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ABSTRACT
In this paper a systematic, semi-empirical comparison is presented between two-dimensional geo-
electric models and their inversion images, obtained by using five different electrical resistivity 
arrays and an optimized Stummer configuration. Eight different models (more or less in order of 
growing complexity) are studied and both noise-free and noisy data cases are considered. The 
results show that (1) the quality of the inversion images obtained with traditional arrays depends 
significantly on the model and on the noise level, (2) among the traditional arrays it is definitely the 
dipole-dipole array that provides inversion images mostly similar to the geoelectric models, (3) the 
inversion images obtained by using the optimized Stummer configuration are even more similar to 
the original geoelectric model than those obtained by the dipole-dipole array. It means that the 
optimized Stummer array is even better than the best traditional array, the dipole-dipole array, espe-
cially in the deepest part of the inversion images. We conclude that in a general field situation the 
Stummer configuration is good enough for not being forced to search specific configurations. As 
presented, optimization procedures, involving null arrays could even further improve the quality of 
the inversion images obtained by using the Stummer configuration.

basis for traditional profiling and sounding techniques they are 
also important for electrical resistivity tomography (ERT) meas-
urements because the individual arrays serve as a basis for the 
ERT measurements.

ERT measurements, which nowadays play a dominating role 
in geoelectric probing, should however be handled differently 
from the individual arrays. In their case the DOI (depth of inves-
tigation) introduced by Oldenburg and Li (1999) and the DD 
(depth of detectability) introduced by Szalai et al. (2011) values 
can give information about the depth interval from which one is 
able to obtain useful information. DOI is the depth, below which 
any change in the model resistivity has an unobservable effect on 
the measured signal. The DOI is in theory array- and model-
dependent but for the same model, in the case of various arrays, 
more or less the same DOI value is obtained. At the same time, 
the DD parameter shows a more significant array- and model-
dependence. E.g., the same model by using a given array could 
be observed from even a four–five times larger depth than by 
using another array. We supposed a relation between the DD 
values of the configurations and their imaging properties. The 
existence of such a relation was verified in this paper.

Due to ERT measurements becoming the dominating tool in 
geoelectric research in the past decades, it is of crucial impor-
tance to maximize the information available using them. There 
are actually significant efforts to find the best possible, so-called 
optimized arrays. One of these optimized arrays, the Stummer 
configuration (Stummer et al. 2004) – in contrast to the classical 
configuration approach – may contain a series of very different 

INTRODUCTION
Geoelectric methods form a traditional group of geophysical 
techniques (Van Nostrand and Cook 1966; Alpin et al. 1966; 
Zhdanov and Keller 1993). In the early times their use was 
restricted to mineral exploration. Nowadays they are frequently 
applied in numerous field problems (Butler 2005), related to 
electrical resistivity distribution of the subsurface: hydrogeology 
(Kirsch 2006), environmental studies (Ward 1990; Knödel et al. 
2005), engineering (Ward 1990) and archaeological problems 
(Clark 1990), etc.

