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Abstract 

The method of electrical resistivity tomography (ERT) is currently the most widely used geoelectric method. Generally, the 

processing of measured values by interpretation programs does not give conclusive results. In this paper, we compare the results of 

RES2DINV and ZondRes2D programs in the interpretation of ERT. For both programs, the result depends on the number of iterations and 

on the setting of the input parameters of the calculation. By comparing the results of both programs, it can be said that there are differences 

between them. These differences are of the same order of magnitude as the differences given by the calculation settings. The results show  

a similar structure of the field of resistivities from both programs. But the results differ in detail. In the use of the ERT method, we often 

encounter an approach where any minor anomaly is given importance, sometimes even fundamental. Such a style of interpretation cannot 

be considered correct. 

 

Abstrakt  

Metoda elektrick® odporov® tomografie (ERT) je v souļasnosti nejpouģ²vanŊjġ² geoelektrickou metodou. ObecnŊ plat², ģe zpracov§n² 

namŊŚenĨch hodnot interpretaļn²mi programy ned§v§ jednoznaļn® vĨsledky. V pŚedkl§dan®m ļl§nku porovn§v§me vĨsledky programŢ 

RES2DINV a ZondRes2D pŚi interpretaci ERT. U obou programŢ je vĨsledek z§vislĨ na poļtu iterac² a na nastaven² vstupn²ch parametrŢ 

vĨpoļtu. Porovn§n²m vĨsledkŢ obou programŢ je moģn® konstatovat, ģe mezi nimi existuj² odliġnosti. Tyto odliġnosti jsou Ś§dovŊ stejn®, 

jako odliġnosti dan® nastaven²m vĨpoļtu. VĨsledky ukazuj² na obdobnou strukturu pole mŊrnĨch odporŢ z obou programŢ. Ale vĨsledky se 

liġ² v detailech. V pouģ²v§n² metody ERT se ļasto setk§v§me s pŚ²stupem, kdy jak®koli drobn® anom§lii je pŚikl§d§n vĨznam, nŊkdy 

i z§sadn². TakovĨto styl interpretace nen² moģn® pokl§dat za spr§vnĨ. 
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1 The issue of the digital interpretation of geoelectri cal measurements 
The distribution of resistivity values, just as the other physical properties, in the rock mass is the matter which geophysics, including 

geoelectrics, seeks to describe as best as possible. With the passage of time, geophysicists acquire ever better instruments which enable the 

state of the rock mass to be known, using both new methods of measurement, and new methods of processing. But they are not panaceas, 

and without the knowledge of the theoretical basics of data acquisition and interpretation, erroneous conclusions are often drawn when 

using such data. This also applies to the method of electrical resistivity tomography (ERT). The depiction of the structure of the rock mass 

gained from such measurements and of its properties is influenced by the possibilities of measurement using this method, including the 

depiction of its results, and by objective conditions for its application and interpretation. The measurement in the field does not pose any 

problems, with apparatuses for ERT being equipped with sufficient control mechanisms which exclude gross errors of measurements. 

Nevertheless, if a certain value is measured with an error larger than in the other values, it can be excluded from further procedures in the 

first step of processing. Nevertheless, however, the acquired results can be influenced by the procedure of processing and can also be 

influenced by the setup of computation parameters and representation parameters. 

 

2 The properties of program RES2DINV 
Four years ago, the articles were published, dealing with complications when using the RES2DINV program (Loke, 2012). Not only 

the measured values of apparent resistivity, but also the setup of interpretation parameters have had an effect on the picture of the resulting 

distribution of resistivity values, and the use of the program for the resulting depiction of results of iterations, which affect the result of 

interpretation, can be summed up into the following points: 

¶ The version of interpretation program; 

¶ The number of iterations; 

¶ The use of interpretation version; 

¶ The use of the number of cells for iteration; 

¶ The use of the type of mesh; 

¶ The use of the interval and the number of layers; 

¶ The use of drawing program; 
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¶ The setup of ñdamping factorò; and 

¶ The use of the ñstandardò and ñincompleteò Gauss-Newton methods 

and differences in the system of computation of the Jacobian and the 

quasi-Newton approximation. 
 

