Journal of Sensor Science and Technology
Vol. 22, No. 2 (2013) pp. 136-143
http://dx.doi.org/10.5369/JSST.2013.22.2.136
PISSN 1225-5475/eISSN 2093-7563

7|y HSOIHo| MEH

o x S EAMS Sl Sd0F =
Hx|Hs EES 0|8 Y FH
AMS2 . XRH2 - HMOtH2 + MA =3+

Estimation of the Blood Pressure Using Point Variation Aspect of
Dicrotic Notch on Pulsating Waveform at Each Cardiac Periods
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Abstract

In the study, novel blood pressure estimation method was proposed to improve the accuracy of oscillometric method. The proposed
algorithm estimated the blood pressure by comparing and analyzing the point variation aspect of dicrotic notch on pulsating waveform
during each cardiac cycle. The waveforms of each cardiac cycle were extracted by maximum points. The extracted pulsating waveforms
were applied by re-sampling, end-matching, and normalization. The systolic and diastolic blood pressures were estimated by point
variation aspect of dicrotic notch. The blood pressures, which were estimated from proposed algorithm, were compared and analyzed by
blood pressures from oscillometric methods and auscultation. The systolic blood pressure from oscillometric methods were +0.88 mmHg
more than proposed algorithm, and 1.875 less than the diastolic blood pressures from proposed algorithm. The systolic and diastolic blood
pressures from auscultation were 2.89 mmHg and 3.44 mmHg less than the blood pressures from proposed algorithm. As the errors
between blood pressures from proposed algorithm, oscillometric method and auscultation were less than 5 mmHg, the proposed

algorithm was effective.
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Fig. 1. A H/W block diagram of the blood pressure measuring
system.
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Fig. 3. A user interface of the developed S/W system.

ot
=

232

ek
o

Hdn2s

R T CEETEELERE:
NE YAA7| T AL QS 2
CERER SRR
HEIoI.

3, AZ Qi3 olof Tfgato] UEnft Suaael 04
go|Ad u}go] T3ty wEuly AlTE (2} n|Esle] Aol
WS 22319t 281 22 oAldo|Ad ufgo] 279 )

ot & HEH Hdidls Wsutel wiA (matching)sted
71 ”“EJ%KU JJEHXQ iz

o2} 3]o] greidl
7k 3 43 A7)
2 oA ol4 TS

b
&
Fu
o

EL«_,

&17] $J3to] A 7HA) Hh é, 8, d= A
A g A 58 B4 =4 i*‘fﬂlOl

line)& 7] o7 *(} . 3}

Ueold 5] 7 o 5
ke gt 23 %ﬁ BRI, Tef ol A €

= £A0] el w}aw o 4
F AEH%J & 435 ikl U T U U1
& AEse B

Hsutds AAsH] flstd 23

2
-lN
l‘UE.

-138—



Estimation of the Blood Pressure Using Point Variation Aspect of Dicrotic Notch on Pulsating Waveform at Each Cardiac Periods [45]

O A 7] HE Aegh AR IS stolnt WA, 71 3.3 AEd

2 324 Weuy AAY dlole 9] 5 sUsHA s17] fisto] uf

E(Matlab2009b, Mathworks Co., USA)S AREsto] A2 2 ol ofgf i FUEA

(resampling}& AAI8E AT}, &, AZ et olo] tigslo] et 25S ASs] fIstel A

U= 0 Alg oA uglo] Eoby wlEulglS 100 Hae AlEwste] #ie} 28 ddo] w0 -3kt
A °

F7HR F2E = Bead AA Y bolE 5 #4538 An 7] G o A hse] g AZE A T U S
HE olatel7] wiitel £A49 AAYE F A7I7] fetel  Askeinh ks 5] flste] 7k ALl aekE 180
1,000 Hz= AAEH shlch. thdo=2, AHEFE 718 W53t mmHg A4S 50 mmHge = A% sioiet, A4H Hayd
9| 7|44 AA7] Hote] EAMA(end matching) 71HS 2 HAYE HYlolH= gFol AA 3] AtEEE SHaL, AL
Agsoict, npA o2 YAEY T EAAS A8t F1E W oJsl)l Aolle WE L' TUUFEEE S5t odh HH e
EoES v - JESH] gt Arsd (normalization 2 AXE AET 3HS Ao 4 3 HA Y-S A5t
process)s 38FITHIL, 121, AY qT oz S4H Heayge AL ggat LAl o
A A, B S AR 3718 Wend e AEY At A giglo] EgtElo] ey o] Wiauiy o = EE o AlHo|ld
FE BAs] 57] D ol Fs AT S Wy 9 FE5P] flste] 271 wis S HEsIGl &, 3449
o] AE YA M3} P FHEIY f<oe ZE[3l] 79t WEaES 1A} vjEste] ool TS FEit. 18
sto] Malgit} Az oFel S A=A AAS] AU AIZIE FEE Aol sgo BEA A4, 71€7] v, dEs 44
A F71E ey o 45y QXE WEste] 57| Dol @ 2 71 AR AR 55 A-Este] eAldold T o] 7]
AS Fete). & #57] o olHol= MEHY A7 dAst  H HEE AESGIE B HEE 718 HYEE Bsatyol
Al A A8 A7} dshe ko]l ded | of 1k wiAske] 271 WEultys FEioitt F2E d wenk
F57] Ao FAEGI, o|% U WEug e Aey oA o S, EAWA, B e E AR AL, 12]
© Ao A oA sksls ato] S & AE QR & AR & 3 Wisug o] A8y AAHSt EAS vl - &
7t QA A Bz ko] e, o] kg o]y defe R Aste] 57] 9 ojeky] IS AT BRMA 71 57
A5tk Y W 5utg o] A2kt vpAjet HE Ao g a1 o] AL 7]EL
2 WEng S Aok 7o, A Well ZetE|olA Y=
A wlinear trend)}= AASE7| fIsto] ARSI, XA