The number of published geoelectric arrays used for geoelec-
tric measurements is more than one hundred (Szalai and Szarka 
2008a). It is widely known (mainly from Ward 1990) that each 
array has some specific advantages and disadvantages. Studying 
these qualities the arrays were compared from many different 
aspects. One of the key parameters, the depth of the investigation 
value was calculated by Szalai et al. (2009) following the slight-
ly different definitions given by Edwards (1977) and Roy and 
Apparao (1971) for all arrays. Szalai et al. (2009) showed as 
well, that another key parameter, the resolution is in general in 
an inverse relationship with the depth of investigation values for 
various arrays. Parameter sensitivity maps, which are crucial in 
understanding the different arrays, were presented by Szalai and 
Szarka (2008b,c) for all ever existed arrays. Ward (1990) evalu-
ated the geoelectric arrays from 14 various aspects. Although the 
aforementioned investigations aimed at providing a theoretical 
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Morrison (1979), Lines and Treitel (1984) and Farquharson and 
Oldenburg (1998). The forward modelling was carried out by 
applying the finite-element technique (Huebner and Thornton 
1995). For the inversion, we used so-called smooth model inver-
sion, which finds the smoothest possible model whose response 
fits the data to an a priori Chi-squared statistic (Advanced 
Geosciences 2006). The so-called estimated noise (with the lack 
of prior knowledge of the standard deviation of the data one may 
assume a certain percentage of error in the data) was 0.1% and 
2%, depending on the applied noise level (0%, 5%). The reason 
for the association of the estimated noise values and the applied 
noise levels lies in the fact that when 0% of the applied noised 
level was accompanied to 0% of estimated noise, in the case of 
some arrays (first of all for the PP and PDP ones) only one 
iteration was executed. At the same time, when the estimated 
noise was slightly altered (to 0.1%), already several iterations 
had been executed and the results proved to be better. In the case 
of 5% of applied noise level, when we applied 5% estimated 
noise, the resulting model was too smoothed, we lost a lot of 
information. In the case of reduced estimated noise the inversion 
proved to be more exact. The error reduction, including that of 
the L2 norm, was set to 5%. Both the damping factor and stabi-
lizing factor were set to 1. For all other parameters their default 
values were used.

In order to qualify how similar the obtained inversion image 
is to the original subsurface model (shown in Figs 1–8), the fol-
lowing criteria were considered: 1) if the characteristic source of 
the anomaly appears in the obtained inversion image, 2) how the 
specific geometry of the subsurface model is visible in the inver-
sion image, 3) what is the resolution of the inversion image. The 
crucial point is the first one (i.e., the detectability), since without 
an observable effect in the inversion image any other investiga-
tion is meaningless. The detectability (criterion 1) is the basis of 
not only criteria 2 and 3 but it is also a basis of the correctness of 
positioning and of the correctness of resistivity. As found, if the 
anomaly was already observable in the inversion image, then it 
appeared more or less in the right horizontal position. The true 
and inverted resistivities may be very different, especially in case 
of small-size anomalous bodies embedded in a high-resistivity 
host rock. For all the three criteria parameters an empirical 
qualification scheme was introduced, ranging in a numerical 
scale from 1–10. Albeit such a procedure is more or less subjec-
tive and incomplete (for example the resolution can be classified 
only in case of certain models), the number, formed from the 
mean value of the criteria parameters, was proven to be informa-
tive and useful, because it makes possible an easy comparison of 
the imaging capabilities of different configurations.

Eight various model geometries were selected, some of them 
with low-resistivity superficial layers and/or near-surface inho-
mogeneities. In order to study resolution capabilities, we varied 
the depth of the anomalous body as well as its number. In this 
way, with a reasonable number of versions a wide range of pos-
sibilities was considered.

arrays. The basis of the Stummer configuration is a set of 147 
dipole-dipole (Dp-Dp) arrays. In the optimization process a new 
Dp-Dp array is added in such a way that in each step the value of 
the so-called goodness function should have a maximum 
increase. (For the definition of the goodness function see 
Stummer et al. 2004.) We will compare the imaging properties of 
the Stummer array with the imaging properties of many tradi-
tional arrays.

The optimized Stummer configuration has already been test-
ed in the field. Stummer et al. (2004) in their field test over a 
waste deposit site demonstrated the priority of their optimized 
configuration. The Stummer configuration provided inversion 
images from larger depths and with more details than traditional 
arrays and their combinations. Martorana et al. (2009) completed 
their theoretical investigation with a field test by using four 
arrays. Nyquist et al. (2007) demonstrated that the DOI value of 
the Stummer configuration is larger than that of the Dp-Dp con-
figuration. At the same time, in the field experiment they did not 
see any meaningful difference between the inverted results of 
these two configurations. The objective of this paper is among 
others to see whether the imaging power of the Stummer con-
figuration is better than that of other geoelectric configurations.

