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Correction model and accelerating algorithm for ultrasonic
total focusing method
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(1. State Key Laboratory of Precision Measurement Technology and Instrument , Tianjin University , Tianjin 300072 ,China; 2. Tianjin
Key Laboratory of Information Sensing & Intelligent Control , Tianjin University of Technology and Education , Tianjin 300222 , China)

Abstract : Ultrasonic phased array full focusing method is an imaging algorithm based on full matrix data. It exhibits advantages of high
imaging accuracy and great defect characterization ability, while there are some disadvantages, such as large amount of data, long
computation time and large near-surface noise. At present it is mainly used in post-processing imaging. A correction model based on the
angular directivity function is established, and an accelerating algorithm based on triangular matrix data capture and data index
technology is designed, combining with parallel computing device. It is tested on an aluminum block with artificial holes with a 16-
element phased array probe. The result shows that time consumption of each image is decreased to less than 135 ms with the accelerating
algorithm, which can be deemed real-time. The correction model is helpful to decrease near-surface noise, reduce false defects, and
improve signal to noise ratio of the image.
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Fig. 1 Process of full matrix capture
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Fig.2 Theory of the total focusing method
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Fig.3  Directivity functions for different central
frequencies 1.5, 3, 6, 12 MHz
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Fig.5 Correction model based on the improved

angular directivity function
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Fig. 10 Result of the total focusing method with the

improved directivity correction model (a =0.4)
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Table 2 API of different imaging algorithms

AR E 10 mm 20 mm 30 mm

AR RERE + RALIE 4.7999 3.7333 6.2755
SRR MRS + RARE 4.0710 3.6977 6.2577
AR + 18 A I 4.4621 3.8222 18.5952
SRR + F 1 PEALE 3.8755 3.8222 18.6308
SAAMEREEE + G A IE 3.8755  3.6977  6.3110
SRR B + SR A I 3.6622 3.6266 6.2221
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Table 3 Time consumption of different imaging

algorithms (s)
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Table 4 Comparison of defect depths (mm)

i ORBOE  HRRMERGE BOEREPERGE SRRIRE
1 10.35 10.35 10.35 10
2 19. 80 19. 80 19.80 20
3 29.48 29.93 29.70 30
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Fig. 11  Axial section of the image of drills at the

depth of 10 mm
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Fig. 12 The maximum of the projection along axis
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