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PPG (photoplethysmography) holds significant application value in wearable and intelligent health
devices. However, during the acquisition process, PPG signals can generate motion artifacts due to
inevitable coupling motion, which diminishes signal quality. In response to the challenge of real-time
detection of motion artifacts in PPG signals, this study analyzed the generation and significant features of
PPG signal interference. Seven features were extracted from the pulse interval data, and those exhibiting
notable changes were filtered using the dual-sample Kolmogorov-Smirnov test. The real-time detection of
motion artifacts in PPG signals was ultimately based on decision trees. In the experimental phase, PPG
signal data from 20 college students were collected to formulate the experimental dataset. The
experimental results demonstrate that the proposed method achieves an average accuracy of
(94.07£1.14)%, outperforming commonly used motion artifact detection algorithms in terms of accuracy
and real-time performance.
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Fig.4 Real-time detection process for motion artifact of PPG signals
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Tab.1 Results of peak detection for pulse signals

PR RriB DUSHL BB MEFRER (%) fEl/ms
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Tab.2 Features extracted results (mean+tstandard deviation)
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cs' 1994013 0.48£0.57 331175
cs® 2012038 0.64+1.01  5.131.86
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K 223259 19.96x25.16  7.79+7.07
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Tab.3 Features selection results

FAIE 4l B4l il

JaE#)  h P h p h p
cs' 0 0.16 1 2.89x10* 1 4.50x107"°
Cs 1 3.17x10° 1 5.69x10"° 1 3.68x10™
cs’ 1 274x10" 1 3.91x10™ 1 6.56x10°
K 1 9.00x10* 1 7.35x107 1 1.40x10"
PTP 1 1.69x1077 1 7.11x107% 1 2.04x107%
SK 1 1.88x10% 1 1.55x10%* 1 8.10x10*
VK 1 1.30x10° 1 1.87x10°° 1 9.06x10"

3.4 BMEESTHERENE

I3 1T AT 2 ICAS LA T S AL AN
REEERCE &, RIE24T509T51%, XHEAPkdE R
IR BRI T25r J N353 2985, IR JH Kappa
BORVHE o 2, TIEAXanT

Py-P,
kap = ——— 24
w=Tp (24)
py = Lt 25
== (25)
Zn:l inxan

N(Q24)~Q26)H , kapitKappaZ B, Ou. O,
0,43 MR nfT T HEnFITTHFANLTRf
FELHITCR B, ZERFERVECR, RT5TER
T OAKHIE, Bikr=6, MIRFsFRH, 353k
b}, M=3, 2572k}, M=2, KappaZ # [ 45R
— Iskap<1, HAGMFEUL 1G5 HRBEAT o kap e L
AR, AT

Py =Py X Pye

kap; = Pr—PuxPy (27)

Py =0n/M (28)

Pni = Qn/M (29)

Ppe = Qne/M (30)

Jeon THER LR PR, 2, 35idE it

135y RIS R, {4 2 Kappa R £ kapih X
(24). (25). (26)fF 2], A (94.07£1.14)%, kap,.
kap,. kapysy HIREE THERZEL, 2. 355 2KAEY
REEE, 5 RUE WA SCRIE AR X B i 47 55 28
AR AT AN VERE, BB P i B
R, TCASERFIRGBITH0ER .
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R4 REMIAREL, 2. SHBEHATIHELER (T
AHLAF R £ )
Tab.4 Result of decision tree for 3-classification on data labeled 1, 2,

and 3(mean + standard deviation)

kap(%)  kap\(%0)  kapy(%)  kaps(%)  Ibffil/ms

94.07+1.14 93.34+1.72 95.46+2.68 94.60+2.05 17.18+4.97

JEor T R ECHR (8 D SR 3 47240 RN &
B, BEEAES AIEF BT Y, P IE R B
AFRZFINEAE, THRBOAARZ2, 3nvEdE. ik
sy2HKappa R h(96.67+1.28)%,

RS R RAMEIRIE 5 R B A RS 5 TR B AT2
RER (CPHMEAREMRE )
Tab.5 Result of decision tree for 2-classification for standard segment

pulse signals and interference segment pulse signals (mean =+ standard
deviation)
kap (7o) kap\(70) kapy(%) Ibffii)/ms
96.67+1.28 95.76x£1.91 97.60+1.60 15.60+5.71

AR RO HE 17 24> 28 B & Y Kappa &
5, HAREWFERE, [HAE SRR 1735 FnT LABESI
TR RIE, A8 TIRBEm ™A, E5
PPGiZ 5 W i &, [FII KappaZ (X9 T 2.6%,
FERF (UGN T2 ms, PR R 340 2 e S AR ABE Y i A
AndroidFHLIY R, X2FFFHLBE (BRr%E2, #r%

3) EATAE BRI AL SEak A AT S B (5
STHRBAT R, 14 7FR.