In our methodology, forward modelling is first carried out for 
a wide range of models. Inverting the forward modelling results 
both without and with an added white noise of 5%, it will be 
compared as to how much the inverted images are similar to the 
original models. In such a way we compare ERT imaging proper-
ties of different arrays for a wide range of subsurface two-
dimensional models.

A similar study comparing imaging features of different ERT 
configurations over two-dimensional models was carried out by 
Dahlin and Zhou (2004). We principally followed their method-
ology but our approach contains many novelties. They comprise 
1) extending the survey to the optimized Stummer configuration, 
which – as it will be shown – has key importance; 2) considering 
more and different models; 3) providing a qualification, based on 
quantitative parameters; 4) showing how the imaging properties 
of each configuration are related to the depth of detectability; 5) 
revealing new directions for the optimization.

THE METHOD
We studied how the various configurations are able to reconstruct 
the subsurface model. At first forward modelling was carried out 
and then noise was added to the synthetic data. The random val-
ues were generated with Gaussian distribution (i.e., with the 
mean value equal to zero and the standard deviation equal to 0% 
and 5% of the unperturbed resistivity values). The obtained data 
were then inverted and they were compared as to how similar the 
original subsurface model and the inversion image were.

The inversion was carried out by using the software 
Earthlmager 2D Version 2.1.7 (Advanced Geosciences 2006) in 
each case with the same parameter setting. The software is 
based largely on the results by Tarantola (1987), Dey and 
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trode Stummer configuration instead of its original 30 electrode 
version, its electrode number was doubled. We took the first 669 
voltage measurements and in this way the number of Stummer 
configuration measurements falls in the desired 570–684 range. 
Figure 1 illustrates the distribution of data points and the subsur-
face coverage for each electrode array.

RESULTS
The original models and their inversion images, in the cases of 
both (0% and 5%) noise levels, are shown in Figs 2–9. The value 
of the data misfit for each inversion result is shown in Table 1 for 
both noise levels. The root mean square (RMS) values are rea-
sonably small, with the exception of model 8, which is the most 
complicated model. In the noise-free case the RMS values are in 
general less than 1, while in the case of 5% noise, they fluctuate 
around a larger value (approximately 4).

The qualification values are summarized in Table 2. Further 
discussion is based on their mean values. Due to a strong correla-
tion among parameters 1–3, their individual interpretation is 
needed only in exceptional cases.

For this experiment, five traditional electrode configurations, 
which are the most frequently used in ERT measurements: 
Wenner-α, Wenner-β, P-Dp (pole-dipole), P-P (pole-pole), 
Dp-Dp (dipole-dipole) were selected. Among them there are 
two-, three- and four-electrode arrays as well, since it was 
found that there is a great variability in their depth of investi-
gation and resolution values (Szalai et al. 2009) and also in 
their depth of detectability values (Szalai et al. 2011). In order 
to verify its assumed superiority, as a sixth configuration, the 
optimized Stummer configuration (Stummer et al. 2004) was 
selected.

The Wenner- α, Wenner- β, P-Dp, Dp-Dp and P-P configura-
tions are widely known (for a recent description and configura-
tion details see Advanced Geosciences, Inc. 2006). By using a 60 
electrode measuring system, the number of individual voltage 
measurements for these five configurations is 570, 570, 871, 736 
and 684. In each array the maximum possible number of data 
points were recorded, that is the quality could not be further 
improved. The only exception is the Stummer array, where the 
number of data could still be increased. In order to get a 60 elec-

FIGURE 1

Distribution of data points and 

coverage for each electrode array.

TABLE 1

RMS values from the inversion of data.

