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Fig. 1 Photoacoustic signal processing flow chart
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Fig. 2 The influence of Renyi entropy order, window function and

window length on the entropy of original photoacoustic signal

(a) Original photoacoustic signal. (b) Select the different order, the original photo sound signal corresponding to the Renyi entropy. (c) Select the

different window function, the original photoacoustic signal corresponding to the Renyi entropy. (d) Select the different window length, the original

photo sound signal corresponding to the Renyi entropy.
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Fig. 3 Photoelectric system imaging equipment schematic diagram
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Fig. 4 The photoacoustic image reconstruction of the cross—section (zero dimension)

of the pencil core before and after Renyi entropy

(a) The pencil core in the imitation. (b) Filtering the photoacoustic signal of pencil core. (c) The photoacoustic image reconstruction of pencil core

before the Renyi entropy algorithm processing. (d) After Renyi entropy algorithm processing, photoacoustic image reconstruction of the pencil core.

(e) The relative amplitude of the photoacoustic signal of pencil core before the Renyi entropy algorithm processing. (f) The relative amplitude of

photoacoustic signal of pencil core after Renyi entropy algorithm.
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Table 1 Filter processing situation of three different samples

Sample number ~ Sample name Sample characteristics Filtering processing situation Contrast ~ Resolution SNR MSE
1 Cross-section of Zero-dimension Before processing 2.292 1450 um 3.000 0.056

the pencil core Diameter: 0.7 mm After processing 3.182 800 pm 4.296 0.052

Filter optimization percentage 38.80% 44.80% 43.20%  7.10%

2 Hair imitation One-dimension Before processing 3.262 300 pm 2.297 0.007
Length: 2 cm After processing 4.318 170 pm 3.483 0.005

Diameter: 0.06 mm Filter optimization percentage 32.30% 4330%  51.60% 28.57%

3 Mouse cortical Two-dimensional Before processing 3.092 420 pm 3.039 0.049

Blood vessels Imaging range: After processing 4.057 350 pm 4.506 0.015

15 mmx15 mm Filter optimization percentage 31.20% 16.60% 48.20% 69.38%
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Fig. 5 The hair (one-dimensional) photoacoustic signal reconstructs the image results
with the corresponding photoacoustic sound before and after the Renyi entropy
(a) Embedded in the imitation of two crossed hair; (b) Filtering of the hair photoacoustic signal; (c) The photoacoustic image reconstruction of the hair
before the Renyi entropy algorithm processing; (d) After Renyi entropy algorithm processe, the photoacoustic image reconstruction of hair; (e) The
relative amplitude of the photoacoustic signal of hair before the Renyi entropy algorithm processing; (f) Relative amplitude of photoacoustic signal of

hair after Renyi entropy algorithm.
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Fig. 6 The photoacoustic image reconstruction of the mouse cortical blood vessels (two—dimensional)

before and after the Renyi entropy algorithm processing

(a) The mouse cortical blood vessels. (b) Filtering photoacoustic signal of the mouse cortical blood vessels. (¢) The photoacoustic image reconstruction

of the mouse cortical blood vessels before the Renyi entropy algorithm is processed. (d) Renyi entropy algorithm was used to reconstruct the image of

mouse cortical blood vessels photoacoustic signal. (¢) The relative amplitude of the photoacoustic signal of the mouse cortical blood vessels before the

Renyi entropy algorithm processing. (f) Relative amplitude of photoacoustic signal of the mouse cortical blood vessels after Renyi Entropy Algorithm.
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MifF 2 S1~S4, [ S1, S2 A% 3¢ W) 45 i fft 5%
(http://www.pibb.ac.cn)
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Design and Implementation of Photoacoustic Image Reconstruction
Algorithm Based on Renyi Entropy Filter"

WANG Rong", WANG Yi-Ping", HE Zai-Qian", LUO Cui-Xian", LI Peng-Wei"",
HU Jie", JIANG Hua-Bei?, ZHANG Wen-Dong"
(" Micro-Nano System Research Center of College of Information Engineering, Key Laboratory of Advanced Transducers and Intelligent Control System
of The Ministry of Education, Taiyuan University of Technology, Taiyuan 030024, China;
? Department of Medical Engineering, University of South Florida, Tampa Florida 32611, USA)

