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Abstract

The piezoelectric air pump is a thin, compact, real silent, non-vibration, and lightweight. In this study, we developed the blood

pressure (BP) monitoring system, based on the finger volume-oscillometric method, using the piezoelectric air pump. Firstly,

Pumping characteristics were experimentally investigated. Secondly, the simultaneous BP measurement was performed for one

healthy male (age: 22 years old) using the electronic sphygmomanometer and the prototype system. A load pressure over 200

mmHg for BP measurement were achieved with an applied voltage of 15 Vpp and a driving frequency of 23.8 kHz ~ 24.2 kHz.

The 4.989 mmHg/s pressurizing speed was controllable by the pulse frequency and delay time. Mean blood pressure and systolic

blood pressure were achievable in the finger photoplethysmogram with the cuff. Future work will focus on improvement of the

control method for the linear load pressure increasing and the calibration pressure sensor for the high accuracy BP measurement.

In conclusion, these findings suggest that it is possible to measure BP with real silent and non-vibration using a piezoelectric air

pump in the finger.

Keywords : piezoelectric air pump, health screening, blood pressure, finger photo-photoplethysmogram, volume-oscillometric method

1. XC®IiC

VAR, AETIIEERE R OFEBIC X BT F R HN
BEEIZHY, ARADZKERD 1 Lo Tn5, B4
FEE O TR 29 A D BIRERFT OERAER ) I2L D &,
I ER B X DT E T 9,560 ATH Y, KB
T Oipffe 2 8 O AR BIC L 5 EER L 2 FAULET
HBHW KR, BRI B RN G e JEIRAHEITY
%, WWENTFENICRD ZENEIHY, AML ALK
LENLHD, TIT, HEPOBERESREREE (Hlx
W, ME, AR, BRI &) & IR > E
WF=v 7L, BHOREIREZMY, BEEHROM EIC
BTN SEDZEE, SROEEMEFENREE > T T

BEhd, 2Nz Enh, xR EER TSR
REgEzE=2) 7L, @#EEHLEMTLAT LT
HHNNVARY ) == F VAT KRR L TE O,
ANIVARY Y == T AT LN, /D, BRRAOKR
AREETH D ME  (blood pressure; BP), LIgiEEIOFR
HCH D% (pulse rate; PR) ®, a7 KLU EH)
P D A AP RRIG BN 2 AR ML A2 D IUHE & w3~ % HatE1l
ERNRIE (modified normalized pulse volume; mNPV) 4.5,
I EFEK A7 D FEBIAR ML DfF S % KB~ 5 51 T h 5 158
PRI & PEFEEL (finger elasticity index; FEI) ©o 4 >d
AR D& 5 LRI AT TE 2V AT A TH DO,
VAT AOFEEIE, kst v Tl A FEIREE) A G
2 YBARFENRE  (photo-plethysmogram; PPG) FHIEG?
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A sk, & i, B GEILE, JRE BUR, LBk g5

L, B T7IERIC L DT PPG IREIOAE & 54 L C BP %
FHHIT 2 AFERENE (finger volume-oscillometric method)
BIZFLIZ LTS, FEIC, FERIRWZR 7L i E B #
WZOWTHHETE, REBCHLEDS IR < —AKROH THHEN
RE/R Y, LV EEREFH AT A THD LV Z B0, L
L, ROV AT AX, RS &3 2 BiLFEHM
B ETZERR T - BRI e & ORI T K o TR
BNRLKELS (W:268 mm X D: 184 mm X H: 78 mm), ZHHl
T — X OFFNTICEH PC AMETH D720, AEAEETOf
FIIEHRR b otz, &2 TRIFFE T, AWAETEY
EICRI A T ReZ/ MO THRIEFA~NV AR Y —=2 7
VAT A BHELT, BRARUT - BRI E OB
i M OME = I Ot B & 3 A T2,