Wenner-α Wenner-β Pole-Pole Pole-Dipole Dipole-Dipole Stummer

0% 
noise

5% 
noise

0% 
noise

5% 
noise

0% 
noise

5% 
noise

0% 
noise

5% 
noise

0% 
noise

5% 
noise

0% 
noise

5% 
noise

Model 1 0,1 4,64 0,1 4,35 0,1 4,37 0,1 4,62 0,34 4,59 0,11 4,67

Model 2 0,1 4,51 0,33 4,47 0,34 4,31 0,12 4,52 0,63 4,55 0,3 4,91

Model 3 0,14 4,52 0,29 4,9 0,11 4,61 0,27 4,89 1,99 4,46 0,39 4,99

Model 4 0,09 4,35 0,1 4,39 0,1 4,32 0,09 4,49 0,56 4,34 0,16 4,59

Model 5 0,16 4,53 0,3 4,75 0,13 4,67 0,29 4,65 0,91 4,67 0,31 4,77

Model 6 0,13 4,72 0,38 4,74 0,54 4,55 0,22 4,74 2,1 4,88 0,3 4,92

Model 7 5,12 5,35 0,97 4,45 1,4 4,5 0,66 4,83 1,08 5,63 1,13 5,51

Model 8 4,29 4,78 2,04 4,62 22,59 8,04 7,54 4,89 11,13 5,21 2,81 5,83
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FIGURE 2

Model 1 and the inversion images 

from noise-free and noisy for-

ward modelled data by using six 

electrode configurations.

FIGURE 3

Model 2 and the inversion images 

from noise-free and noisy for-

ward modelled data by using six 

electrode configurations.
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FIGURE 5

Model 4 and the inversion images 

from noise-free and noisy for-

ward modelled data by using six 

electrode configurations.

FIGURE 4

Model 3 and the inversion images 

from noise-free and noisy for-

ward modelled data by using six 

electrode configurations.
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FIGURE 6

Model 5 and the inversion images 

from noise-free and noisy for-

ward modelled data by using six 

electrode configurations.

FIGURE 7

Model 6 and the inversion images 

from noise-free and noisy for-

ward modelled data by using six 

electrode configurations.
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FIGURE 8

Model 7 and the inversion images 

from noise-free and noisy for-

ward modelled data by using six 

electrode configurations.

FIGURE 9

The investigated part of model 8 

and the inversion images from 

noise-free and noisy forward 

modelled data by using six elec-

trode configurations.
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TABLE 2

Quality of inversion images obtained with six different geoelectric configurations for the eight models. The symbol * means that the parameter is 

irrelevant.

model number noise level array type 1. detectability 

and positioning

2. geometry 

recovery 

3. resolution mean value of 

1, 2 and 3

recommended 

array
 

model number noise level array type 1. detectability 

and positioning

2. geometry 

recovery 

3. resolution mean value of 

1, 2 and 3

recommended 

array

m
od

el
 1

.

0%

Wenner-α 10 8 * 9,0 Wenner-α  

m
od

el
 5

.

0%

Wenner-α 8 7 0 5,0  

Wenner-β 10 8 * 9,0 Wenner-β   Wenner-β 9 8 3 6,7 Wenner-β

PP 10 7 * 8,5     PP 9 8 1 6,0  

P-Dp 10 8 * 9,0 P-Dp   P-Dp 8 7 1 5,3  

Dp-Dp 10 8 * 9,0 Dp-Dp   Dp-Dp 10 8 3 7,0 Dp-Dp

Stummer 10 8 * 9,0 Stummer   Stummer 10 10 5 8,3 Stummer

5%

Wenner-α 3 1 * 2,0    

5%

Wenner-α 7 6 2 5,0  

Wenner-β 8 4 * 6,0     Wenner-β 9 8 0 5,7  

PP 10 6 * 8,0     PP 6 7 0 4,3  

P-Dp 9 7 * 8,0     P-Dp 6 6 1 4,3  

Dp-Dp 10 9 * 9,5 Dp-Dp   Dp-Dp 7 5 2 4,7  

Stummer 9 9 * 9,0 Stummer   Stummer 10 9 4 7,7 Stummer

m
od

el
 2

.

0%

Wenner-α 7 8 * 7,5 Wenner-α  

m
od

el
 6

.

