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Fig. 1. 2D circular-scanning-based PAT system.
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Fig. 2. Schematics of the back-projection algorithm of different reconstruction models: (a) The model for point-like ultrasonic trans-

ducer; (b) the model for ultrasonic transducer with infinite element size; (c) the model for ultrasonic transducer with focused sound

field.
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Fig. 3. Simulation results with different reconstruction methods when the transducer central frequency varies: (a)—(d) The results
with the conventional point-like method when the central frequency are 1 MHz, 3 MHz, 5 MHz and 10 MHz, respectively; (e)—(h)
the corresponding results with the model of the infinite element size; (i)—(1) the corresponding results with the model of focused
sound field. The diameter of the employed planar transducer was 6 mm, and the locations of the seven points are -6 mm, —4 mm,

-2 mm, 0 mm, 2 mm, 4 mm, and 6 mm, respectively. The simulated data were added with 5% noise, and the amplitudes of all the

images were normalized to 1 for comparison.
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Table 1. The FWHM and SNR results of 6 mm
off-center target with different methods and trans-

ducer frequencies.

HLL AR R RIS RfEAY
1 MHz
FWHM/mm 1.85 1.05 0.85
SNR/dB 36.06 26.17 36.80
3 MHz
FWHM/mm 1.25 1.04 0.42
SNR/dB 28.78 27.29 33.87
5 MHz
FWHM/mm 0.93 0.82 0.38
SNR/dB 26.42 24.07 28.09
10 MHz
FWHM/mm 0.45 0.41 0.25
SNR/dB 22.90 16.75 25.31
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Fig. 4. The simulated lateral profiles for the four targets obtained from 3 MHz central frequency ultrasonic transducer. The loca-

tions of the four points are 0 mm (a), 2 mm (b), 4 mm (c), and 6 mm (d), respectively. The red, blue and green lines represent the

results from the conventional point-like model, the infinite element size model, and the focused sound field model, respectively.
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Fig. 5. Schematic of the PAT system and transmit characteristic of the transducer: (a) Schematic of the 2D PAT system; (b) the

(a) 4k PAT R&GKl; (b) 8

photoacoustic impulse waveform of the transducer; (c)spectral diagram of the transducer.
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Fig. 6. The experimental results of point target imaging with different reconstruction algorithms: (a) The photograph of phantom;

(b) tangential resolution distributions of eight point targets; (c) the BP method of point-like model; (d) the BP method of infinite

element size model; (e) the BP method of focused sound field model.
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Fig. 7. The experimental results of mouse brain imaging

(a) 71

with different reconstruction algorithms: (a) The photo-
graph of the mouse brain; (b) the BP method of point-like
model; (¢) the BP method of infinite element size model;
(d) the BP method of focused sound field model.
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Back-projection method with fast time-delay correction for
photoacoustic tomography reconstruction
based on a focused sound field model’
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Abstract

Photoacoustic tomography is a rapidly developing imaging technology, which can provide structural and
functional information of biological tissues. It can integrate the advantage of high optical contrast from optical
imaging with those from high penetration depth from ultrasound imaging. However, the existing back-projection
algorithm in photoacoustic tomography equates the ultrasonic transducer scanning around the target to a point
detector, which leads to a notable tangential blur in the eccentric imaging regions, and thus seriously degrading
the image quality. In this paper, we propose a novel photoacoustic tomography reconstruction algorithm, which
employs a focused sound field equivalent model to overcome the sound field distortion caused by the transducer’
finite aperture effect and can quickly and effectively restore the elongated tangential resolution in the eccentric
imaging regions. Simulation results show that for the target with a diameter of 5 mm and a distance of 6 mm
from the rotation center, the tangential resolution is improved by at least twice. Experimental results show that
this method can effectively restore the image tangential blur in the off-center regions, where the tiny structures
of complex targets can be detected. This new method provides a valuable alternative to the conventional back-
projection method and plays an important guiding role in the design of photoacoustic tomography systems

based on circle/sphere scanning.

Keywords: photoacoustic tomography, back-projection, tangential resolution
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