— 972 BP ML 2T MTiE, A7 ICEWEREA (&
MEREDFHB D= 200 mmHg LI E) L EEOZER M
WTEDZERR T &N TITANDER BT D EEHR
MULETHY, E—FOEERIZE > THFLIRENEL D%
K[RRCTREFEAENTWS, —F, HEOMIEEIC X
S TREIERFESEDL YR T (piezoelectric air
pump) 2N EUT DIFR AT LN A T 73 E O RSB oy
BCTHEARSNTWS, By R, @A - Epo .
BT TR, BBV THE SR E U
LB THD, S5IT, SNLTRNESHTHEDT
EKEORHOARETH D, Ll b, BB/ LAE
FEREL, HHTEAERE L EBIENN DR, #
HTEL AT LIZHIKBRH Y, R T OFEHEIZONT
B BE SN TZ otz

T, AIFETIE, OV Ry 7EBESE e
JEE L7223 53R L 7= PPG 725 BP ORI TE #7772
VAT LERIEL, QURVAT LAOMENRFHTELE
TR T O BREN JE RO O RIS D W TR T2
2, @i ROEFMEFT & BUEL 2T L% 7z BP FHAIME
DWW TR R 24T o 72,

2. FHHBEE & EKBRGE

2.1 HEOHE

AW TIE, R ATL2O/NULEHEL T, BV
R TN AT LOREEIT -T2, BMEV AT A
V= VR T ERERES, ', PPG EHARS, a7
T PR OHIEERICHER S TR Y, B - ETRIEO
EPS IR A YIS TERIEL 7 (K12 88),

2.1.1 YR SERERS

Y=Y R TERENY, Yy e—% KT A % (LT3572,
Linear Technology) THEKENTW5, BV KR T7IE,
PRI 80 VLA EDEE L A % 2 DD I1C A HAC AT
LHTEHEBSEAZ ENTE, »LAORBEEHIEIICXL -
TENROZEZEHENRTE S, BV E—% KT 4N,
TATY y VEEEANTEY, B YR T EERE S
2 2\ Z LB ERENEEE £ TOFHER T 2 DDV R D

HAEIT-TWVB,

2.1.2 B9

EhvryEx, vy REXREE Y (2SMPP-02,
Omron) & YNbO/NIRHIIEEEZHEETH72DD
ZEFRER K OB A Z&2RET D7 X ERKICHE
RERTWD, EE i, 100 mA OEERZHL,
—o0E¥ua KUY 7 RDAT 7 (AD8554, Analog
Device) % HWTHRE(E 5 % IEMEIC 120 {HHE0E C X 5314
HESR 2R Lz, 3512, By A TS 50 Hz T
H % 3 Sallen-Key 7 — /327 4 V& @it LT, HAE
FORFENEER ) A XOEREZ RIRHIIT 272,

2.1.3 PPG 3HHI#5

PPG FHAENE, Yek Vi, LED %65, Stk AR,
F O - 7 4 V2RI TR STV,

et L, SEARSMSEEFOET 5 LED (light emitting
diode : E°—7 £ 810 nm, SMC810, V¥ AT v 7 A
M) L3294 % 7+ k& A4 —F (photodiode; PD :
BPW34FAS, OSRAM Opto Semiconductors Inc.) THERK =
nTnad, £z, BfEHO I 7 (25 cm X 6 ~ 9 cm,
HBP-DCUFF-TBI31, Omron) ® Ei(Z, LED & PD ®OH
ODHOEMEA 4 mm BEL, F—FE EICEE (PPG RS
FHHIEE) EnCnd, LED 1%, 500 Hz 7SV A {5512 CTH
JefiliEd 5, LED oV AL, [F PPG FHRlAZ1T 9
PRICF B DD TFHINR2NE IS LT L, £
7z, 7OV AIRIGAFAXOEE L ~VFANI L 0 R 2 fil1E
THDTHD,

