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[Abstract]

In this study, a system is introduced that integrates a wearable electrocardiogram (ECG) sensor device, a portable smartphone,
and a server that performs accurate ECG analysis. The system that performs accurate analysis on ECG signals detects the most
important signs of arrhythmia using a deep learning model and transmits warning notifications to the portable smartphone. The
system continues detection using a small-scale lightweight detection analysis system in case of communication failure with the
ECG analysis server system. In addition, we introduce an algorithm for R-peak detection of ECG signals—which is essential for
the detection of arrhythmia—a CNN model specifically designed for this purpose, and a method of adjusting the threshold for the

output of the deep learning model. Therefore, using the proposed system, the efficiency of arrhythmia diagnosis can be improved.
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Fig. 1. Architecture of a duplexing mobile system for

NEREIRE PHKTEHPPXIPEEEET TTHRT H T

Pyl mRl ToER g NOBREF TR T WTES 5 s||
TEpReargd BiTsohwdepgHr dET FTaplfgpsr " se2| 8] |o |y
O e R ¥ g o E TRl Moo I e T g XA o g - £ _*.An
T ERmEa MY g W R EM TR M E%M&ﬂ%% * SEElE 8l 5
Wzxenel FLROLR D IMTRAT TNy g) £l = @

iy — T 7 —_—— T or ~ BT = =
TERGTEREE Cw it ie i @I Tue T T HT oY s = 3
PHST o FeirzxiElx8RRNRT RRZziwe 18 ¢]ss 3
4ﬂm@mw__ﬂmw . Brgzhg o ® IR S T 518 &2l 83 @
= <Hog M= wm T N U8 o X o o = N T g | 3 g | g2 =
R Mo gy B oo o B Y ik X o 3 S %5s RELmoEwp .-

~ —_ =g ~ <7 W o— U A ~ ¢ =o T ~ 2y o — _ o

TEsepboPE THOAI XS by pBE T onemEq 5| | 5 o

2 T W - T do <) @ U K| oy KO o] 2 ol Ko
TN o g T do i A G S e of X 15 -~ Ol CONCS g Z|lges 25l 5
UpmTomegl AT TFT T poypw s B Lm g, N £5 = | |SEE| |Eg|°
‘Mmd%m@ﬂh&aa@ WEDg g TORT e AP R 2w =% 5| |238| |fe| &
lrME]EEo\mflmﬁmﬂt W_,,ATWEﬁOHTM@_Wr720@;0?_,@_1% H%EOMH&FMO‘MEI 3 ) URMW, Am“
o.qorLl_/ermiﬂéaE xoﬂmﬂwaetmeoo_s,_ﬂ‘_mrﬂrzuﬂle WE W o T O = E =
ﬂﬂ%o7eﬁﬂo_iﬂr mi@XOmuﬁoduﬂM&_ﬂLxﬂﬂwﬂdrﬂdel%lﬂﬂ -
BN gy ® A ﬂﬂ@%ﬂi%o.%m%ﬁﬂﬁog%aﬂaaﬂumﬂ & =
Xpme as e Ed el pr e @0 g mxi®s T ole = ES
SEH AN DD oy <R e K BGPTSR <
€ I D g N B E ST G F TR T E gy m AL 02 -
BT Ead pEp ey R g Ta ¥ T o bwds o 23 o
AR TR WK F AR PPN R RNPFTFET RN ERH O M
Bo B =B 1 :4 WP R FWT W NHUNVBETITT U WRAFDG AR R R RN