v o
& 2o A Holelo] Hew Be mE gog
2o 78S e et AL ke 2k

°

Eftfjof Tk,

N-i

B(i)=B(i) - :
N-1

1)-B(N))- B(N) (1)

SIS THE o)y =19, Nolnl, BOR WA B O] HolES ek

G SA AL ARgslo] ARE PRI AL 20w No A golge] & Zoj2 Holt), TAuA 7] Ae
o $uE A9 A 3 &, B A 14 om, BAE 5K A 4. zo] 2=7) wxnls o) Fej Fig, 43 2t}
s, AN 719E Sa% 2714 Enky 92 91Aws) o
& BA37) Slstol ATTShES Hgson, HeH S48 of

3.2 d3eld  Z2E= ol 7t}

QERAS 4Y W gRE Aslde] B AFRR 4N Y ). B rmin(B0) 9
278 B, FEI UL b sglon, 4Y Fole 4 max (B(i)) + min (B(1)
HREE 232408 fAshes S A AW BRESS I o p(h)e 2HRL AgE T 2018 wEnel A
58 A AR TR Slartifact) RS EVEWIT ey gojgroln, N (1) YRS A8 59 AAY Ho)
datel g49] FA, diSkEA, B IR EF2E 5L AR Lo g : : o
_‘_4}0;2 e ;ﬂ jfj lgg i ?ﬂ o é@ﬁ;ﬁgg’ . iiiulw. Askg 48 A - 59 AAY dolEE: Fig, 5
B 24 A 22 10 2 o9 FANE HFES shgict o

-139—- J. Sensor Sci. & Tech. Vol 22, No. 2, 2013



1461 Seongwan Baik - Sungmin Park - Jungman Shon - Geunchul Park - Sanghoon Lee - Wooyoung Jang - Ahyoung Jeon - Gyerok Jeon

A 9 3 3 8

@ (b)

Fig. 4. A time series data of the pulsating component waveform
include in the blood pressure waveform during one cardiac
period; (a) before applying end matching method and (b)
after applying end matching method.
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Fig. 5. A time series data of the pulsating component waveform
include in the blood pressure waveform during one cardiac
period; (a) before applying normalization process and (b)
after applying normalization process.
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Fig. 6. The maximum points correspond to each cardiac period
detected from extracted oscillation waveform.
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Fig. 7. A result of apply end matching method to the pulsating
waveform of each cardiac period.
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Fig. 8. A result of apply normalization process after end matching
method to the pulsating waveform of each cardiac period.
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Fig. 9. Estimation of the systolic and diastolic blood pressure
considered variation aspect of dicrotic notch region of the
pulsating waveform of each cardiac period after
normalization process.
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Table 1. The comparison of between the estimated blood
pressure value using position variation aspect of
dicrotic notch on pulsating waveform at each
cardiac periods and measured the blood pressure
value using electronic sphygmomanometer

(mmHg)
Electronic Proposed Difference
sphygmomanometer ~ algorithm value
No. Sys. Dia. Sys. Dia. Sys. Dia.
1 120 76 120 79 0 3
2 116 76 112 84 4 8
3 126 83 119 81 7 2
4 120 80 120 84 0 4
5 143 86 143 82 0 4
6 114 77 114 81 0 4
7 100 70 104 72 4 2
8 98 66 98 66 0 0
Average 117.13 7675 11625 78.62 0.87 1.87
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Table 2. The comparison of between the estimated blood
pressure value using point variation aspect of
dicrotic notch on pulsating waveform at each
cardiac periods and measured the blood pressure
value using auscultation method

(mmHg)
Ausculiatory RGP
No. Sys. Dia. Sys. Dia. Sys. Dia.
1 130 100 135 103 5 3
2 125 100 128 105 3 5
3 130 90 132 94 2 4
4 125 95 127 98 2 3
5 130 90 135 95 5 5
6 125 90 128 93 3 3
7 120 90 122 92 2 2
8 125 90 126 95 1
9 130 90 133 91 3 1
Average 126.67 9278 129.56  96.22 2.39 344
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