Three of the nine parameters mentioned above, which have an effect on the 

resulting picture of resistivity distribution, will be presented here, which we can 

deem as the most important. The first of them is the difference in the resistivity 

field obtained by processing the measured data using different versions of the 

program RES2DINV. Figure 1 shows examples of outputs for program versions 

3.54, 3.58 and 4.04. By comparing all the three pictures, we can find six 

differences. The largest differences lie in high-resistivity anomalies under the 

stations 48 and 88 metres. Another difference is a low-resistivity anomaly from the 

beginning of the profile to the station 32 metres. It is areally the most striking in 

program version 4.04 and the least striking in version 3.58. A partial minimum 

under the station 32 metres fully disappeared in the latest program version. The 

lowest resistivity values, however, are in version 3.54. The third different anomaly 

is a resistivity maximum under the station 88 metres, which has the largest 

anomaly in version 3.58 and the smallest in version 4.04. The fourth difference is 

a low-resistivity anomaly under the station 74 metres on the base of the interpreted 

space. It has the lowest resistivity values in version 3.58, where the minimum is 

concurrently areally the smallest. The highest values are in version 4.04, where the 

centre of the minimum is concurrently moved by five metres to the lower metres. 

The fifth difference is the pattern of mean resistivity values in the centre of the 

profile. In version 4.04, the anomaly has the smallest ñthicknessò. The last 

difference is a high-resistivity anomaly with its centre under the station 48 metres. 

It has the highest values in version 4.04 and the lowest in 3.58. The geological 

evaluation of the results of all the three program versions would not be fully 

different under the assumption that all the small anomalies are not explained 

geologically and the geological boundaries are not depicted according to the 

isoohms of a certain value. 
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Another parameter which quite significantly affects the output resistivity 

field is the so-called ñdamping factorò. It can be understood as a parameter 

which influences the ñamplitude of dispersion of valuesò. By simplifying its 

value, we can achieve a larger or smaller smoothing of the resulting inverse 

output. When choosing the use of this method, we have two options of choice: 

ñinitial damping factorò and ñminimum damping factorò. A more striking 

smoothing of the resulting resistivity field is yielded by the parameter ñminimum 

damping factorò. When applying it, the fragmentation of the interpreted field of 

resistivity values is suppressed. By increasing the value of ñminimumò damping 

factor, the number of depicted partial structures diminishes and they are merged 

into larger units. The model thus actually becomes simplified. It is well evident, 

e.g., in the conductive zone in the left part of the profile (Fig. 2), which is more 

or less discontinuous in the original model, formed by individual more or less 

isolated anomalies. Even if the series of individual anomalies is likely to be 

interpreted geologically as a single geological structure, there are examples in the 

li terature, which interpret it differently. By simplifying the damping factor, it is 

achieved that the partial anomalies are merged into a single unit, which is 

simpler and chiefly more illustrative for geological interpretation. By changing 

the damping factor, the data become smoother, and thus the extreme values are 

suppressed, both low as well as high values. It can be declared that this 

procedure will prevent the occurrence of ñbead-shapedò anomalies. If the value 

of both parameters is set higher, then the smoothing is fairly striking, with 

anomalies often disappearing at the lower margins of the quadrangle of the 

resistivity field. This is an indisputable advantage for the essential knowledge of 

the geological structure. By choosing a very high damping factor, however, the 

resistivity field can be completely changed, and thus the resulting model as well 

(Fig. 3). The question is how much the possibility of detailed interpretation is 

reduced by this procedure! 

The third option how to influence the resulting wavelike field is the choice 

of using the ñstandardò and ñincompleteò Gauss-Newton methods and 

differences in the system of computation of the Jacobian and the quasi-Newton 

approximation. In addition to the standard Gauss-Newton method, which is used 
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as a default in inversion, it is also possible in the program 

RES2DINV to choose the option of using the incomplete Gauss-

Newton method (Fig. 4.). The choice is made before starting the 

inverse computation within the parameter ñtype of optimisation 

methodò. It is recommended particularly for sets with a large 

number of measured points, or, as the case may be, with a large 

variation range of measured values of apparent resistivity. The 

program RES2DINV also offers the choice of the method of 

computation of the Jacobian matrix within the parameter 

ñJacobian matrix computationò. After each iteration, it is possible 

either ñto recompute the Jacobian matrixò, or ñto use the quasi-

Newton approximationò (Loke, 2012). 

