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The Motion Artifact Reduction using Periodic Moving
Average Filter
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Abstract

The Photoplethysmogram is a similar periodic signal that synchronized to a heartbeat. In this
paper, we propose a periodic moving average filter that use similarity of Photoplethysmogram.
This filtering method has the average value of each samples through separating the cycle of PPG
signal. If there are some motion artifacts in continuous PPG signal, disjoin the signal based on
cycle. And then, we made these signals to have same cycle by coordinating the number of sample.
After arrange these cycles in 2 dimension, we put the average value of each samples from starting
till now. So, we can eliminate the motion artifacts without damaged PPG signal.
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Fig. 1. The Structure of Moving Average Filter

z(k—n) 2.1

0
Y 72 129 13 2, ZH9] 539 vy g
A AEE Aol 2 WA e Fol] BAEE e 4

o)
ofr
o

git gHel AHe 1F Fee] AA, 1B
F489] A F83HL PG A5 FA2Y vske &
U 5 QIrk Tt BEGEI L oFF e Fuee v
BRI 28 A A E7E 2e B ole B8
A%o| 2 7% W) A Aol BHe| AL ¥
o17) 913 A4S el PG 4159 542 A48 5 9]
o] Felsh BasHHHs]

2,
rﬁ
FL
;@
n]o
4%
_8,
>._4
o 9
o,

AAFA & i,
Qs 48e) 99 AL x1 o) ket o) Az 48
o] Alzte] e} Wk 9ol Wele] gEom e 4
nevy B WNEE 485 28se Y5 542
2 WEE Agure) Bl

I oz ks Az PatA] ke 4l
NEERE) P
Yot 7 9l guE Y A

I 50l FSshe FRASE Golof 3k A8 Ee 2
{Xe)
h=3

ele] S 2atlel 48 A58 FAPoA BT
e g % ok
| Input signal s Rl + @ =
R ) '
¥=hz

Reference |M2 Adaptive
signal Filter

T2l 2. Mg Zeje 72X
Fig. 2. The Structure of adaptive filter

a9 2014 F de ek 215 sio] Fe nio] He
50|17, B2 AL e nlgh o Aoz P e

Shjel A5 W zRE J1SE e o)tk Bef B
9] &¥o| yolx, FEJQ] olgj7} e=(sl + nl) -y oH

€2 = (sl +nl)2 - 2y(sl + nl) + y2
=(nl - y)2 + s12 + 2sInl - 2ysl (2.2)

Azt ool M2 BAE 7HAA F=thd LMS(Least



78 Journal of The Korea Society of Computer and Information April 2012

Mean Squared error)= 2] (2.3)3} 2t}

Ele?] = El(nl-y)2] + e[s12] (2.3)

MSES Hislsle AL 43 s19 4 Ha: A5 F

A2 29 ¢'18 7Lt

4g Pee] gl Qo] FaF A BB A=
o EReS B BT ¥ A AU A5 70|

Y1 PPG AEE Fx A58 & A9 A5 EAF
22 QI P FHE AT FHo] A Frh

PPG X359 B82S 18 4.9 (a)¢} 2] PPG 239
F71 WA 2 FEE 73, a2 FoG7 5] FIER
O =2 a1 ggo] wskE A9t o, 29 49 ()
o} Zo] 2 FEZL 7N v U5 TAE A= 9

7] WjEo] PPG 232 F7)2 R 3= Aow

() Fm} MEZE FS

(@ High frequency small amplitude motion arifacts

(b) MFuh IR EE
(b)Low frequency big amplitude motion artifacts
T2l 4. PPG AlS2| SR
Fig. 4. Motion artifacts in PPG signal

. ®et gnz|F

r

B ShTeE PPG A5 354 el 7]
3}

d

N 2

]

NEE YA AEFOEN S PHY F2AsE
|t ol Slele] PG Asel A} 77148
712 oERFUE W Ake

S

X

=
—€
BAGAste] YR 29 The weh HHD 54 %
=

2,

PPG &= 4] vtaol 718k fAE 71 Aotk

Aol EAHA ¥ PPG 259 7 F71e FARRE 2

&8 PPG 259 F7] Foll 45¢] &€

7HEE, F712 7120 % PPG A5E &
=

& F o 1ol MR el e AR
o

o

] PPG A% Pn)ell 537 Nm)o] E94€ ¢4l
% Sin(n) 4 G 2ol YeRd 4= k.

