFCF A, 240 B AR vEE B VA 7 SR s VP A% (BT &
/BPFIR24 h Holterid3%) /it NRIT JEPAFH H 2
W&o DRI, A% TR S PR B [ 5 5 P 34 R 4t
IPAFRAENS I . R0, HRTHKZ B AR v
BN, FAKZHPAFRISE FE LRI,
XAF A E AR R SR R, R X T A
FL B SRR ARG B8 o 1T A ST B0 AOAR I B3 Ak
B RRIAASE, A A AR RS
B, KRB T B S s, BRI AR E
) B 5 2R ) 7 S A AR R AT S 3, AN
THHZMERFFE TR 2R, 8% TS
B . A SCEEYE THRVAE 576 A AR
P 2 TR 25 R AR, S I 25l 2R 2 T 25 1A
e Bt DA G PR A A I e 22 5 2B R T %
(0 B gm A 75 v R P = S ) T AR R i B P 7 1)
KRS EM, 3305 R R e B
B, kA ERESEREL T, B
R HVBURMEN98.T1%, R 5T N98.43%, S HEH
RNIS.5T%. HHILRM, ASCHEH IR Tt 77
TRAEAH 24K R B T P R B0 1 A 24 T E

] 3 iz - L ST R NFI B 40 B B D n R
THE ), AR AE X A K 250,000~

0.0175 ms. S5EIEHFIE HOnfitl, -7 L%
NG S (] 1 52 B8 K. v B R 25 0.032~
0.037 ms (N = 40), 0.221~0.251 ms (N=120).
BAEAFRI S N=80, n=32), i1 5 17]50.107 ms.
(FEFFIMATLAB R2015a%% 5, fEIntel(R)
Xeon(R) E5-2680 V3 CPU @2.50GHz (24b#
wACE S Figdy, WUk, hERE). XK, fE
SEBR S, A ST BVE S AT BLSE IR S,
M HE P2 HAREEE IR SCHR[8] Zin=150 1t
HAF A H9.13 ms, SCHR[20] Hn=1280] T 5 a4
20~30 ms, n=12 THE R [E]93~4 ms, SCHR[19]
=128 {1 B} (8] M0.774 s, SCHR[10]4n=31HK}
53124 h ECGHUE 7R EARL sif Al A SCREAH
LA ) SCER e TR AR, TR T RSN
PR EE I ER

0.30

—a n=16

0.25
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LHEET ] (ms)
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0 - : : : :
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THIETH (V)
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NHITE R, EHT WA STHRRE AR 3)
Wk . EENE NS E Log-Buclid HESE rh A
MITESRDL, FerhRRIBVF 21 i b 5 22 ik 1
R, KRBT SAERAT B I e g v
X AFDB AN R Y 2588 0 S 36 45 SR AR B A ST H Y
JHEA ORGP AR, 5 AL vE M et T
KL RE . (E AN B & R AR R AF AR
AR, 7R AR 2 EH 2 H g A—
Bl Mhh, F—BEEARBESPECGH S
DUANE (B3, 5 G 3 B S A B IR S 18] o BT A,
AR AE T BE R B, W] U ST BN 58 4 1) - S
B, AIReH BT EIETERERE— .
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