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Research on methods for reducing the blind zone in ultrasonic ranging
based on reverberation suppression
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Abstract: To address the issues of trailing signals generated by ultrasonic transducers under excitation pulses and
reverberation interference caused by multiple reflections and scattering of acoustic waves on the tank wall, which lead to
a large blind zone in ultrasonic ranging, this paper proposes the use of Linear Frequency Modulated (LFM) waves with
anti-reverberation capability as the transmit signal. Furthermore. aiming at the problems of image spectrum generation
resulting in target detection ambiguity and high computational load when traditional receivers directly acquire real
signals, quadrature demodulation technology is adopted at the receiver end. This approach not only obtains complex
signals with strong anti-interference capability but also reduces system costs. By analyzing the reverberation model of
the ultrasonic level meter and comparing the ambiguity function and Q-function of CW and LFM waves through
simulation, this paper concludes that LFM waves possess superior target resolution capability and better anti-
reverberation performance when the target is stationary. Experiments were conducted using LFM waves as the transmit
signal. At the receiver end, complex signals were obtained via quadrature demodulation, followed by matched filtering.
Experimental results demonstrate that the maximum absolute measurement error of this method is less than 4 mm, and
the blind zone can be reduced to 8 cm. indicating high practical value and engineering significance.
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Fig. 1 Schematic diagram of the reverberation model
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Fig. 10 Experimental setup
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Fig. 11 Matched filtering output at a liquid level of 39. 4 c¢m
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Fig. 12 Matched filtering output at a liquid level of 31.4 cm

(b) LFM matched filtering result
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Table 1 Results of five consecutive measurements

at a fixed liquid level

bRz / i A/ gextingz/  MIXIRZE/
mm mm mm %
453 455 2 0.4
453 455 2 0.4
453 455 2 0.4
453 455 2 0.4
453 455 2 0.4
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Table 2 Comparison between known and measured liquid levels

S PR AL/ i e/ gxtinge/  AMIXFIRZE/

mm mm mm %
612 608 —4 0.6
555 556 1 0.1
507 504 —3 0.5
455 453 —2 0.4
405 401 —4 0.9
353 350 —3 0.8
255 252 —3 1.1
185 186 1 0.5
155 156 1 0.6
80 81 1 1.2
4 5 8
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