 

3 Properties of program ZondRes2D 
This program was developed at the Lomonosov University 

in Moscow in cooperation with private geophysical and software 

companies in Moscow and St. Petersburg. When working on the 

task ñDevelopment of Geotechnical and Geophysical Methods for 

Acquiring 2D and 3D Images of the Geological Structureò, the 

program was available to us thanks to the long-lasting cooperation 

between GEOtest and the company GIDROINGEO Tashkent. At 

the Ostrava workplace of GEOtest, we worked in a software demo 

version which contains most functions which the full program has, but the resulting iterated data cannot be exported from the computer. 

Similarly, as in the program RES2DINV, it is possible to set up the following parameters when working with the program:  

¶ Starting height;  

¶ Maximum depth;  

¶ Number of layers;  

¶ Incremental factor;  

¶ Starting resistivity (initial resistivity of model); 

¶ Number of nodes; 

¶ Regular mesh;  
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¶ Intermediate nodes (number of cells between electrodes); 

¶ Method (standard Gauss-Newton method, incomplete Gauss-Newton method); 

¶ Iteration (number of iterations); 

¶ Inversion (defines the algorithm of an inversion problem, e.g., smoothness constrained, Occam, blocks); 

¶ RMS error (deviation of computed resistivity values); 

¶ Minimum resistivity;  

¶ Maximum resistivity;  

¶ Computation scheme;  

¶ Automatic switch of electrodes; and 

¶ Robust weighting scheme (with a high level of noise). 

The result of computation in the demo version is depicted only on 

the monitor of the computer. If we wanted to use the full version of this 

program, we always addressed Uzbek colleagues who processed data for 

us using the full version of interpretation by the program ZondRes2D. The 

input and output data were transmitted over the internet.  

At our request, the results were processed in a different setup of 

parameters of the program ZondRes2D on selected measured data. The 

first tests were conducted by comparing the results of different versions of 

this program. Similarly, as in the program RES2DINV, in some setups the 

results from versions 5_2 and 6_2 are practically identical; in others they 

are significantly different. 

The first example is from measurement at the site of Kamechy. The 

area of interest is located in the cadastre of the City of Brno, in the City 

Part of Bystrc. The territory belongs to the Brunovistulicum of the 

Moravian-Silesian Area of the Bohemian Massif . The basic regional unit affecting the geological structure of the area of interest is the Brno 

Massif formed chiefly by Proterozoic deep magmatic rocks of the type of diorite ï granodiorite. The marginal parts of the Brno Massif are 

formed by metamorphic rocks ï paragneiss, migmatite, etc. It is possible to identify the sediments of the Carpathian Fore-Deep, of the 

Neogene Age, overlying the eruptive rocks. They fill particularly depressions on the surface of eruptive rocks. The uppermost component 

of the rock environment is mainly Quaternary loamy sediments. 

Measurement performed at the site of Kamechy was evaluated using both available versions of the program ZondRes2D, i. e. 

versions 5_2 and 6_2. For iteration, the basic setup of interpretation parameters was used, i.e., the maximum depth 27.2 m, 9 layers, 
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32 nodes, intermediate nodes: 0, inversion: smoothness constrained, the range of resistivity values1ï1000 Ým, the starting resistivity  

200 Ým, 10 iterations, the computation scheme: total, automatic switch of electrodes: yes, robust weighting scheme: no. The result of 

iterations is depicted in Figure 5. 

Figure 5 shows that the computation did not exhaust the option of dispersion of the size of resistivity values given by the setup of the 

program. The basic elements of the resistivity field from the results of version 5_2 are anomalies of resistivity values. The first is an area 

ñAò of low resistivity values at depths down to nine metres under the stations 0ï35 m. The opposite of this anomaly is a lens ñBò of 

material with high resistivity values at the end of the profile. There the resistivity reaches values of even over 250 Ým. The centre of this 

lens lies at a depth of 12 metres under the station practically about 100 metres. Another interesting feature is a thin layer ñCò of high 

resistivity values emerging from the high-resistivity lens under the station 

about 83 m. This layer disappears under the station 40 m and its 

resistivity reaches values between 210 and 250 Ým. At the surface, two 

more places of higher resistivity values can be found, ñEò and ñFò; the 

first one under the stations 40 to 52 m and the second one under the 

stations 75 to 85 m. The resistivity values of this layer rise above 

210 Ým.  

