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Abstract: In the time delay estimation (TDE) of ultrasonic signals, the traditional fixed step size least mean square
(LMS) algorithm struggles to balance convergence speed and steady-state accuracy. Moreover, existing variable step size
algorithms often rely on instantaneous errors and fixed function models, leading to poor adaptability under non-stationary
echo signals. To address these issues, a TDE method using a fuzzy variable step size LMS algorithm is proposed for ultra-
sonic thickness measurement in this paper. Based on the time-varying characteristics of ultrasonic echo signals, the con-

ventional single-error feedback mechanism is discarded. Instead, the local correlation coefficient error between the output
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and desired signals, along with its variation, are extracted as the dual inputs for a fuzzy controller. A zero-order Sugeno
fuzzy inference system is then designed to establish a nonlinear mapping rule between these input features and the step
size, enabling adaptive dynamic adjustment of the step size. Numerical simulations are presented using simulated echo
signals under different signal-to-noise ratios. The results demonstrate that the proposed method yields better overall per-
formance compared to the fixed step size LMS, the hyperbolic tangent variable step size LMS, and the instantaneous error-
based fuzzy variable step size LMS. It significantly reduces the steady-state misadjustment while ensuring fast conver-
gence, thereby offering higher measurement accuracy and noise robustness. This is further verified using measurements
made on standard gauge blocks with a laboratory ultrasonic thickness measurement platform. The experimental results
show that the relative measurement errors of the proposed method for gauge blocks of varying thicknesses are consistently
smaller than those of the other three LMS algorithms, with a maximum relative error of 0.710%. Ultimately, the fuzzy vari-
able step size LMS method for TDE provides vital technical support for high-precision ultrasonic time-of-flight (TOF) cal-
culations. It facilitates the development of ultrasonic non-destructive testing technologies and holds significant practical
value in engineering applications.

Key words: ultrasonic thickness measurement; TOF; TDE; LMS algorithm; fuzzy control; variable step size algo-

rithm; adaptive adjustment; non-destructive testing
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Tab.6  Measurement results of fixed step LMS (u = 0.1)

R /mm d,/mm d,/ mm d,/mm d/mm AEXT IR 2E /%
4.000 4.104 4.018 3.972 4.031 0.775
6.000 6.020 5.999 6.060 6.026 0.433
8.000 8.050 7.883 7.880 7.938 0.775

10.000 10.054 10.122 10.065 10.080 0.800
12.000 12.070 12.042 12.129 12.080 0.667
14.000 14.081 14.139 14.093 14.104 0.743
%7 EFKLMS(u=0.005)n 2%
Tab.7 Measurement results of fixed step LMS (u = 0.005)

HHUEE /mm d,/mm d,/mm dy/mm d/mm FERTR2E 1 %
4.000 4.089 4.000 3.957 4.015 0.375
6.000 6.007 5.983 6.066 6.019 0.317
8.000 8.048 7.901 7.905 7.951 0.613

10.000 10.049 10.110 10.064 10.074 0.740
12.000 12.060 12.035 12.121 12.072 0.600
14.000 14.066 14.115 14.078 14.086 0.614
A8 M iEWRHEF K LMS N Z
Tab.8 Measurement results of variable step size LMS based on hyperbolic tangent function

HEHYURRE /mm d,/mm d,/ mm d,/mm d/mm AR R ZE /%
4.000 4.102 4.008 3.955 4.022 0.550
6.000 6.007 5.983 6.064 6.018 0.300
8.000 8.051 7.901 7.905 7.952 0.600

10.000 10.050 10.113 10.066 10.076 0.760
12.000 12.061 12.035 12.124 12.073 0.608
14.000 14.067 14.119 14.080 14.089 0.636
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Tab.9 Measurement results of fuzzy variable step size LMS based on e and Ae

HHURRE /mm d,/mm d,/mm d,/mm d/mm AR ERZE 1 %
4.000 4.109 3.996 3.955 4.020 0.500
6.000 6.007 5.984 6.066 6.019 0.317
8.000 8.050 7.901 7.904 7.952 0.600

10.000 10.050 10.110 10.065 10.075 0.750
12.000 12.062 12.035 12.123 12.073 0.608
14.000 14.066 14.116 14.074 14.08 0.607
F10 K Te,(j)5 Ae,(j) ML S KLMSA Z LR
Tab.10  Measurement results of fuzzy variable step size LMS based on e, (/) and Ae, ()

HEHURRE /mm d,/mm d,/mm d,/mm d/mm AR ERZE 1 %
4.000 4.085 4.001 3.956 4.014 0.350
6.000 6.007 5.982 6.065 6.018 0.300
8.000 8.055 7.904 7.900 7.953 0.587

10.000 10.050 10.101 10.062 10.071 0.710

12.000 12.061 12.033 12.122 12.072 0.600

14.000 14.065 14.116 14.072 14.084 0.600
0.85
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Fig.9 Relative error of gauge block thickness measurement
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