Sin(n) = P(n) + N(n) (31
HET AY %% FHgr & A Az Hulda
HAHE o} FVE BT AL, TS0 99 FE

e AgsiA 71 %’/I e 24T 5 A B wed
KA} dialeol et Kb QIEEdoldS Faf 571 4 As
i 7 Al wheo] At 7] Belde 24
F Slek F71 23] A3 AL A5 A IS
o83 F714 olF T ZE el oM ofF Ta3 FE
otk
2l (32)9F o] dFAESinm) & A4 Kab dHAH o]
?E}E_EJH AL 75 S0 wAvelde] A Ke PPG
T FIRI2H)R Al 371 st 4Hze A
‘“é ForE 7RSS 24T 5 o

ud r> rﬁ

SD(n) = Sin(nK) n=0, +1, +2, ... (32)
SI(n) = SD(W/K) n=0, #K, +2K, .. (33

HlAeo) A% 4% SD(n)& B KA Qe ol
ZA 4 33 2L SlnE 2E 5 ok Slne 94

o

o

3 Sin(n)} & MZLE 71A3 AFa AARQ PPG A%
o] FPET /A e 2lart Aok @ 3719 Hudg Ha
AL T8 3 2 Bl 9siA & 717t BEEHE 93219
He 7 4 Sk

Dy, = Max(Sy) — é(Max (Sp) — Min(Sp)) (34)

Dy

fr

27) Bl % YElL, Spt S50 P

P



F71H olTHALEE o83 TH= AA 719

WA 719 s E T

2] (35)9}F 2t

e, o o) PHA 37) #2441y, &

np,= Index{Sc (n)= DSP} (35)
71 Index{ 1= S, (n) o] Dy, 7} H= AE ns YE
W}, A o)z e E ol dS Fste] A e
FE Zhe FUE AlEY 7] B 94 wst gl
A Az A2l FY glo] viE A-8o] 7Fesith
TR AEE ol8sle AL F7) BEH np 2 a8
2] (36)7} o] Vepd
dutslshd & (373 EO]

Sn(1), 8,(2), . Su(ng),

Sy (np +1),.8,(ny +2),...,8,,(ny,),
Sin(np, +1), 8, (np +2), .8, (ng ), | @6
S(n, +1),8,(n, +2),....8,(n,)

ols} gol 771 Helshd 7 F715e] AE 57k A
A syeth w7t F7159) AEFE QRA)]

QEE el Aol WAl AT Bast ek BlAE]

A3} BN E )M B WESE 2T F7) 22)E 4

%5, Slxm PE2 vepd 5 o,
Sp(lm) =

Sp1) L S(p.2), . Spm), . Sp.M)
Sp—1,1),8(p—1,2), ..., S(p—1,m), ..., S(p—1,M)
Sp—2,2),8(p—2,2), ..., S(p—2,m), ..., S(p— 2, M)
Sp— 1), Sp—1,2)s o Sp— )y oy Sp—1,10)

Sp—(L=1),1), Sp—(L—=1),2), ., Slp— (L= 1),m),...8(p— (L—1), )

(38

o714 L& 714 oleHwIE Y A7t =, M AE
7t 29 F9 7+ 7719 AF Foloh AB8)F 2 3}
=2 e 7} 3719 AF e ZolX)Y] Wi 3714 &
1 Z9 Hgo| Vst PHA F719 714 ol FHd
2] 28432 guisle Aoz Jehdd 4 (39)¢} 2tk

olsHTAH| FEATE IFAA AETo=A
AAL dee FINE T Aok

Sp (I,m)=
Sp.1), S(p,2), ..., Sp,m), ..., Sp,M)
5, p=11).8, (p=12), . »«,51',””’([)*1,771,),. S, (p=1,M)
S, (p=21),8, (p=22),....8 (p=2m)..... S, (p—2,M)
S (p—1L1), b;)w(p*l 2), .. ,.b:w(pfl.m).. . AS;M(p*l,ZL[)
S =) S, (P o1p2) 08, (o m)i- S, (p— (1) M)