0%

Wenner-α 1 0 0 0,3  

Wenner-β 6 5 * 5,5     Wenner-β 0 0 0 0,0  

PP 0 0 * 0,0     PP 5 4 0 3,0  

P-Dp 8 7 * 7,5 P-Dp   P-Dp 7 4 2 4,3 P-Dp

Dp-Dp 6 6 * 6,0     Dp-Dp 1 1 0 0,7  

Stummer 8 6 * 7,0 Stummer   Stummer 5 5 2 4,0 Stummer

5%

Wenner-α 0 0 * 0,0    

5%

Wenner-α 2 2 0 1,3  

Wenner-β 7 5 * 6,0     Wenner-β 5 5 0 3,3  

PP 2 2 * 2,0     PP 4 4 0 2,7  

P-Dp 4 3 * 3,5     P-Dp 4 4 0 2,7  

Dp-Dp 9 8 * 8,5 Dp-Dp   Dp-Dp 6 6 0 4,0 Dp-Dp

Stummer 9 8 * 8,5 Stummer   Stummer 4 4 0 2,7  

m
od

el
 3

.

0%

Wenner-α 5 6 2 4,3    

m
od

el
 7

.

0%

Wenner-α 4 4 * 4,0  

Wenner-β 6 6 3 5,0     Wenner-β 2 2 * 2,0  

PP 6 4 3 4,3     PP 4 2 * 3,0  

P-Dp 6 5 3 4,7     P-Dp 2 1 * 1,5  

Dp-Dp 9 7 1 5,7 Dp-Dp   Dp-Dp 10 8 * 9,0 Dp-Dp

Stummer 8 6 4 6,0 Stummer   Stummer 10 7 * 8,5 Stummer

5%

Wenner-α 2 2 0 1,3    

5%

Wenner-α 2 2 * 2,0  

Wenner-β 4 4 3 3,7     Wenner-β 7 2 * 4,5  

PP 8 8 2 6,0     PP 3 2 * 2,5  

P-Dp 9 9 6 8,0 P-Dp   P-Dp 6 2 * 4,0  

Dp-Dp 10 8 5 7,7 Dp-Dp   Dp-Dp 10 8 * 9,0 Dp-Dp

Stummer 9 9 7 8,3 Stummer   Stummer 9 6 * 7,5 Stummer

m
od

el
 4

.

0%

Wenner-α 8 4 0 4,0    

m
od

el
 8

.

0%

Wenner-α 4 5 4 4,3  

Wenner-β 10 8 0 6,0 Wenner-β   Wenner-β 4 4 6 4,7  

PP 7 8 0 5,0     PP 3 3 3 3,0  

P-Dp 7 9 0 5,3     P-Dp 5 5 5 5,0  

Dp-Dp 9 7 0 5,3     Dp-Dp 5 4 3 4,0  

Stummer 10 9 0 6,3 Stummer   Stummer 7 7 7 7,0 Stummer

5%

Wenner-α 3 2 0 1,7    

5%

Wenner-α 3 3 1 2,3  

Wenner-β 9 6 0 5,0 Wenner-β   Wenner-β 6 6 6 6,0 Wenner-β

PP 8 8 0 5,3 PP   PP 3 3 1 2,3  

P-Dp 6 4 0 3,3     P-Dp 5 4 2 3,7  

Dp-Dp 8 5 0 4,3     Dp-Dp 10 7 5 7,3 Dp-Dp

Stummer 9 8 0 5,7 Stummer   Stummer 6 6 6 6,0 Stummer
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TABLE 2

Quality of inversion images obtained with six different geoelectric configurations for the eight models. The symbol * means that the parameter is 

irrelevant.

model number noise level array type 1. detectability 

and positioning

2. geometry 

recovery 

3. resolution mean value of 

1, 2 and 3

recommended 

array
 

model number noise level array type 1. detectability 

and positioning

2. geometry 

recovery 

3. resolution mean value of 

1, 2 and 3

recommended 

array

m
od

el
 1

.

