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Air-coupled ultrasonic testing of wood based on pulse compression technology

Wang Jun Li Qiangxin  Wu Yin Gu Jiajian

(School of Information Science and Technology, Nanjing Forestry University, Nanjing 210037, China)

Abstract: In order to solve the problem of the acoustic impedance mismatch between wood and air medium and the large attenuation of
ultrasonic. These are the reasons that the signal-to-noise ratio of the detection signal is low and the measurement accuracy is not high.
The phase coded pulse compression technology was applied to the air coupled ultrasonic detection of wood in this paper. Buck code
sequence was selected as phase coding sequence, and the principle of generating and receiving signal demodulation of impulse
compression excitation signal was detailed. The defect wood was used as the experimental object, and the difference of the detection
signal between the defect and the non-defect was compared by single point scanning testing. Then the accuracy of wood defect detection
was quantitatively analyzed by C-scan experiments. The results show that the signal-to-noise ratio of the detection signal is improved by
9. 12 dB when 13-bit buck code is used as the coding excitation signal, compared with sinusoidal excitation signal. The quantitative
recognition accuracy of the defect for the node is 90% by C-scan results. The crack with width of 1 mm in the node can be detected
effectively. These show that the application of pulse compression technology to the air coupled detection of wood can effectively improve
the wood defect identification ability.
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Fig. 1 Pulse compression air-coupled ultrasonic detection system

Sy Golay fith M JFSIJE RN H LA — A 4t 351l
Horbr, B SO AT RS, BB B r A DN 50 % 1 A
W PR BE 7, AR L AR ) 07 OB R 5 7 A, e
s> TR BUE L RE R 1 M- 1, AR BN
P RE AR BB (5 5, T 2 AT A S A RE
YRR BERR UG S . DI 7 £ S0 750 o, =
{11100 10}, #PBAF 5 NIEZLNG S ], 7EmE 1K
BIAR 55 E S F S MR M U (55 . Ha sl
P JRERANIET 2 Pz PR 45 R s 3 B
S

AW }
%

K2 E e 55 i e

Fig.2 The process of Barker code excitation signal modulation
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Fig.3 The results of 7-bit Barker coded sequence modulation
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Fig.4 Cross-correlation matched filtering
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Table 1 Barker code sequences and their PSL

E3S i PSL/dB
2 +1,-1;+1,+1 -6
3 +1,+1,-1 -9.6
4 +1,+1,-1,+1;+1,+1,+1,-1 -12
5 +1,+1,+1,-1,+1 -14
7 +1,+1,+1,-1,-1,+1,-1 -16.9
11 +1,+1,+1,-1,-1,-1,+1,-1,-1,+1,-1 -20.8

13 +1,+1,+1,+1,+1,-1,-1,+1,+1,-1,+1,-1,+1 -22.3
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signal of 13-bit Barker code
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Fig.7 Wood sample with crack and knot defects
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Fig. 8 Comparison results of signal processing
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Fig.9 C-scan imaging results of samples with

two different excitation signals
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