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Signal processing method for long-range distance measurement using an

ultrasonic sensor

Seungin Shin*Y - Min-Hyun Kim?® - Seibum B. ChoiV

b Department of Mechanical Engineering, KAIST, 291, Daehak-ro, Yuseong-gu, Daejeon, Republic of Korea

Abstract : A|¢tE =3 MR crosstalk T A S AL, AE]7F SV E sampling rateo] oA A S = Q)
ot CPPMYH O R 283 A28 $A133, TOFE $414159F T2 3 E cross correlationdl| 4] AWt FFT
threshold S /‘} stogA v Ay ZE_‘]—'S__‘ noiseE Azl ‘74] gt AAAQ AsAY S HES
AAreFe] A7 st Z2&3RAlA el ARl 7HAEAE S AR LS SIGlth Alckd Wi e dubdd %
=3 st=gojof ANkARl ZEAME o] &5t F& AEW Eﬂ O|EE FA5HH crosstalk rejection & T AU+
Aoltt, wEbA 20mUlell Al S Al 54 A5S Mk, 2= ek Aol Vo = ka3 4 Qi)

Key words : Chaotic pulse position modulation (CPPM), distance measurement (] 2] =), sonar (4>1}), signal processing(}!

% #]2]), signal to noise ratio (21 & ] F3 H]), measurement rate(S 73

Nomenclature
d: 2o o} BA¢ke] A, m
C: &%, m/s
6: g7l &=, C

tyor: time of flight
Xaornz: 2AIZF 40kHz
X FAE 2 215

B
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Subscripts

TOF : time of flight
CPPM : chaotic pulse position modulation
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Fig. 1 Diagram of the ultrasonic distance sensor system. It contains
an ultrasonic transmitter, an ultrasonic receiver, a signal

conditioner and a microcontroller.
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3.3 Chaotic pulse position modulation
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Fig. 2 The chaotic signal of Chua's circuit and the
mechanism.
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The cross-correlation function
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Fig. 3 Cross-correlation function of reference signal and single-

bitted received signal.
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Fig. 4 Signal processing procedure.
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Fig. 5 Transmitted reference signal and received signal in 5

multiuser condition.
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Fig. 6 The cross-correlation functions of transmitted reference
signal and received signal in multiuser situation. (a) Single user
condition. (b-¢) 2-5 multiusers conditions.
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Fig. 7 Distance measurement result.
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Fig. 8 Sampling rate comparison of the conventional single pulse echo method and CPPM method.
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