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G-sensor-based dynamic electrocardiogram monitoring system with recognition of motion states

XIE Junsong, NI Feizhou, CHEN Haogiang

Department of Computer Science, Anhui Medical University, Hefei 230032, China

Abstract: There are more and more electrocardiogram (ECG) monitors based on mobile devices, but most of them can only

display ECG, without taking the user's motion states into account. Using the built-in G-sensor of Android mobile phone to

collect 3-axis acceleration, a dynamic ECG monitoring system with the recognition of motion states is designed and

implemented in the study. The system which makes full use of the functions provided by Android mobile phone and reduces

the medical cost is a novel medical system for families and community hospitals. Through client terminal, users' family

members and medical personnel can monitor the user in real time and master their ECG and motion state information at any

time, which helps the doctors to make an accuracy diagnosis. A remote dynamic ECG monitoring system with the recognition

of motion states is realized in the study.
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Fig.1 Overall design of central server
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Fig.3 Electrocardiogram with the recognition of motion states

RED

5 8 45

ARSI T 3T G-sensor (A 12 51 S 5h 245
DHETRS, B AN T Android APP (%11, BF9%
RS T 38 SRS AT B L AT T A 12 g 5

B A O RSN I AE N, BT AAS 22 45t 41 #5451
VR —Aizsh S & MIREE B . 456 3CHk[2011%
THAR R G MBI S, RS BRI R« (D)
UEPE - B A U8 U PR ECH y=medfilt] (x, n), HH x
SERFURIE 0 =S EF S V], n R RN, Ak n
BT 3, 150 N Edis A — LA T I8 B, B p(k) 2 x(k—
Lk DB A, 4 kb T i), B k=0 5 149 I}, y
(k)43 % B Median[0 1 2] 1 Median[ 148 149 0].(2)
Rz I R A5 - (B AE 7% |, AIK B low Threshold Value=
5, 1% [# {8 highThresholdValue=25 , # 4} 45 9% (1) 15 5]
A s , R A (B /DN T lowThreshold Value, i 5
1A (4 {8 2 /DA — 4~ K F highThresholdValue, I 3 Wr
BT o (3) BARIRAGR  An S & A= B 5], S5 1
— BEAF (] 932 SIPIR A AN AT g S Ak ol g, 4 ) S A4
N RGN T BEAR DR 6, R0 I 2] 746 3] f |, 4k
UGG T S s P IE SIPIRES , QSRS 28 sl iy, ) %

RIS .

4 Bk

AR YDA T A /oK 8 T-AIL , i gl 0 i ]
SN 3 B, v LUE# A F 20 B E0E s ik
A ERORAESN ., 4 R ELR AR 5 AT 100
Y min (0K AE, I Haz sl st R B 55 o
A, B T B R R R R Ak 2 T
FHLS k8 T Bt 5 BT o PC & i X
FH P B Mg BT, S IR R s 45 S S v, ml LASE
T BN R BT A R oL, SE B T A s sh i R A Bh

BRI

0.00K/s 3 Z ul & CD 51%

==3
=

EERIRAEMIEDN, LFJ110bpm, BF OIS E

HET

E4 LCEBEEE

Fig.4 Abnormal electrocardiogram

R R, D BEAE 2 W it T SR IR 7E
PCHITFHLim BB AR LI R g . X RGBT STl
T Android THLEA HITIRE, FEAR T B MBI T IAS,
ook B A PRy AR A TR A BT R



1000 - o B 2R R A Tk $38E
L BIRE O AR
EfE : 20206518
| PFENEE Al =B & -
one - B
= ;l ,l{ EARE # "
B e = g LHBE :
;: A» % : 82  bpm DETE -
DERRE
g 8. 99 B/4 || DEFRF -
e —————————

5 PCEFimEIF
Fig.5 PC client monitoring

(5% k]

(1] Bk, 224, 2, 4. (P B b g mikd 2017)% ik T].
P E e e &, 2018, 23(1): 3-6.

MALY, WUY Z, WANG W, et al. Key points of China cardiovascular
disease report 2017[J]. Chinese Journal of Cardiology, 2018, 23(1):
3-6.

[2] %1k, B4cse, FoRer, 5. T Android 5 huey A 22 K445 ) Bl
AZl)] PR EFHESF R E, 2018,35(10): 1187-1192.

ZENG J, LU HY, LI C H, et al. Physiology parameter monitoring
system based on Android mobile phone [J]. Chinese Journal of
Medical Physics, 2018, 35(10): 1187-1192.

