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Statistical and deterministic approaches for electrode movement in
lung EIT

Ander Biguri and Manuchehr Soleimani
Engineering Tomography Lab (ETL), Electronic and Electrical Engineering, University of Bath, Bath, UK,

a.biguri@bath.ac.uk

Abstract: Electrode movement can be a challenging is-
sue in EIT modelling. In cases where the imaged region
is changing, such as lung EIT, small artefacts may arise. To
cope with this artefacts some deterministic and statistic ap-
proaches are available in the literature. In this work both
are compared against expected electrode movement in lung
EIT imaging.

1 Introduction
In lung EIT monitoring electrodes will slightly move from
their position due to breathing. The mismatch between
the simulated model and the real geometry of the patient
can lead to some artefacts in image reconstruction. To ac-
count for the electrode movement a deterministic approach
using an extended Jacobian and a statistical approach us-
ing approximation error models is available in the literat-
ure [1] [2]. The objective of the study is to compare both
approaches in a realistic scenario.

2 Methods
2.1 Reconstruction algorithms
The inverse problem solution is expressed using an stat-
istical approach as the Maximum A Posteriori (MAP).
The error between the measured voltage V and approx-
imated voltage (by the known model) Uh(σ , γ̃) (where σ

is conductivity and γ̃ approximated boundary condition) is
defined as η . If the prior and noise covariance matrix are
defined as Γσ and Γη |σ respectively and their Cholesky
factors are Lσ and Lη |σ . The solution of the most likely
conductivity values that maximizes the posterior distribu-
tion is described as

σMAP = argmin
σ

{∣∣∣∣Lη |σ
(
V− Uh(σ , γ̃)−η∗|σ

)∣∣∣∣2
+
∣∣∣∣Lσ (σ −σ∗)

∣∣∣∣2}. (1)

This specific MAP description is generally refereed as MAP
with approximation error model (MAP-AEM), as it in-
cludes the errors that are present in the system as noise.

The statistical approach to deal with predictable errors
is to model the expected noise mean and standard deviation
off-line[1]. Alternatively, an extended sensitivity matrix
can be built in order to have a deterministic linear approx-
imation of the movement of the electrodes with respect to
the measured voltages [2].

2.2 Simulations

To compare the results, the electrode movement created by
human breathing is simulated[3]. Additionally statistical
modelling of standard deviation and mean of the noise are
preformed. Then image reconstruction using the statistical
and deterministic approach is performed.

2.2.1 Results

To evaluate the quality of the resulting images some per-
formance figures are used, modified from the GREIT para-
meters [4] and image processing literature [5]. The ro-
bustness is the evaluated property in this work, therefore
the coefficient of variation of the parameters for the whole
breathing cycle is calculated, as in table 1.

Figure 1: Deterministic (top) and statistical (bottom) approaches
against amount of electrode movement in breathing. Movement of
0%, 1.5%, 3% and 10% o the boundary size.

3 Conclusions
This paper compares the statistical and deterministic ap-
proaches for electrode movement due to breathing. The
AEM seems to have worse performance in general. A crit-
ical evaluation of AEM based method and deterministic
method will be presented.
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Table 1: Mean and standard deviation of the coefficient of variation in performance figures of statistical and deterministic method.

TA RES SD RNG Corr. Mutual info. Sharp.
Determ. 12.6e−3 +− 1.5e−3 11.6e−3 +−1.6e−3 1.16 +− 0.11 0.26 +− 0.03 16.1e−3 +−1.7e−3 4.9e−3 +− 0.5 e−3 21.5e−3 +− 2.8e−3

MAP-AEM 0.1 +−0.01 43e−3 +− 7.6e−3 0.8+− 0.2 0.42 +−0.06 0.19+−0.02 0.12 +−0.01 0.33+−0.049


