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Fig. 1 Concept of the system: The guidance path is the

straight line starting from point S(0, y) to Xy coordinate
origin O(0, 0). Three ultrasonic receivers are placed on

an axis perpendicular to SE line. The distance between
sensors are equal to d. User carries the ultrasonic
transmitter at point T(x, y) .
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Fig.2 (a) These Ellipse are transformed to radius Scm circle on
the receiver site. (b) The results for T(x,y)and sensor. The point
clusters around each test location represent calculatedposition by
the system.
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(b) Receiver Signals (c) Recovered Signals

Fig.3 (a) Transmitter Signal St (b) signals received at
ultrasonic receivers R;,R, and Rj; labeled as Syj,and Sgs
respectively, (c) improved signal to noise (S/N) ratio after
cross-correlation of Sg;, Sgy and Sgz with St (values are
normalization to lie in range[-1..1]).
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Fig.4 Piezoelectric (a) Receiver and (b) Transmitter
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(b)Received waveform of Silicon microphone

Fig.5 Waveform Comparison of Piezoelectric receiver and
Ultrasonic silicon microphone.
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Fig.6 Ultrasonic silicon microphone

Fig.7 High freauencv sound speaker
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Fig.8 Motion test results: A zigzag test path starting
from(0, 3000)and ending to(300,0). Position obtained
by the system is shown as dot lines. Each dot shown in
this figure is the average of 10 calculated positions.
For y less than 500 centimeters, user position is out of
receiver’s viewing angle.
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Fig.10 Timing chart of transmitting ultrasonic signal
by speaker
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