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Abstract

Electrocardiogram (ECG) signals cannot be counterfeited and can easily acquire signals from both wrists. In this
paper, we propose a method of generating a coupling image using direction information of ECG signals as well
as its usage in a personal recognition method. The proposed coupling image is generated by using forward ECG
signal and rotated inverse ECG signal based on R-peak, and the generated coupling image shows a unique pattern
and brightness. In addition, R-peak data is increased through the ECG signal calculation of the same beat, and it
is thus possible to improve the recognition performance of the individual. The generated coupling image extracts
characteristics of pattern and brightness by using the proposed convolutional neural network and reduces data size
by using multiple pooling layers to improve network speed. The experiment uses public ECG data of 47 people and
conducts comparative experiments using five networks with top 5 performance data among the public and the
proposed networks. Experimental results show that the recognition performance of the proposed network is the
highest with 99.28%, confirming potential of the personal recognition.

B keywords @ Personal Recognition ; Electrocardiogram ; Coupling Image ; Convolutional Neural Network

Zahe #A0] Gom, EAE 3 WkE A8 delst] ol
o

I.M 2 Aol it
ol gt EAIAS Bty Qs A ATE o]&gk el
QL Al gl BA| RS o]8el AdE Esk= ol A ATt @] Ay Qo A Ao A d5S F
Q. 912 71E ISl 914 v o] vde Hsly] Y AT-E 3 dAhE A7]9] aES ST 2R ARE, AR, HA
o] gtk o5 UFH R Algshe A AEe 4=, AT, T 5ol Jduk 2% AAE AT Ao $33 olgs Ea)
SN2 vheFst Hofo A A9l &l B oz Ageta 9tk 11 dAE = AYRsE 7|53 Az oA Aas golst
Hu dae 21 Hgt 9 dao] 7HA g S e I glo] Hobe] sk Fado] 2] s AEE A%
Uuts[ Y =MOjstyl Ho{ASs et
U]l Loty e
Malfl, =Mty MRSt
ol =22 20174 ¥R (WUSF)e MYSZ AT e 7| = TAI (No. NRF-2017R1A6ATA03015496) 0t 2018 &= M £(2at | =X
HEMF)S Mz st=dActe] X[ ghol 3= o472el(No. NRF-2018R1A2B6001984).
Xt 20194 08 14 AMEEY 201949 09 08Y
THUX IMAPSPN IS 3 e-mail : sbpan@chosun.ac.kr



63

2019 9

Smart Media Journal / Vol.8, No.3 / ISSN:2287-1322

o,

5

o Abgol 7bs

]

<

[e)

42 ek e

1277 Aol

7=

o]

u} e et

ol

<

lin
ﬂﬂ

N

el

iAxE] Fejel &

¢}

e =
T &

]

gol Aom], WL} ohEe]x

oz

i

WS, 4, Sle AR, W84

A
L

3

A

o
=

=

ARE AUl 9= R-peak A4 do]

i dlolE el A 4

)43
2 W3}

=

S S7H71H,

&

FaL $IEH6, 7.

S

ol

ol oF
o W
o
N
oy
ek =
ut
Z s
ol
™Wow°
"
"
N
% ©
N
5 Mo
oF o
e
2o
o T
w RO
Hox
L=y
el
W e
L] Hp
T N
I
!
T
= .
i)
B o
LAR
~ AF
o o
o <
- o
T =
0
T =
o7 =
™ o
=
[
byl
o
=
B o=
o =
—_ ~
,OlO_ —
g o
A ol
<
o

o83 A £F

=
=

EER I )

N

op
e

ot
!

1 We F5(05Hz v

(40Hz

£
_~—

X

7}
FH[9], Vil dlolEl7}

S

=
°©

| R-peak 9 Hlo|E]7}

3]

i3

?l

Q3101

o] gle, A
7]dko 2 A A7

=
(¢

|

=4

EEEEED

a

H =
T

1=
[}

SRS

3517] 9

ol
=

=
=

G. H. Choill11]¢] 94+

A
L

ol A

olo

il

iy
]

&

Njo
K
iy
=

H

No
Mo
o

o

o)

o

olo

1281282 Atalste] A= dolH 2 A}

el

L
L

3

?l_

3 2} 24N A

o
=]

o

R PR

=

=

Pan&Tompkins ¢12]&5S 7]H9Ee2 R-peak

aL
(e

HE A

1:5_]-.

