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Abstract: A comparison of two regularization methods:
the genera regularization method and the Sheffield
method using the voltage ratio rather than the difference.

1 Introduction

The Sussex MK4 is a 3D EIT system for breast cancer
detection, using current excitation and voltage measure-
ments. The data acquisition is completed by a planar
electrode array at the bottom of the tank in the MK4. In
experiments, two groups of measurements are collected:
the reference measurements which are from a tank of
sdline and the actual measurements which are from a
patient with a breast placed in the tank. For detailed
information of the MK4, please refer to [1] (page 44-49).
The aim of this paper is to compare the two regularization
methods shown in Section 2.

2 Methods

The vector ¢, denotes the initial conductivity, which is the
sdline in the tank; the vector V,, denotes the measurements
of the sdine; the vector c,., denotes the reference
conductivity, which could be ¢, or the conductivity with
some known anatomical features; the vector C denotes the
actual conductivity, with a breast in the tank; the vector 1,
denotes the actual patient measurements. Defining
Ac=C—Crp , AV=V,—Ve , the generd
regularization method for the EIT inverse problemis:

Ac = (5"S +a?D)7 (S"AV + a?1(crer — ¢o) ) @

€ = Crep +Ac

where S is the Jacobin matrix, a is the regularization
parameter, | is the identity matrix. For the details, please
refer to [1] page 62-65 and [2] page 21. The Sheffield
group uses the logarithm of the voltage ratios rather than
the difference to do image reconstruction.

IAlnc =(F*F+a?D! (F*Aan + a?(Incyer — lnco)) @)

Inc = Incpep + InAc

where AlnV = [ln (M) ;o3 1n (Z’"M)] Alnc = [In <C f1>
re.

-;ln( )] Fj = .Sij- Creriy M and E indicate
CrefE V refj

the number of measurements and the number of the mesh
elements ( refer to [1] page 65-67 and [2] page 370).

To compare the two algorithms, a cylindrical model is
employed in Figure 3. The conductivity of the object is0.8
mS/cm and the conductivity of the surrounding saline is
0.5 mS/cm. The SNR of the simulated measurements is
60dB. The L-curve is employed to decide a. a a the
globa corner is the optimized trade-off between the noise
and image quality (Figure 1, 3), thus the optimized a for

() and (2) are a? =2 and a?=0.08. The results
corresponding to the optimized « are shown in Figure 2, 4.
The images from left to right indicates the bottom, middle
and top reconstructed conductivity.
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Figure 4: L-curve of the general regularization method
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Figure5: L-curve of the Sheffield method
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Figure 6: Result from Equation (1), a? = 2.
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Figure 7: Result from Equation (2), a? = 0.08.
3 Conclusions

For the Sussex MK4 system, at an optimised «, the
general regularization method gives a better performance
in distinguishing the object from the background but has
less noise tolerance. The Sheffield algorithm is more
robust to noise.
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