0%

Wenner-α 10 8 * 9,0 Wenner-α  

m
od

el
 5

.

0%

Wenner-α 8 7 0 5,0  

Wenner-β 10 8 * 9,0 Wenner-β   Wenner-β 9 8 3 6,7 Wenner-β

PP 10 7 * 8,5     PP 9 8 1 6,0  

P-Dp 10 8 * 9,0 P-Dp   P-Dp 8 7 1 5,3  

Dp-Dp 10 8 * 9,0 Dp-Dp   Dp-Dp 10 8 3 7,0 Dp-Dp

Stummer 10 8 * 9,0 Stummer   Stummer 10 10 5 8,3 Stummer

5%

Wenner-α 3 1 * 2,0    

5%

Wenner-α 7 6 2 5,0  

Wenner-β 8 4 * 6,0     Wenner-β 9 8 0 5,7  

PP 10 6 * 8,0     PP 6 7 0 4,3  

P-Dp 9 7 * 8,0     P-Dp 6 6 1 4,3  

Dp-Dp 10 9 * 9,5 Dp-Dp   Dp-Dp 7 5 2 4,7  

Stummer 9 9 * 9,0 Stummer   Stummer 10 9 4 7,7 Stummer

m
od

el
 2

.

0%

Wenner-α 7 8 * 7,5 Wenner-α  

m
od

el
 6

.

0%

Wenner-α 1 0 0 0,3  

Wenner-β 6 5 * 5,5     Wenner-β 0 0 0 0,0  

PP 0 0 * 0,0     PP 5 4 0 3,0  

P-Dp 8 7 * 7,5 P-Dp   P-Dp 7 4 2 4,3 P-Dp

Dp-Dp 6 6 * 6,0     Dp-Dp 1 1 0 0,7  

Stummer 8 6 * 7,0 Stummer   Stummer 5 5 2 4,0 Stummer

5%

Wenner-α 0 0 * 0,0    

5%

Wenner-α 2 2 0 1,3  

Wenner-β 7 5 * 6,0     Wenner-β 5 5 0 3,3  

PP 2 2 * 2,0     PP 4 4 0 2,7  

P-Dp 4 3 * 3,5     P-Dp 4 4 0 2,7  

Dp-Dp 9 8 * 8,5 Dp-Dp   Dp-Dp 6 6 0 4,0 Dp-Dp

Stummer 9 8 * 8,5 Stummer   Stummer 4 4 0 2,7  

m
od

el
 3

.

0%

Wenner-α 5 6 2 4,3    

m
od

el
 7

.

0%

Wenner-α 4 4 * 4,0  

Wenner-β 6 6 3 5,0     Wenner-β 2 2 * 2,0  

PP 6 4 3 4,3     PP 4 2 * 3,0  

P-Dp 6 5 3 4,7     P-Dp 2 1 * 1,5  

Dp-Dp 9 7 1 5,7 Dp-Dp   Dp-Dp 10 8 * 9,0 Dp-Dp

Stummer 8 6 4 6,0 Stummer   Stummer 10 7 * 8,5 Stummer

5%

Wenner-α 2 2 0 1,3    

5%

Wenner-α 2 2 * 2,0  

Wenner-β 4 4 3 3,7     Wenner-β 7 2 * 4,5  

PP 8 8 2 6,0     PP 3 2 * 2,5  

P-Dp 9 9 6 8,0 P-Dp   P-Dp 6 2 * 4,0  

Dp-Dp 10 8 5 7,7 Dp-Dp   Dp-Dp 10 8 * 9,0 Dp-Dp

Stummer 9 9 7 8,3 Stummer   Stummer 9 6 * 7,5 Stummer

m
od

el
 4

.

0%

Wenner-α 8 4 0 4,0    

m
od

el
 8

.

