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Abstract Photoacoustic Image Reconstruction Based on the Dictionary Learning

Photoacoustic Image Reconstruction Based on the
Dictionary Learning

Abstract

Photoacoustic tomography (PAT), which is also referred to as thermoacoustic
tomography, is a novel technique of noninvasive medical imaging. Combining the high
contrast of optical imaging and the good resolution of ultrasound imaging, PAT is suitable
for tumor detection, vessel imaging, brain structural and functional imaging, and flow
speed measurement, etc. In PAT, an electromagnetic pulse (usually laser) is used to
irradiate the biological tissue. With the photoacoustic signal detected by the ultrasonic
transducers, the original pressure distribution of the tissue can be reconstructed based on
proper image reconstruction algorithms.

The quality of the reconstructed image in PAT depends on the spatial and temporal
sampling rates. However, owing to restrictions in the spatial positions of the transducers or
because of the low temporal sampling rates, we can only obtain incomplete measurement
data in PAT, which will finally degrade the reconstructed photoacoustic image. This
dissertation focuses on such a problem and tries to develop reconstruction algorithms
suitable for incomplete measurement. The main work and contributions of this dissertation
is as follows:

Firstly, the k-Wave toolbox is employed to obtain the simulated photoacoustic data
from tissues with different inclusions and demonstrate the plausibility of using PAT to
recover the distributions of those inclusions. Secondly, the idea of recovering the complete
photoacoustic measurements from incomplete ones with the strategy of compressive
sensing is proposed. According to this idea, a reconstructed algorithm is presented based
on the filtered back projection with the DCT, where the bases for the algorithm are selected
as the sparse ones. Finally, an algorithm based on the filtered back projection and the

dictionary learning of the sparse bases is proposed for PAT. Different from the existed



Photoacoustic Image Reconstruction Based on the Dictionary Learning Abstract

CS-based photoacoustic reconstruction methods, the transform matrix is adaptive to the
measurement data to derive a more sparse representation of the photoacoustic signals.
Experimental results demonstrate that reconstructed images from the filtered back
projection method with the data recovered according to the compressive sensing strategy
are better that those directly with the incomplete data themselves. Experimental results also
demonstrate that better images can be reconstructed with the data recovered based on the

adaptive sparse bases than data recovered from the fixed sparse bases.

Keywords: photoacoustic imaging; k-Wave; filtered back projection; compressive sensing;

dictionary learning.
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