Ak

A
L

o}, 37l A

g o8

7l dlelg

Coupling Image
—_—

& Beat,,_; HWSt Bear,

HUSF Beat,,_4

B N

HUE peat,

— W)JL/ L' J\\ﬂﬂ;

I

Segmentation

Convolutional Neural Network

[’:[;l Fully Connected
['ﬁ Max Pooling J Softmax

@ Convolution

Signal
Preprocessing
|

Recognition

Evaluation

User 2




64 2019 9

Smart Media Journal / Vol.8, No.3 / ISSN:2287-1322

2. 7159 ovA A4

71 Q) Aol ALg T AR AE AnE AF g A7
5& ol g e, Bl A QEllE Just BEE
Al Ak ol FAHE nga] s ¥ =RolA
L AR NEE o3 AFY oA AN, o] F of
&8 719l A4 e Ak Aok A% olnA: 2
& 7719 A% A NS 9 R-peak 9 HlolE7t %
Asiel, 71Ee] 2w ATFO1F Fal A9 94 Aol B
¢ Selsrh E3 4R AR olvAE AIEE 1
F8 e 2 Bk tehilo), A0l QNS 5 gl S
Q) HolHE A F = gl Utk

# oy
Foz A% dolgg A HolHE ojvgrh

YU Beat,
Coupling Beat,

B Beat, AU pear,

,J\/A J\L

Coupling Beaty,

:)%
C)

06 ' '
‘ Inverse ‘ .
Hukt Beat, AUk peat,

MP f

1
04 i

B peat, U Seat,.

a7 29 2ol AEHY oMAE A A 270 A
F NAE A% (Beat,_,, Beat,) HOEE 2 1S5 o] &3]
T AT g AHE AT dolHE AT A 1A

ks A= A UF 5719 2718 9y,

Inverse Beat (1)
= [ecg]w €COk—1> - 5 €CYys ng1]

2
]

S
é
_VE
i
=
o,
fru
r
i)
%
1
Do

o} o] Coupling_Beat,

= a4 oL, e Beatnﬂr W Beat, o) HlolEE M

Coupling_Beat,
[Forward Beat

2)

n—1. Inverse Beat,)]

Coupling Beat,
[Forward Beat, . Inverse Beat, ]

3)

I % Coupling_Beat, 9t Coupling_Beat, & 2| 49} 2]
Arkstel 22k AEY ovAE G 4 4elA
Coupling_Beat! = AA% Coupling_Beat, % €73},

Coupling_Image
= Coupling_BeataT * Coupling_Beat,

4)

R _peak(fBeat,_, * fBeat,)

R_peak(fBeat,_, * iBeat,,_,)

R_peak(iBeat, * iBeat, ;)

R_peak(iBeat, * fBeaty,)

o] o —zr7]?l forward Beatn,lﬂ' Sforward Beat,,
inverse Beat,Z} inverse Beat,_,°] T} AAEE Fo]
o o] BEE 2o Aghe] Az the 7717 aEe Rio
—v xéo] 1,].1:,}1/}" x}x%o] 011;} 4a}xno§ 47]
Fol gle Fie vhe W] 22 F7I9 forward Beat,
3} inverse Beat, _,, inverse Beat,™ forward Beat,©]
Thi AR Ftelr o] Fitd 22 F7I7F ditEs=
o2 TS AEr] 913 vlolE7t FrE = gl

Zrole}, 3k AE 7&EH oAl IR 1AE o B
wee velol, 37149 HolEE Ae & sl



Smart Media Journal / Vol.8, No.3 / ISSN:2287-1322

2019 9 65

oL
ol
=
rr

715 ol &3] AZY oluAE A4
= 9 oMAE A
7] &) AAE A= 37 F71(Beat,,_,, Beat,, Beat, ;) ©l
olH ¥ Beat, s TA 2% &4, Beat, |3 Beat, H°lE7}
HE 2 A4y Ade Dual_ECG, Beat,™ Beat, ., H°]
El7} W2 AZA5 9 Qe Dudl_ECGE 2 59 2o] A4t
Eia=g

n’

2

HYUE Beat, BYE Beat,,,

Dual_ECG, = |Beat,, Beat,.,] ©)

n?

