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Application of binary search and compressive sensing for rapid

detection of defects inside laser ultrasound

Sun Qiang', Dai Lunan’, Ying Kaining?®, Ni Chenyin""

(1. School of Electronic and optical Engineering, Nanjing University of Science and
Technology, Nanjing 210094, China;
2. School of Science, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Laser ultrasonic inspection technology has a broad application prospect in the field of nondestructive
testing due to its non-contact, high sensitivity and high spatial resolution characteristics. However, its practicality
is limited by the long scanning time required for large area sweeping at high spatial resolution. To address the
above problems, a binary search method was proposed to improve the detection speed, and a compressed sensing
algorithm was used to represent the detected laser ultrasound signal as a linear weighted combination of wavelet
bases, and finally the entire range to be measured was restored from the less real laser ultrasound signal obtained
by binary search. Further, a laser ultrasonic scanning detection device for internal defects was built, the laser
excitation of ultrasound was achieved by using a pulsed laser, the non-contact detection of ultrasound was
achieved by Doppler vibrometer, and a fast detection of internal defects by laser ultrasound based on binary
search and compression perception was achieved by moving the sample at a fixed excitation detection distance.

The technique proposed in this paper not only has the characteristics of laser ultrasound such as non-contact, high
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sensitivity and high spatial resolution, but also can improve the detection efficiency. The experimental results

show that it takes 6 min to determine the defect location on a 120 mm>30 mmx8 mm aluminum plate, compared

with 14 min for point-by-point sweeping, which shortens the time required for in vivo defect localization

Key words: laser ultrasound;  binary search;

nondestructive testing
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Step 4: Fit the curve with the data that meets the threshold

i relationship between the area and the defect through the fitted curve
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Step 5: Perform the binary search process up and down
respectively, repeat steps 1-4, search the upper and
lower boundaries of the defect respectively, and

determine the area of the defect
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Fig.l Schematic diagram of binary search
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(b) Ultrasonic signal after wavelet transform
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Fig.5 Schematic diagram of numerical simulation structure
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Fig.6 Signal processing result diagram. (a) Simulation result difference

Time/us

diagram; (b) Compressed sensing recognition signal result

diagram
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Step 2: Binary search Sample top view

Step 3: Identify the defect area

Step 4: Fit the curve
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Fig.7 Simulated binary search result diagram. (a) Binary search

schematic diagram; (b) Curve fitting result diagram
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Fig.8 Detection system diagram. (a) Detection system schematic diagram; (b) Detection system device diagram
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Fig.9 Schematic diagram of defect search settings
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Fig.10 Experimental results. (a), (c), (¢) show that the preset area is on the left, in the middle (including defects) and on the right; (b), (d), (f) is the

corresponding curve fitting diagram
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Fig.11 B-sweep results with | mm scanning step
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