If we look for differences between the individual versions, we must 

point out that we do not consider these differences as substantial. 

However, we do not mean by that that some users of electrical resistivity 

tomography will not consider these differences as significant. It is 

necessary to note that such users will  not be geophysics specialists! Low-

resistivity anomaly ñAò at the beginning of the profile is practically 

identical in both versions. A minimum difference can be found in the size 

of high-resistivity anomaly ñBò, which begins under the station 82.7 m in 

version 6_2, whereas in version 5_2 it begins under the station 82.2 m, 

which we consider as an insignificant difference. A larger difference can 

be found in layer ñCò of higher resistivity values. It is thinner and shorter in version 6_2. We consider the differences in near-surface 

anomalies as irrelevant.  

The second example is from measurement at the same site, and the measurement was again evaluated using both available versions 

of the program ZondRes2D, i.e., versions 5_2 and 6_2. For this iteration, a significantly different setup of some interpretation parameters 

was used, i.e., maximum depth 27.2 m, 9 layers, 249 nodes, intermediate nodes: 7, inversion: smoothness constrained, the range of 

resistivity values 1ï1000 Ým, starting resistivity 200 Ým, 10 iterations, computation scheme: total, automatic switch of electrodes: yes, 

robust weighting scheme: no. The result of i terations is depicted in Figure 6. 
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By comparing Figures 5 and 6 we see that the essential character of the distribution of the resistivity field did not change, but the 

differences between both versions are significant. Figure 6 shows that the computation did not exhaust, similarly as in Figure 5, the option 

of dispersion of the size of resistivity values. The basic element of the resistivity field from the results of version 6_2 is also anomaly ñAò 

of low resistivity values at depths down to nine metres under the stations 0ï35 m. Unlike the preceding iteration, the boundaries of each 

resistivity zones are intensely undulated. Similarly, as in Figure 5, the opposite of low-resistivity anomaly ñAò is anomaly ñBò with high 

resistivity values at the end of the profile. Unlike the preceding scenario of computation, the high-resistivity anomaly is areally more 

extensive. The resistivity there again reaches values of over 250 Ým. The centre of this lens lies deeper, now at a depth of 15 metres under 

the station practically 100 metres. This layer ñCò of higher resistivity values breaks down into three partial anomalies which show a greater 

thickness. Anomaly ñCò disappears under the station 40 m and its resistivity reaches values between 210 and 250 Ým. At the surface, two 

places of higher resistivity values can be found, ñEò and ñFò. In general, 

it can be declared that in scenario 2 the vertical features of the geological 

structure are strongly applied. 

By comparing the results of versions 5_2 and 6_2, we can state that 

there are larger differences in the resistivity field in version 6_2 than it 

was in the basic setup (version 5_2). The largest difference is the 

fragmentation of lens ñBò into two partial lenses ñB1ò and ñB2ò. At the 

surface, anomalies ñEò and ñFò fully disappeared; they were replaced by 

a set of small anomalies with a wide fluctuation of resistivity values.  

 Other tests show how the resistivity field changes when 

parameters for iteration are changed. Version 6_2 of the program 

ZondRes2D was used for all the following computations. It is natural that 

the number of such changes can be endless. This part of the report will 

present two examples in which changes in parameters lead to a more 

significant change in the resistivity field and one example in which it is 

not so. In the first example in Figure 7, the basic setup of interpretation 

parameters was chosen for computation, i.e., the maximum depth 27.2 m, 

9 layers, 32 nodes, intermediate nodes: 0, inversion: smoothness constrained, the range of resistivity values 1ï1000 Ým, starting resistivity 

200 Ým, 10 iterations, computation scheme: total, automatic switch of electrodes: yes, robust weighting scheme: no. The first view of the 

resistivity field already suggests significant changes which are due to the number of nodes used. The essential structure, i.e., the low-

resistivity minimum, the high-resistivity lens and the medium-resistivity layer is similar to the structure in Figures 5 and 6 also in these 

resistivity cross-sections.  


