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A Study on Measurement of Blood Pressure by Partial Least Square Method

Y. J. Kim E H. Nam

C. H. Choi J. D. Kim

Abstract

The purpose of this study was to develop a measurement model based on PLS (Partial least square) method for blood
pressures. Measurement system for blood pressure signals consisted of pressure sensor, I/O interface and embedded module.

A mercury sphygmomanometer was connected with the measurement system through 3-way stopcock and used as reference

of blood pressures. The blood pressure signals of 20 subjects were measured and tests were repeated 5 times per each

subject. Total of 100 data were divided into a calibration set and a prediction set. The PLS models were developed to

determine the systolic and the diastolic blood pressures. The PLS models were evaluated by the standard methods of the
British Hypertension Society (BHS) protocol and the American Association for the Advancement of Medical Instrumentation
(AAMI). The results of the PLS models were compared with those of MAA (maximum amplitude algorithmy).

The measured blood pressures with PLS method were highly correlated to those with a mercury sphygmomanometer in
the systolic (R’=0.85) and the diastolic blood pressure (R’=0.84). The results showed that the PLS models were the effective
tools for blood pressure measurements with high accuracy, and satisfied the standards of the BHS protocol and the AAMI.

Keywords : Blood pressure, Partial least square method, Maximum amplitude algorithm
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Fig. 1 Pressure in cuff and oscillation signal of blood pressure.
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Fig. 2 Ideal and inaccurate oscillation signals of the blood pressure.
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Table 1 Specifications of blood pressure signal measurement system

Item Specifications
0.21 mV/mmHg

Pressure sensor

- 4 ch isolated input

I/O interf:
/O interface - 0.15 mA excitation, 33 kS/s sampling rate

- 1.2 GHz celeron processor, internal PCI bus

Embedded module| ) /100 base ethemet, USB/RS232C port
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Table 2 Standards of BHS protocol and AAMI for sphygmomanometer

Difference between standard and test method
Method Grade
< 5 mmHg < 10 mmHg = 15 mmHg
A 80 90 95
BHS protocol cumulative B 65 85 95
percentage of readings (%) C 45 75 90
D Worse than C
Pass MD of < 5 mmHg and SD < 8.0 mmHg
AAMI
Fail Otherwise
MD: Mean difference
SD: Standard deviation
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Table 3 Results of measured blood pressure with mercury sphygmomanometer (N=100)
Case Blood pressure Mean Max. Min. SD
SBP (mmHg) 122.77 140 106 9.95
Reference values for PLS method
DBP (mmHg) 77.59 93 64 8.65
Reference Va]ues SBP (mmHg) 124.71 144 109 991
for oscillometric method DBP (mmHg) 79.63 90 68 8.72

SD: Standard deviation
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Table 4 Evaluation of PLS and MAA methods by the BHS protocol standard (N=100)
Method Blood Difference Grade
pressure < 5 mmHg = 10 mmHg < 15 mmHg
PLS SBP 88% 96% 100% A
DBP 89% 97% 100% A
SBP 83% 90% 96% A
DBP 75% 88% 94% B
"Table 5 Evaluation of PLS and MAA methods by the AAMI standard (unit: mmHg)
Method Blood pressure Mean SD AAMI criteria
PLS SBP 0.33%** 3.43 Pass
DBP 0.72%* 3.70 Pass
SBP 3.34%* 721 Pass
DBP 3.07** 6.01 Pass
SD: Standard deviation
**p<0.01
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