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Reconstruction for Sparse-View Sampling Photoacoustic
Signals Based on Dictionary Learning

Huang Kai™, Chen Ping”, Liu Weiwei, Lin Lie
Institute of Modern Optics, College of Electronic Information and Optical Engineering,
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Abstract Photoacoustic imaging has great potential in the field of biomedical imaging because it is a beneficial
combination of the high contrast of pure optical imaging and the high resolution of ultrasound imaging for deep-tissue.
By acquiring the photoacoustic signals at multiple locations, we can obtain a two-dimensional or three-dimensional
optical absorption distribution image of the biological tissue. However, it is difficult for actual photoacoustic imaging
to acquire the photoacoustic signals with enough detector locations due to the constraints of hardware conditions and
imaging time. In the case of insufficient signal sampling, the reconstruction quality of the photoacoustic image is
seriously degraded, and a large number of artifacts appear consequently. To overcome this problem, we propose a
reconstruction strategy which uses photoacoustic signals preprocessed by a recovered algorithm based on dictionary
learning and sparse representation, and simulation experiments are carried out. The results show that by applying the
proposed algorithm, a photoacoustic image can be reconstructed with less artifacts, clearer details and 8 dB peak
signal-to-noise ratio improvement compared with images reconstructed without super-resolution reconstruction of
photoacoustic signals. The simulation experiments with different signal-to-noise ratios verify that the proposed
algorithm has good robustness.
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Fig. 1 Flow charts of (a) dictionary learning algorithm and (b) photoacoustic signal reconstruction

algorithm based on dictionary learning
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Fig. 3 (a) Simulated photoacoustic data; (b) signal at where marked with white line in Fig. 3 (a)
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Table 1 Selected key parameters in algorithm implementation

Regularization parameter A in formula (8) Number of atoms K Dimension of atoms N Sparsity level L,
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Fig. 4 (a) Initial random dictionary; (b) learned dictionary from sample set
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Fig. 5 (a) Original image; (b) photoacoustic image reconstructed by measurement with 160 detector locations;

(¢) photoacoustic image reconstructed by measurement with 40 detector locations; (d) photoacoustic image

reconstructed by measurement with 40 detector locations based on proposed algorithm in this paper
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Table 2 PSNR and SSIM obtained with different algorithms under the conditions of different sampled points and SNRs

. . PSNR/SSIM
Signal-noise- -
Sampled point o ) Proposed algorithm
ratio /dB Original data Interpolation ) )
in this paper
40 40 14.4484/0.1136 20.7743/0.5755 22.7456/0.6081
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