= a5 ) ol —y ~ % < T~ - . —_— ) =R

Rl S Tl Ry LEIeeIy R Cpargwerl TR g
®OOE Mo O Mo s WO P o) T A =k AT o = ﬁw TR NPT TR KRN ~ ALK IR RO
R " FOeT TR TCFR PG B g 0 ox D, BB a7 R e 5
-~ = KX oy No = KB m T X0 TN K T MR o o o WG KR o RO =k
X0 X g XO 52 E.%1_|1u1mrﬂlljm|myA EW@@LE o] — JdHH mﬂEEE N ~ R
TNy =T N TN gy A FERC L R LR TR RT S g T x
ST SESdNEIIISEIRBE s ek ¥ _FA o TRITEL flamfe
<= g NPT TE I R g G s < N S OF ] X X & ! o o) o <
Embmuwr%%%wwnvm%mftﬁwﬂwmomb%momlﬁ% me%mm%_cﬂmfﬁmumowmno% %WWMEW
= ol = mUeELtmOH F%Mnt;]oonnq.é. <n M ﬂ_.wu7e€_§Euem¢,|aTﬂ_ﬂﬂLﬂ_. =R T % A
EM M E R T % oo o Ehapglanwecos  FE L LwXiil
SH oo T Hm B3 ﬂ%zbaﬁ%%#{ﬁEﬂL ﬂoVLlHA{ CNE M e N m = KR
o0 To 7T HT T e TO N R ﬂa v v e Bl W_I ﬂl_._ HT ,EE v H_T < o X° E\M <A ‘ﬂl EE " K — Gl ﬁi o O} oK T Bl
&R X o T T XN X %Loo_a7 < T el i T re 2 X
.Ammo@;%uoﬂ%%ﬁﬂ.ﬂm%ﬂurwr%%%ﬁﬁd_ L#Luuﬂﬁmﬂ@u%oafmmbfw THRm L
a,m_%_/,la_ ﬂoMﬂllhmﬂﬁo L]%dl,A _J.ﬂuc = oy 7o N 2 ﬂ;ljlﬂ S L ﬁﬂ]ﬂm]o7
m%ﬁnxﬁﬂ%%%é%ﬂ%ﬁ%?ﬁuwﬂ%Nma@wr el R EsEITE 5 e
R ERET Ty w T e S Wod pn bAoA R o relosla
Zpmehe  aPBEk ME Rl Tridg TAZaNgdPRTRhs FET ARy
SR oy S R TE Prxwralis T pt L A T oge W 5T s
%&&MA fﬂwowuu_ﬂ‘_7 %ﬂoi%mﬂﬂwﬂo%wﬂ@&r%ﬂ aoﬂﬂmm%ﬂ %Wwwha_nmrm ,aoﬂmm&n%
@1@”aeAUraeﬂo%gezﬁﬁl_ﬁueﬂoﬂoiaz_‘ﬂq%mAL_n&uNroo»eﬁﬂwgﬂo»%ﬂ _D,x u,x;tojﬂl o W T % o
Ho W RN PR A g 7oy y TSP o L3 BT dag®Ts o oddsT
RXNURRE DRI PgrT hg ICPgETN® ) mi ygRogug® PXTrsy
BF YT E R RN T PP e R T g™ oyt Py eme
PERWRIETTNThrdmt FTUHFTLTRN RPN RER T ket FTNT I

real-time arrhythmia detection

3744

7t

14 7]= 3.

(¢}
http://dx.doi.org/10.9728/dcs.2024.25.12.3743

of 2



2-1 Y0j2 = HAE A ClutolA

AHE

el E AlA tule] 2= 17 20 YElRd vke}
2ol g Ao 2= 371 FaY AFS 7FA AL gtk Ul
= MEEE x3ete] 22UdS SHse 7IEE AX 9 A
AE AA L BT~ B2 BER FAH] glor, A5
57 $1x]ell Fastoof ghrl. A E AT 4lse] Az
TFAo =2 P Q3 tjuo] 0] M|~ JH e 3 13 Zom,
nfo] 0] AH|~ JHE FoiE ukd gx|e; A4 o]
Aol AFE] o] A7 F ARSE A . dlojeE tiule]
23 TR AXe Hed A9 SAS sk
E7EhRs B O E HAEL o, E =itoll A= Al
o g x3elA| Yerh

MAC Addresst floj2lE AHE A tulo] 2o &
H gk AHALR o]F Eal Bl o &Aool T
blo] ~5 APEatal A4 9 Fals gt AE54Q1 4l

=
[e)
pul

vl

T

(& ot O pe

off

AMZ = oJn|sl= sample rate,
],

o de3k nlo]E £5 ou|sh=
byte per sample, 21 Sl Aol AejH= FHA AE
9] /N5E 9v]8H= number of channel, A/D conversion
bit ARz A NE| 5, 4%, Hlole] Al R 240
o]-§Ht}. Hutd Fx|of AAR tute] 2= 250msE F7]
2 130 Byte®] sizls B =W, ol Adk Aol 4
< adx1d 9] 100 Byte, 50 sample 2 A& o] 9t} =2}
o x| M= Little-Endian ¥4 02 A7e 714 27

ato] Azl gk gk dolhAl d.

o N

‘Yo

o

il

= [y
= MEE

cefolA 7o & =E 21A|

a2 2. 9oy
Fig. 2. Wearable ECG device components and placement

2 AN

E 1. Yo ClHfo[A AMH|A HE

= AN
Table 1. Wearable ECG device service info
Service ECG Device
Sample rate 200
Byte per sample 2
Number of channel 1
A/D conversion bit 12
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