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PROBLEM
The quality of images produced in
impedance imaging is directly affected
by the signal-to-noise ratio of the measure-
ments and electrode connectivity.

In some scenarios, image quality can be
improved by increasing the stimulation am-
plitude or reacquiring data. Stimulation am-
plitude is finite due to equipment properties.
Additional electrical safety concerns exist in
biomedical applications where high current
densities can result in tissue heating and in-
terference with the body’s electrical systems.
Reacquiring missing data may not be possi-
ble due to the cost of a study or the transient
nature of the events being observed.

In these situations, we would like to uti-
lize stimulation and measurement patterns
that provide a robust data set in terms of
good distinguishability throughout the im-
aged region despite the possibility of an a
priori unknown set of poorly connected elec-
trodes.

RESULTS
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LEFT FIGURE: FEM mesh used for simulations; ROI as red circles with darkest
circle as ROI#1; central ROIs have lower distinguishability

RIGHT FIGURE: Distinguishability z for various stimulation and measurement
strategies from adjacent (light purple: universally lowest z) to nearly opposite
(light green: universally highest z)

In this work, we develop an approach to de-
termine an optimal stimulation and measure-
ment pattern for a particular arrangement of
electrodes and subject.

The distinguishability over a set of regions
of interest due to a variety of individual stim-
ulation and measurement patterns is deter-

mined. Based on the calculated distinguisha-
bilities of these candidate stimulation and
measurement patterns, an optimal subset is
selected through a linear programming formu-
lation. The resulting selection is constrained
so that reconstructed images avoid worst-
case artifacts in the event of missing or poor

quality data on particular channels.
The results were evaluated on two-

dimensional simulations of the human thorax
showing an acceptable quality of reconstruc-
tion using the selected stimulation and mea-
surement patterns.

DISTINGUISHABILITY

dis·tin·guish·a·bil·i·ty adjective

the ability to distinguish between a hy-
pothesis H1 (conductivity change) and the
null hypothesis H0 (no conductivity change)
within a particular Region of Interest (ROI)
according to a measure m [2] determined by
the z-score
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where m̂ is the maximum likelihood estimate
form, the null hypothesis ism0 and std(m) is
the standard deviation of m. The measure m
is the estimated impedance change ∆σ̂ in a
region for a set of difference measurements.

LINEAR PROGRAMMING
An optimal stimulation and measurement
criteria is the primal maximin criteria

x̂ = max
x

min
y

yTAx (primal) (2)

where A is a matrix of distinguishabilities z.
We wish to find the best stimulation and
measurement strategy x that will maximize
distinguishability z given the ROIs y that
provide minimum distinguishability.

This can be solved through linear pro-
gramming

min
y
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i
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yTAx→ max v (3)

such that ve−Ax ≤ 0; eTx = 1; x ≥ 0.

In matrix form with x ≥ 0 and v free, solve[
−A e
eT 0
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x
v

]
≤ 0
= 1

(4)
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DISCUSSION

This work demonstrates the use of linear programming to select the optimal stimulation and
measurement patterns for a given geometry and conductivity distribution based on the distin-
guishability of conductivity changes within specified ROIs.

This work can be extended to robust stimulation patterns by first selecting an optimal set
of stimulation patterns, then removing an electrode and repeating the process. The distin-
guishability and linear programming algorithm was demonstrated on arbitrary domains with
arbitrary initial conductivity distributions.

In summary, this work provides a practical algorithm for selecting appropriate and robust
stimulation and measurement patterns on arbitrary domains.


