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Fig. 1 Experimental system diagram
(a) Schematic diagram of AR-PAE system; (b) enlarged view of probe
details, the blue dotted line is the sound field, the red dot is the focus

point, and the virtual equivalent probe is on the left.
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Fig.3 Schematic diagram of the imitation used in the

experiment
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Fig. 4 Reconstructs images of each algorithm
(a) B-mode; (b) IBP; (c) STR; (d) SAFT; (e) SAFT-CF.

J T RS T, R T A
R A R AR ) R, IRl il T[]
RN E R PR AR b 2K (K5) . it
AL, B-mode B ANAE £ s B 4 BERALS, AE
BRI, BEE PO R, S HERA BT
s JEMRMR (<15 MHz), SAFT-CF 8357 9%
RO WA T IHA S mREE R A, A
PAH LT B-mode 532 AR Sk B I . BE B4R
Skerpuls 3 mm A HAR 52 SAFT-CF Bk E 5, 0l
W B A X R H AR 4 B R R T 24 26 £
(& 5b)

WAL AR E M, FE O R 10 MHZ
BF, [V BAE AR AN T 200 YR [RIKSF- A, Bifie
B TEARGRERL (K6) , F7ER/RIEB%S
BRI EHRER . Z5RRM, SIS S KT
o, AREREMR ILERA TR, SRR
ARG, (R SR BRI AE R LA
T B-mode BIEMUEME L, L # EUR A RCR AL
Lt B-mode FHIL TR, ffm T4 2 2.3 4%, LAk,
SAFT B ¥E {5 M b 2 e STR %6 AT IBP B4 115
M LA

Bk R R NE T HAE TR, X —
PERE R BE B T R AE . A TAE I Ky 5 Fh



680+ EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2023; 50 (3)
(a) (b) ©
0.5 0.5 0.5F
£ 047 E 04 g 04f
E 0.3F £ 03 £ 0af
3 2 2
o
g 02r 202 g 02t
=4 ~ ~
0.1F 0.1 0.11
0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12
Distance/mm Distance/mm Distance/mm
(Y ©) ® Homod
L L o—e  b-MOde
0.5 0.5 0.5 .. IBP
L L = : SAFT
g o E 04 g o : SAFT-CF
E 0.3F E 0.3 E 03 +a:STR
E i i
2 0.2+ 202 2 02F
& & 4
0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12
Distance/mm Distance/mm Distance/mm
Fig. 5 The resolution curves of different algorithms at different frequencies before and after the focus
(a) 5 MHz; (b) 10 MHz; (c) 15 MHz; (d) 20 MHz; (¢) 25 MHz; (f) 30 MHz.
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Fig. 7 The reconstructed image of each algorithm under different noise levels (left: 5%; medium: 10%; right: 15%)
(a) B-mode; (b) IBP; (c) STR; (d) SAFT; (¢) SAFT-CF.
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Fig.8 Experimental dataimagesreconstructed by different algorithms
(a) B-mode; (b) IBP; (¢) STR; (d) SAFT; (e) SAFT-CF. The gray box shows four horizontal wires in the phantom.



+682-

EMUFESEYIRHR

Prog. Biochem. Biophys. 2023; 50 (3

Table2 The resolution improvement of two point targets under different algorithms (compared with the B-mode algorithm)
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Abstract Objective Acoustic resolution-based photoacoustic endoscopy is a promising functional imaging
technique with its large focusing depth. It is widely used in endoscopic imaging of the rectum and esophagus.
Acoustic resolution-based photoacoustic endoscopy imaging usually adopts the lateral scanning method based on
a single focused ultrasonic sensor, while using the traditional B-mode method for reconstruction, which will
greatly reduce the image quality. In order to obtain high-quality images, several dynamic focusing photoacoustic
endoscopic imaging algorithms are proposed in this paper. Methods Numerical simulations were performed
using these algorithms. In addition, photoacoustic endoscopic imaging experiments were conducted on the
phantom to verify the results of the simulation experiments. In the simulation experiments, photoacoustic
endoscopic imaging experiments with a focused transducer were simulated. We chose nine points including the
focal point as the targets for reconstruction in the imaging area. The characteristics of each algorithm were
compared in terms of imaging effect, resolution and signal-to-noise ratio. We made a phantom to verify the
imaging effects of several algorithms using a photoacoustic endoscopic imaging system. Several metal wires were
inserted in it to simulate targets at different distances and shapes. We compare the advantages of these algorithms
over the B-mode method in reconstructing the above objectives. Results The results show that the transverse
resolution and signal-to-noise ratio of defocused region are improved compared with which of the B scan method.
In the simulation, the resolution of the defocus area can be improved by about 26 times, and the signal-to-noise
ratio can be improved by about 2.3 times after dynamic focusing. In the experiment, the resolution of remote point
targets is improved 3-6 times after dynamic focusing reconstruction. Conclusion On the whole, we think that
the algorithm based on spatial-temporal response and synthetic aperture focusing technology algorithm are more
suitable for experimental conditions. This work has guiding significance for the design of acoustic focusing

photoacoustic endoscopy imaging.
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