1 % A 63 2o| Dual_ECG, Dual_ECGE A}ate]
B

71E9 olnA S BT

Coupling_Image ©)
= Dual_ECG I * Dual_ECG

R_peak(fBeat,_ 4 * fBeaty)

R_peak(fBeat, * f Beat)

R _peak(fBeat, * fBeat,,+1)

R_peak(fBeat,_, * fBeat, ;1)

AHE 37 718 ol &al AT 71ET o= 11" 59
Zrh " 5ellA getdo R BU|E FES AR UE 571
Beat, _,, Beat,, Beat, ,°] W} Q== Folr}. o] F

BE e Aol AR T 717k Alkslol, F717ke] ey

o Ve ol Mrtdoz wo)H BEE 2 F7)d
Beat,®] % 25]o] AAEE PROE, AAS Hus)

>
o @ ok
S

W o]l HlolEl =, 470] R-peak %ol 2l FEAo]

B o

1

L
ol
¢
fol
tu
o,
oo
_or(g
N
£
M
2
w
=
N
N
il
o o9

N oo 30 o g

il
o
o
=)
Ry
fo

the AEg vepis Aoldel gt w2

£

=
N
N
o
= oo
:?L_“
A
il
o
o
=
B
il
ox
oX,
ol
ol
~N
2
Mo
=2
=
ox
ox
)

o
>,
2

o,
el
%
ca
-z
=2
=
il
oX,
olr
R0
oA
N
pas
i

3. Aotst YIEYA F+x

71E AAEE o] &ak 79l 124 WS Algho] 5Ad 54
& 4P FS FEote] 5AE &S e E IYgHA
o} et o2 gt W2 5o A 2dE AT X8 g
T glom Hgsdo] Rk thdo] gltk o]& Hdsly] A
o &9 ATE e T AEEE 2L 4TS g Ul
< dloleoM HHe BEAS Ao FE3h= Aol Ak
[13, 14]. 53t 33 A4 AR 14 Alz=wlof| A 7]E W

ExBx512 4xdx512

1x1x4096  1x1x47
—

@ Convolution @ Fully Connected
ﬂ Max Pooling E‘ Softmax

flo R
N re
£ e s
o =
‘g T s
2 S
o, i
o LU E
o om oo
ol
seET
o = it
du 2o ox
Lﬂ (i, ?n o
moex oo
n ofh &
B o
o T
[o
o g >
1ot op
Mo :
& =
o e
T S~ =
oo k2 wo Ok

[>
(m
K
K

B =M Aot 295 A

= 22 AAF dolHe A&

oo
ol
£
£
N ol T

P

i3
Ja 9
T
o
fe



66 2019 9

Smart Media Journal / Vol.8, No.3 / ISSN:2287-1322

YEszel 8¢ L HAES A8 99 dolHE 1Y 3,
a9 59 2L onAE AgH, dY oluAe] A7)
12841285 AGRT. BEFE AZEWS P4 A0,

e S vl el fol Bl 472 AQ@, WENDE
ol 47 s HAAOlZ 20, B E 0.001% AAa Had

o,

=l A A 2349 AZY oA & o] &3 Al Q14
WY s Eds] fsl 371 dlo]E physionet
MIT-BIH arrhythmia dl°o]E]E& ARggtl. MIT-BIH
arrhythmia Glo]Eli= 237894 Abe] 4798 ('H4 259, oA 22
w)o] HjAAA ]l AT (FAW 3kab) o} AAA el AT (A7
Abh) 02 5E FH5¥ 4871¢] dlo]e(2019H dle]E] ¢} 2021 ]
olEl& Ze FAPAHR FA ] Qi) dlo|EE 2Ad A

