GETTING STARTED GUIDE FOR DATA ARCHIVE FOR 2D AND 3D
ELECTRICAL IMPEDANCE TOMOGRAPHY WITH MODERATE
CONDUCTIVITY CONTRAST PHANTOMS

S. J. HAMILTON, A. HAUPTMANN, A. HANNINEN, V. KOLEHMAINEN, J. NISKANEN, T.
SAVOLAINEN, AND J. TOIVANEN

ABSTRACT. Extra information is provided here to help the interested reader get started us-
ing the data. This guide accompanies a manuscript describing the experimental methods in
full; see the Zenodo record (https://doi.org/10.5281/zenodo.24120439) for its citation.
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1. EXPERIMENTAL SETUPS

Data from three experimental tanks are included. Figure (1| shows computer-generated
renderings of each experimental tanks, complete with their axial dimensions. Computational
meshes are included and discussed in §
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FIGURE 1. Dimensions of the agar cylinder phantom, the agar chest phantom
and the head phantom.

FIGURE 2. Agar phantom measurement setups for the cylinder phantom (top
row) and the chest phantom (bottom row).

1.1. Agar Targets. The current patterns used for the agar targets were consistent with the
previous EIT Open 2D Data [2]: adjacent, skip-1, skip-2, skip-3, and all against one. The
experimental setups are shown in Figure [2] Visual depictions of the current patterns are
shown in Figure 3| (top) as well as the electrode ordering for the cylindrical and chest-shaped
tanks (bottom row).
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Adjacent Skip-1 Skip-2 Skip-3 Against one

FiGURE 3. Current injections used with the agar cylinder phantom. Ad-
jacent (blue), skip-one (green), skip-two (purple), skip-three (orange), and
all-against-one (yellow) current injections are visualized as current injection
matrices on the left and as lines connecting the injection pairs on the right.
Each column of a current injection matrix defines the source and sink of the
current injection with light and black color so that the rows correspond to
electrode numbers.

MIDDLE BAck FRONT

FIGURE 4. Head phantom measurement setups separated based on the loca-
tion of the conductive cylinder.

1.2. Head-shaped Tank. The current patterns used for the head-shaped tank were: skip-
1, skip-3, skip-6, and non-uniform. The experimental setups are shown in Figure 4l Visual
depictions of the current patterns are shown in Figure (top) as well as the electrode ordering
for the head-shaped tank (bottom row).
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INJECTION MATRICES
Skip six

Skip one

FIGURE 5. Current injections used with the head phantom. Skip-six (blue),
non-uniform (green), skip-one (purple) and skip-three (orange) current injec-
tions are visualized as current injection matrices on the left and as lines con-
necting the injection pairs on the right. Each column of a current injection
matrix defines the source and sink of the current injection with light and black
color so that the rows correspond to electrode numbers.

Non-uniform

Skip three

2. WHAT’S INCLUDED?

The data were separated into three zip folders (AgarCylinderPhantom, AgarChestPhantom,
and HeadPhantom) in a single zenodo repository each containing Data, ExampleCodes,
and Photos folders. The Photos folders contain a photograph of each experiment, named to
match the data files. A spreadsheet KIT4Agar_KIT5Head_DataTracking.xlsx (with PDF
and per-phantom versions) is additionally included containing the filenames and experimen-
tal details and photos for each experiment for the user’s convenience.

Each mat file contains the following variables

currents_matrix: [num_electrodes x num_injections]

voltages_matrix: [num_electrodes x num_injections]

units_info: [string]
The matrix currents_matrix defines the injected currents. Fach column defines one current
injection and the nonzero values in a column give the amplitude of the injected current, and
the row numbers of those nonzero values define the source and sink electrodes. The matrix
voltages_matrix contains the measured voltages for each current injection. Column j of
the matrix contains measured voltages on all electrodes, in order, for current injection j. The
string units_info identifies the units of the given current and voltage values. The values
are in milliamperes and volts for all data files.
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2.1. Current and Voltage Data.

2.1.1. AgarCylinderPhantom. The repository contains the following mat files for the agar
cylinder phantom measurements.

AgarCylinderPhantom
1o0_AgarCylinderPhantom_NoInc
lol_AgarCylinderPhantom_2Incs

The numbering matches that of the experimental data figures In addition to the prefix
number identifiers and the phantom identifier, the suffix NoInc is used for the no-inclusion,
water only measurement setup, and the suffix 2Incs is used for the two-inclusion measure-
ment setup.

2.1.2. AgarChestPhantom. The repository contains the following mat files for the agar chest
phantom measurements.

AgarChestPhantom
200_AgarChestPhantom_NoInc_1
200_AgarChestPhantom_NoInc_2
201_AgarChestPhantom_Inc_all_1
201_AgarChestPhantom_Inc_all_2
202_AgarChestPhantom_Inc_missingPiece_1
202_AgarChestPhantom_Inc_missingPiece_2
203_AgarChestPhantom_Inc_highCondPiece_1
203_AgarChestPhantom_Inc_highCondPiece_2

The suffixes _1 and _2 are used to separate repeat measurement of the same setup. The
suffix NoInc is used for no-inclusion, water-only measurement setups. The suffix Inc_all,
Inc_missingPiece and Inc_highCondPiece correspond to measurement setups simulating
intact lungs, right (DICOM) lung missing a piece, and right (DICOM) lung with higher
conductivity piece (e.g. to simulate a pleural effusion)

