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242 =74 AAX 9 49
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2.4.3 Phase Shift Method
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3.2.4 Photoplethysmography® W3} =3
oto] ¥ 33t A3 Fo] £7}2o] Microprocessor MSP430F149=
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T ¥z Abolel Aol W3k Duty Cycleg 73871 Y3kl dA F7] a9t F
=

= 7F A 7kAF bE F3Fe] Duty Cycles AlAMetdth (29 4.12, 2 4.1).
DutyCycle (%) = % = quziﬂ{;/\;]ﬂi} x 100 4.1)
AA T

ged Signal

gl AFHAMTE A WA darx] Srreke 71271E 2 Aol sk

20] Mg Ttk T WAl WA FHe AR 718719 7127 3L
S g wad A gtk B A e T pad @S e oE A%
2712 Qisketel 7147 39 FEATHY 419).

_38_



JIEJ1 2

_______________

____________________

————————————————————————

___________________

.......................

__________________________

_________________________

_________________________

9 4.13 HE 933 7187

_39_

JI2713




4.4 =99 stiffnessS wWrg3 A
469 2] v HAE AAEgTY ndEgT, gl AP gato] v A £33
T2 23Wo Efoldaly 23 HAEAOZ UFI(E 42, ¥ 43) EFolY
Aol A FAEA] & Minitabe AM&3te] %719 7] dtel st 3] 7%
2E 3k
¥ 42 8 A3 A FAS 73] 93 EdeoldAl
A okt A= A et Kl
s 11 3 0 14
o 2} 7 0 2 9
A 18 3 2 23
¥ 43 AT Hgsto] ex8S B4 A3 HAEA
A gt A= RN Al
A} 14 4 0 18
o 2} 3 0 2 5
Pzl 17 4 2 23
24E T oA BA
HAF sHgter F1u Ak
EZZAME A3 Foo]

441 #%7] ¢ 3
Cfﬂ]-%k(S‘B“DAuscultato*ry)‘%

(MAP), R WA J=A F WA =271
owRE A WA FHaA7A 9 7L

g AR

=71 9
ﬁeﬂ ?ﬂ]—g}\-(SBPOsciHometﬁc)jq—
CIEEYS

F

1

il

=

), g A=A

1=}

;_1("
;\

T 5

o}
stiffness index (ST .40,
p—p
H it gk(slopel), 18]a1 3t3 A2 of| A F-H
B
LU |

g

_40_

o] A7kxe] Duty Cycle(D
= ddHeR

S
(d(st—1p))



C32 DEF Wh ava| Response: | SEPaus ave-t'

33 HAFP WA

C34 SEFP err Predictors: i I T |
cac DEP orr 1 SEBF Wi ave' HA? H% . SI(? _J
C16 nax(sl-as p) t2{mss]’ 'Dip-p)' ‘dist-1
ca7 ave(sl-a pl oave t avel{=zl-ave)

e} nax(si—aw

39 ave(si-an

c40 mnax(=3i-au

C41 avel(=3l-au

42 HE norm = ;I

z43 SBE comp
[ DBEF compl
45 LEP comp:i
Cda SEP comp
47 DEP comp
c48 DEF comp T

Graphs... | Options...

Select | Results... | Storage...
Help | [1].4 I Cancel

¥ 4.14 Minitabs AF&3 F=57] d¢he] 324
T57] el e AT v 2k

SBPAuscultatory 9.1+ 0. 4lgsBpOsczllametnc + 1. 05MAP — 4. QSSITactzle
—0.072D,_,—0.36d(st—1p) — 0.005slopel

p

(4.2)

olo] 3k R-Sq #h<& 781%°la p < 000012 FAHeZ F23 AAES 7}
A& A8k 2 (42)9] 3AFAE BAEAM A&t HAEAY 5
7] Fof AAEYA LAELS ® 449 Zrh IAFTAE HAEAMA A& &
D). X 449 X 45004 A& 9] H o] -550mmHg el

3 4
A 257TmmHg = MAEPD T FFHA7F 9.27TmmHgol A 9.05mmHg= 714 = it}
a

_41_




% 44 HZE

57| €Y

oA R A Y Xt
1 112.67 91.83 -20.83
2 127.33 108.67 -18.67
3 124.00 108.00 -16.00
4 123.67 109.00 -14.67
5 108.67 97.33 -11.33
6 120.33 109.67 -10.67
7 111.33 101.67 -9.67
8 122.00 114.33 —-7.67
9 123.33 116.00 -7.33
10 120.00 113.00 -7.00
11 96.33 91.33 -5.00
12 105.33 101.00 -4.33
13 120.33 117.33 -3.00
14 100.00 99.00 -1.00
15 123.00 123.00 0.00
16 124.67 127.67 3.00
17 119.33 123.00 3.67
18 119.67 105.00 -14.67
19 126.33 126.67 0.33
20 120.00 124.33 4.33
21 115.67 135.67 20.00
22 104.67 94.33 -10.33
23 94.67 99.00 4.33

