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Abstract

Aiming at the problems of complex analysis of electrocardiogram data and insufficient accuracy in
feature extraction, this paper designs a complete solution from low-level data processing to feature
location. Firstly, based on the MIT-BIH database, the WFDB format parsing mechanism was elaborated
in detail to complete the conversion from the original signal to the physical voltage, and a data vis-
ualization verification platform was constructed. Secondly, the peak-finding algorithm was improved
by integrating techniques such as difference, square, and sliding window integration, effectively
suppressing baseline drift and noise interference, and achieving high-precision R-wave detection.
Experiments show that this scheme has strong robustness in complex environments and provides
reliable data and algorithm support for the intelligent auxiliary diagnosis of cardiovascular dis-
eases.
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1. 5|8

O HE T R I ARG VRGN 2 o IS 075 A B2 I B0 RE[ 1] SR, SEBRAS 59 2 IR ER . L H S0
FBTH2], SEUEG S IR SRR . 2 M Pan-Tompkins 502 B C 4% 32 B, (BAE R 54
HILER e 75 5 56 KR (i PVO)I AR AEE RIBR . Ak, ASCHET MIT-BIH $3EE (3], &it T — B0 HE%
PRI T 7 %, SR T Rl i B e i AL T S Gk ) T R AR T B R B 5 DTERE T
FEAE G IR P 3R b, FHr s TR sh B AR SRS S IE OSSR SE R R, RSN T T AN
WA BHIALE . iZ LA RO 17 5% T S50 R BRI TER A, BEIRT T HIEEE R T
(R M S e .

2. 5%
2.1. MIT-BIH ¥3ZEEFREY

ARGk F E bR IS A MIT-BIH O 25 % 204 i (MIT-BIH Arrhythmia Database) 5258 20855
T FE R HE T2 5 DU DL B R B B A 3 5T, 2 PR O ARSI S5k O A i FE v - SRBUD BRI R -

1) V5B EdEEE: B PhysioNet B /7 Pifi(https:/physionet.org/content/mitdb/).

2) EFECTE: BIEE S 48 03 (1 100, 101, 102 %), A% it iHL Record 100 (1E #3100
YE R FEAEMEANT %, [FIE R %% Record 105 (%M )Ml Record 119 (& % M4 - 48) I T & e vE MR .

3) NEOCHE: TR0, T N EF LR Z=AMZ0 30 BIanEr X 100 5983, 7 F#K 100.hea.
100.dat A1 100.atr [4].

2.2. MIT-BIH ##Ee=0

MIT-BIH %4} % H &%) WFDB (Waveform Database) i [k 4 % ALK [ 5], 10 AF 38 1) SCA S
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o EBHATIMARBLECET, WA AU = A SO Bl 3
1) K3 (hea): K& —A ASCI A, ATLAICFABEILSTITER . Eidx 7155 M osdh.
W T,

MIT-BIH Arrhythmia Database 1.0.0

File: <base>/100.hea (143 bytes)

100 2 360 650000

100.dat 212 200 11 1024 995 -22131 @ MLII
1e@.dat 212 260 11 1024 1011 28052 @ V5
# 69 M 1085 1629 x1

# Aldomet, Inderal

Figure 1. An example of a 100.hea file recorded in the MIT-BIH database
1. MIT-BIH #(#EEEIE3R 100.hea 3L fl

Xt HICFHASTIF 100.hea JGHIFET: 100: dRAM: 2: A7 2 MRS 50E T 2 MLI Ml VS);
360: RFEFAN 360 Hz; 650,000: & KAE A% 212: f76454 30 Format 212 (—FRFER I E 4 k% 20); 200
11 1024: FRH3378 200 adu/mV (RI4E 200 MK 1 mV HE): 69 M 1085 1629 x1: HFH1E (69
%, 5itE), LA #1E0(Aldomet, Inderal).

2) A SR (dat): 3K — A kI SO, AEE T SRR S SR B [6]. K Format 212 R4
#exe B 3 ANFATAEAE 2 A 12-bit FERFE . & B ORI E 4T 2 Bon R aLIg . 4l & 171
fif s 52 B0 WFDB G HL R o b b, B RS LA 2.

import wfdb
# X CEBREE" 7T H" BE" .dat X
record = wfdb.rdrecord('108', pn_dir="mitdb"')
print(record.p_signal)
(a) dat H4E UL
[[-8.145 -0.065]
[-0.145 -0.065]

[-0.145 -0.065]

.675 -0.365]

[-0
[-0.765 -0.335]
[-1.28 0. 1]

(b) 2174 R

Figure 2. Data file
B 2. BEscH

3) RS (atr): XA THERISOME, A7 T DR T XN TARCH) R B E LB (N
REEEF, VRREIEREA) (7], FiEid WFDB TA MY, JFMH widb.rdann()e&#EEE, #RAEAAS K
K3,
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import wfdb
annotation = wfdb.rdann(record_name='100",
extension='atr', pn_dir="mitdbh"')
r_peak_indices = annotation.sample
beat_types = annotation.symbol
aux_notes = annotation.aux_note
print("=== .atr3C{H-iss “=")
print(f"RERFESZERS (Fi54) : {r_peak_indices[:5]}")
print (£" xR EAER (HU5" : {beat_types[:5]}")