PPG 5 51%, FiT.OE) & FHIS 2 MBS 2 £ Q0
&4y (alternating current; PPGac) & Myt & 4 &9 H LK
47 (direct current; PPGdc) 3% ¥V, PD {§ %575 0.5~30 Hz
DS RRAT 4 4 & 150 1 OHEIEEN 2 T PPGac
L, 0.5 Hz LT OJEAEE D7 4 V4 & 1 fFHEIREIRE 2 Huv
T PPGdc (257 BEL 7=, 7=, PDESICImiZRIEE 2 a%Et L
T, NERRIC L D /) A XEBRET D EIE MR AT,

2.1.4 fHAEES

BB 1L, L AMEZH (pulse width modulation;
PWM) OHBENNTND 16 By bvA/may hr—
o2 = w + ( micro control unit; MCU
PIC24EP256MC202, Microchip Inc.) % AV 7=, PWM #

\ aircuff
- {(HEBP-DCUFF-TBI31)
fqu;gndge; pump - m lect P
PHTVerCircUitpss SRisgee ecic. —M
(LT3572)
micro controller = 2. J
{PIC24EP256MC202)
i ; (= cone tubing

3V voltage
regulator b J
<« pressure guage

f SEHF)

pressure se nsor
- (PG-200-10:

{25MPP-02)

K1 xRy 7T a2 E

Fig. 1. The prototype device using piezoelectric air pump
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PR BT~V AR Y ) == U AT LABIFEIFSE

ez AW T PPGEHID/ SV A K OE T Y R 7 ONNEEE
ZHIE L TWB,

2.2 vV R TENERHERTT R

PR T HANVART Y= VAT MIEAT 572
WIZ, MEFHANZME R 200 mmHg LA _EOJEA AT EEME K Of
5 mmHg/s OINEREFH O FTREMEIZ DUV THRETASLET
HY, FEx RERERREIC TR FTOBEERZIT- 72,

VxR TEERRIL, RIEV AT L L UK ES
at (MRS : PG-200-102GH-P, Copal Electronics) % >
T a U BREEO I 712813 5 ESMERE 21T - 72,
EB 7L, 23 kHz ~ 25 kHz @ B V' 7R o 7 BkEh 8 ik
BFHICRT LT, 200 Hz T2 AEH 24T 0 e N s 14
FOREEITV, BIES AT ADEN & Y1E 513 USB #
470 16 £ b AD £#igs (NI USB- 6210, National
Instruments Corp.) ZHWTT ¥ X G 51T L CTRAF
KO 1 Dk ORMEEFENFOEEETLE Lz, RTFS
NIeT — 2 OEFEMEOENEEZEH Lotk BRE)E R
I X AINEEEE I OWTHRE 2T T2,

2.3 BIEV R T A& A2 MERHHIER

M EFHAERR L, BIEV AT A LM EEOREAEL L TE
RIEHE =2 (MEFR) (fifldn - TM-2571, =— 7~
R FAMR) 2T, EHERABNE 14 (GE 22 %)
XL, RRFEFHZIT o7z, BRIEV AT AF, By Ry
T ORI T — 2 2RI, R AT LD TR
(30 mmHg T 5 B#ERF M O' 5 mmHg/s O — & 72 & HE
HERS) DHEBTED LD ITHIEERO 7 VT Y A AEZHR L
7o b, BHMSEBRZIT o 7o, AEBRIT, i LERFOEM
il aEZ R bAR S TWD, (Nod, 2018. 3, K7
BEODDORER Y V) —=2 7V 2T AOBFERRE L O
AT

2.3.1 XIS &

PR ELHEAE & L C O R i E{E (systolic blood pressure;
SBP), #xi&If/EfE (diastolic blood pressure; DBP) KX
S EME (mean blood pressure; MBP), & OYPR 1, 4

250 T !
O SRR

@

—"

pressure [mmHg]
R
L
‘

o +———+—+—+—+—+—+—+—+—

23.0 23.2 23.4 23.6 23.8 24.0 24.2 24.4 24.6 24.8 25.0
frequency [kHz]
X2 BRENEW I XD e R T O e .
Fig. 2. The maximum pressure of piezoelectric air pump by the

resonant operating frequency.

