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Abstract. Electrical Impedance Tomography (EIT) is a non-invasive
technique that can be used to obtain information from inside bodies. To
reconstruct internal body images using EIT, it is necessary to solve a
mathematical ill-posed problem called inverse problem. We have devel-
oped a software called SageTomo that is able to reconstruct EIT images
using Machine Learning techniques to solve the inverse problem. Further-
more, SageTomo allows users both to train and store Machine Learning
models for EIT reconstruction, as well as to generate and store datasets
for training these models.
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1 Electrical Impedance Tomography

In some industrial and medical environments, it is necessary to obtain informa-
tion from inside a body, using non-invasive methods. Techniques for obtaining
information in two or three dimensions are known as tomographies. Computed
Tomography (CT) is the most well-known tomographic technique. However, it
implies the use of X-rays, so utilizing this technique is not feasible in most in-
dustrial environments. In this work, we propose as an alternative the use of the
Electrical Impedance Tomography (EIT).

EIT allows getting conductivity measures from the surface of a body. To do
so, electrodes are put all around the body and some of them supply an electrical
current. The electrical current goes through the body and is captured by the
remaining electrodes. With the voltages measured it is necessary to estimate the
values of conductivity of the body, which are related to some physical internal
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feature that we wish to study (e.g., moisture distribution). This problem, known
as the inverse problem, is highly non-linear and ill-posed.

Traditionally, two kinds of algorithms were used to solve the inverse problem.
The first one consists of algorithms that assume some kind of linearity in the
response of the body to the supplied voltages (losing precision to gain efficiency).
The second type of algorithms are iterative, so they are more precise than the
previous ones, but they consume an extreme amount of computational and time
resources. None of the prior algorithms would be suitable for certain industry
problems that require getting highly accurate results in real-time, so some au-
thors have proposed the use of Machine Learning techniques to solve the inverse
problem. Readers who wish to go deeper into this topic can consult the following
referenced work [1].

2 Software developed: SageTomo

In this section, we will present SageTomo, the software we have developed, de-
scribing its main functionalities and its architecture.

2.1 Software description

SageTomo is able to reconstruct EIT images using three types of Machine Learn-
ing models: Neural Networks, Random Forests and Support Vector Machines.

Bodies used by the software are bidimensional and circular. We have called
them meshes and they are divided into 844 triangular elements, each of them
with an electrical conductivity value, measured in S/m. The generation of the
electrical current has been simulated by the software EIDORS [3], using a setting
of 16 electrodes and an adjacent stimulation pattern. This setting produces 208
voltages measures for each mesh.

The developed software has the following functionalities:

– Reconstruction of EIT images. This reconstruction consists of the pre-
diction of the conductivity values using the voltages measures as the input
of the Machine Learning models.

– The storage and the training of the Machine Learning models.
– Generation and storing of datasets. Each dataset consists of a set of

meshes. Each mesh has 208 voltage values (inputs) and 844 conductivity
values (outputs).

– Task management. Training of models and generation of datasets are com-
putationally expensive tasks. The software allows users to send these kinds
of tasks to a task queue.

– Users management. Users have a personal account and they can train and
generate models and datasets, which can be both private or public to the
rest of the users.

Fig. 1 shows one of the software graphical interface views, with the real image
on the left and the reconstructed one on the right.
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2.2 Architecture

We have chosen a Service Oriented Architecture for SageTomo, so the application
contains two modules: the frontend -developed using the ReactJS [4] framework-
and the backend -developed using the Django REST [5] framework-. Fig. 2 shows
the backend architecture diagram.

Fig. 1. Reconstruction of EIT image.

Fig. 2. Backend architecture diagram [2].

The main backend components are the following:

– URL patterns. When the backend receives an HTTP request, the URL
pattern module analyzes the defined patterns and, when it finds the first
pattern that matched the requested URL, it calls the services related to that
URL. Every defined pattern is an API REST endpoint.
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– Services. In this module, the API REST services are defined. Every service
returns an HTTP response with the requested resources or an error code
when the request cannot be processed properly.

– EIT module. This is a traditional Python module that contains functions
that implement the functionalities of the tomographic system: image recon-
struction, model training, datasets generation, etc.

– Django Models. Classes that will be mapped to the database are defined
in this module. In SageTomo, we have defined classes for the datasets, the
meshes, the Machine Learning models, and the users, among others.

– Serializers. Resources returned by the services are sent in the JSON format,
so it is necessary to have classes that serialize the Django models, converting
them to the JSON format.

– PostgreSQL. Machine Learning models are stored in a DB and PostgreSQL
has been used as DBMS.

– Celery tasks queue. Some of the functions of the EIT module generate
and send jobs to a Celery task queue.

– C++ module for meshes generation. This is an external module that
is called by the system when it is necessary to generate a new dataset.

The Service-Oriented Architecture and the fact that the frontend and the
backend are completely decoupled is interesting for this kind of software because
it implies that the backend services can be used by other industrial or researching
software. Furthermore, using a task queue for the Machine Learning models
training and datasets generation ensures the scalability of the offered services.

3 Conclusions

The developed software could be useful in a wide variety of industrial areas that
require extracting information from inside a body. The selected architecture and
the use of a queue management system allow deploying SageTomo in a real
production environment, parallelizing both the Machine Learning models train-
ing and dataset generation. SageTomo is an example of how Machine Learning
techniques can be embedded in the software to improve industrial processes.
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