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Abstract

In general, currently developed ECG(electrocardiogram) based biometrics approaches are not suitable for real market
applications since they require high cost ECG monitoring device and their measurement methods showed poor usability. In
this paper, we developed lead I signal based biometrics system using special purpose ECG measurement hardware. To
guarantee signal quality for biometrics from various signal measurement environment in our ordinary life, several filters
are applied. In addition, to enhance usability, only two skin on electrodes without reference point are used for
measurement. Lead I signals of seventeen candidates are measured from developed hardware and features are extracted.
Extracted features are applied to support vector machine (SVM) pattern classifier for biometrics, and the experimental
results showed 9859% of sensitivity (SN) and 97.21% of accuracy (ACC). Compare to conventional ECG biometrics

approaches, proposed system showed enhanced usability with low—cost measurement hardware.

Keywords : A=, 2= 1, wpo] 29l
I.AM B
A 4nst Ao Weld we B ek
CelgE Tt A - A AR e et
(Catholic University of Korea)
¥ 2 =2 ANAAE EdvoE ETRI Al=€yt
EAXEAME A A FFs A" A §E{HY
AAJNAFIAIG S AFZE AT
¥ B d e 2010%115 ZhEguigal wH|ATH 9]
%(—j—i o]‘r‘(ﬂ Mu-
HEdAp 201199€92Y, 445! 2012W14€3d

2l 338 FZ% Support Vector Machine

a8 Alzg 4 7]7]
o g 877 Zrketan
27 oﬂr 22 7

oxl
=
)
dlo
oX,

o
o ne

N

o L
dlo
X

ro,
>
i
]

Hh

o
1>

o)

@



oF
o
N

g A& 7|E Hio| 2

C|
=

3

A A

stms AAE AT Az

, 1= S

al

= AHSRE ol &

7ol g

£ 7l

F=4 o]

0]

)

;]{jl—

H
=

sheslol F4o]

| glot,

Ao

stk

°l 7Fs

o

o
]

il

E3

mﬂ

/!

<P

]

9 Ao

]

A %

Fa Al&E H]go] Hla

9]

Ao 7t

Nr

SVM (Support Vector Machine) 57|17} A}&-5]

L
L

]

= 4% o4

0%

< W7 =(sensitivity,

3

i

foh=

WAEo] FobAn 927 Tbs

SN)¢} A% (accuracy, ACC)

ol 7Fss

=
=

4A e

[e)
-

ﬁo

B3

Jo

}\O =

=
[¢]

bol 201 sl 7}

jand

it I

by ol 7k

9]

s

F=/o E4

5]

g

=
=

HEE

Aol 8] A2g

—_

o

o

H}o]

F=glol ek PCe] <l

0]

=4

Al=gle] ggel uhet

ol &7H=

R EER!

b

=z

Bl 5L HAE Ao A A

byl
=

’

=3B
S

Fol 71 nbol

Al g

| A7 7F A3 v 1999 A9

o] 2914

1

3
“

&

mjp

MCU for
Digital process

g
=
58
[Falr]
2
T il| 2
oL .
o
=i | 5a
»n E
(]
Lm O Emmmnﬂ
R AR N
B w
H % ol o] 2
B DR g
s °
waw_mm Hm. mcm
X = H=z g &
N ooy B R g
mzmﬂﬂu%ﬂ&
; N own
P oS T w
TSRy
= MM e % Mo~
- in EIE
3 o OMEMMNI
SR * X
R B
) o.g,lﬂ oo ©
o i
R
W' w mK RO
=] Eoﬂ\_ﬂ N
o H = X
o e o W
N EE H b ®

N

1.
1

System block diagram.

S
M ic
B

o

- X
B e
oR o
R
or Y
B =T
HL.E %o
) S
5
o X
= Nr
K
Gl
o ®o

r
zﬁ W

ol
G
—_

N ﬁo
T W
o o
T 5

I+
Hr
Klo
__o._
gl

4%

WM AL

It mebd AdE ol oclAe] ge

0]

=
=

HH, 314

9]

9=

N

A5

hs

B
=

% gol

ol

ol
o

8l 7=

e

1Ho
o}J

ok webA] 125dB FEe] =

S

AAZ}Y 7V

)
g0
A

&

ofpy

7HL A

=
=

A AR (CMRR)

el

R

IS

1Ho

A AANEE A

=
il

2] 9% GHeA 2

)



=)
Aol o MY

=

=

2012d 18 HASse] ==X A 49 # Cl #H H 1
Ct.

