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ABSTRACT

Assessment of the arterial pulse wave velocity (PWV) has long been an area of

interest in physiology, and ultrasound has long been used to provide measurements

for such assessments. Recently, new signal processing approaches using ultrasound

data have emerged. However, these methods suffer from inaccuracies due to the

presence of pulse wave reflections, which are always present and can strongly bias

the estimates away from the true velocity.

This thesis proposes several new signal processing approaches to the estimation

of the local PWV in superficial arterial segments using ultrasound. These methods

use measurements taken at multiple sites along the artery. The local PWV esti-

mation from multiple ultrasound measurements taken along a short, unbifurcated

arterial segment is shown to be mathematically equivalent to the broadband direc-

tion of arrival problem with coherent multipath found in radar and sonar. The new

signal processing approaches are based on high-resolution, array signal processing

techniques taken from the radar direction of arrival application. The signal pro-

cessing methods utilize a model of the arterial observation and are designed to be

resistant to estimation bias due to pulse wave reflections.

The performance of the new methods is evaluated using in vitro and in vivo

ultrasound data. Construction of a multiple-site ultrasound probe to improve the

data collection capability for in vivo data is described, and an experimental testbed

to validate the accuracy of the PWV estimates by comparison to an independent

measure of the true PWV is also described. Experimental results show that the

new methods estimate the local PWV in the in vitro testbed with less bias than

previously accepted methods. The new methods also appear to produce consistent

estimates for in vivo data from human carotid arteries with a lower estimation

variance than previously accepted methods.
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