Sout [Slm n)7 Szm(n)7 ) pm(n)] (311
V. MM "It

1. AEolel 74
Ak neizel A B4 sdsje] ool 15E o
S0l AlEH oS ST WA 2e F71E Zte Oz
ETe} +2Hz AEGE eIt o 59} 29 3 %‘Xﬂ
A dlofEdlA Foo] §ls e HIsE Mejelnh AA
PPGolA 5328 22 a395 Holr] 93] ¥ F3tE
o Yge] IRY HeE WA AsE WA, W
Eay

e Ao w2 A $ A gEne] w99 Hrhd
259 95 vwsted SNR(Signal to Noise Ratio)
Aretank. SNRo wet 5 255 S7HA1718A A
o] AHdule| uid] E® Asete] MSEMean Square

Aol Jewg 2o

tlo dlo

Error) &

1 - ~ W
MSE = N 21(8 (n)—s(n)) 4.1)

n



80 Journal of The Korea Society of Computer and Information April 2012

o] W N2 HEF s(n)e 7REAS2A JE AREs}a,
s 9 A9 dn A3Ehe dag
B Zﬂ%ﬂﬂ IneEoR BU% A5E AT,

7129) PG 243z T 7)ol sl tiste] LED
TES slolel QBT ARE D7) F4 wsle) wa

I A A1 TS B8] S8 LED 754 AR

Alolg A7MA F Ao SAE sl AF grol 9%
Sleg ili—e— Ttk 2 LED 75l wet 245 53
& A= AEFETE Bl FEEL oldE T HHE Y
o oJ3) FHF A5} 7} spPPHE Asrt BeE. EEE
Z7ke] sl Asol dial] T AeE JEPste] g
Aeo AAS T, AE PEYTY uE oS 2EE B3 uE
2298 71 PPG A5 FE3I) Tilil AsE opdz
I-tRAE HE 3|20 o] HAd AlsE WEkelo] PC
o] 7 Ade] oz AFHATh

J2l5 SES ES A
Fig.5. Experiment on motion artifacts

A4S 45 A¥e £52 DYAT|T e Sokiz
Ao WYL FE A, £ Aol $AS Tk A9, 7
AP EE B3 A 70 tHste] sk of W, §
Aol 08 £ DAL FHEo) Sl PG A5E IS
sjo] Zizte] B3bg A5E WAREOR o} Aiste] PG
®e] A5 BU% F Aehe] PG A5} vlmsio] ¥ =g

oA A 7712 ol EHFUEE AN,

N
o
1o
>
02!
[N
=

TS s FHE RS

TS 48T WY S
=43

a7 62 SNRel w ARME garzlge] 4%S MSE

Z HQl TJgfzelrt 749 FEE ¥ a7
7b F7¥8E MSE #te] AR o] o 71&9] A&t
S Z PPG 2EE BIAFHS A= MSE o] ot =
AT o= Ay A5t XME d33] At AR Al

77} v2an A
59l5la] SNRell W MSES

ke GarE]Fel| ofa B Ase A-3-ZHed Hlg) 719
$ests} 2 Aol @s] A 28 U+ ok ol U
Zo) o] A Jelo] 2A 23 Delol vls) AR AN
E]?}u = EI—OZ]TT Z‘ioh:]'
1: ,J\
1a AT \‘-._
P S -
a “‘.&-‘- >
: _*—%T e
p S, i o

2! 6 SNR(oB)o| (= MSE
Fig. 6. SNR(dB) versus MSE

A9 B ddd disle H5H sz Ay %
A A AR dHolg =)o tsiM 28313,
ok 3 dlolEel tisl] AAzkez Adsiy xiﬂé}ait}
a8 7.9 (a) AEe 579 A3} ¢lE PPG A58 34
S 429 wo] NTE =43 A

)

ok
AN
0 2 4 6 g 10 12 14
(@Eal=l 2=l PPG Al
(@) separated original PPG signal
2 T T T T T T
1 .
0
0 2 4 5} 8 10 12 14

b 72t SES PPG
(b) |nput signal with finger motion



(0 &7f=2t SE20| Mz PPG &S
(©) PPG signal without finger motion noise.