360Hz AEd F712 SAHIoH, oM AaE oAl
9 flo] }%‘2“3}[16 171.
Ay 67 22 Aotst YENZ 2 /)% Inception

7} ResNet 249 F top-5 Aol %A Inception V3,
Inception V4, Inception-ResNet-V2, ResNet-V2-101,
ResNet-V2-152& o]&dl 13t} v|EH 9] e Sl
1,0003]75,0003] = ¥Rt et vESA] 1 dHlo]E]
= 20 F71E o) &al AR AEE olmA(2E 3)¢ 3N F
715 ol el AET AEH oMA(ZE 5E ARSIt

100.00%

90.00%

80.00%

70.00%

60.00%

50.00%

Accuracy

40.00%

30.00%

20.00%

10.00%

0.00%
Step:1000 Step:2000 Step:3000 Step:4000 Step:5000

ResNet-V2-152

—+—Proposed

—e—Inception-ResNet-V2 —+—Inception V4

Inception V3 =e—ResNet-V2-101

14 49
W 5157k 10008 A o) AlQHE V= 1201] S @%
1} o

1
o1 Inception VMEYIEL Aotst EHA

of Hla) 5ol WA vehsth 7P =L A e ks
315774 50003] 4w Ak Y E] A7} 9.28% = 7HE =9k
om kg2 ResNet-V2-1527F 97.17% = 7H 2l Q1A A
S UERE
100.00%
90.00%
80.00%
70.00%
o, 60.00%
§ 50.00%
¢

40.00%

30.00%

20.00%

10.00%

0.00%
Step:1000 Step:2000 Step:3000 Step:4000 Step:5000

ResNet-V2-152

—+—Proposed

—e—Inception-ResNet-V2 —+—Inception V4

Inception V3 =e—ResNet-V2-101

O 8 UERZo wE el elA M5 - 37 F7
AZ2 o[o[X|

gk 7= omA|e] A

rlo

a9 82 AR A% 37 F712 A
3 94 A AFE veRdvh AF AR Akek vES A
ResNet HE$]=Z % Inception HESIAE H|3] A5o] =
Al Vel o ResNet UEHZEL Inception HWEYZE]

HlEl o] =A Uelgth 7P =& Q12 e ik Sl
5000§] o w) Aot UES AT} 98.06% = YEEon, 1T}

& ResNet-V2-1527} 94.85% % 713 <14 A5 vehdl

>

18 HAAA N AHE AT 3l w2 sfel 94 A

arthythmia ©lol8H & #7452l
ventricular trigeminy, ventricular bigeminy &
%5 ol Ehstal gl= 257 9] A HlolHE A
o A3 A 27 718 o] 8all AT A& olv] ]t
98.8%2] Ads& UEH, 371 F71E ol&s) BT
olu| A= Hit 994% =2 UEsTE olgk Ax 271
ol-&3) BT AZH olvA= 27 771 T 1707 HiA

—r71 d 75, Al Uﬂi FFol 37H e 01 511

A9 paced rhythm,
H] A A} @

<} o‘ﬂ, 0150

R
i

O:
ox
£O o O il o [l o o

)

N

)

N

_

-0,

-0,

>,

2

)

O

o
mlo
J&%
o
s
)4
%0,

1 L

r
O_|>L o;,:
)

> T
=2
U
% T
N
NY;E
Lol
o w
e = g
i)

