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Removing the Motion Artifacts in the Pulse Signal Detected
from the PFS Using the Quasi—-periodicity
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Abstract For the mobile healthcare environment, it is important to measure the exact biomedical signals
in real time, and another key point is to design mobile healthcare devices with low power consumption. In
this paper, we propose a method in which the piezo film sensor(PFS), having a low power characteristic,
is used to measure the pulse signal synchronized with the heart rate from the radial artery. The critical
issue in the bio-signal processing is the existence of the motion artifacts. To dissolve this problem, we
have applied the periodic moving average filter using the quasi-periodicity of the pulse signal in addition to
the conventional method of the adaptive filtering using the reference signal. Results of simulation and
experiments are presented to confirm that the quasi—periodicity of the PFS signal can be used to eliminate
completely the motion artifacts which still appears after the adaptive filtering.
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Fig. 1. Optical PPG signal and PFS pulse signal

A %}i A ksl

ArAo] gulHe] murads HWA FEE
AEL AAD Fohg 2oEge] REE v
A 24 BHEe AAN] ok ol A

o] Lu}m[s] ol APEe WEo| 2,
7k AA Az Fomeh 2 ERes A
7)) wg}m FHEe #E A5E A5
A% wEo] AN FHY FHA 4§37 oA
07 el 2a A AEel FAng 2
8 2T 5AE AN oF Aude ol st



A F7148 o8 PFS HA Mwol £1g Ay 593
AgeeT. F AEE FEea delEd A6y
13 - ES - -
.t A EERERE ST o E I
§ .
g: 3 g 02
5e \ Z“; IS T L R A I
;.’_1 i V\J\JVVUWV\/V\,J Wy WY / v
AL L po
0 1 2 3 1 5 3 7 ] g 10 .
Fregeeeyld 0 > 4 ] 8 10 12 14 16 18 20
Time[sec]
6
Zs
g4 g 02 ﬂ
£s £ y /\IU WH\/
A . % 01 :
SWILE I
UDJJ 1 V\lz LJ 3‘\}\/\,—: = s = s 5 7 0 iz 4 ] L 10 12 14 16 18 20
Fraquency[Hz] Time[sec]
02 2. PPG 415 % PFS B Algo| Ful AHEZ o
. . T
Fig. 2. Frequency spectrum of the PPG signal and i il il \Iﬂ Inf ML\J ST AN NN NN WA
the PFS pulse signal o !
0 2 4 6 8 10 12 14 16 18 20
Time[ses]
a9 3o B =EolA A TS AA
of dlg BEES gehhlt, ® wmgolqe oy 28 4 NSTEY 2
AsE wud AxAo] P AL Y8t Fig. 4. Results of the Adaptive filter
2= 2w 35 gAE 50w AAsAr &
Bol 93 o] PFSE A7), =5 2.2 ¥3EH
i 51 Al e o 5o0] 52 7 :
el A% AR g dekl dx AR A g5 g4 w5 BHE AAE A A
=519 1 Ak IENS Hg 9 _ i
Fohalt A S5l USAPESERY 2 A g g59 we aFs wsel FeHI-0L
T8 i, 284S Hdiel] B A8l 9SS wpgne oed AT F PESE Aol
ol PFSZHE A2 23E 534 #Fx ez
+
= = Pre-Amp. 1y . > PulseSignal [~
= Z (Gain=50) Sampling & =
& BPF -
» (Pass Band
= —_ A .
Artery o S| = Pre;Amp. > =0.5~4Hz) 1l Reference Noise
Bl @« 7| (Gain=50)
v
Output of Adaptive Filter
Input signal v
Biomedical MAF Segmented o
Information P Signal Determination VM
<« «— Segmentation v
Segmentation Point P
Point - My
8 3. mMgHEl A|AHIS| SR

