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Fig.2 Schematic of the experimental setup
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Fig.3 Reconstructed conductivity images for a single circular target

(a) Image of initial conductivity distribution; (b) reconstructed conductivity of the target by the RNIM method; (c) reconstruction conductivity of the

target by the fitting method; (d) the conductivity property profiles along the transect y=0 mm for the two methods.
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Fig. 4 Reconstructed conductivity images for three targets having different shapes and contrast
(a) Image of initial conductivity distribution; (b) reconstructed conductivity of the target by the RNIM method; (¢) reconstruction conductivity of the

target by the fitting method; (d, e) the conductivity property profiles along the transect y=5 mm and y=—10 mm by two reconstruction methods.
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Fig. 5 Reconstructed conductivity images of the single target at different positions

The fitting method (left column), the RNIM method (middle column), and the exact and reconstructed conductivity profiles along transects crossing

the center of each target (right column) are shown. (a, b) Target / was reconstructed by the fitting method and the RNIM method; (c) the conductivity

property profiles along the transect y=15 mm by two reconstruction methods; (d, ¢) target 2 was reconstructed by the fitting method and the RNIM

method; (f) the conductivity property profiles along the transect y=—2 mm by two reconstruction methods; (g, h) target 3 was reconstructed by the

fitting method and the RNIM method; (i) the conductivity property profiles along the transect y=—1 mm by two reconstruction methods; (j, k) target 4

was reconstructed by the fitting method and the RNIM method; (1) the conductivity property profiles along the transect y=0 mm by two reconstruction

methods.
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Table 1 Comparison of quantitative reconstruction of single target conductivity at different positions using two methods

separately
Number  Brine concentration Conductivity Diameter of RNIM Fitting
A(Sm™) the phantom Conductivity FWHM/mm Conductivity FWHM/mm
ASm™) /(Sm™)
1 1.18% 2.06 3 2.02 2.65 1.95 2.60
2 1.18% 2.06 3 2.03 2.35 2.00 2.20
3 1.18% 2.06 3 2.06 3.09 2.09 3.08
4 1.18% 2.06 3 2.05 2.35 2.12 2.30
25k 3.34 S/m, 25 (R 3% A NaCLIE WL, XS
R AR 70, HLGRN4.81 S/m. il A FIERK
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Fig. 6 Comparison of single—target conductivity
reconstruction values
Comparison of the conductivity of 4 groups of single targets
reconstructed using 2 method at different position, respectively, where
the 4 small red dots corresponding to each method are the

reconstructed values of conductivity of the above 4 single targets.
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Fig.7 Reconstructed conductivity images of the single target at different concentrations
The fitting method (left column), the RNIM method (middle column), and the exact and reconstructed conductivity profiles along transects crossing
the center of each target (right column) are shown. (a, b) Target with 2% brine concentration was reconstructed by the fitting method and the RNIM
method; (c) the conductivity property profiles along the transect y=0 mm by two reconstruction methods; (d, e) target with 3% brine concentration

was reconstructed by the fitting method and the RNIM method; (f) the conductivity property profiles along the transect y=0 mm by two
reconstruction methods.

Table 2 Comparison of quantitative reconstruction of single target conductivity at different concentration using two

methods separately

Number  Brine concentration Conductivity Diameter of RNIM Fitting
/(S'm™) the phantom Conductivity FWHM/mm Conductivity FWHM/mm
AS-m™) AS-m™)
1 2% 3.34 3 341 2.40 3.01 2.34
2 3% 4.81 3 4.63 2.36 4.36 2.30
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Fig. 8 Reconstructed conductivity images of multi—target

The fitting method (first line), the RNIM method (second line), and the exact and reconstructed conductivity profiles along transects crossing the

center of each target (the third and the fourth line) are shown. (a, b) The targets were reconstructed by the fitting method and the RNIM method at the

different size and same concentration; (c, d) the conductivity property profiles along the transect y=0 mm and y=5 mm by two reconstruction methods;

(e, f) the targets were reconstructed by the fitting method and the RNIM method at the different size and concentrations; (g, h) the conductivity

property profiles along the transect y=4 mm and y=2 mm by two reconstruction methods.
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Table 3 Comparison of quantitative results of multi—target conductivity reconstruction using two methods separately

Group Position Brine Conductivity Diameter of RNIM Fitting
concentration S m™) the phantom Conductivity =~ FWHM/mm  Conductivity =~ FWHM/mm
AS-m™) /S m™)
Left 2% 3.34 4 3.25 3.16 3.22 3.10
Group II .
Right 2% 3.34 3 3.14 2.75 2.83 2.65
Left 4% 6.21 5 6.23 4.20 6.18 3.90
Group III )
Right 2% 3.34 3 3.24 2.90 2.82 2.85
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Abstract Objective The conductivity in bioelectromagnetic parameters is directly related to the functional
information of the tissue, and precise reconstruction of biological tissue conductivity is of great significance in the
fields of medical imaging technology and medical diagnosis. In this paper, the microwave-induced thermoacoustic
tomography (MTAT) algorithm is improved to improve the reconstruction accuracy of tissue conductivity.
Methods On the basis of utilizing the finite element discrete method to solve thermoacoustic wave equation and
Helmbholtz equation, an improved method of quantitative reconstruction of biological tissue conductivity based on
regularized Newton iteration method (RNIM) is proposed in this paper. Results The effectiveness of the
algorithm improvement was verified by numerical simulation and phantom experiments with different
concentrations of NaCl solution. The results of the tissue phantom experiments showed that the relative error of
the phantom conductivity quantitatively reconstructed by the regularized Newton method is significantly lower
than that of the quantitative MTAT with fitting, for the cases with different target positions, sizes and contrasts.
And the accuracy of the reconstruction is improved. Simultaneously, the RNIM method was used to reconstruct
the conductivity of a single target with the same concentration at different positions with smaller variation in the
mimic experiments, as well as the relative ratio of the reconstructed conductivity of multiple targets was closer to
the actual one, which the experimental results verified the stability of the improved method. Conclusion The
results show that the optimized algorithm reconstruct the conductivity of the tissue phantom more accurately and
quantitatively, which is of great significance for the early screening and precise diagnosis of tumor localization
and staging, to prevent the deterioration of the disease.

Key words biological tissue conductivity, quantitative, microwave-induced thermoacoustic tomography
(MTAT), regularized Newton iteration method (RNIM)
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