4N P
N
il
o



67

e 49, 37 71 A

2019 9

Smart Media Journal / Vol.8, No.3 / ISSN:2287-1322

o = _ o My B W o m mwodE me o N RO
! X = W T wm ~ By BTy %0
—_ — — U NN o W= N R
< £ E % m_m e T o LR
£ o_\L oowi 202 ﬁoﬁommoﬂﬂqq n_/ﬂidﬂ% . %o
- u [ e — K o o ® N o ZAaneﬂrlﬁ
— <A < Hw <) ol =1 ~ ~1 il o] D ] “,UA BL ,M
- 5 N r_ S pELECN 80 w0
A " =’ o X0~ AN oy Wy ok 8RN w9
o L %o X 0 70 = N oap B o= ) ) g o R o=
B < LS N 2o K2 - X 2 X3 R N
b4 " = = <o o HU c R M ME T T R ooy
= 3 o nﬂVlm_/l ,mmoz,ﬁﬂ,qﬂﬁ <0 o — o ~
o = ok = EE _E oo E o o X o) K o#u iy
—~ —~ —~ = ; LTS — - o=
oy 2 = SRR LIRS 2o © mm o o R o % o
o Jx W S um el TSR
iﬂ _ . _|_|_ . _E vl ~ _.\;E ~oH i o) ‘XI ) Jo ey
> o] X X 09® 2 J=e¥roepyy 77 4537%
=3 B B o Rdogp < _ o M : o B

Jo < o o 0= C;ﬁqwﬂﬂx .E#Mﬂ‘UI‘OlA_i
7o o N aovilo e S B o - S
XL X i o o g - - -
54 X Hn QUL S T A R
o A £y w5 %ohwo%ﬁﬁ.%ohomﬁzf7
3 o ~ o g T TR T Rl = ®
= X NF T 7 oop MNP T P s
o M.o = H,.,_A.o © UI K = =0 5 o_a NUEION ‘wﬂ Lt n EE
) X ~ N X o Ltwro]o_w = Ty —
gl " A N W ™ B 7.ﬂ_ux1a_1,mu;obulﬂo#7
= = > - = ™ mor O wE T N oz ode T oo W
o ~ ~ ol T o B W A ° ™ o ® o
— o > e M RE R M W R oo MW

S TEeAWyTTENE® DT
el E R R R E E A e b B IO S i

N 1111111991111111111191111% mq,mlﬂaogﬂuﬂﬂl.ﬁu,m ‘mmoﬁ‘olj‘Al
= T I R o

i Mo Wy X g Ngrg VKA ZE

= o TS R g T B g KT
= TP ECI s A

~ ololololwlolololooalnlolololoooeDeD|o]olo]|R Mo o W ke o X 5

N[22 222222222222 (=22 22|22 R ﬂLWALHoT®u|Gr7,%ﬂWoﬂ

_ = R

= Ty L gy e m B O

N ,m,_ﬂﬂﬁdl_damﬁﬂﬂolwﬁﬂ oL R
g P od g o oo -5

Low ﬂW,Ll9W Ot‘u_/r‘._u‘_ﬂ/lo

TN ||z |o|H|old R (||| FH I eo|o|N|mn| 0o wm| M.oooUrA oJrﬂboﬂM}VU:i
R R S e B N RS RS = = kN == L e e e e N RN N N el e e ) XY = R W oo P I o o v
N ]| === =N NN N N[N N[NV NN N[N NN ,mﬂ,%aﬂroéaml‘Wﬂyﬂ = Lqmo]%l o
<, - Hp T o o N

~ Paio O S S PO I SO

S ,nA.l < ol X W £y ——

i | N Ny o R o T ooy oWy X i wnox

ol jol = = R o B o Hp RO ol

qo T i ed I; (= S - B o~ S TR
= — Be L B - =) w

Mo iy =J ‘w or ,w Eo ) .AU ﬂ_ﬂ ‘ﬂ e EE ~ Lf — Br 7%
=0 e TR E.E%M ,utﬂugemuévﬂm_.do%
NJH %o = 9@%@.ﬂ %Jﬂﬂnﬂu(mokﬂ

e R AL - ST I = W s

= N des Pphass 2 2K

e BN MRS e Mo R

Al
h=

s, 494

S

&y

& 2 Aol

rot g

[e)
[e]

= o
o7 ol et

F-of
3 A
J

9|

s ol
!

=

F74A7

A& doly

=
T

HAl €

°©

HA =9, 370

o

%l R-peak 9<o] 271 &A)

R-peak %d<o] 171 &A

Skl

A
a

oju| A= A



68 2019 9

Smart Media Journal / Vol.8, No.3 / ISSN:2287-1322

REFERENCES

[1] ZY. Ong, A. Saidatul, and Z. Ibrahim, “Power
spectral density analysis for human EEG-based
biometric identification,” International Conference
on Computational Approach in Smart Systems
Design and Applications, Kuching, Malaysia,
Aug. 2018.