Fig. 3. Block diagram of the proposed system



® oM R
EHR OFETE®
o @Pﬂ_zgﬁwmq
oo O Elﬂwe dﬂ}/l]x . o
2R E A N ; s
I w0 S T 7T
o Ak % e]E R R fr] < ® -+ = g 3 T R
%_L% Px_iﬂlzewl E © = o 2 =~ 3 =Tl
R > B < o g : e = z = £ E oop w
ﬂ” X_l ‘Mx_l ‘_m.?_ ,ﬁ < OF_ _io Ot ﬂﬂ H = 1 ® ﬂM (0] m ‘Iﬂ ﬁ
N o + ) $ = : e 2 <
Uy _Eu.a.a«%nw. W ap : 2 = =1 @ T
o= O o s % =T T s s = N
i < ° s o o TE X o= 5 - & -+ ﬂW ¥ = ﬂa i o
~ AT‘I.ALJ|J|M%QH Lo . _ B & = 3 ! LO*H
¢ & oA @ D E T T CETTE . = sl o
yEe e PP E "R ZTE [T = . - SN NI R
s T o = = ST TR T, g2 Moo F =
Q%@W%%%F o= = - = |- =g ME A
A Gow 5 Sannh = =T 2 |F me2 L o
oR oy = oF AT M o = - _ = = w__._l k= - ML =
T W o S o = o A = - = @ = 52 __Io_“_ i MF Hr
iﬂWﬂuSﬂmc _i,ﬂlme% = = o = @ =2 <0 &w X )
. ]. = = = —_ f
M_Mfﬂgofu&uﬂtgaoﬂoﬂ =i =T ESNEn on 2 3M%
de Ry BT A b = {3 T X3
oi_zrcﬁon 8559 i & = " o Hr NN
) o ST e i = 6 4 = ojn
op = T sy v 35°58 = 5
@ A DR o © Ay 40 1nding nn,um_wu a0 ] ‘.CMﬂ
R - A A g D o
oo D ox N = % o x I oF W o B
uo\ﬂﬁu M.Ez%ﬂo%%é]ﬂ w99 Ham_ﬂ
_@ﬂ%l%%ﬂﬂw%%ﬂﬂ%aﬂr@.ﬂ %ﬁw_@ﬂmﬂﬂﬂmﬂ%: e
o Va2 g - ; ol BT IR
Elﬂr%mﬁmwjMroﬁ%o#uilmﬂmWw”ﬁﬂr ElMMEVL%LUEHMQMOQAWM#&E%ME@.%g
el o AT R = X o = w to W N o — ™ n_rmuﬂu_,1_ o o
Jﬁ;¢wwg%;a%x%%%W% %ﬂ?@%%%&ﬁm@%@ﬂ%ﬂ@ﬂ@@a
oo N R 5 T = o S = B _Hrqaﬁﬂ o> —_
X JVI K ;ln_ﬁ T oK% on oy m_Al OE o 1ﬂ_l 1LL Mﬁ EE © m.__“_ N B i 1.A_| C.MV z_l & f oT = ﬂ_wL 5 WH HT ‘0| T o w7
?%%ﬂ?%.@ mﬁu%%gfﬂooﬁai? ﬂwoﬂad_éovOJH%eﬁo&ﬂd%lMﬂ%%i
iof ~ — 143_Ezu; g TO oy T S%\J%a_ﬂqg o= B 7%]@.]&
wgzww._moa;:n@%w@hﬂ%ﬂ@w a_ﬂwuq@m%ﬂ% mqmowsmzftwa@%
o2 ﬂyuﬂéiéﬂﬂieﬂﬁaﬁ oo Ho o Mo B Tz E FHP@ﬂﬂ%1%
N T G X o m < B = o W ~ Sy B p AR R
@%,i%@%ﬂﬂ.@@wgw X oqﬂowﬂmqa%gaﬂ.mf@ N
iy 1?&%@%?%%@ L ol _Eﬂs%o?@ﬂu .szT_ur amzo% o W
%%E%os_,ws o g T MO 51ZTF4@¢ﬂqvm T I (s
_E\]L_o%io%FMﬂWoT ATn_rm_io_ﬂ .A|£1rPu ixﬁrWPﬂﬂiatMﬂwuvﬁ_h
ﬂﬂzﬂﬂoﬂu%%P@w{ﬂﬂo}fLa = _M.Gowﬂ.ﬂo%ya%% oy R ° T2 RN
imw @%ﬂﬂ%%_%éﬂm%éﬂim £ DQH.mﬁﬂ@urﬁ@G%ar.éHﬂ%%%
o o o B B =l © = = = M B W ™o T
weﬂﬁﬁﬁfwﬂﬁegomo%auoﬂ%zrmeio» va_u]MM%%W%%.M%%H&W&.%JHowﬂxo
oF N o w b =T 7 op o B F N éP%i%] T E o W
iﬁawﬂw%mad.more o WO g EV @ o T = mﬂmw} oy
= LB d S }9%1}7:&5%&01% R ACY
& A oo O T il X o N o= KK D NI
T o = mE X oy = M o N R o A
< q b z,f OT o — Ju‘_ o 9o an o o AT < RE L
EZmxid < d i = i
HOwR T =R o)
oWy Ry



