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Abstract

A blood pressure measurement system based on photoplethysmography (PPG) signal is proposed
including a hardware setup for signal collecting and a modified Hilber-Huang Transform (HHT)
based PPG signal processing method. In the setup, mobile phone (MP) is used as the upper con-
troller, under its control, PPG signal generated by a finger clip probe is collected, amplified, fil-
tered, stored in SD card and transferred to MP. Furthermore, based on the MATLAB software, a
modified HHT algorithm is proposed. Comparisons with wavelet threshold method are performed
to evaluate the effectiveness of the proposed method from the views of ratio of signal to noise,
feature extraction and blood pressure (BP) calculation. The experimental results indicate though
the two-level Rigrsure wavelet threshold denoising method has the best performance in PPG sig-
nal denoising, the characteristic information of the processed data is also in great difference with
the actual value. In contrast, the proposed modified HHT algorithm makes a little deviation, and
retains the basic characteristics of the single periodic signal successfully. In conclusion, a MP
based PPG portable setup and a modified HHT signal processing method are proposed and applied
for BP estimation, their promising future will be in daily health inspection for the elderly, rehabil-
itation of patients, etc.
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1. 518

AR AE 5 (PPG) & — M 2 fatr A BE 5, T ErMEBP) ST O 2. KECH W
NIRRT i fEE—OEE BT, WO HEE E(ECG)H R P IEAE T 241 E s ik 5 — 5 A (i F48) 1) PPG
=5 b Th S A S RIS TR AR kAL S i (R (PTT), & 5 8l ki B s e s AR 5%, BRI ] e S Y
KAZMATHHE BP [1] [2] [3]: BT K I8 B (PWV) REAS i M Hb S i it &, T DA F SUEIE PPG {552k
WiE PWV, SAWIRGIE(E R [4]: MERERHRYT, @it 5 Windkessel 23 [5]5 PPG 15 5FF
FER O 28 AT LU T H 7 5K (P) A48 JR.(Ps) [6]. I IXLET7VEK ], PPG 59 & — Ml AT BP it
SR MIE S, SR PPG HHA7TE 1 75 75 SR & — AN i R e 1) ) L[ 7]

N T RRIEA R, £ S E R —APER . AN (WT) 75 S e H T PPG {55 2 :[8] [9]
[10], 1H WT LZHTHE&FMMGE SR, S LR fEh S 07E PPG E5 FHRHES L, X&T
FOM S R AU . A5 ANE - PR (HHT) 77202 — Rl TR AR PR (s 5 1 K7 ik [11],
B R 1 R DL R (S B R . BAT, B T0 BAE S AR [12] [13] A R A= 2
[14]. ZKEP[15] 5 ARSEATR A R FH[16]. (HAE, XF M AR T PPG (5 540 HE.,

AP T A EGE R HHT 89, JF3H7 T PPG {5 5B R IAF 7T, AR K H 5 Windkessel 15
RS A KA BP. N TUESCATIR A HHT J7vkn0a &k, IS5 WT R EHT T . RELE
R WT HAAERMZEeRe ), 251 PPG {55t HHT 4351 PPG {55 5 i, RN 53 g
A5 M LL(PSNRYIC TR, (R S HHT SEx T BP tH A A AP CR . @il S5l &1 BP (i
TR, FHZIE S HHT 285105 S E I BP ERA T /N2 . XRISOER HHT £
WA LG T WT MG AR B 7 PPG {55 I R BRHIE . RIk, ASCAT TAE AT LLUERH, Frig s i) HHT
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Figure 1. The diagram of this work (a) hardware for PPG acquisition, (b) signal denoising process,
(c) calculating method for BP estimation

El 1. RGE10E (a) PPG REMEH; (b) F5EKRIIIE; () BP AENHERE

DOI: 10.12677/jsta.2018.62008 70 e R A 5 8 P


https://doi.org/10.12677/jsta.2018.62008

AR 5

2.1. 5S3KE

FEE (@), FERER B — MK 660 nm {506 — AR (LED) Rl — /MRl 5 S5 o LG 5 10
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LM RE SR AT [17], PRI 3% sym8 1E /N AR H I FE R B . 4455 70 T A5 5 1100 SRR S 3 2 SR FE e
(Nyquist)ZER B i, ] & PR VA — ATy K PR e~ 2 (), SRS R S P ARG 5 AR vy S 8
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(3 S B VR A0 A J PARATUE 43 T P B AR AT R 25, B B — W R IE I NG 5 0 I i — MR AT
KL 88 T (RS ) R — A i AT A5 0 4, T LR i SR SR 8 T AU, X RS S 46 x(n)i2EAT T 2 4
HEEE Itk o

FEN AP R, W 2 — 8 BE WA 250/ R BRI . AL 7 DY FPAS R BB XS PPG 55
g2, B Rigrsure RI{f, Sqtwolog BI1E, Heursure B{E A1 Minimax i {& . Rigrsure & —>3& T Stein
To At v R SR VG &5 . Satwolog A F A= BB 1 [ € BI{E A 20: sqrt(2 * log(length(x))). Heursure /&
RPN R A A, I HLR S TN 2% B %6 £ . Minimax £ ] Minimax JEUEE & 31— AN E B, &
7 B /N T R 22 (MMSE) AR A
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Z,(t)=h; (t)+iy; (t) =, (t) e ®)
ﬁ\:qji=\/jl’ B\fFE_
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2.3. MEMTEZE

AR PR AE AN TR Windkessel #E7Y SR BRI R AR . Windkessel #88 NARTEIR RS H N —
AT BRI, R IR A AE AN I B o6 R N AE Z R T, W& 1() A . AR AR TR Ao o R AE I
B RSB SRR AE B B RS, RN — AN S S e AR AR, e i A R X BE A A
RS FERERCNBEAE R (mmHg-s/mL), 152 &R B C (mL/mmHg) [6]. M7 E # LR Al AN
VAL 1(E), 170 L7 PN AR S0 AR A FEL A P () o

MRAEFE R E R E B, n B B R SR R BN N

P(t)  ~dP(t)
~ e =1(t) ®)

B N K S 5 A R BB o B DU N3, 43 il 2 TR I] T DA S B TA] Tyo B

JOK 3 1R R R R TR AR N

C,T,
— - 0'c (9)
60[ *sin (t/T, ) dt
o Co NH A PPG S5 MR AL T, =T,+T,.
1 2(8) A1(9) I 3 AR TR 5% 2 5 I S ) 5K &R -
2

P, =Re +—TS!°}§Z‘;R2 (L+e™) (10)
Ry = Ptde_Td/Rc (11)

Horb P VIR K, Py APIIRIRIE . To 55 Ty AT LA 1] PPG HisR H .

F A Windkessel #5574 22 30(L0) A (LL)HEAT MR 5. 128 (G5 2 7 A B I S BRI R, C
(OB . SRR = bR 1Y) PPG RHAE SR 42 R I B 20 S 2H, —2H o IRE, 5 —2H 9K 4E, anfsl 1(c)
P

WZRdrh, ik LK PPG FEAEE i C A&, I fie/h Z 3 2 [l VA 5K i 277 #i 1% %2 {8 (RMSE)
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Figure 2. PPG signals in different voltages
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Figure 3. (a) PPG signal detected by the system, (b) Signal after Wavelet denoising, (c) Signal after modified HHT denois-
ing, (d) Comparison of PSNR values for different algorithms
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