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TIWAWAN NETPONG : ULTRASONIC DISTANCE MEASUREMENT BASED ON
TIME-FREQUENCY DISTRIBUTION TECHNIQUES THESIS ADVISOR
ASSOC.PROF. SARAWUT SUJITJORN, Ph.D. 173 PP. ISBN 974-533-256-9

ULTRASONIC DISTANCE MEASUREMENT/OPTIMUM THRESHOLD/WAVELET

TRANSFORM/CHOI-WILLIAMS DISTRIBUTION

This thesis presents digital signal processing techniques for a high-accuracy ultrasonic
distance measurement. Three methods are proposed including an optimum threshold method
using genetic algorithm, time-frequency distribution methods using wavelet transform and Choi-
Williams distribution, respectively. The objective of these techniques is to precisely capture the
time-of-flight of the ultrasonic wave, which in turn leads to the calculated distance with minimum
error attainment. The algorithms of the proposed methods have been developed and
experimentally used with a 40-kHz ultrasonic sensor. The performance comparisons of the three
methods are presented. From the experimental results, the optimum threshold approach gives the
minimum and the maximum full-scale errors of 0.149% and 1.148%, respectively. The minimum
full-scale errors of morlet, Mexican hat and coiflet wavelets of the time-frequency distribution
method using wavelet transform are 0.072 %, 0.143% and 0.098%, respectively, and the
maximum full-scale error of the corresponding mother wavelets are 0.222%, 0.241% and 0.243%,
respectively. The time-frequency distribution method using Choi-Williams distribution gives the
minimum and the maximum full-scale errors of 0.095% and 0.280%, respectively. By
considering the full-scale errors, the results clearly demonstrate that the time-frequency

distribution method using wavelet transform with morlet wavelet provides the best distance

measurement.
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