[3] CHAKKALAKKAL P K, CIBU M. Comparison of arrhythmia
detection by conventional Holter and a novel ambulatory ECG system
using patch and Android App, over 24 h period[ J]. Ind Pacing Elec
J,2020, 20(2): 49-53.

[4] EDUARDO G B, FRANCISCO M M, MIGUEL A S. An optimized
ECG android system using data compression scheme for cloud storage
[J]. Health Technol, 2020, 10(5): 1163-1171.

[5] ARIEFAH S, FAHMI A, NANDA Y S, et al. Electrocardiogram
monitoring system based on Android smartphone and microcontroller
unit[ J]. J Phys Conf Ser, 2019, 1153(1): 65-69.

[6] PETER S, STEFFEN B, ATTILA K, et al. Transmission and loss of
ECG snapshots: remote monitoring in implantable cardiac monitors
[T].J Electrocardiol, 2019, 56(6): 24-28.

[7] TESNIM C, KAOUTHER N, AHMED F. ECG patch monitor: a
telemedicine system for remote monitoring and assisting patients
during a heart attack[J |. Int J Ad Hoc Ubiq Co, 2020, 34(1): 123-129.

[8] LIRY,SHIHY H, HUAY C, et al. A real-time remote ECG monitor
with IoT: application in cellphone with arduino device[J]. E-Da Med
1, 2019, 6(4): 8-15.

(9] 5k, x\ M5, M, 5 KT AD8232 % H #9245 Xow b M 47 ALk
(1], L AL &R, 2015,32(3): 113-117.

LUT C, LIU P, GAO X, et al. Design of portable ECG monitor based
on AD8232 chip [J]. Experimental Technology and Management,
2015, 32(3): 113-117.

[10] HUANG S T, L1 J, ZHANG P Z, et al. Detection of mental fatigue
state with wearable ECG devices[J]. Int J Med Inform, 2018, 119
(8): 39-46.

(1] xRk, FEF, 280, F K TSTMR2GAEEBEESRES

W3R RS ARH[T] AR B 5 & %, 2017, 36(7): 112-115.

LIU Y Y, LI G P, ZUO G K, et al. Design of sensor signal
acquisitionand processing system based on STM32[J]. Transducer and
Microsystem Technologies, 2017, 36(7): 112-115.

[12] m#kss, 2)F Rk, B, F . & T Netty 69 1oT 435813 IR 5 R 4Lk
. 3 AR R 5 5, 2019, 36(4): 135-139.

GU Z D, LIU Z C, LONG L, et al. Design of IoT terminal
communication service system based on Netty [J]. Computer
Application and Software, 2019, 36(4): 135-139.

[13] BENFANO S, CHRISTIAN F E. Websocket to support real time smart
home applications[ J . Procedia C Sci, 2019, 157: 560-566.

[14] 30h, 3599, T4 . AT OpenGL ES #4945 3 4 5% = 4 o [ T ALAL
[J]. #F5EALR R 5 2 F, 2017, 34(3): 154-159.

SUN W, LI R B, DING W. 3D map visualization of mobile terminal
based on OpenGL ES[J]. Computer Application and Software, 2017,
34(3): 154-159.

[15] RAJANI A, HAMDI M. Automation algorithm to detect and quantify
Electrocardiogram waves and intervals[J ]. Procedia C Sci, 2019, 157
(9): 560-566.

[16] JOHN M, ELSAYED Z S, HAU T W. An adaptive QRS detection
algorithm for ultra-long-term ECG recordings[J]. J Electrocardiol,
2020, 60(2): 165-171.

[17] iR — 7 feag et F ALt Sk 2 5 B A [D]. vF Ao i
o AEFEXE, 2019
YANG R Z. Research and application of an energy saving step
counting algorithm for smart phones[ D ]. Huhhot: Inner Mongolia
University, 2019.

[18] ZHAO N. Full-featured pedometer design realized with 3-axis digital
accelerometer[ EB/OL |. https: //www. analog. com/en/analog-dialogue/
articles/pedometer-design-3-axis-digital-acceler. html#.

[19] #RE. $HABEERSIEETARE T EM[D]. LK:
ARl K, 2015.

HUANG C K. Application of multisensor information fusion algorithm
in indoor location [ D]. Beijing: Beijing University of Posts and
Telecommunications, 2015.

[20] SEUNGHYUN C, SEKYOUNG Y. A study on a fall detection
monitoring system for falling elderly using open source hardware[J].
Multimed Tools Appl, 2019, 78(20): 28423-28434.

(. T5mE)