004 ' ' ' ' ' ' ]
002 1
0 MM\WW%WM&MW
002 1 1 1 1 1 1 . |
0 2 4 B B 10 12 14

(d)E%lv =X PPG

== o=

(d) input signal with complex motion

1 H\
A

\ \ ,
A AT AT AL
oF NN N N N NN, ~ \J NN
0.5, I

L L L i N

2 4 6 8 10 12 14
() E2lEl =g ST PPG Als
(€) Separated (d PPG signal
J2 7. SHS Aso| 22| Znt
Fig. 7. The result of separation for motion artifacts

Oz &71E gl £3d hASE Akt 2
BE FHGS o] ZdS Ushd RolH (e1ze &
7 35S B AR (daH=E FERSte] PPG Al
2 T EES v Beltt &riEke ARl F
5] 75 defel Aok fratslA dHFe] He & 3l
om B3} 5] B9-Aae] &2de] AlskA dERARL

K

o8k ®Ae] Hollx PPG A5 F7)14S o83t
Aoz} QIE|ZF o] o R FA 4 A5E FTHo
2 FYHEE st o] BE AAAEL TS AA
D520l aroln o] PPG A5 9t T3] fAes
71E9] ZHE 58 & BeuA av ZAE sdsisich

45 AAY 85
SR PE) Ysie Az AFEE Foly, AR
gdile A FRXSRs 29 Heo] Fasin, TEj9

2elo] Jaeg FrAC & Aol

(1]

(2l

(3]

4]

(5]

(6]

(7]

(8]

9]

Mark Weiser, "The computer for the twenty-first
century,” Scientific American, Vol.265, No. 3
pp.H-104, 1991

M Coen, "The future of human-computer interaction
or how I leamed to stop worying and love my
Intelligent Room,” IEEE Intelligent Systems, Vol 14,
No. 2, pp8-10, 1999

Kim Woo-Shik, Cho Hyang-Duck, "A study on
the seamless monitoring over the wireless LAN
and the public cellular network for a portable

patient monitoring system,” Journal of
Biomedical Engineering Research, Vol. 22, Nol,
pp. 14-21, 2006.

Kirk H  Shelley, Aymen A. Awad, Robert G
Stout, David G. Silverman, "The Use of Joint
Time Frequency Analysis to Quantify the Effect
of Ventilation on the Pulse Oximeter Waveform.”
Jounal of Clinical Monitoring and Computing,
Vol. 20, No. 2, pp. 81-87, 2006.

JH Kang, BH Cho, J. Lee, Y. Chee, LY. Kim,
S. I Kim "A Study on Accelerometer Based
Motion  Artifact Reduction in  Photoplethysmography
Signal.” Journal of Biomedical Engineering, Vol. 28,
No. 3, pp.369-376, 2007.

NV. Thakor and Y.S. Zhu, "Applications of Adaptive
Filtering to BECG Analysis @ Noise cancellation and
arthythmia  detection” IEEE Trans. Biomed Eng,
Vol.38, No8 pp7&6-4, 191

HW. Lee, "PPG Signal Processing of the Radial
Pulse for Ubiquitous Healthcare System,” Dept.
of Electronics Engineering, Gyeongsang National
Univ., Korea, pp. 23-24, 2009.

HW. Lee, JW. Lee, WG Jung and GK Lee,
"The Periodic Moving Average Filter
Removing Motion Artifacts from PPG  Signals,”
Internal  Journal of Control, Automation,
System, Vol. 5, No. 6, pp.701-706, 2007.

DH Yoon, CH. Lin, "An IMADF Algorithm for
Adaptive Biomedical

for

and

Noise  Cancelation of



82 Journal of The Korea Society of Computer and Information April 2012

Signal,” Journal of IEEK, Vol 46, Nol,
pp.59-67, 2009.

°
- M

of
1900 : Zehea ZHETSE B
1962+ FYhstan AREFFE B
200 : SNt AT B
A A et pof3e g
o} fHlE AR, TA

Email : jylee@tu.ackr