NoZ AFsgrt B2~ 2s 4E5S 9% PFSe
MSI SensorAle] SDT1-028KE AH&-3leH, OP
AmpE o] &3t H0v] FTE3 T AgilentAte]
DSO7054AE o] &3te FEe H2~ AsE
MathWorksA+e] Matlab(Ver. 7.6(R2008a)) 2.2 A
Edol st MEY FoFE 200HzE AT
05~4Hzte 103 MES~ U957 ZHz o
Hyd & A8 dHE A&s6rh 48 dE 9
A4 404, FHEES 0,052 ST

PMAF Ag]& 913 Aoz F7] Ee& A
Aol A JIHE ol e Z4 5002
k9 om, PMAFS] a4 T2 sho] AlEd oA

st Tt

S YL RN A

5o LY U\HUI\U”\/ VLY
0 1 2 3 -‘l.ﬁmeisec] & T 8 ] 10

?U';r\f\r\f\f\ il T

TSI Y

01

0 1 2 3 4 5 3 7 8 ] 10
Time[sec]

Output Sigal

Time[sec]

a8 6. 2712 2Nel 28t SES MA 23

Fig. 6. Reduction of motion artifacts from finger
movement

IS QAL A9 44 L

a9 7°ﬂ 131 HI S 70l olsf A Ft
= AA Ais 1%‘ 8ol eERiRIT 2 A
oA RIME] WA FHFOEA HE dH

QAL 7|42 0|83 PFS BA Mwol 1 A1 595
goz eeld AANA EPE ERLL
PMAF W& F7hgo=s e AAT -
ASE FAE 5 Ut

0.3
s 02 i
Zg 0.1 “ N
R AEAAANENAR i .
[ Y NHl/\‘/ WV HEWEN Y )
< 02
0 1 2 3 4 3 A 8 ] 10
Time[sec]
0.3
02
Z o1
3 ok fllip fg ) Pdon flend \ f\
iR Ui 1y VT
O—U,Z
0 1 2 3 4 5 3 T 8 ] 10
Time[sec]
03
_ 02
g AT AR
Tl L VNV VNIV N YN
a 0.2
0 1 2 3 4 6 7 g 9 10
Time[sec]
a8 7. & 2o osl WSt SES A Znt
Fig. 7. Reduction of motion artifacts from the hand
movement
02
§ 01 ﬂ I §_im
2 apteda fitucp LA AR, o pg
g Y VU N WYV V3
i R T
020 1 2 3 4 3] 6 T 8 3 10
Time[sec]
02
w 01
% ol A N o B A A Rt nd A
g [V AT R e R R
Q -01
024 1 7 3 4 5 6 7 8 ] 10
Time[sec]
02
= 01
8 A A 1
s W ST /
5—01

a2l 8. &5 d1|E7|oll <

Time[sec]

St =X x-||7.| 751]!_'.

O oHE=

Fig. 8. Reduction of motion artifacts from wrist

twisting
2o
£ 27stel

2 >,

B ot

tlo olo

&

| 33VE Q7}eted

= A3 | PFSE

2

)
oo



=X HoH Hex

)

ox

¢+

~

ol
)
i

el

el
JJo

o}
b
¢

s

3} Wz

3 zof Mo HAHL 264mW,

—(:sl.

Axpolt,

Bx AT

¥

k)
el

3l PFSe] ¢

46.2mW Tl o] 24 FAlA ol

[e]
HjE] 2 =Fol A At

12

7
<l

3|2l A 9

H
lof

ol

us

<+
m_|

<0

14

Heart rate variation

Table 1.

el
o
<
<l
m m — [e0) ~ ~— (@) [e))
Blolz| R IN (I W
TS| 8|C| © ||| 0|
DI o
L a
€|
Sla
o
3
>
Q
©
10|l m MO | s | O
c || || N W00V
% o vl © D ||| N
T
< _
c 2 = g
S [5]18|2/8|5
S LS|z |@
S (2| |T = o
o <
b
T o’ =
s <n
= X ol
.ﬂo ot AT
U o
N - <A
~ W
il o
T ™ ~
o o} N
<
el < N
Mo o R
T] fnry
DS B S0
Jo o _
I~
o Mo B2
T T T
ﬂ_rm el
= Jl
— X
A,_ H
= wn 7
< 2 dm
™ [a® E
T T A AR

HR()— HR(—1)) (1)

VaTHR

n

G

)

=]
=

]

A
f=]

o R Faee Al

i

i

ol A 483

o, & =

o

3 Adgow AAY

5

A

Bl

o~
e

= (49 : beats/min)
H

=

H29f )

