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Cuffless Blood Pressure Estimation with Pulse Wave Signal Analysis by Means of

Non-linear Regression Method
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Fig.1 Pulse wave signals (left: young age, right: old
age).
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Fig.2 Acceleration Pulse wave signals (left: young
age, right: old age).
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£ 1 691 NOWEE» SRS L72HIT— % (T390 + IR %)
Table 1 Measured data of 691 subjects (mean + standard deviation).

Age/Sex |Sujects| Height Weight SBP b/a c/a d/a e/a
[n] [m] [ke] [mmHg] [bpm]

~20|M 4 174.0+ 7.8/ 70.8 £ 7.0 | 119.3 + 7.7 | 72.2+ 7.6 |—0.77 £ 0.09| —0.07 £ 0.11|—0.14 £ 0.07]0.20 £ 0.05
F 2 156.8 £2.5| 52.3 +£8.1 | 107.2+ 5.1 |85.1 +13.4|—0.80 + 0.02|—0.01 + 0.04| —0.16 + 0.03|0.14 + 0.01
20~30| M 61 171.2 +5.5(64.4 £10.1{114.7 +11.3| 72.4 £+ 9.4 |—0.87 £0.11|—0.04 £ 0.11|—0.14 £ 0.10|0.18 £ 0.06
F 40 157.7+46|51.4+£72| 99.1+79 | 66.6+7.5|—0.82+0.13| 0.01 £0.08 |—0.24 +0.12|0.16 + 0.05
30~40| M 50 171.7 +6.3| 65.8 8.8 |115.9 & 11.1| 68.5 +9.5 |—0.82 +0.14|—0.07 2 0.11|—0.24 +0.12|0.18 & 0.06
F 40 157.2+6.4] 50.9 £ 5.9 |105.8 +11.8/68.3 + 10.6|—0.68 + 0.15|—0.08 + 0.09| —0.35 + 0.12|0.17 + 0.05
40~50| M 49 169.4 +6.6| 68.4 + 7.5 |123.5 +12.5/70.6 & 10.5|—0.74 + 0.13|—0.13 & 0.10| —0.32 + 0.15|0.21 £ 0.06
F 32 157.5+£5.2] 53.2+ 7.6 |110.1 + 12.5| 66.6 + 8.2 |—0.60 + 0.17|—0.15 + 0.09| —0.46 + 0.14 |0.18 + 0.06
50~60| M 29 166.9 = 6.5| 66.7 = 9.6 |127.6 & 13.469.8 = 11.8|—0.63 == 0.14|—0.20 & 0.11| —0.43 + 0.12|0.21 £ 0.07
F 10 152.8 £4.7| 51.6 £4.5 |125.1 + 11.7| 70.6 = 8.6 |—0.51 +£0.16|—0.23 £ 0.11|—0.49 + 0.16 |0.18 &+ 0.06
60~70|M| 100 |165.5+5.7| 65.0£8.1 [128.8 +£15.5| 68.7+9.4 |—0.62+0.13|—-0.23 £0.11|—0.43 £0.12]0.20 £ 0.07
F 132 |152.8 +£4.8| 52.2 +6.8 {123.4 4+ 16.2| 69.4 £ 7.5 |—0.53 £0.11|—0.26 & 0.10| —0.47 £ 0.13|0.17 £ 0.06
70~ M 89 165.2 +6.0| 63.4 + 7.9 |130.0 & 13.6| 68.1 ==9.9 |—0.60 = 0.14|—0.24 +0.11|—0.45 + 0.15|0.19 £ 0.08
F 53 152.9+4.6| 53.1 £5.8 |124.2+15.9| 71.3 +£8.2 |—0.52 +0.14|—-0.26 + 0.10| —0.48 + 0.15|0.15 + 0.07
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independent II
variables x,

Construct linear approximate function f, ‘

A = correlation coefficient between x; and dependent variable
B = correlation coefficient between f(x;) and dependent variable

Construct non-linear regression formula
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Fig.8 Algorithm of non-linear regression.
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Fig.9 Non-linear regression by means of SVR.
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y=g(x)=<w -x>+v (3)
L(x,y,9) = max(0, |y — g(x)| =€) (4)
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Table 2 Estimation results of each algorithm.

(i f(z) R | SD[mmHg]
HRIE ] i x 0.668 11.856
2 RE TN k12?2 4 kox + ks 0.733 10.862
3 REIEN | kra® + -+ ksz + kg | 0.723 11.009
4 REENX | kra* + -+ kaz + ks | 0.720 11.073
5 REIEN | kaa® + -+ ksz + ke | 0.699 11.385
6 RZWEN | kia® + - + kez + k7 | 0.698 11.408
7TREWEA | kia” + -+ krx + kg | 0.702 11.355

i1 exp(x) 0.681 11.667

xH log(x) 0.689 11.548
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Fig. 10 Result of blood pressure estimation by linear
regression.
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