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Gaussian mixture model-based method for extracting the features of pulse wave
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Abstract: The features of pulse wave reflect the physiological and pathological states of human body. A method based on

Gaussian mixture model was proposed for the feature extraction of pulse wave. In this method, the number and type of pulse

wave feature points were determined by the zero point of the first difference signal and the second difference signal of pulse

wave, and the complexity of the location estimation of the feature point was simplified by Taylor series expansion. The

simulated and actual data processing results showed that the proposed method acquired the location and information of

pulse wave feature points more accurately as comparison with classic algorithms. The proposed method is an effective

method for the feature extraction of pulse wave.
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Fig.1 Typical single—cycle waveform of pulse wave signals
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a: Five extreme—point pulse wave
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c: Three extreme—point pulse wave (too—high tidal wave)
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b: Three extreme—point pulse wave (normal tidal wave)
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d: One extreme—point pulse wave
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Fig.2 Several types of feature points

2 (4) P IET5 N o(e—1,) L s (1) =0 1

SEVSUN IRV
s(t

o s"EtS (6)

KIS S () B9 B R s (o) HOZAEL R AT
SED RN E . R X s (o) TE R ¢, A AT N
BRITH

s (1) =s(t,) +s ()t —1,) +o(t —t,) (7)
Horpr, o(e=1,) R s'(t) KT (1—1,) R B TCTF /N,
s'(6) SR AR s(e) B9 =B 88, B

s"'<t)=§gk<t>{(“

t,=1

) +3! _fk} (8)
gy
ZmE (7)) I TET5 /MR o(t—t,) L fH s(1)=0 1Y
Probmt ) e, A
s (2,
0" = (9)
s (2,)
FEC(6) FN=C (9) AT UL, SR At Dk s() BAR (A5
585 50, B ST SR A R 5B A AR AT U
WERIE ¢, o

o

L=t

4 FHERENERE

JOK AR AR A5 — B 22 405 5 3 & SRR R
N, HABRAE S E0 S — B 22 433 SR S OM
S, UL, 38 0 B — B 22 433 2 AN 00T LA
FERRIE S5 AR A R, (] B AR Al SRR A 2
RUAT i 45 B H o

4 JK B R REAE A R AR A A B, AR — B 22
G T Z S AR WA ;2 KA A R R R 495 A5
11 T 8 e = X e R U P RS (S SE I

H T A% 19 SR A 4313 2k 200 Hz, 4 2 A4~ R
FE 5, 22 8] (4 1) B 4 0.005 s, 35 2 5 5 ERAE 5 Ay 2L 52
(A (B B AL 5 /0N BT DA AT LK a2 05 7 3K (4) 528
(7) HEAT 2 B BB TT BRI ¢, , FEFIH R (6) 52X
(BB E ¢, 5Kt o

5 FHERERIRIS R

5.1 BXiEK RIS

(1) A TR B v A5 o J2 0 B S 303 1% Jok 4o
FEARLI , DR UL T ) R AR Y 3 2 22 SR W K 15
AT IAY) 4



1

- 79 -

R AR B KA A5 525 ) 52 B W 50 255 | 1Y)
FELTEAL N TR 7 A T, DRI I RT SR 42 381 1) ik 78
P AT AL IR, B AR T, 15 30 A9 ER /38 an K]
37N

0.5

Armplitude

L L
1.0 1.8 20 L)
tis

[El3 FRALIR S BBk EOR

Fig.3 Pulse waveform after pretreatment
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a: Differential waveforms of Fig.2b

BB FE SIREB NS 2800, TR E
SRR R B R 0.025 s,

MRS AR5 1 225055 1 i 8 E (5.3 81 1)
AT RAIE 2R
5.3 43AE = ZRBH)IR
530 SAEES RRBIKERAF S 0 —Br 250K
D5 AN 2, G B B 5 AN fE A, H e
5K 2a B HEAR AL, 5 ASFAES o B R Sk
WV B I8 I A AR A C I ik 0 D e v Ik B AR Bl
B FRRIE AT
532 3N E S BRI AR 5 0 — B 25 3 A
B3N, I 2 SR B 3 AR, A D
5 2b 58 ¢ AR AR, BER o3 B A I -

HI &1 2b 5 ¢ AT UL, 3 AR R A v A 5 T A A
530 R B v e E 55 o 06 FRITOR I A T X
T — WA AT, W0 AT B2 Uk Dk e B B ik Ik i
D, Bl B 5 5 DA — WA AL, W 55— 5 A

BRI — AR 55 55 A WAL 18] ) Bk %
s, FIWH B 22 0 nad i 8] . A ANA 3
A S — AR S R I B, kg D o —
B 220 B —ANFNALE K 4a s s 47 i F i
1A, DUVER — AR AL A IR i e D, 3298 I8 0 B 75 22
I KA A~D [RIECHE 09 — By 22 433k 22 0, 017, )
F P U0 B TR 2543 B D s B R AR A
T, E 4b s .
533 1M EES B RAR 51—k 2505
DS 1A 2 A, DS I B 1SR A, HEOE
S 2d PR AL . 1A AR T S D
B BRI AN, Pk B 2 5 058 AR A~ Ry
507 A AT 43 R R 8 I8 0 D RN e B (R
P F) AURIMEL, Qi 5 s

010 r r 0.0
First arder diffarence
it S | |- ==+ - Second order difference =
= E
= =
= =
= =
= [
3 2
2 =
5 S, T e e S nog
= i
= b}
5 E
E o
o =
5 S
T T
ow
-0.10 L L L L 0.01
] 0.2 0.4 0.6 0.g 1.0
ts

b: Differential waveforms of Fig.2c
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Fig.4 Three across—zero points of first order difference
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Fig.5 One across—zero point of first order difference
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a: Emulated pulse wave
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Tab.1 Identification accuracy of each feature point (%)
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