Abstract In order to improve the quality of photoacoustic image reconstruction, aiming at the problems that the
signal-to-noise ratio of the original photoacoustic signal is poor, the reconstructed image contrast is low and the
resolution is insufficient in the process of photoacoustic image reconstruction, based on the quality of
photoacoustic signal which collected from the optimized photoacoustic imaging system, a reconstructed filtering
algorithm in view of Renyi entropy is proposed(before using the delay superposition algorithm to reconstruct the
image, the original photoacoustic signal is filtered by Renyi entropy filter). Compared with the existing classical
filtering algorithm (modulus maxima method and threshold denoising method), the contrast ratio of the algorithm
is improved by 18.27% on average, the resolution is increased by 23.69% on average, the SNR is increased by
2.90% on average, and the mean square error is reduced by 2.61% on average by using Renyi algorithm. The
photoacoustic signal of the pencil (zero-dimension), hair (one dimension) and mouse cortical blood vessels
(two-dimensional) was filtered by the Renyi entropy filter before performing the photoacoustic image
reconstruction. After Renyi entropy filtering, the contrast of the photoacoustic reconstructed images was greatly
improved by 36.75% (pencil cross section, zero dimension), 30.22% (hairline, one dimension) and 30.38% (mouse
cortical blood vessels, two-dimensional). The resolution of reconstructed images also increased significantly, but
the resolution of mouse cortical blood vessels was limited (17.65% ) compared with zero-dimensional and
one-dimensional samples. We speculate that this is related to the selection of biological samples (the first two
samples were imitation, the samples of mouse cortical blood vessels were in vivo, and the differences in the
photoacoustic signals between the mouse cortical blood vessels and the surrounding biological tissues were weaker
than those). The signal-to-noise ratio of reconstructed images was significantly increased by 43.20% (pencil cross
section, zero dimension), 51.60% (hairline, one dimension) and 48.20% (mouse cortical blood vessels, two
dimensions). Finally, the mean square error of reconstructed images decreased by 7.10% (pencil core cross section,
zero dimension), 28.57% (hairline, one dimension) and 69.38% (mouse cortical blood vessels, two dimensions),
with the increase of the sample dimension, the mean square error of the image is greatly reduced. We assume that
this is due to the increase in the size of the sample with the increase of the sample, and the average error of the
whole image is reduced, so that the mean square error corresponding to the reconstructed image is reduced.

The experimental results show that the reconstructed images of the photoacoustic reconstructed by Renyi
entropy compared with the reconstructed images obtained from the original photoacoustic signal, the contrast ratio
of the photoacoustic reconstructed image is enhanced by 32.45%, the resolution is increased by 30.78% and the
signal-to-noise ratio is increased by 47.66%, and the mean square error is reduced by 35.01%. The Renyi entropy
filter processing algorithm improves the quality of photoacoustic image reconstruction which will help to promote
the clinical application of photoacoustic imaging in biomedical diagnosis and treatment, for example, the early
diagnosis about the arthritis, breast cancer and epilepsy and other lesions.

Key words photoacoustic image reconstruction, filter processing algorithm, Renyi entropy, threshold
segmentation
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Table S1 The corresponding contrast and resolution of the pencil core photoacoustic signal before and after filtering

Pixel coordinate point

Contrast

Resolution

Filter optimization

Filter optimization

Coordinate Before processing After processing percentage/% Before processing/pm  After processing/pm percentage/%
a(-1.7,6.5) 5.428 7.344 3529 750 422 43.73
b(-2.3,5.6) 5.502 7.488 36.09 790 440 44.30
c(-3.5,7.1) 1.776 2.410 35.69 900 510 43.33
d(-2.9,7.4) 8.217 11.331 37.89 1100 625 43.18
e(-2.6,8.0) 2.968 4.081 37.50 810 445 45.06
f(-1.4,6.8) 2.626 3.608 37.39 835 470 43.71
2(-2.0,5.0) 8.246 11.346 37.59 780 440 43.58
h(-2.3,5.9) 4.486 6.078 35.48 910 520 42.85
i(-4.1,7.1) 4.398 5.998 36.37 930 530 43.01
§(-2.6,7.7) 8.553 11.820 38.20 850 470 44.70
Statistical average 36.75 Statistical average 43.74