A7 AT 5 Sk

1

ol
KI

ol
M
1l

<

O}

L

[e)
&

ZER| 2 UK

KXI

|22 MAIt S

S

7t.

g
<H
o)

—_—

0

3

el

O ULt

Jlo

Hold 7t

N

;On#

1)
o

¢+
ofpy
ot
oj

il
1H

2= Heto|

e

KT

ol
N
__O._
el
[
U

-

KO
Kl

N

UEE ok WA, 1Hz~45Hz o Y-S 5347

2~
T

&3,

2

=
=

)

Hr

= Klo

olo
KI

ok
o
oL

ol

o

olo
KI

mo
__ot

&0
KIr

=
=
=
=
&

=

@ol A2

=

tAE Al A
[e3]

Hes o o224

A7t

=

3
=

ALRCR

.ol

o

=

Al
b oAg HelEe] gz M

pud

o] A7]

il 50l

ALNCN
3]

o

I+ e (Band Reject Filter, BRF)
Al

4830}, wiA oz
7) 9]

[=]
-

1 8ol

=
=

E

X

]_
o

fuA

o
% 7

3]

%32 E(Band Pass Filter, BPF)

a712
OAE AERE ohdRo

3. A€

3}

1

Bl
nlo] =22 Alo] A (Micro Control Unit, MCU)

°

T
a

E

9]

&

=

71 ZsHE £ UL

}_
2789l <

L

L

5

=

slof &
weh A 2
AgrozA

H
(High Pass Filter, HPF)

(Low Pass Filter, LPF)E ©o]&

H

H
H

o|J

\_ﬁo
B
0

X
N

1 2 /e gAd Ay

7

o

ol

el

oy
;O.ﬁ

o
=y

o

A 22 o] v

System specification of digital part.

Table 1.

=l
— H

AAE 2

5
T

3 A A

5

A A
Ha Ahe

-
=4

kel

i
=

35}

SR
14 2]

i
=

L

1];1‘_

]
=

= F 7

w3
L 285",
=2 gg8EZ
0 2B F M
iU
]
<
M W2
4 CEhg K
<) i) ied
B! o 1o -
)
oK T
B T
- mq =0
m@ i s
AR
0 = =
oo X
ol <M
S
= T X
o b
< X
W
W«
e
=10 .
No = 2
o B o
NS
o HT OE Z,.ﬁ
iy Wﬁ iy
. ,m_.c N N
A

= Q14 AR A7

.|

}

H7A1 9]

i

k)
i

_?4

]

o

o|J

2 37t

7}

S
=

o}

o|J
ojn
e
)
o

+

o

A

Jvmo
N
]

T

w

—_-—

JA)

B
o
A
-

—_

g
-
N
;ﬁl

o
i)

)
7
s

ojp
O

w
i

e

<R

60Hz &=,

i &S

w

—
—

ols

3



4 e ATE J|Hh HIO| 2014 AIAF JHE

| ECG measuring hardware |

]
| Recorded data in file |

A
|[ECG Lead | signal inputs |

]
[ Band-pass filtering |

]
| Adaptive threshold definition |
T | Wave detection

[ Peak point_detection | part
]

Two step correction from
original signal

¥
| ECG wave detection |

| Feature inputs for SVM |

= SVM classifier
Training & Test part

| Wave classification |

==
AEE oA AlAdlo| BT
Ci

Flow chart of proposed biometrics system.
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Table 2. Performance result of proposed wave detecting
algorithm.

247
Wa TP FN FP SN ACC
1 639 0 0 100.00% 100.00%
2 191 0 2 100.00% 98.96%
3 354 0 0 100.00% 100.00%
4 154 0 0 100.00% 100.00%
5 399 0 1 100.00% 99.75%
6 89 7 3 92.71% 89.90%
7 441 0 0 100.00% 100.00%
8 217 0 0 100.00% 100.00%
9 207 1 5 99.52% 97.18%
10 1582 0 0 100.00% 100.00%
11 328 0 2 100.00% 99.39%
12 221 2 0 99.10% 99.10%
13 658 0 0 100.00% 100.00%
14 506 0 0 100.00% 100.00%
15 1689 1 2 99.94% 99.82%
16 1535 0 3 100.00% 99.80%
17 963 0 0 100.00% 100.00%
Total 10177 11 18 99.89% 99.72%
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