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Area monitoring using the ERT method with multisensor
electrodes

Abstract. The article presents a non-destructive method using multisensor electrodes to study cross-sections of interior objects such as landfills and
flood embankments. Special sensors have been developed for deep measurements using electrical resistive tomography (ERT). It is an innovative
approach to testing water and waste reservoirs, both due to the reconstruction model and the measurement method. The combination of
tomographic techniques and original reconstruction algorithms allowed non-invasive and more accurate, spatial assessment of seepages and other
damages of flood embankments.

Streszczenie. W artykule przedstawiono metode nieniszczacg z wykorzystaniem elektrod wielosensorowych do badania przekrojow wnetrza
obiektow takich jak wysypiska i waty przeciwpowodziowe. Opracowano specjalne czujniki przeznaczone do pomiaréw gfebinowych za pomocag
elektrycznej tomografii rezystancyjnej (ERT). Jest to innowacyjne podejécie do testowania zbiornikéw wodnych i odpadowych, zaréwno z uwagi na
model rekonstrukcji, jak i metode pomiaru. Pofgczenie technik tomograficznych i oryginalnych algorytméw rekonstrukcyjnych pozwolito na
nieinwazyjng i bardziej doktadng, przestrzenng ocene infiltracji i innych uszkodzen watéw przeciwpowodziowych. (Monitorowanie obszaru metoda
ERT za pomocg elektrod wielosensorowych).
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Introduction

Tomography is a technique that allows obtaining a
cross-sectional image of the examined object on the basis
of data from the measurement of a given physical value
(radiation, capacity, resistance, etc.) at selected points

these data in a formalized way that allows their further
processing. In order to carry out research and
measurements, a tomographic system of data collection,
demodulation, filtering and their transformation into a digital
form enabling reconstruction was used.

usually lying on the edge of the tested area. The resulting
measurement vector is used to reconstruct the cross-
section image using appropriate algorithms. The obtained
image represents the distribution of a certain feature of the
examined object depending on the type of tomography
used. It can be material density, concentration, electrical
permittivity, conductivity, etc.

Electrical tomography covers many tomographic
imaging methods based on the processing of various
electrical parameters [1,3,4,7,9,10,12-14]. Despite the fact
that many methods have already been developed for
assessing damage to flood embankments, there is no single
universal tool for their diagnosis and monitoring. In this
paper, a new method for testing flood embankments and
landfills by means of electrical resistive tomography (ERT)
was presented. For the needs of the research, a special l H

measuring system was developed with special multisensor T
electrodes for depth measurements using ERT. The
algorithms used for image reconstruction were based on
gradient and topological methods. After minor modifications,
it is possible to apply the discussed technique to solving
reverse problems in electrical tomography [6, 18-23]. The
combination of tomographic techniques with reconstruction
algorithms allowed non-invasive and more accurate spatial
assessment of seepages and damages to flood protections.

Model

Electric tomography including ERT enables non-invasive
measurements of various types of technical objects. The
internal structure of objects based on their electrical
properties can be analyzed using electrodes located on the
periphery or near the surface of the tested element. Fig. 1
shows the elements of the ERT model with multisensor
electrodes.

The concept of the developed tomographic system
assumes that the ERT system collects measured voltage
values from multisensor electrodes, and then registers

Fig. 1. Models of multisensor electrodes
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Measurements

In order to obtain a better quality of ERT reconstruction,
modern multisensor electrodes have been designed. ERT
tomograph equipped with the above the electrode was
verified on the laboratory real model presented in Fig. 2. The
laboratory model was configured in two variants - in the
measurement system using one and two electrodes. The
above two variants give respectively 16 and 32 sensor
systems.

Fig. 2. Laboratory model - measuring electrodes

Image reconstructions

Numerous optimization methods have been described in
the literature that can be applied in ERT [2,5,8,11,15-15,24].
The illustration below presents several cases of numerical
measurements. Figure 3 shows the investigated object
hidden inside of the ground is the sphere with the center at
the point with coordinates x = 40 cm and y = 40 cm. The
radius of the circle was R = 6 cm. Reconstructions were
carried out with Gauss-Newton and Tikhonov regularization,
Gauss-Newton and Laplace regularization methods and
Total Variation method. Figure 4 presents the image
reconstruction with the examined object shifted closer to the
multi-sensor electrode.

One multi-sensor electrodes with real measurements
was shown in Fig. 5. The Gauss-Newton with Tikhonov
regularization and the Gauss-Newton method with Laplace
regularization were used to the image reconstruction. Figure
6 presents results for two multi-sensor electrodes.
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Fig. 3. One multisensor electrode — example I: a) image
reconstruction by Gauss-Newton method with Tikhonov
regularization, b) image reconstruction by Gauss-Newton method
with Laplace regularization, c) image reconstruction by Total
Variation method
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Fig. 6. Two multi-sensor electrodes — real measurements: a a)
image reconstruction by Gauss-Newton method with Tikhonov
regularization, b) image reconstruction by Gauss-Newton method
with Laplace regularization

Conclusion

The article presents the system for investigation of
damages inside objects such as flood embankment or dams
based on innovative multisensor electrodes. Special kind of
sensors for electrical resistance tomography (ERT) were
implemented. This is an innovative solution for banks of
water reservoirs testing, both in terms of the measurement
way and the reconstruction method. The measurements
were carried out with especially settled laboratory model. All
reconstructions were based on the Gauss-Newton method
with addition of appropriate regularization and the Total
Variation method. The combination of tomographic
techniques with reconstruction algorithms enabled spatial
assessment of seepages and other damages hidden deep
inside flood embankments. Further research will focus on
the quest to develop improved algorithms for image
reconstruction with higher resolution.
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