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Abstract: Objective To achieve the high-quality reconstruction of breast sound-speed image, an accurate calculation method of
time-of-flight (TOF) for breast ultrasound transmission computed tomography (UTCT) is proposed. Methods The k-wave platform
was used to set up the UTCT environment to obtain the scanning data of two numerical breast phantoms with different complexities.
The proposed extreme-point method and commonly-used methods (threshold method, zero-crossing method and peak method)
were used to calculate TOF, and the sound-speed images were reconstructed by the filtered back-projection algorithm. Results
The imaging experiments of the low complexity phantom showed that it was difficult to reconstruct a complete sound-speed image
with the TOF calculated by peak method. The imaging experiments of the high complexity phantom showed that the sound-speed
image reconstructed using the TOF calculated by extreme-point method had the smallest root-mean-square error and the largest
structural similarity index, and that compared with those of threshold method and zero-crossing method, the root-mean-square
error of extreme-point method was reduced by 6.32% and 1.26%, and the structural similarity index was increased by 3.31% and
6.63%. Conclusion The proposed extreme-point method can be used to accurately calculate TOF, which is helpful for the high-
quality reconstruction of sound-speed images for UTCT.

Keywords: ultrasound transmission computed tomography; time-of-flight; sound-speed image; extreme-point method; k-wave;
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Fig.1 Waveform of the emission source
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Fig.2 Diagram of ultrasound propagation
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Fig.3 Diagram of ultrasound propagation parameter extraction
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Fig.4 Diagram of isometric fan beam scanning
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Fig.5 Diagram of arrival time determination
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Fig.6 Diagram of phantom scanning
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Fig.8 Arrival time curves drawn by extreme—point method
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Fig.12 Reconstructed results of the high complexity numerical breast phantom
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