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What is this workshop?

1. A bit of background

2. Trying by doing
• install
• try it out
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Why zedhat?

The vision is to provide a building block with
minimal dependencies which can be used to

develop solutions that incorporate EIT
techniques.

2Scratching my itch…



zedhat is…

1. A preliminary release of zedhat,
2. an open source C library and
3. command line interface

for EIT image reconstruction.
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zedhat is Open Source
BSD Licensed, uses git

https://github.com/boyle/zedhat
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BSD License
Copyright (c) 2016-2019, Alistair Boyle All rights reserved.
Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:
* Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.
* Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.
* Neither the name of zedhat nor the names of its contributors may be used to
endorse or promote products derived from this software without specific prior
written permission.
THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,
OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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zedhat is Continuously Integrated

6



zedhat is Cross Platform

• Linux

• Windows

• MacOS

7



zedhat depends on

• BLAS

• LAPACKE

• CHOLMOD
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zedhat Preliminary Release

• solvers
• forward
linear elements, PEM/CEM, 2D and 3D

• inverse
single-step Gauss-Newton difference

• command line interface
text input file format, Netgenmeshes, .gz

• continuous integration all platforms

• full test suite 100% line coverage
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zedhat will be…

• be a linkable dynamic library

• have Python and Matlab bindings

• support a sample GUI

• support Gmsh meshes
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Quick Facts

Language C X
Linkable Library C/C++
Language Bindings Matlab

Python
Command Line Interface text X
Graphical Interface QT
Supported File Formats Netgen X

Gmsh

Open Source BSD X
Revision Controlled git X
Continuous Integration Linux X

compiles on… MacOS X
Windows X

Tested (Line Coverage) 100% X

Lines of Code src 2761
tests 6656
build 141

Citations 0 …
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Text file format
zedhat .zh format

zedhat

format
1

modeltype
forward

[Netgen mesh here]

# bcnr zc [�/m]
contactimpedances
1
1 1.0000000000000000e-03

# elementnr parameternr overlapfraction
parametermap
1
1 1 1.0000000000000000e+00

modeltype
reconstruction

[Netgen mesh here]

…

# A B M N amp*gain
stimmeas
1
1 2 4 3 1.0000000000000000e+01

# �\_conductivity
hyperparameter
1
1.0000000000000001e-05

# conductivity [S/m])
parameters
1 3
1.0000e+00 9.9648e-01 -6.2833e-03

# measurements [V]
data
1 3
2.1912e+00 2.20959e+00 -5.4257e+01

13



Text file format
Netgen .vol meshes (inline)

dimension
2

geomtype
0

# surfnr bcnr domin domout np p1 p2
surfaceelements
3
1 0 1 0 2 111 112 <--- boundary
1 1 1 0 2 10 0 <--- PEM (non-standard Netgen)
1 2 1 0 2 114 115 <--- CEM

# X Y
points
145

0.0000e+00 0.0000e+00

# matnr np p1 p2 p3
volumeelements
1
1 3 1 2 3
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zedhat Usage
--help

zedhat [options]
--help -h this help
--version -V version info
--forward-solver --fwd -f <fwd.zh>

simulate measurements for model in fwd.zh
--inverse-solver --inv -f <inv.zh>

solve for model parameters using model and data from inv.zh
--tolerance --tol -t <#.##e#>

for checking --fwd and --inv solutions when available
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zedhat Usage
zedhat --fwdm1f.zh

-- loading from file --
reading ../zedhat/m1f.zh
zedhat
format 1
modeltype forward
dimension 2
geomtype 0
surfaceelements 36
points 145
volumeelements 256
contactimpedances 4
stimmeas 4
parametermap 477
modeltype reconstruction
dimension 2
geomtype 0
surfaceelements 20
points 41
volumeelements 64
contactimpedances 4
stimmeas 4
hyperparameter 1
parameters 64x3
data 4x3

-- forward solutions --
3 parameter frames
frame#1
meas# calculated from file

1 2.1912224 2.1912224
2 2.1912224 2.1912224
3 2.1912224 2.1912224
4 2.1912224 2.1912224

RMSE = 1.00191e-14
tolerance = inf

frame#2
meas# calculated from file

1 2.2095986 2.2095986
2 2.1973556 2.1973556
3 2.2095986 2.2095986
4 2.1973556 2.1973556

RMSE = 5.0341e-15
tolerance = inf

frame#3
meas# calculated from file

1 -51.152568 -51.152568
2 -1115.1087 -1115.1087
3 -51.152568 -51.152568
4 -1115.1087 -1115.1087

RMSE = 2.17333e-12
tolerance = inf

-- completed --
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zedhat Usage
zedhat --inv m1i.zh

-- loading from file --
reading ../zedhat/m1i.zh
zedhat
format 1
modeltype forward
dimension 2
geomtype 0
surfaceelements 36
points 145
volumeelements 256
contactimpedances 4
stimmeas 4
parametermap 477
modeltype reconstruction
dimension 2
geomtype 0
surfaceelements 20
points 41
volumeelements 64
contactimpedances 4
stimmeas 4
hyperparameter 1
parameters 64x3
data 4x3

-- inverse solutions --
2 measurement frames
model: 0 electrodes, 4 measurements, � = 1e-05
3 parameter frames (64 parameters/frame)
3 measurement frames (4 measurements/frame)
forward model: 2D, 145 nodes, 256 elements, 36 surfaces, 477 entry parameter map
reconstruction model: 2D, 41 nodes, 64 elements, 20 surfaces, 0 entry parameter map

frame#1
param# calculated from file

1 -6.28336459e-03 -6.28336594e-03
2 -6.19041309e-03 -6.19041139e-03
3 -6.28336459e-03 -6.28336552e-03
4 -6.19041309e-03 -6.19041282e-03
5 -1.00941504e-02 -1.00941514e-02
6 -9.28324133e-03 -9.28324206e-03
7 -1.00941504e-02 -1.00941520e-02

....

59 -1.42871004e-03 -1.42871011e-03
60 -4.12415678e-03 -4.12416017e-03
61 1.45142989e-03 1.45143240e-03
62 1.06213311e-03 1.06213291e-03
63 1.06213311e-03 1.06213116e-03
64 1.45142989e-03 1.45143737e-03

RMSE = 2.02372e-09
-- completed --
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Build your own .zh files

• from EIDORS
zedhat() in dev/a_boyle/zedhat.m
see help for usage
(input/output text format .zh)

• roll your own
Netgen .vol meshes + data/parameters
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Lets try it!

• https://github.com/boyle/zedhat

• follow instructions for installing
on your platform

• try the forward or inverse solver
example .zh files are in tests/ directory
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