WERE=F 2 H N T LR O ZIT> 7=,

BIEC AT ANLDOT ST 55 ThHD, BN 7HEEE
JIME (pressure finger cuff; Pfc), K OMEIZEIT 5 PPGac
& PPGde % USB # A 7?16 ' ~ AD Z#feg (NI USB-
6210, National Instruments Corp.) ZHW\WTTF Y X E 5
B LT, Yo7 ) AT 1 kHz TH Y, FHIL
AERIL PC 20 L TREFERORFTEND (LabVIEW
2017, National Instruments Corp.),

2.3.2 ERFIE

FHAFERL, Rk LERFE®R Y AT L LFF BT7050 O
B TIT o7z, WREITIERBICAEL, WTICERE,
ENENDN 7 &G Uiz, BEGRE=F DN 7 1TLED
ERECENTEZITY, BRIEV AT L0 H 71346 F+a
[CBEWCHHIZIT 72, S HIZ, RIFV AT A0 70
P, ERERE=20 LT 7 OME LR UE S22
LRI EIT o7, 2 MO LHIREEZRT LT, 14
MO MEFHI A2 1T > 72,

2.3.3 7 — X fiRtr

PPGac 7—# (% 0.5 ~ 30 Hz /X2 K827 ¢ L4,
PPGdec ®F—#1% 0.5 Hz v — "X 7 4 LV EDF X )VAZ
B A UT-t%, PPGac OIRIEME (1 782 & IREI O K
LIRAEAEDZE) & PPGde fii% VT mNPV 25 L 7=,
F72, mNPV BN iEfE (726, PPGac DIRIENS Rk KIZ
72 Dl) (272 205D Pfe %2 MBP L L CTE Y, PPGac
DI RIRMEAE D 20 %LL FIZ 72 DD Pfe % SBP
LHEM L7z, DBP L, SBP & MBP Ol BP a4
HAWTRDT-,

1
MBP =—(5BP —DBF) + DBP
3 (1)

3. R

3.1 EhfERMERETEBRIC L AR R ESE L INEREE

X 21%, BV Ry T OERENEEEIC X D EAHEERITE S
FHoREEAENEOTES TH 5, FEEHER KD 23.8

250 T
; : ; 23.8 kHz
S 2001 3 | 3
z D IS A 23.6 kHz
+ . : 3
g ™0 /’3___;___3 ________ 23.4 kHz
e L T o Mt s 232 kHz
A AP e e 23.0 kHz
q,_) 50 --/l//,’ """"""" """"""" """""""""""""""""""""
o /,/ . H !
/A : :
0 1 i i } } i
0 10 20 30 40 50 60

time [s]

X3 ERENENEIC LB Y R FOENEEME.
Fig. 3. The variables of pressure of piezoelectric air pump

by the resonant operating frequency.
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kHz # 3% L LT, L 0{%v 23 kHz ~ 23.8 kHz O#ipH T
IR B OBIMEN T @ BB EDEDS E5, Zv@Emn
23.8 kHz ~ 25 kHz O T3 OBIMIEN TikE
JEAEAEMET N5 Z E RSz, £/, 23.8
kHz ~ 24.2 kHz O#iFH TIX, fmEEE ML 200
mmHg UL ECH 5 Z &R I N,

X 31, 23kHz~ 23.8 kHz #ilH D &= V' R 7 ERENE
FEHIZEAREV AT AOEN B YT —FNOHEHB L
FENETH 5, BEVEEEIC L - T, BEEaEAEEn
JEREN R, —ERIEEE (B ; 5 mmHg/s) %
Fr&E72535 200 mmHg UL EOEAEE TR 572912,
IIRERN U 5 & HERFRERI OIS EE CTH D Z L B3R S
72