ERES H?‘;U! V:. A HEIES K?i‘,‘

X - @ulee R

Jki {55 (PPG) JkHH5 5 (PPG)

(a) fLIRAR A TEAIC

(a) Sensor not worn correctly

(b) FHEIEAERS3)
(b) Moving finger

BT BRIHE T T IRBGEZ AR

Fig.7 Remote detection of motion artifact of PPG signals

H TR T B R R iR . 5
S, BoBek, BaERA33TI oA N, -4
HARZE LAV EE R IEAEA, ARZE2HVEE A 112
FEA s RS A R ARZE LI BE A IE A, Fr%
SHIEE A TAEA s 7RSS =2 bR 2R 200 K b 1E
RAEA, IRZESHIEIE A RFEA . B S 6E
MATLABH e 5 R 55 . ctree = fitctree(P_train',
T_train', 'minleaf’, 2)| 25y PSRBT, HEAT
5y, BEALIERE3 905x64RRAEME A I 2R A I 2 A
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T, FIROTS*OARRAE Y (RIS TP s R
RE. i P_trainiz AREAEIR &, T _trainff A HERZE
MR R, WA R R A2
A, R I ZR AR S R AR AERE L2 22 2000, I
2820000, MREIB3A HAHERRZR . e AU
IORECETE/ S

TP+TN

Acc = (€2))
TP+TN+FP+FN

Sp=TP/(TP+FN) (32)

Se=TN/(TN+FP) (33)

RED~B3)r, AccFonEffi=R, SpFork: R
P, See /R BB . TP R IE 24 A T 1E B
OB, TNZE 7 R A7 38 A A T IE W 1 8 &
FPFERF M BFEA TR A IRAVEC R, FNFORKGIE
RAEA TS R A BCR
=B IR TR R, BUEMESE
K, IWROWFA S — . =gk fTor 2, Aok
FEIRE98%LA 1, RS A R BB, R
LA IAERRZ 4 (97.7620.54) %, FESLTEFEIT 5 1T,
BRI RER B, Sh(16.72+5.14) ms, HIAW
HIG/NT15 ms, DL EERFWIZR L MR,
FEMTRL, REUBRT T HLBRHEAT SEIRAS
k6 Z B ERE, FFME, HMEBKRER (18
LA AR £ )
Tab.6 Accuracy, specificity and sensitivity results of three sets of data
(mean + standard deviation)

RS G4l 4l giEtil
Ace(%)  99.34+0.18  97.76+0.54  98.60+0.71

Sp(%) 99.66+0.16  98.67+0.46  96.66+2.51

Se(%) 96.23+1.58  94.78+1.42  99.14+0.84
BHEl/ms  14.23+3.67  16.72+5.14  11.4543.71

3.5 XKEHERSHSITIE

AT TEHE T D SRR DA A5 5 T BE AT S8
I AREAN, R 1277 B 2 B A B di e I P de 05 7
HIAE R REFN S . AN HOpESEE Ve
i, AFIEERAEE S T BAR I P B TRy
HERVE, AT SRR

(E AR Bt 22, RFSCliks], (111, (12187
REVEAEATIEE, FFE T THBRARM, £/ 7
JEoR TSCERIS]. (110, (1213005 i B AR AIELE
BN OIS 6 ot - OF o4 E2 CRP S i i TN 3O
Tiik, MWAHAE 5B AR UM SBIA iA) Bt 1 J
Winet, bIRSREEZE. REETREE. LIHMZERT
PEIRE 25 SANRAIE , ok 98 T2 RO TEE IR R PN T H B
B B BRI, G I o TR 4 (89.22+0.88) %,
Kappa Z 7 (77.01+1.86)%, 5% F3CHk[ 1 11t Y
Jiih, EEENR AR S WA fr SR R T I

~
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BE . i BEFARfEZE T IRBITPUBE, AR A
(81.75+1.19)%, KappaZ %z 4(60.13+2.72)%, %fT
SCHERDI 2T Y 53, 2B T 3/ R AR
FHABIE I AT . AHABIE AR A . gl lE .
Wide (L ) Jpi o 0 B e U TR, A 0 ofE i 2R A
(88.95+£0.95)%, KappaZ%i>4(73.95+£2.96)%,

A7 REAFIERT A R (B LR ER £ )

Tab.7 Comparison and recognition results of different features (mean +
standard deviation)

J5ik: Acc(%) kap(%) 16} [R]/ms
LIN &1 89.22+0.88  77.01+1.86  17.23+4.14
SUN 2&[ 1 81.75+1.19  60.13+2.72  16.93+5.63

GHOSALZ! 88954095 73.9542.96  17.85+5.75
AWFFE G 97.30£0.54  94.07+1.14  17.18+4.97

AW TT Bl 4 F B FLLLINZEY | SUNZEN T |
GHOSALZEU I 1 07 b W= o v, FLREAS MM
P 3o b AS P BE . ACHFZE 5 Bkt LA S T
Kappa %, #Wo R BAREREN.,

4 &k

PPGH; A AE A A e e W 438 EL A T2 1) 7
M, BETFIHEBREZMPPG 5o Hras R, T
R E IR E TRIPPGE S, 2 T —Fit ok
PR H AR AP T B S AR N 5 s, % S
RIEMIPPGE S g E s A TR WA L, FHEXHFEAT
P Z BRI T 04, R SRR TS
SHATERASN, ZFEARES B — RS
MK, UEM T BT U — SO 5E, AR
1L 97%, KappaRFuito4%, HEERH, K
W RE SRR . Pk, MR STAS TR
AR T5 1 A i g PPGAZ 5 TP BoAS M Y B3
(AR T —FhESE Rl AR 1E, e Bl
LRGN . AR B T AR SR Rkt . FEARK,
ARWFFEHE 5 e Rt AT ot At 2K
TR Iz s R E T TIREIR B,
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