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On the Influence of Electromagnetic Interference Noise of ECG Device on the
Performance of Artificial Intelligence ECG Software

Hao Ye, Wang Hao, Ren Haiping™ (National Institutes for Food and Drug Control, Beijing 100050, China)

Abstract Objective: To explore the capability of artificial intelligence (AI) ECG software in tolerating
electromagnetic interference noise of ECG device and understand its accuracy and robustness. Methods:
Individual ECG device was used as an object to collect electromagnetic noise during a lab-based EMC test. The
noise pattern after being added to public ECG data was processed by an Al ECG software. The results before
and after noise addition were compared. The influence of electromagnetic interference noise on the accuracy and
robustness of Al ECG software analysis results was analyzed. Results: In this experiment, the RF conducted
interference noise had greater influence on the robustness of AI ECG software, while the power frequency
interference signal had less influence on the performance of AI ECG software. Conclusion: The impact of
electromagnetic interference noise of hardware equipment such as ECG device should be taken into consideration
during the quality evaluation of Al ECG software.

Keywords: ECG; artificial intelligence; electromagnetic interference; dataset

O L G AT FRT N B 2 B RSO RS DO, THRLEOAR S R HITE O i 2 W 6t
WL, M THEATA, Juk, RIS B, CHRERASNSE R RS . L
PLri, TElmRSEGER EEAE. geit, B4F 4F, BEE N TR RSEORI AR, R
7 U3 Rl P 3RAS .0 FL R RO A 312 2 1 22 TR L S HORTF R R A Sl B R A 712
LRI o1 B 20 K DS 5 7 4 T TE AL A N TR RS T A K PERERE DRI T BESE ™ (45955 2018€5)

PEF A AR, Wiy BT A A AR R b PR A 8 S DA
VRS RN, WL DFRJrm . AR SR 59 E-mail: renhaiping@nifdc.org.cn




2019 9 33 9

1033

Wi N T2 BE O AR O B TWF 57 ), X AL
HL AR RE AN 7 125 AR IS O W 7 7 it JB 4 43 Ak
FIEREM,

O FLBSCHE P 7 P AP 1) T i AR 3 v e 4%
FHREZAMEAD, e AL B R A= o d ) 2
TR SR BUHC ST R VBB R AR O
K e, AIMIT-BIH, AHA . CSEXUREAESY, H
ST, TEPTME R K R E ,  H T A A TR
36 A NSTEUE P e CSERUIR 2, NSTHUE 4 2
HET MIT-BIHEE 28 1 P 2 B B e e s,
AEERIN BT IO HL I LBR A T S B A B e 7
IR CSERSCHE 2 v 19 10 25 400408 B in 376 e 7 i
Fr, AH IR T RS | i e R TR R X =
P P2 iy ELACR PN TG BB s Al PR
WA, MR SEAURGE AT . HLRE TP R A
v A AT ] TP AL LR

O HLAE 5 IR A A BEAILPE TN 22 FE P 45 AL HL 3K
Pk TR PEI . ALC LB AR R A L T
IS (R, A Ao T B A 1 AR DL SO 9=
WIS W, 3 23 52 el 1) 8 0 B 0 il R gl B 1
5o b T AT AL A ERE, A0
K 2 FEAL R I A AR AP PR Hh mT RE I 21 Y 1
B ARG AR ATA B 1R v 2 S i
RGNS, AU R Pl RESZ I ALC FE R PR IE 3
TAERY RSN, it WS 4 SR 0 AR Aok
PEARALC FL R R PERE
1
1.1

O EIHLIE AL L AR PR I Bl R R i,
v (117 X0 RS =t AR T URINE ER 2 S N I EN S 2 T
FL AL ELRER A A LR T 415 5 X AL FUAR AP RE
AIREF AR S

O L EIHLTE S A R BR B b AR, AMA Y
BRACIE A RS, st W BRI B 3241
OHLEIL . O H LR S F R SR I i )
TALTEOLRES A B DL BT T HERE Ty . NS AR
o, BRI (BiREm ), WA
T BAURIERE (FREL) .

MEREIER ( Electromagnetic Compatibility,
EMC) MHXHY M BER , S o g hidh
B ( Electromagnetic Susceptibility, EMS) []@1, 1]
DL IR L R B 1 A% 8 X0 23 PR AR A EMS (7]

zhgysh

RO R B R RN A AR MR PR R
PRI RE AR =, A& T 7R e
HLREBLHEAE s o B OB P TPRRE | H PR ik
TEPUPRRE . IRIMPUILEE . i T A s B
JE T T AL U A SR % SRR BT
B SRR R AP . TR R T
R R I . R EC L ML I R T AR
O, W BRI . P LR L IR
PUVLRE | o B R A e I 0 s T i st 0k
P, BEAERAE S AR A IS R
BT, (Rl R AR D S SR AU RS &5 S EoRR A . T
SIS A FIRILHTILRE . S0 f R A 4w b
FE . TARREZPLE =& 8 T2 (R & BLRRSRE
5%, BEARXMERAN RIS S bl . X —=25hidh
JEAES T, AL TR N, X EEPLY
AN, FETLLRRE, EEERESN L SR
B T AT SR X W SRR P55 50l B L=
BRI 7 T PEAf AL O FR AT AR A
1.2