3.2 REV AT A% AW IEFHH
41%, SEV AT AEHAWCHA LI=fRIZBIT5)ED
EEOPPG THY, BHL-SEEOMEERT, BEHL

sub. X01, 22 year-old male
250 +
225 +
200 +
175 +
150
125 +
100 -

75 +

50 4
25 30 mmHg

MBP = (SBP-DBP)/3 + DBP
— DBP: 82.4 mmHg

SBP: 141.5mmHg 7 i pressing speed:
=d 4.898 mmHg/s

Pfc [mmHg]

20 max amplitude

of PPGac: MBP| reflection type PPG

I‘Jvlwl_ S EE:A._ .n...'_vwn_.w.ahvf'\
-05 v SBP: under 20% amplitude
-1.0 of max amplitude

PPGac [V]
: o= =
[« Nele)]

PPGdc [V]
A A aapnnN

1
.0
9
8 —
7
.6

Max mNPV: MBP)

]

o I

il 1 1 1
T T T T

0 5 10 15 20 25 30 35 40 45 50

time [s]

In mNPV [a.u.]

4 B AT AT L B ISR,
Pfe: YR AL D FHEE A 7 EBIES], PPGac: Y6
KEIREAR B O Sy, PPGde: JEBEARINRIE O BT,
mNPV: (& TESAEABIRIE AR
Fig. 4. Typical recordings measured by prototype system.
applied finger cuff pressure (Pfc), pulsation signal of PPG (PPGac
& PPGdc), beat-by-beat mNPV.

#1 AELICV AT L LML L TAERKGRE=F %2
U7 L R SRR R

ARME (DBP), “FAE (MBP), fmiE (SBP)

Table 1. Result of blood pressure (DBP, MBP, SBP) measured by

the blood pressure monitor and prototype system.

DBP MBP SBP
(mmHg) (mmHg) (mmHg)
AT =2 (F) 71.0 89.0 121.0
RIET AT A 82.4 102.1 141.5
7 5.4 13.1 20.5

TR T OMEEEN 4.898 mmHgls L7200, B
IR THEANTHUERAN AR ) == T AT B
R UBIERFHR CTEHZ ENn0hoTz, LaL, EfEk—
TENNE R % MR S 5 72 002iE, B JE I 5k oD fER7 R
ORI S > EMBETH D Z ENGhoTz, FfEdH
TZEBESITH S Pfe 73 30 mmHg X W KWK TIX, K
JE L T OBMNRELE TH D720, PPGac 12w bH &
JARANETT-, £72, Pfe7s MBP LU EIC/AR S0 5
PPGac OIRWENEAD L, /A4 XH %< A o1z, Pfe 75 MBP
WES<IEE, Plell b/ RIRABI D H X84 Ui,

F 1L, HEIRMEE CTH DAERERE =X 2 AV CEHI
L7z ERBICEBiT 24 BPEEAIE AT 22 AWV CEHIL
7= FHBI2B T 5 PPGIRIENSHH L7-4% BPEA2#£ T,

4, EE

ARFFEO BRI, BEARCHS I ChLEREOET=41
YITE, FFERICORA R THRESETA~L AR Y
U—=2 7T AT A OBBEEBARLT, BN - ER .
B I BESHOBMER > TNAE YR T E B
BEELIATLEREL (K1BR), vV R T D%
KIEH ) OFEKE Y BP GHI~O A FAMEIZ DV Tiat &2 17
ST, TOFER, TR 7 2AVD L EEREEXE (23.8
kHz ~ 24.2 kHz) TV YR 7O mFEAE S % BP &
BN 72 200 mmHg DL ENETE 22 L300 (¥ 25
FE), SRS K 0 DR b M FTRE T B 2 L A3
o7 (K3BM). E5IT, ERIMR E OB Z RN T
VxR EFHANTHAER Y 2T L OEEREE A FE
TEx5L (K428, FREEEEICES PPG RIEZLE )
5 BPRHAILAIRETH D Z & & loTc, ZTROLDORERELD,
AEESENEA SN~ AR ) —= 2 TV AT A
HLEZYRTRERTHY, B/NLOREEFN Y AT A
~ORBLARETH D EEZDLND,

