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High-precision ultrasonic thickness measurement system based on LMS

adaptive time delay estimation algorithm
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Abstract: A high-precision ultrasonic thickness measurement system based on the least mean square (LMS) adap-
tive time delay estimation algorithm was developed, addressing the issue of low accuracy of the existing ultrasonic thick-
ness measurement systems. The ultrasonic transmitting and receiving circuits were designed. The high-speed data acquisi-
tion and transmission system based on field programmable gate array (FPGA) was developed. The host computer signal
processing software based on MATLAB was developed. The ultrasonic time of flight (TOF) was calculated accurately and
efficiently by LMS adaptive time delay estimation algorithm, so as to realize high-precision thickness measurement. The
simulated echo simulation experiments were conducted. The results show that the LMS method has more advantages in
time delay estimation than the peak method, envelope method and correlation method. An ultrasonic thickness measure-

ment system based on LMS adaptive time delay estimation algorithm was built, and the thickness measurement experi-
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ments were performed on gauge blocks. The results show that the relative error of thickness measurement is less than

3.77%, the standard deviation of repeated experiment is not higher than 0.2 pm, and the maximum relative measurement

uncertainty is 1.4%. The ultrasonic thickness measurement system based on LMS adaptive time delay estimation algo-

rithm can be applied in the fields such as plate thickness measurement, which is conducive to promoting the development

of high-precision ultrasonic thickness measurement technology and has important technical reference value.
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Fig.1 Schematic diagram of the principle of transmission

ultrasonic thickness measurement

B TAFIRSE d TR~

_cT
d_7 (1)

e e MR P E R T A N AR, TN
AHER 1% 2 (8] ) TOF .
1.2 LMS Bi&E MGt &L R E

PIARLB T A5 5 2 A



iR

Bit5HE - 81 -

x,(n)=As(n-"T) (2)

A s ME—FPES,
W R ek R %K
X120 (2) 4T Fourier 284, 153

{MWPNM

n HRAERF S, A4

X, (e”)=S(e”)
{Xz(e"‘“) = de™"-S(e") )
Krhr: SO s Fourier 2248 .
AW (e)= e ™", 1%
Xy(e”)=W(e") X, (&) (4)
XF 3 (4) AT Fourier 7254, 1551
x,(n) = w(n)#x, (n) (5)
e a0 (n) S PIAR AR 17198 22 [] /) Ji oo 132, 7] 3
= (6) AR,
w(n) = F ' [W(e")]
= %fl/\e’we"“"dw (6)
=Asinc[w(n-T)]
Hr,
sinc(x) = Sy (7)

sinc PRI DA S (B s Sk 6Tkl 1) 11 pR 4
AT AR5 00 (n ) B4 B3 KABL AT EL A5 H AR A 95 [l g 2
[ TOF o LMS [ 3 hy 53925 38 o AN B 3 2% AR 52
BXF 0 (n) USRI

y(k) = X! (k)W (k)

e(k)=x,(k)—y(k) (8)

W(k+1)=W(k)+p-e(k)X, (k)
KAy () MBI bR s X, (k) it
UBOR kB 2, () B — B 5 5, MR kAR
A, X (k) =[x, (k), x (k+1), -, x,(k+
M-1DT, b, MAEEBE S HKE; e(k) MR
%5 x, (k) A s W (k) o Bk o g 5
W (k) =[w,(k), w (k), -, wy, (k)] HBIHE
FW() =10, 0, -+, 0I's wRiEICEK ;.

MR 2 3 D5 (B S /N, ZRAS S A 1 ik v )
N, g R O R KA 5 B T #5351 TOF

2 BERNERZE

21 RFEEMEiEIT
175 8 O N E R G D REHEE nE 2 o, %
ARG EBAFELUT . OfEAaesy, M1

PR SHRSRAN 1 AS A HE RS AR 1 & S e %
B, T R ko, OR R RSk AR
HA s QORI X A5 S AT O b
L, @AD SRR, XK H B 0 i 15 5
HEATSRAE, IFF Ol 14 i 2 FPGA SEAT AL 2 S
FPGA, T 42 i J 5 it B AL DA AD SR AR B B
IF4 B8 % 3% 2 4> N3t 5 HL (Personal Computer,
PC); ©PC, XfWIPAFSHATBE., 152090 T4
AR TS A

o2 Y G—

0 A FPGA PC
BlliR sk

il

U

K ADF A
wEs ] Ml s

K2 B S R e D RERE I

Fig.2  Functional block diagram of transmission ultrasonic

thickness measurement system
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Fig.3 Flow chart of data acquisition and transmission
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