(a) atr JFFE AL
=== .atrXUfHMEHTER ===
RECKFESZRS (BI5H) : [ 18 77 370 662 946]
A RLOLEAER (FI5A) « [+, 'N', N', 'N', 'N']

(b) BITER

Figure 3. Annotation file

3. R

2.3. EF Python BEENS AT 4L

1) s v AR 0 TIE S B IE A 1 e W55 S R e S BV F B . BARIRAZ U T -
S wfdb H T2, numpy HTHUE TS, matplotlib H T HIELHI[8]; WK 4.

import wfdb
import matplotlib.pyplot as plt
import numpy as np

Figure 4. Import code of the core library for electrocar-
diogram signal processing

E 4. LEESAEZOESARE

2) V] wdb.rdrecord() i ¥ U LT, 1% 0R ¥ S E SHARMT hea SCIF AP 3 25 (gain) 4 e e 5
B, SERURIGEUTE S B R R M P8 widb.rdann()BR B2 B atr FRvESCHE, AT HRER R 9%
TEAG 5 R HA T RS R I E: WE 5.

record = wfdb.rdrecord('100', sampfrom=0, sampto=1000
, pn_dir="mitdbh', physical=True)

signal = record.p_signall:, 0] # 7&K MLII 24
annotation = wfdb.rdann('100', 'atr', sampfrom=0,
sampto=1000, pn_dir="mitdb"')

r_peaks = annotation.sample

Figure 5. Code for reading the electrocardiogram signal function

5. LRSS R HUZEAED

3) AITMALCARTIR] ¢ = n/ £, ks, HORTEECNFZ 6] ECG #IZR, R I L Fbnit s DURFIR 7T
FSEMER, VAISIEI A AR . B RSB A el #04k EG L 6 AL 7,
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rec_digital = wfdb.rdrecord(record_name, sampfrom=0,
sampto=samp_to,pn_dir="mitdb', physical=False)
adc_signal = rec_digital.d_signall:, 0]

rec_physical = wfdb.rdrecord(record_name, sampfrom=0,
sampto=samp_to,pn_dir="mitdb', physical=True)
vol_signal = rec_physical.p_signall:, 0]

Figure 6. Data visualization code

B 6. HIRAALILAES
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Figure 7. Data visualization

B 7. BRI

24.REFIEEE

24.1. HEEBRLEE
H—: rA&H(Differentiation): O FE 51, R BGHEE HA RBEW T EAHEECTR . A 71X
X — R BRE AR B, VAN T EL IS (155 x (n) BEATROM A FE . SR A2 DB S, Ho
IR

yl(n)=%[2x(n)+x(n—1)—x(n—3)—2x(n—4)]
Sk, x(n) NHSBIEILR G S, 3, (n) RO B TR RO (S R AR

B0 FITARH(Squaring): O TR B0 LS S RO RS S, T RSN,
[N} Ry MR EL Y QRS PEREAT AR NEIG 58, IR 5 5 AT B 5P 5
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y2(m) =Ly (m)]

g s, E5 i EgERE v IEE, BT R SRR ER, SR R K
IIRERE— R, IR AR R A5 A T IR A AE X 4

FH=20: WBhE O 4 (Moving Window Integration): 4 T KEX QRS R HERBEARRE B AL, T
SHESHRTRE A 2 I, FESI NS E DA dR . B R N R BN QRS R M A 5 A
Mo HRFEEN L, WEHKEN=0.15f, . B4 AKWF:

N-1

3, (1) = Tz (1)

k=0
BB R E vy (n) 2O — RIVEE IR, SRR — A~ QRS Rk, 5 B 0 I E )
PR TIEM R A . BRI LK 8.

import numpy as np
def ecg_core_processing(x, fs=360):
yl = np.zeros_like(x)
for n in range(4, len(x)):
vi[n] = (2 *x[n] + %[n - 1] -
x[n - 3] - 2 % x[n - 4]) / 8
y2 = np.square(yl)
N = int(0.15 * fs)
y3 = np.zeros_like(y2)
for n in range(N - 1, len(y2)):
y3[n] = np.sum(y2[n - N + 1: n + 1]) / N
return yl, y2, y3

Figure 8. Core code for algorithm steps
E 8. BEL B ONKED
24.2. BENRESHIRIEE
SR B )G, BB E RE VA E N A F B OB EZER . TR TMD:
B FENEE R RN R, BG5S T (SPK) RIS MG T (NPK) o 24
HIRSE I BRAE T haS T A 50N
T = NPK +0.25x(SPK — NPK))

B0 AN I (Refractory Period): % REFIAE L .0y & B G 2465 AN RN H[0],  SEVEAEAG I 3]
W5 ) 200 ms P 5E B LA, AT XGRS T RS B IEAE A T U

2

AR MIT-BIH g & W BUCFIRUR, I 9. E(a)JRh ECG 155 &4 T-H R I i G A2t 2 v

% E(b)ZE 5~15 Hz wr i@ R A M| 7R 5 i /=, $27F e W(c) Bt ™ i QRS WAL

R, FHEVIHEHEME] P/T T B sh & DR E o T A s e a4, & ebs

TORFUHEE AL R U, B0AE 1 BEm & TE[10].