[2] 994, 2%, “NAE As7|uk AQIAES ¢
Bl Al oy SHEA VN AplEnrjol ]
Y ATAH, A4z, 90-98%, 2018 12€

[3] TW. Shen, W.J. Tompkins, and Y.H Huy,
“One-lead ECG for identity verification”, Proc.
of the Second Joint 24th Annual Conference and
the Annual Fall Meeting of the Biomedical
Engineering Society/Engineering in Medicine
and Biology;, pp. 62-63, Houston, USA, Oct.
2002.

[4] J.J. Wu and Y. Zhang, “ECG identification based
on neural networks”, 1/th International
Computer Conference on Wavelet Active Media
Technology and [nformation Processing, pp.
92-96, Miedzyzdroje, Poland, Aug. 2014.

[5] M. Jahiruzzaman and ABM.A. Hossain, “ECG
based biometric human identification using
chaotic encryption,” International Conference on
Electrical ~ Engineering and  Information
Communication Technology;, pp. 1-5, Dhaka,
Bangladesh, May 2015.

[6] R. D. Labati, et al, “Deep-ECG: convolutional
neural networks for ECG biometric recognition,”
Pattern Recognition Letters, Mar. 2018.

[7] B. Pourbabaee, et al., “Deep convolutional neural
network for ECG-based human identification,”
CMBES, vol. 41, May 2018.

[8] L. Biel, et al., “EEG analysis: a new approach in
human identification,” IEEE Transaction on
Instrumentation and measurement. vol. 50, no. 3,
pp. 808-812, Jun. 2001.

(O] AR, AAE, W, AT AAT W 2%
A AAE oS olgd A Aol B A

T A315 GEAE H ool #F YA
20194 2¢

[10] #H+f=, a9, RegH, “AAA S 7]8F vheo] .
2 A&H Te 5 g ESE T, AlsA
A1Z, 381-391%, 2017 1€

[11] GH. Choi, et al, “User authentication system
based on baseline-corrected ECG for biometrics,”
Intelligent Automation and Soft Computing, vol.
25, no. 1, pp. 193-204, Jan. 2019.

o

¢

A

’

[12] J. Pan and W.J. Tompkins, “A real-time QRS
detection algorithm,” JEEE Transactions on
Biomedical Engineering, vol. BME-32, no. 3, pp.
230-236, Mar. 1985.

[13] M. Taherisadr, et al, “ECG-based driver
inattention  identification during naturalistic
driving using mel-frequency cepstrum 2-D
transform and convolutional neural networks,”
Smart Health, vol. 9-10, pp. 50-61, Dec. 2018.

[14] AAA, olAF, AP, “"HeldS o83 &3t
wel Fx HE: AT 2rrER/folA Y ATH,
A3%, 16-21%:;, 2018 9¢

[15] Athss, o7k 294 FHE, “Held AWs
At A AQ-x3 tgFaAYd HLH)

pfErrjo] e A8H, 2%, 39-45%, 20199 6

I o

!

[16] GB. Moody and R.G. Mark, “The impact of the
MIT-BIH arrhythmia database,” IEEE
Engineering 1n Medicine  and  Biology

Magazine, vol. 20, no. 3, pp. 45-50, May 2001.

[171 AL. Goldberger, et al, ‘“Physiobank,
physiotoolkit, and physionet: components of a
new research resource for complex physiologic
signals,” Circulation, vol. 101, no. 23, pp.
215-220, Jun. 2000.



69

2019 9

Zz o]
= H.
B

At

SN A |
20181~ & Al

Smart Media Journal / Vol.8, No.3 / ISSN:2287-1322

=3
= O

Ao Al

Tl

3]
of

3} bt A,

3}
oF

At

o

3
A 2>

WA sl
%

i

d o

=

€], vkl 2914, VLSI