RIEV AT LAEHWCERAI L4 BP & Hidine L L
THRSENTWHAEREBERET=% ATl L7=% BP
EIZIE, K& 72275 (SBPET 20 mmHg UL L) 2SfEGERSH
7= (F1BM), 2ok o lRE, Bt HRoWlnE
JEAED & 225 B EIC A T 2 IEROTRRNTE L5 2
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EAEZERIAJL AR Y ) — = 7 AT ARG

bbb, KERTIE, vovRESERVYPOTF—F v —
MW, EHEERIESFO 0] & RAEDEITT
LYo hEEME AV CERNEERL, E5E
DOFEEIT-T, LL, B0 0] sicidEEZERH
D, 120 (EOHIRIC L > TIENR@EL 2513 2B REL
L2 ENS Moty Lo T, MEBREIRRE 2/ < 43 <
L ORBELRENLELEEZILND,

YR AL DT 7 EBES) (Pfe) 2AFRE
L, —EoOXBETIETcIIEFI bEREINE (K 4
ZH), ZOL D RekERIE, MEREOLRS A I T LR
BENOHFFRFROTNNRREZ LZE 2 DD, I,
YR IIEBERI DT, R TRICEBEDZER &R
CENARARETH Y, WX A I v S IERENE kA A
LW ENMEREREDLDLDTHD, K 3 15 LERT
5891, PRI -ERBEEEROSLMLETYH
JEBEEIC L o TIEREN D 5 R A Fio T\ 5,
X oT, LVBIENREEIEOBINEFELT 5 7= 0120,
HEFRFIREIH] 2 25 J8 L 7 B 8 i 5 & a0 0 B % F g
L, VAR TO PWM 743U XADBEENRHLE L
EZbND,

PPGac i, Pfc DHANIZ & - T BP 22 Al e 2R IRIE D 28
AR SN T-, —f%A9IC MBP 1, PPGac ORIEA KK
W72 BRER OB 7 EAENETH D, —J7, SBP & DBP
Wxt LT, BRx RREFENH Y, AR TIIHER S A
TACHA SN TV D FEERCCEHIZ4T>72, LavL,
PPG #HENBEET D L, SR THD LED &3kt
P TH D PD OEE FEIZ L » CTEIZ PPGac I MEE 5
MENELR S OTHY, MEFICLD PPGac HEOELRE
ZBND, LoT, A THWEKHNX PPG sHlliE 2 &
BT, FERBA PPG FHENE K OIS Y A+ PPG FHANEIC
% LCH 7EBIENIC & B PPGac TEOREIZ SV THHT
21T\, LY EfE’R SBP % DBP 4 5 HIEIC O\ T
BREBRMELEZ LD,

AWFZFETIE, YV R FOBEY AT LAEREL, B
FEIRENET BP SHHHZITO~NNARZ Y == TV AT A
W ATREME I SO W TTRFHM T o 72, T ORER, By Ry
TUREREN A W S D HIENT X o Them R E S & N EE o
FENARETH Y, BRI & OB S MBCTid e
ZeEoTe, EBIT, BIEVAT AEHAWEFRICRBT
% PPG 25 BPAHAIL A[RETH 72, TN D DOFERND,
HEAECHSICMEREDE=F ) L/ TEXH YR
TR RGBS - IRRE O [FEEEE T
ARG V== TV AT A ~OUENARETHD &
DRI ST,

Ef5E

AAFFEIE, HFEHFZFE (T&I Company Co., Ltd., Konix Co.,
Ltd.) OWFEE & RFAEWREFHIEHT DR 29 FEERFJEE
WHgeA BT 4 7HIE) LV EBLEZLDTH D,
ZIICHEEERT,
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