AR SCHEFE LS TF I AL HL 3 AR S A Uk e
NN DO R I /%= K5 S LTINS == 2 o s B 1
IEH (N) . ARZBHA (LBBB, 45L) | f1f
YRHAF (RBBB, #5R) MEMRHE (PVC, 45
V) o BFESR FMITEGE A b i 85 s 2047 U1 2 A
i, 3120000400411, HABEHLIEEE10000MEH
YIZREE, T4 100004 O E R IINALE , 24403l 4E
H A DA REAS P VRS LU 5153010

M, wHE—G T o0 BYLUE S K
FAEH MRS (5 .
1.3

A L MR TS YRR A R S R N AT A AL
B REIR A THEAREYY 05052012 k4T, ¥ M2 T4
WESATIRRE . SIS hTPe B PR
1.3.1 THfismhidi

TRt S e B A v R B e EA T I, K
TSRO ML T FEGE SRR, R
0 mVESE, IR IR A RIEAT, RO
HL PRI BIL I B A R Ty 2R BBl v, 28 B it in 45
FH50 Hz, ¥imh3 Amidse i Py iE S, 2
FNEEXIY 12 =AY E A TR

RAE B MRS5S B TR

IS P &) b b



1034 2019 9 33 9

0.03
002 F
> o
E
g
3
00 F
002
-0.03 : :
0 B0 100 150 200 250
time/ms
1
Sz 7 K S f KA IE0.03 mV . BK-, XHFERER IR T T S ST
1.3.2 s Sy RIS S 1 B 0.15~80 MHz, 809% Il il ,

Xt L L, Tl R A 2 PRI N2 Hao 18050 PR 1 LA B 7 2R SR L1
(S FH AR AN AT RE G B0 P SRR SR B, H AT, STEADRLEILAY SR TR S
ORI TR IR R RZAE1~3 m, 75 REERIRE S UNE2FT7R o
ER S 15| A2 [ LRI o Oy 1 o g P

0.5

mV

-05 |

0 0.2 0.4 0.6 0.8 1
time/s

2
’?7 & % }'7 CHINESE PHARMACEUTICAL AFFAIRS zhgysh



2019 9 33 9

1035

1.4

Shy 7 i O T A () O g e X A s F B
AYSZIR, R LB 2 L g p R B DU 1 B A5 2
EMSUEIE A7 08 B2 A8 48, A SCR ] — A PPAL I S
E5FHAFEPR: (M (Signal-to—noise Ratio,
SNR) , HA&E L.

L]

SNR =10log --—

;[ym)]z

K, x (n) FoRBUGES, »y (n) FoRBES
75, NEoEdnEi .

AR I TE v 8 o 52 6 5 SR A ) LR MR P
U ARAE R, SRS A AR RN R S R EE LA
TR, 0 0HEA R A5 16 L B e £ B )
MITCx FL 2 TF R8s e iy e Ikl ( LIRS | 4
Fifforiginal BIE ) b, ARAGE NI A .
ARSCR AR5 L L2 1

It RS ) IS SL IR WL3 | 4,

SNR daB

T 20.6 14.5 11.0 8.5

5.0 3.7 25 1.5 0.6

&5 20.7 14.6 11.1 8.6

5.1 3.8 2.6 1.6 0.7

original
0.6dB
— — 14.5dB

0 0.2 0.4
time/s

0.6 0.8 1

0.7dB
— — 14.6dB

original

time/s

zhgysh

iNESE piaRACEUTICAL A RN 2



1036

2019 9 33 9

I3 P 6 KA K B ITEMSI P 55 ) 5Bl
X ] — ALG RBEBEA TN, IR 4R G2
FMERR A, HERR A R o — I g E A 7>
RRIREALS SREAR R T .

PAHIWTIE & 040 (N B =73 28 [R) ey i

WS MITECE i P 0 3 2885 5 N, S B0
1, BIVER RO WERATEHAE AN, W
FORAVEIERZE RN B, AR A3
1, WFRAFIEMZE S BN . /e Bk
TR ER2,

2 Al
MIT $dfs PERRIE 4328
ALY
FH P B
PR N, 11 N, 1,2
SH: N. 2,1 N. 2,2

HER R AR (2) For:
TR (Accuracy ) = (N +N,, ) / (N, j+N,,+N,,
+N,,) (2)

Kb, N OWEBIPERECE, BB ATR L 6
Hu TS g AV K s N IR BRI PE R B, RI#E
AT R T5000 Sy B B 858 5 N, A B PR 1Y
oim, BB ATGR A R S0 A M B s NS,
SECEIE, BB AT TE 6 00 Ay B E Sl o

Comparison
100
—e—all
—N
80 ——\/
O\: -=-R
3, 60 ——L
Q
g
3 407
o
©
20+
0
0 5 10 15 20 25
SNR/dB
R U R e L
5
MESATLLE H

1) TARMES ARG, % 2 e R
AL AR, (5L <1 B, HRIHIEFTET0%
Pk,

2) BIE MR IRES R s, Bike
SRR TR, FMb<1 dBEY, MEFRC
2 FFERI50% LT .