2.1.3. HeadPhantom. The repository contains the following mat files for the head phantom
measurements.

HeadPhantom
3010_HeadPhantom_Middle_NoInc_1
3010_HeadPhantom_Middle_NoInc_2
3011_HeadPhantom_Middle_SmallInc_1
3011_HeadPhantom_Middle_SmallInc_2
3012_HeadPhantom_Middle_Largelnc_1
3012_HeadPhantom_Middle_LargeInc_2
3013_HeadPhantom_Middle_Skull_NoInc_1
3013_HeadPhantom_Middle_Skull_NoInc_2
3014_HeadPhantom_Middle_Skull_SmallInc_1
3014_HeadPhantom_Middle_Skull_SmallInc_2
3015_HeadPhantom_Middle_Skull_LargeInc_1
3015_HeadPhantom_Middle_Skull_LargeInc_2
3020_HeadPhantom_Back_NoInc
3021 _HeadPhantom_Back_SmalllInc
3022_HeadPhantom_Back_Largelnc
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3023_HeadPhantom_Back_Skull_NoInc

3024 _HeadPhantom_Back_Skull_SmalllInc
3025_HeadPhantom_Back_Skull_LargeInc
3030_HeadPhantom_Front_NolInc
3031_HeadPhantom_Front_SmallInc
3032_HeadPhantom_Front_Largelnc
3033_HeadPhantom_Front_Skull_NoInc_1
3033_HeadPhantom_Front_Skull_NolInc_2
3034_HeadPhantom_Front_Skull_SmallInc_1
3034_HeadPhantom_Front_Skull_SmallInc_2
3035_HeadPhantom_Front_Skull_LargeInc_1
3035_HeadPhantom_Front_Skull_LargeInc_2

In addition to the prefix number identifiers and the phantom identifier, the following addi-
tional suffixes are included in the filenames to enhance clarity. The suffixes Middle, Back
and Front identify the position of the inclusion. The suffix Skull is used if the skull is in
the measurement setup. If this suffix is not used, the skull was not used in the measure-
ment setup. The suffixes _1 and _2 are used to separate repeat measurement of the same
setup. The suffix NoInc, SmallInc and LargeInc indicate the size of the inclusion in the
measurement setup.

2.2. Computational Meshes and Jacobians. The repositories contain the following com-
putational meshes

AgarCylinderPhantom
mesh_AgarCylinderPhantom_2D_inverse_1197
mesh_AgarCylinderPhantom_2D_forward_2815

AgarChestPhantom
mesh_AgarChestPhantom_2D_inverse_2291
mesh_AgarChestPhantom_2D_forward_4559

HeadPhantom
mesh_HeadPhantom_3D_inverse_8848
mesh_HeadPhantom_3D_forward_41626

that were used to compute the reference estimates shown in Figures [7] and [§] The meshes
are shown in Figure[6] These meshes can be used in their current forms, or as starting points
to create new computational meshes.

The computational mesh files tagged with forward contain the following

nodes: [NNx2 double] or [NNx3 doublel
elements: [NEx3 double] or [NEx4 double]
surfaceNodes: [NSx1 double]
electrodes: {Lx1 cell}
allElectrodes: [LAx1 doublel

and the computational mesh files tagged with inverse are for computational meshes that
do not have electrodes, and contain the following
nodes: [NNx2 double] or [NNx3 double]

elements: [NEx3 double] or [NEx4 double]
surfaceNodes: [NSx1 double]
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In the computational mesh files nodes is a number-of-nodes times dimension (NN X 2 or
NN x 3) matrix with rows giving the coordinates of the nodes. The rows of nodes define the
indexing of nodes used by the rest of the variables so that row ¢ of nodes gives the coordinates
of node i. elements is a number-of-elements times number-of-nodes-in-element (NE x 3 or
N E x4) matrix indexing nodes of elements on its rows, surfaceNodes is a number-of-surface-
nodes times one (NS x 1) vector indexing the nodes on the domain surface, electrodes is a
number-of-electrodes times one (L x 1) cell array where cell e indexes nodes under electrode
e, allElectrodes is a number-of-nodes-in-all-electrodes times one (LA x 1) vector indexing
all nodes that belong to any electrode.

AgarCylinderPhantom AgarChestPhantom HeadPhantom

FIGURE 6. Computational meshes with electrodes (top row) and computa-
tional meshes without electrodes (bottom row) for the three different phantoms
(columns).

3. SAMPLE CODE FOR LINEARIZED RECONSTRUCTIONS

To provide an easier start with the repository, each of the three zipped datasets includes
an ExampleCodes folder containing PlotMesh.m, a function for visualizing the computational
meshes. Additionally, the two agar tanks each contain sample linear difference reconstruction
code in their respective ExampleCodes folders:

Example_CylinderPhantom_LinearDifferenceImaging.m
Example_ChestPhantom_LinearDifferencelmaging.m

These files are examples of linear difference imaging code that use either cylinder or chest
phantom data and a precomputed Jacobian matrix to compute and visualize an estimate
of conductivity change between two measurements. The precomputed Jacobian matrices
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corresponding to the inverse tagged meshes of the different phantoms can be found in the
same folders as the measurement data files, and they are

J_AgarCylinderPhantom
J_AgarChestPhantom
J_HeadPhantom

Figures [7] and [§| show sample linear difference imaging reconstructions. Figure [7]additionally
includes sample total variation regularized absolute images (code for these is not included).
No example reconstruction code is provided for the head phantom, but J_HeadPhantom can
be used as a starting point for a linear difference method of the user’s choosing.
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FIGURE 7. Example linear difference imaging reconstructions (left) and
smoothness regularized absolute reconstructions (right) using the agar cylinder
phantom data and the agar chest phantom data. The conductivity changes are
nominally in mS/cm, however, using 2D computations for 3D setups makes
the values inexact.
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Ficure 8. Example linear difference imaging reconstructions using the head
phantom data.
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