Table S2 The corresponding contrast and resolution of the hair photoacoustic signal before and after filtering

Pixel coordinate point

Contrast

Resolution

Filter optimization

Filter optimization

Coordinate Before processing  After processing percentage/% Before processing/pm  After processing/pum percentage/%
a(0.3,0.8) 1.394 1.786 28.12 375 245 34.66
b(-2.3,0.9) 1.910 2.489 30.31 354 252 28.81
¢(2.4,0.6) 2.610 3.468 32.87 343 240 30.02
d(1.8,0.6) 0.242 0.317 30.99 363 233 35.81
¢(3.9,0.3) 1.236 1.582 27.99 372 263 29.30
f(-2.9,1.1) 0914 1.199 31.18 359 237 33.98
2(2.2,0.8) 0.582 0.766 31.61 365 265 27.33
h(3.2,0.5) 2.389 3.163 32.39 370 250 3243
i(1.9,0.9) 1.266 1.616 27.64 357 256 28.29
j(-2.6,1.0) 1.521 1.965 29.19 345 245 28.98
Statistical average 30.22 Statistical average 30.96

Table S3 The corresponding contrast and resolution of the mouse cortical blood

vessels photoacoustic signal before and after filtering

Pixel coordinate point

Contrast

Resolution

Filter optimization

Filter optimization

Coordinate Before processing After processing Before processing/pm  After processing/pm
percentage/% percentage/%

a(-0.2,-3.6) 2.095 2.716 29.64 310 260 16.12
b(-1.3,-0.5) 2226 2.836 27.40 410 340 17.07
c(-3.2,5.1) 2.781 3.742 34.55 265 220 16.98
d(-2.8,-2.3) 2.557 3.419 33.71 274 224 18.24
e(-3.1,-0.4) 2.048 2.636 28.71 380 310 18.42
(-2.6,2.5) 1.735 2214 27.60 340 284 16.47
2(-2.6,-3.9) 1.029 1.318 28.08 370 295 20.27
h(-1.5,-3.1) 2.348 3.012 28.27 330 270 18.18
i(-2.1,-5.5) 2.827 3.782 33.78 235 195 17.02
j(-1.0,-2.0) 2.631 3.475 32.07 365 300 17.80

Statistical average 30.38 Statistical average 17.65
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Fig. S1 The hair (one-dimensional) photoacoustic signals were reconstructed using the different algorithms

(a) The original hair photoacoustic signal corresponds to the photoacoustic reconstruction of the image. (b) Processed by Renyi entropy, the

photoacoustic image reconstruction of hair. (c) After processe with Wavelet threshold algorithm, the photoacoustic image reconstruction of hair. (d) The

photoacoustic image reconstruction of hair using the Modulus maxima algorithm.

Table S4 The corresponding contrast and resolution of the hair photoacoustic signal after the algorithms are processed

Pixel coordinate point Contrast Resolution
Coordinate Before processing After processing Filter optimization Before processing/um  After processing/pm Filter optimization
percentage percentage/pm
a(0.3,0.8) 1.786 1.417 1.571 245 364 323
b(-2.3,0.9) 2.489 1.932 2.246 252 340 307
c(2.4,0.6) 3.468 2.643 3.153 240 335 297
d(1.8,0.6) 0.317 0.253 0.275 233 350 315
€(3.9,0.3) 1.582 1.301 1.426 263 354 308
f(-2.9,1.1) 1.199 0.943 1.175 237 331 289
£(2.2,0.8) 0.766 0.607 0.654 265 345 326
h(3.2,0.5) 3.163 2.579 2.879 250 357 305
i(1.9,0.9) 1.616 1.324 1.453 256 346 301
j(-2.6,1.0) 1.965 1.579 1.763 245 325 314
Average 1.835 1.457 1.659 248 344 308
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Fig. S2 Comparison of Renyi entropy with various typical algorithms