Ald
=i

3t%= (9] : beats/min)
}=
AN AR

o

SR RER

Var g
L:

o
Ll

WA} A E e

o] 7]ole Ao= et}

ERYE

B
o
s

el

3T

ﬂ»ﬂo

Zhang,
rate

Zhilin

REFERENCES
"Photoplethysmography-based heart

monitoring in physical activities via joint

A
ar

Aol

i

k)
o

B - A%

o 9

[e]
[e]
T

=]
=

=

A

]

(e}

Z)
2]

tlen, st

S

7]

v

3 Av- erage(B)9} &

ST B - A8l A3}

5

Not Moving(A)&e] 3t k] =b

Average @l

E

Al

IEEE

Transaction On Biomedical Engineering,

Vol 62, NO. 8, pp. 1902, August, 2015.

reconstruction”,
[2] J.Y. Lee, "The potion artifacts reduction

sparse spectrum

=
=

19| 43}

22!

-
b

SI=
oA ke W PPG

al

S
o

= AT

Ko
=
kil

B

The
&

Digital  Policy

from the PPG based on EWMA”,
of

Journal

o €]

o] 77t 2599F 2587 H|%F 4FL &

ke
g o1&

NS

°] PPG2

=
L

taL 7]

°©

=
L

L
H

¢

o= &

H,
i

kel
=4



Management, Aug., 2013.
[3] B. S. Kim and S. K. Yoo, "Motion
artifact reduction in photoplethysmography
using independent component analysis”,
IEEE Biomedical
Engineering, Vol. 53, Issue3, March 2006.
[4] J.G. Webster, Design of pulse oximeters,
Taylor & Francis Group, New York, 1997.
[5] Zhilin

"Photoplethysmography-based heart rate

Transactions on

Zhang,

monitoring in physical activities via joint
IEEE
Transactions on Biomedical Engineering,
Vol. 62, No. 8, pp. 1902, August 2015.

[6] Sensor Products Division,

sparse spectrum reconstruction”,

Piezo Film
Sensors Technical Manual, Measurement
Specialties, inc. 1999.

[7]1 J. H. Kang, B. H. Cho, J. Lee, Y. Chee, L

Y. Kim, S. I Kim, “A Study on
Accelerometer Based Motion  Artifact
Reduction in Photoplethysmography
Signal”, Journal of Biomedical

Engineering Research, vol. 30, no. 1, pp.
369-376, 2007.

[8] H. W. Lee, H. Seo, W. G. Jung, D. B.
Jang, G. K. Lee, "Detection the biomedical
information using the piezo film sensor”,

Information &

Korea  Institute  of

Electronic  Communication  Technology,
Vol. 3, No. 3, pp. 14-21, Sep. 2010.

[9] B. Lee, J. Lee, "Design of motion
artifacts filter of PPG signal based on
kalman filter and adaptive filter”, Journal
of the Korea Institute of Information and
Communication Engineering, Vol. 18, No.
4, pp. 986-991, April, 2014.

[10] H. Park, J. Nam, J. Lee, "Design of
filter to reject motion artifacts of PPG

signal using multiwave optical source”,

A F71%42 ol8%t PFS A Mwo| 578 HH_ 597

Journal of the Korea Society of Computer
and Information, Vol. 19, No. 2, February
2014.

[11] H. W. Lee, J. W. Lee, W. G. Jung, and
G. K. Lee, “The Periodic Moving Average
Filter for Removing Motion Artifacts from
PPG Signals”,
Control, Automation, and Systems, vol. b,
no. 6, pp.701-706, 2007.

International Journal of

At
o] g £ (Han-Wook Lee) [(H3)4]
e 19999 29 : AAdgw Azt
T3} (9D
e 2001 29 : AU A}
F33) (33414}
o 2009 29 : Agdistu Aq
F33) (33l
e 2009 2¢€ T &#EA - AdUEt
@ AAEsts A}
<A Hop> Az A2 e Alz=g,  IT
Healthcare
A % % (Joong-Chang Chun) [$X3 4]

e 1933 2¢ : AHAHdlg
Zta (Fehah)

El
)
Y

o 19919 29 : ¥FFFostm
AR F S (FIAAD
e 19959 29 : xFgF I
AR 7] 383} (F3Pa)
o 20034 29 < @A Ade
At eta AAF e
<@ ok e R AAF o] &, o]v]A]

Ag, F4 HEHA=A



598 stayemxsAratty=2X HoH He

A 9 Z(Won-Geun Jeong) (A3 4]

o 20008 Aefsta AbEst
3} (F8H4h)

e 2004d AAUSE AT
3} (2l

e 20066 29 ~ 20114 29
Ae=gddsids =9 Fu

e 2011 3€¥€ T 20149 1¥ &
A e s

e 2014 2€ T &A : S EE
o Videh 24

ANz, AlzE g ol