0%

Wenner-α 4 5 4 4,3  

Wenner-β 10 8 0 6,0 Wenner-β   Wenner-β 4 4 6 4,7  

PP 7 8 0 5,0     PP 3 3 3 3,0  

P-Dp 7 9 0 5,3     P-Dp 5 5 5 5,0  

Dp-Dp 9 7 0 5,3     Dp-Dp 5 4 3 4,0  

Stummer 10 9 0 6,3 Stummer   Stummer 7 7 7 7,0 Stummer

5%

Wenner-α 3 2 0 1,7    

5%

Wenner-α 3 3 1 2,3  

Wenner-β 9 6 0 5,0 Wenner-β   Wenner-β 6 6 6 6,0 Wenner-β

PP 8 8 0 5,3 PP   PP 3 3 1 2,3  

P-Dp 6 4 0 3,3     P-Dp 5 4 2 3,7  

Dp-Dp 8 5 0 4,3     Dp-Dp 10 7 5 7,3 Dp-Dp

Stummer 9 8 0 5,7 Stummer   Stummer 6 6 6 6,0 Stummer
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images become somewhat worse, with the exception of the PP 
array. For model 4, the Stummer and PP arrays are recommended.

For model 5, it is again the infinitely downward extended 
resistivity zone in the inversion images that is the most problem-
atic phenomenon. While the Dp-Dp and Stummer configurations 
are free of this effect and their horizontal resolution is suffi-
ciently good, these two arrays are outstanding among all the 
investigated arrays. Adding some noise, there is a slight deterio-
ration in the Dp-Dp image. Therefore it is again the Stummer 
configuration that remains outstanding.

In the case of model 6 (in presence of a low-resistivity super-
ficial layer), the quality of Wenner-α, Wenner-β and P-P inver-
sion images significantly deteriorates already in the case of 
noise-free data and there is also some deterioration in the 
Stummer and P-Dp inversion images. At the same time, the 
Dp-Dp inversion images still show the same quality as for model 
5. By using the latter three configurations, it is easier to separate 
the anomalous bodies. Again, in the case of noisy data, in a few 
instances even some improvement in the inversion images was 
observed.

For model 7, with the exception of the Dp-Dp and Stummer 
configurations, quite misleading inversion images were obtained. 
In the case of noisy data the Stummer inversion image becomes 
wider, therefore less useful than in the case of noise-free data. 
For model 7, at first the Dp-Dp array, then the Stummer configu-
ration is recommended.

In the case of model 8 (which is the most complicated model) 
the topography of the resistive basement was quite well recov-
ered with each configuration (with the exception of P-P) but the 
low-resistivity anomalous body (fracture/sinkhole) is seen only 
in the Stummer inversion images. In the case of noisy data, the 
high-resistivity hole (under the second ‘fracture’ from left to the 
right) is seen the best with the Stummer configuration.

INTERPRETATION
The β-type configurations (as with Dp-Dp, Wenner-β and P-Dp) 
are more effective than the Wenner-α and PP ones (see Table 3). 
In light of this fact, it is not at all surprising that the Stummer 
configuration is superior to any of the traditional arrays, since in 
the first 669 measurements it applies only β-type arrays.

For model 1, in the noise-free case, as expected, each con-
figuration provided good results, both in terms of detectability 
and model geometry. In the case of noisy data, the inversion 
images became worse, especially for the Wenner-α array. In the 
case of other arrays the inversion images are still acceptable but 
the noise amplifies and extends the false pseudo-anomalies. The 
true geometry of the subsurface model is reflected the best in the 
Dp-Dp and Stummer inversion images.

In the case of model 2 (i.e., in the presence of a low-resistiv-
ity superficial layer and a near-surface lateral inhomogeneity), in 
the noisy case, the effect of the model prism cannot already be so 
easily separated from the noise. The P-P array in this case is 
practically useless. For the other configurations the vertical 
delineation seems to be the greatest problem. In terms of hori-
zontal delineation the Stummer and P-Dp configurations seem to 
be the best ones. With the exception of the Stummer configura-
tion, a false, more or less continuous, horizontal layer appears in 
the inversion image, which is simply misleading. In the noise-
free case it is difficult to tell if the Wenner-α, P-Dp or Stummer 
configuration is the best one. At the same time, in the noisy case, 
the Dp-Dp and Stummer configurations provide the two best 
images. It is again the Stummer configuration that should be first 
of all recommended.