$£27] ¢ 24 = -5,50 + 9.27 mmHg
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45 9] stiffness indexE AF&3to] BRAI F=57]

o Xt 2yet et HEE A}
1 101.22 91.83 -9.39
2 116.78 108.67 -8.11
3 121.37 108.00 -13.37
4 116.94 109.00 —-7.94
5 92.97 97.33 4.37
6 112.30 109.67 —2.64
7 102.89 101.67 -1.22
8 104.10 114.33 10.24
9 120.60 116.00 —4.60
10 112.46 113.00 0.54
11 93.09 91.33 -1.75
12 96.76 101.00 4.24
13 113.16 117.33 417
14 91.80 99.00 7.20
15 117.92 123.00 5.08
16 121.25 127.67 6.41
17 108.35 123.00 14.65
18 105.67 105.00 -0.67
19 121.26 126.67 5.41
20 117.15 124.33 7.19
21 108.53 135.67 27.14
22 96.67 94.33 -2.34
23 84.58 99.00 14.42

FZ7] d¢ 23 = 2,57 £ 9.05 mmHg
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F 4.6 HAEA &47] 99 eabd

57| €Y

oA R A Y &}
1 56.67 73.67 17.00
2 69.33 57.00 -12.33
3 74.33 76.67 2.33
4 70.33 64.00 —-6.33
5 61.33 60.33 -1.00
6 65.00 53.33 -11.67
7 59.67 72.33 12.67
8 61.67 70.67 9.00
9 77.67 67.33 -10.33
10 66.00 65.67 -0.33
11 57.00 65.67 8.67
12 58.33 67.00 8.67
13 66.00 76.33 10.33
14 56.33 62.00 5.67
15 73.00 88.33 15.33
16 71.33 77.33 6.00
17 59.33 80.50 21.17
18 63.00 65.00 2.00
19 71.67 59.00 -12.67
20 78.00 92.33 14.33
21 66.67 92.00 25.33
22 58.67 57.33 -1.33
23 48.33 45.67 -2.67
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47 F9 9] stiffness indexE AF&3to] R AT 347

o Xt 2yet et HEE A}
1 57.70 73.67 15.97
2 78.29 57.00 -21.29
3 73.69 76.67 2.97
4 62.63 64.00 1.37
5 46.76 60.33 13.57
6 58.57 53.33 -5.23
7 64.82 72.33 7.51
8 52.40 70.67 18.26
9 81.70 67.33 -14.37
10 62.46 65.67 3.21
11 73.41 65.67 —7.75
12 62.56 67.00 4.44
13 81.14 76.33 —4.80
14 58.62 62.00 3.38
15 74.41 88.33 13.92
16 86.64 77.33 -9.31
17 73.03 80.50 7.47
18 77.07 65.00 -12.07
19 74.99 59.00 -15.99
20 70.99 92.33 21.34
21 63.29 92.00 28.71
22 60.20 57.33 -2.87
23 46.40 45.67 -0.73

347 ¢ &2 = 2.08 £ 12.75 mmHg
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ABSTRACT

A Study on Compensation of Error Rate in
Noninvasive Blood Pressure Measurement System

Using Tactile Sensor

Choi, Yoonah
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

Automated digital sphygmomanometers generally used recently in
hospitals or for household use have high error rate. For few years, in
America and Europe, usage of mercury in hospitals has been a problem
and there is a movement of hospitals to get rid of mercury-using medical
devices by the year 2005. Therefore, compensation of error rate in
automated sphygmomanometer became very important.

Purpose of this paper is to use tactile sensor to compensate the error
rate. Most automated sphygmomanometers use oscillometric method and
characteristic ratio to estimate systolic and diastolic blood pressure.
However, from the face that maximum amplitude of oscillometric waveform
and characteristic ratio are affected by compliance of aorta and large
arteries, a method to measure the stiffness of arteries by using tactile

sensor was chosen in order to integrate it with sphygmomanometer in the
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future instead of using photoplethysmography.

Since tactile sensor is very weak in movements, efforts were made to
maintain subject's arm fixed, and 40Hz low pass filter was used to
eliminate noise from power source and high frequency noise. Analyzing
program was made to get time delay between first and second peak of
averaged digital volume pulse(ATpyp), and subject's height was divided by
ATpvp to calculate stiffness index of arteries(SIpvp).

Regression equations of systolic and diastolic pressure using Slpvp and
mean arterial pressure(MAP) were computed from training set(23 subjects)
among total 46 subjects(age @ 27%3.1, male : female=32:14) and were
tested in 23 subjects to compensate error rate.

Error rate in total subjects were systolic -6.51+9.25mmHg, diastolic
3.83+11.67/mmHg, and those in test set were -550+9.27mmHg and
4.34+10.80mmHg each. Consequently, error rates were compensated especially
in diastolic pressure using Slpyp, various slopes from digital volume pulse and

MAP to systolic 2.57+9.0ommHg and diastolic 2.08+12.75mmHg.

Key words : tactile sensor, sphygmomanometer, digital volume pulse,

stiffness index, regression analysis, compensation of error rate
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