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Thirty years ago, we demonstrated laser-based depth-resolved
optoacoustic imaging of biological tissues[1–3], laying an impor-
tant foundation for modern optoacoustic tomography (OAT) al-
ternatively called photoacoustic computer tomography (PACT).
Today, OAT/PACT has become one of the fastest-growing bio-
medical imaging technologies and has found a wide range of
applications in biomedicine[4,5]. Complementary to anatomical
imaging of tissue structures with ultrasound, X-rays, and radio-
frequency waves, OAT/PACT is a molecular imaging technol-
ogy that employs diffused light absorbed by molecules in
biological tissues and generates ultrasound signals resulting
from thermal expansion of instantaneously heated tissue voxels.
It uniquely visualizes endogenous tissue chromophores of he-
moglobin and oxyhemoglobin, as well as nontoxic exogeneous
chromophores of dyes and nanoparticles, and achieves imaging
resolution of hundreds of microns at 3–5-cm depth in biological
tissues[6].

Analogous to other types of computed tomography, image
formation in OAT relies on sophisticated image reconstruction
algorithms[7], without which details in an image may not be
properly resolved, and quantitative accuracy of the optoacoustic
contrast may be lost. The recently published review article[8]

by Tian et al. provides a thorough overview of the developments
of the image reconstruction algorithms over the past three
decades.

It starts from the forward problem of OAT/PACT and intro-
duces the principle of key algorithms with intuitive examples.
Major topics, important concepts, term abbreviations, and math-
ematical symbols are illustrated or summarized using figures
or tables.

In the review article, the authors first reviewed the forward
problem of OAT/PACT from the perspectives of signal gener-
ation, signal propagation, signal detection, and the Radon
transform. They next summarized key conventional image
reconstruction algorithms, such as delay and sum, filtered back
projection, series expansion, time reversal, and iterative meth-
ods of image reconstruction. Then, the authors surveyed
major deep-learning-based image reconstruction strategies,
including signal preprocessing in the data domain, image

postprocessing in the image domain, hybrid-domain process-
ing, direct signal-to-image reconstruction, and iterative
reconstruction learning. After that, the authors compared the
performance of different image reconstruction algorithms under
various imaging scenarios, such as limited-view imaging,
sparse-view imaging, and imaging in acoustically hetero-
geneous media. They finally discussed major challenges in
OAT/PACT image reconstruction and future research directions.
The review cites over 300 references, and compiles and critiques
decades of research in a manner that is both comprehensive and
comprehensible.

The review excels in the following two aspects: depth of
analysis and comprehensiveness. While focusing on an in-depth
analysis of conventional image reconstruction algorithms such
as delay and sum, filtered back projection, series expansion, and
time reversal, the review also covers emerging deep-learning-
based algorithms, highlighting iterative reconstruction methods
representing the latest developments in the field. Notably, this
review contains in-depth comparative studies. Major image
reconstruction algorithms were coded and evaluated in terms of
image reconstruction quality, reconstruction speed, and memory
footprint via specific examples. The comparative studies can
help readers better understand the strengths and weaknesses of
each algorithm. The review is comprehensible, so all researchers
in the field of OAT/PACT including beginners can understand
and use it in their work.

Overall, the review by Tian et al. provides an excellent dis-
cussion of OAT/PACT image reconstruction algorithms, from
conventional to machine learning. It can help general readers
to better understand the field and, thus, promote the develop-
ment and application of novel algorithms in optoacoustic/
photoacoustic/thermoacoustic tomography.

References

1. A. A. Oraevsky, S. L. Jacques, and F. K. Tittel, “Determination of
tissue optical properties by piezoelectric detection of laser-induced
stress waves,” Proc. SPIE 1882, 86 (1993).

2. A. A. Oraevsky et al., “Laser-based optoacoustic imaging in bio-
logical tissues,” Proc. SPIE 2134, 122 (1994).

3. A. A. Oraevsky et al., “Lateral and z-axial resolution in laser opto-
acoustic imaging with ultrasonic transducers,” Proc. SPIE 2389,
198 (1995).

4. L. V. Wang and S. Hu, “Photoacoustic tomography: in vivo imaging
from organelles to organs,” Science 335, 1458 (2012).

*Address all correspondence to Alexander A. Oraevsky, ao@tomowave.com

© The Authors. Published by CLP and SPIE under a Creative Commons Attribution
4.0 International License. Distribution or reproduction of this work in whole or in part
requires full attribution of the original publication, including its DOI. [DOI: 10.3788/
PI.2024.C06]

COMMENTARY

Photonics Insights C06-1 2024 • Vol. 3(4)

https://doi.org/10.1117/12.147694
https://doi.org/10.1117/12.182927
https://doi.org/10.1117/12.209986
https://doi.org/10.1126/science.1216210
mailto:ao@tomowave.com
https://doi.org/10.3788/PI.2024.C06
https://doi.org/10.3788/PI.2024.C06


5. J. Park et al., “Clinical translation of photoacoustic imaging,” Nat.
Rev. Bioeng. 2, 9 (2024).

6. A. A. Oraevsky, “Optoacoustic tomography: from fundamentals to
diagnostic imaging of breast cancer,” in Biomedical Photonics
Handbook, Second Edition: Fundamentals, Devices, and
Techniques, Vol. PM222, Chapter 21 (2014), p. 715.

7. K. Wang and M. Anastasio, “Photoacoustic and thermoacoustic
tomography: image formation principles,” in Handbook of
Mathematical Methods in Imaging (Springer, 2011), p. 781.

8. C. Tian et al., “Image reconstruction from photoacoustic projec-
tions,” Photon. Insights 3, R06 (2024).

Oraevsky: Image reconstruction from photoacoustic projections

Photonics Insights C06-2 2024 • Vol. 3(4)

https://doi.org/10.1038/s44222-024-00240-y
https://doi.org/10.1038/s44222-024-00240-y
https://www.researching.cn/articles/OJddda7a744dbcc3d2

	Image reconstruction from photoacoustic projections
	References