3) PWFPEMSHEA NP, EHERAE (V) 1
YERf 280 B3 R /N

V@O i ARV ACEUTCAL AT

AL BB 20 30108 I i a0 K e A [) 5 e
FLEMSHE R (5 5 i s A7 R0 2, ARYE_Eid Ty
LRI R R A R ANE S s . Ho, ik
Al CRARMF AR 2R ERR R, V. L. R, Nl
FORAAM S P ZE SR . A R S B
S IEH X VU DL 73 SRR 3R

Comparison
100 T g—

—a—all
—N
80 ——\/
O\\O == R
> 60 . ——L
o
s
8 40
Qo
@
20
0
0 5 10 15 20 25

SNR/dB
e SR (R LU O R I

EMS

3

A YA 5 18 1k S 6 5 AR ) L R S N 3K
BB A 1 h B L SRS DL, SR T L EIAL
FAUEMSME A K , A0 4E TR A S S
LAAN [5] 4 e 2 i 281 LS RSN L T PR A
BRRPE. BUORTE, TGS X Bk B R e A R
BN, BGETS F R A B HER R AN S
W IR SR BRI R ORI B IR
BRUAT 4 T s T 00 o) T A0 P ) SR A

zhgysh



2019 9 33 9

1037

W%, TERREM: b Seal TARE I R B 241
XTRGA, 3K MAARAS RIS T T AR X AR A 52
M, BRI, IUAEXS AL SRR ST oA R, wf
L, R R FH HR R4 S I s £ S s 1 o7 A0
S5

Zoak BRI, AR SCR BLIE 15 B LAY R
ik, BEARATIRA: B 43 S HER AR A T T . X il
T, EMSME R IR A M 7O FE AR (12 W
WERf MR, AR T A SO, Bk
AR B HELASUINE IR AP, BH5IREE . R
LAY, dEmisgmils RS R . 7RI RN
N R IR RE (A U I L By =kt e AR
NS EER AU

IS ARSCI M R B, AR H IR A
T 33— XTI 77 R PP AR 1 5 A
JEAUT SR A t5 A . — kUL, AR
1) R PN R ISR AT R, T O RS S
AL A Gz B, H O AR AR
XTHUMERS e ST T A TERA . XFALL LR
2 5RA WL AT I S IR v ] BERZ M ALK
HSFHEE, HASCIHE T IER R,
PEATA BRI, DAHIR 2 4 & U E A ATEK
HRTE R

[1] Holst H, Ohlsson M, Peterson C, et al.A
Confident Decision Support System for Interpreting
Electrocardiograms[J]. Clin Physiol, 1999, (19) :
410-418.

(2]  E, kg, EAL S NTEREES TR
IS B ). P E BT, 2018, 33

zhgysh

(3]

5]

6]

(7]

91

[10]

[11]

—
—
3}

—

(12) : 1-5.

FFAE. B0 HL IR 10 S RSO P S a2 W B 52 D).
I IREE Tl RF, 2015,

E, B, AR, S OHBETEER YT R
BRI BRIPEe s, 2017, 30 (1) & 15-17.

YY 0782-2010 BB Si2-515050: oAy
B B BT N 22380 L I L2 A FIEEAS PR RE & HI K]S,
2010.
b, BHE, TR0 BT R A R AR AT ).
T BT A, 2014, 29 (2) ¢ 14-17.

AES, BRI, SRR SC BT RS R A AR G B
ARBTL]. h I EEYTBAE, 2014, 29 (8) & 70-72.
Hannun A, Rajpurkar P, Haghpanahi M, et al.
Cardiologist-level Arrhythmia Detection and Classification
in Ambulatory Electrocardiograms Using a Deep Neural
Network[J]. Nature Medicine, 2019, 25 (1) : 65-69.
Pan J, Tompkins W J. A Real-time QRS Detection
Algorithm[J]. IEEE Transactions on Biomedical
(3) : 230-236.
Li C, Zheng C, Tai C. Detection of ECG Characteristic

Engineering, 1985,

Points Using Wavelet Transforms[J]. IEEE Transactions on
Biomedical Engineering, 1995, 42 (1) : 21-28.
Wang Y, Deepu C J, Lian Y, et al. A Computationally
Efficient QRS Detection Algorithm for Wearable ECG
Sensors[C]. International Conference of the IEEE
Engineering in Medicine and Biology Society, 2011:
5641-5644.

YY 0505-2012 B JHHL 8 H51-28853: 24 %
SROIFHIARIE: HBLAEA ZORANALS]. 2012.

(lcAs B H 20196 A248 %#E ETHET)

EIYCIEEES P & b



