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Ultrafast Ultrasound Color Blood Flow Imaging Based on the DCNN

CUI Wang, HE Bing-bing’, ZOU Liang-chen, WANG Ting-ting, LI Hai-yan
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Abstract: Multi-angle plane wave coherent compounding (MPWCC) can achieve high frame rate ultrasound scan-
ning, which aids color flow imaging technology in providing more accurate blood flow information and tissue images. How-
ever, the low-pass effect of the MPWCC results in underestimated blood flow velocities and the optimal threshold for clut-
ter suppression filters cannot be determined computationally. To address this, this paper proposes an ultra fast ultrasound
color blood flow imaging based on deep convolutional neural networks (DCNN). Based on the Field II ultrasound simula-
tor, the carotid artery model is built to acquire ultrasound doppler signals with different blood flow velocities. These signals
are processed with the singular value decomposition (SVD) and then normalized to generate training dataset. The DCNN
model learns the characteristics of Doppler signals with different velocities through supervised learning, enabling clutter
suppression and conversion of feature information into velocity information for color flow imaging. Compared to the auto-
correlation velocimetry by combining high pass filtering (HPF) or SVD, the superior performance of the proposed method
has been demonstrated in both simulation and human carotid artery test dataset. When blood flow velocity profiles in both
forward and reverse directions are estimated, the normalized root mean square error (NRMSE) of the proposed method is re-
duced by an average of 45.65% and 41.95% than these of the HPF and SVD, respectively. In the results of color flow imag-
ing in simulation and human data, the proposed method shows the best clutter suppression effect and vessel integrity. In
summary, this method achieves ultrafast ultrasound color blood flow imaging and is applicable for visualizing blood flow
dynamics.

Key words: medical ultrasound; ultrasound plane wave; color flow imaging; deep convolutional neural network; sin-
gular value decomposition
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