4

AR P L T, 12D HIE N QRS B, FFHHT SPK ;. S WIFIE AW, HET NPK .
R
A

3. ¢
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(a) Raw ECG Signal
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Figure 9. R-wave peak-finding

& 9. RS IE

N T B MTAS A SO SR A R SR, AT 70 5 2 ) Pan-Tompkins (P-T) 515 DL FIL
B 5 AL BT F B /N AR 4 vk (Wavelet Transform, WT)HEAT T EALIEAERS L. O IR B R
9% (Sensitivity, Se)5 FHE TR (Positive Predictivity, +P). 13 1 ffizs, £l P-T 5% Se Al+P 45
9 98.78%F1 99.37%; MK T-/INp A8 # (1) B2 A Sl e Ju i, (R Se 79 99.11%, +P 9 99.66%. HHLL

LT ASCHR Bk SR AE S R AR B S T BRI,

H Se %51 99.42%, +P ik 99.68%. iX—

ZERFEIPUEN] T ASCIT 3 B 3 U R B R AR R A 7 T A e, LR R REA TR S 8 &

RAEHEST IR

Table 1. Comparison of R-wave detection results of different experimental subjects

= 1. TRIKIEITRAY R BN RISEE

il MIT-100 MIT-105 MIT-119 A1

5 RHE 1% SR O B e AU P R TEMERHEPVC)

PSRN T3 761 852 693

TP (1E#f) 760 836 659

FP (iA5) 0 0 0

FN () 1 16 34

BURE (Se) 99.87% 98.12% 95.09% 97.69%
FH 1 T 26 (+P) 100.00% 100.00% 100.00% 100.00%
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FENNT MIT-BIH FE A A BPRERAPEREA I, A SCRR R I A s o St . B an, B0t 2 A s A
i 5 P BRI () Record 105, P-T HIEA G NI OY 200, A SCES AT 30 & 1 B3 T T
B, RWRFEAR T ARBAPESS ;08 K& 58 KR TE = M R4 (PVC) I Record 119, A SCHIAN R IIHLEI A
R T S8R T BT, WA Fe ARG, 300 T VA B 0 BRI T B et
4. Wig

AT FL5E R MIT-BIH 088 AT 5 F- R it . 07 RSCUE SRR e 5 nl A B k45 S A
5 BN BAE A SRR, SEELR P AR . B R SC IR SRR, PR T RE S, A
TARERFAME . RAEARCEIEERARYERE BT AT, (RIER IR R Y FAAE R . 8T iR
72 24 73 T (Error Analysis) &3, 7EACER /DAL N T 48 2% 00 (Paced Beats) i, T 48 ik i R 28 40 it
TEAS QRS EHERTHT = FEARERL, 52 51 R AH K YER iR A5 (False Positives). Jth4h, 715 M LUK Can ik it
TEBE AN A B, MRKARTFEAE /D B IR 6 (False Negatives). AR AT 10: &0 Lk JRIRME, J5 820 78t
FE I 3 S R DU HE ZE R R Al B, SI N R BRI —4EB IR & M 4% (1D-CNN)WE N 7 TR A I IR0 %
TrRAE . XA BEORFF AT HR m U BRI SS, IE R IR BE R AR 4E BRI BB S 5 SR RS
FUR BRAS, 33— AR I PR 2 A R SR 1 DU P =5 K

5. 4ig

A SCHE T MIT-BIH 500 P92 T 0 FECHR ST VAT, 7R P G F) 1308 7 0 0 5 Pl 2068 S5 R 4
HU SEBGF ], AR 2 (945 2 MBS T-H5 48 Pan-Tompkins B3, FUA BRS04 S0k 5 SEFH .
B

AT FUAS 3 [ K SR TR PR AN S R 4% 2 1A i 4E R OSBRI S8 S REN LB (S H S

2023YFC3011800) XUAH 77 % b Bl AN 22 4 A= iy 2 B S | s 4t SRR it o S5 R Ll (O H 4 5«
2023YFC3011802) % 1, HEUEH

SEEk
(11 ZuE, PR, SkE, % N TR ReE 0 R B B R G i B S 0], S AU 2224 25, 2025, 41(11):
1899-1902.

[2] HEREFH, ik$h, BUCHE. ZHASAEBRHMER A M Z AT IR AT 5T [I]. 25, 2025, 53(10): 3540-3550.
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