For model 3, in the noise-free case, the anomalous bodies 
were detected with each configuration but the ambiguity in verti-
cal delineation (especially beneath the body at the smallest 
depth) might make the interpretation difficult. This distorting 
effect is the least significant in the case of Dp-Dp and Stummer 
configurations; consequently they are the best in terms of 
detectability. In terms of resolution, the Stummer, Wenner-β and 
P-Dp should be perhaps mentioned. It is surprising that the 
Stummer, Dp-Dp, P-Dp and PP inversion images seem to be bet-
ter in case of noisy data than in the case of noise-free data: the 
pseudo-anomalies are somehow reduced due to the noise. For 
model 3, the Dp-Dp, Stummer and P-Dp configurations are the 
most useful ones.

In the case of model 4 (the ‘deep’ version of model 3) the 
detectability improves but the resolution deteriorates. In the case 
of noise-free data, the Stummer and Wenner-β arrays are the two 
best ones. Adding noise to the measured data, the inversion 

TABLE 3

Summary of the usefulness of the configurations for geoelectric models 1–8, shown in Figs 1–8.

Array type m1 
0%

m1 
5%

m2 
0%

m2 
5%

m3 
0%

m3 
5%

m4 
0%

m4 
5%

m5 
0%

m5 
5%

m6 
0%

m6 
5%

m7 
0%

m7 
5%

m8 
0%

m8 
5%

Total number

Wenner-α x   x                           2

Wenner-β x           x x x             x 5

PP               x                 1

P-Dp x   x     x         x           4

Dp-Dp x x   x x x     x     x x x   x 10

Stummer x x x x x x x x x x x   x x x x 15
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b)	� Regarding traditional configurations, the β-type ones (Dp-Dp, 
P-Dp and Wenner-β) proved to be more effective than the 
Wenner-α and P-P arrays and the Dp-Dp arrays proved to be 
far more effective than any other traditional array among the 
investigated ones.

c)	� The optimized Stummer configuration, which is based on 
systematically selected β-type arrays, proved to be far more 
effective for almost every model, in the case of both noise-free 
and noisy data, than the traditional arrays. It was only the 
Dp-Dp configuration that was able to compete with it. The 
imaging capacity of the optimized Stummer configuration is 
more effective than that of traditional configurations not only 
for small size inhomogeneities (which was already demon-
strated numerically by Stummer et al. 2004) but more or less 
all models, including complicated ones. The optimized 
Stummer configuration is generally recommended among 
every field condition. The optimized Stummer configuration is 
so good that there is no need for searching field-adaptive 
arrays.

d)	� It has been shown that the arrays having a large depth of 
investigation play a crucial role in the improved quality of the 
inversion images of the optimized configuration in spite of 
them giving information from depths far below the corre-
sponding DOI value. On this basis we think that the so-called 
‘optimized Stummer configuration’ is not yet optimized. We 
recommend first of all involving in the selection process 
arrays with even a larger depth of investigation.

e)	� Due to the fact that a larger depth of investigation is obtained 
due to null- and quasi-null arrays or involving three-electrode 
arrays, all these arrays might further increase the imaging 
effectivity of the Stummer configuration. Possible other 
directions of further optimization of the ERT technique might 
be as follows: combined weighted inversion, object oriented 
focusing and a systematic investigation of the minimum num-
ber of arrays that are able to provide useful data.

As a summary, in terms of the quality of the inversion image the 
Stummer configuration proved to be more efficient than any 
other traditional configuration, regardless of the model and 
noise level. It is expected that with the planned new directions 
the efficiency of ERT measurements can be even further 
improved.
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