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DISCLAIMER 

The programs (software) included in any version of the EM4Soil-G packed are provided “as are” 

without any express or implicit warranties including their suitability for a particular purpose. The 

authors, EMTOMO LDA, REFLEXOS and retailers will not assume any responsibility for any indirect 

or consequential damages, or any loss caused using these programs. Efforts will be made to 

correct any program bug that appears during the usage of the package. 
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0. Program overview 

EM4Soil-G is a program for inversion of EM data collected in frequency 

domain (LIN domain) with GEONICS. It is mainly designed to interpret data 

collected with multi-coil instruments. The use of two modes of acquisition 

(VMD and HMD) is recommended. 

The program runs in Windows (64 bits) systems. 

The main parts of the program are: 

- Instrument definition, 

- Create a project, 

- Data input (lines, survey*, or EM soundings), 

- Data processing, 

- Inversion, 

- Save results (only 1D and Q2D models), 

- Display results, 

- Export and print results (1D, Q2D and Q3D), 

- Save the project. 

 

 

*The term survey as used here means a set of readings covering an extensa area. In general, 

those data are acquired continuously but can be a set of profiles acquired in the area. 
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Left icons  

 
- Display survey layout, 

 

- Display data as a line (in line display), 

 

- Display topography as a line, 

 

- Display Eca data (map), 

 

- Display Inphase data (map), 

 

- Display Quadrature data (map), 

 

- Color scale, 

 

- Settings of 3D view, 

 

- Display horizontal slices (from Q3D models), 

 

- Display a 3D view of Q2D (XYZ saved) models  

 

- Display Q3D model (cube) 

 

- Display 1D stitched and Q2D models, 

 

- Display data/ model response (from 1D and Q2D models), 

 

- Save 1D and Q2D models, 

 

- Quit program. 
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- Map settings, 

 

- Site location (in the survey) 

 

- Display 1D data/model 

 

- Display ECa-Inphase correlarion 

 

 

- PAN (when data are displayed “in line”), 

 

 

 

- Zoom IN and OUT, 

 

 

- UNDO (just the last modification). 
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1. Instrument definition/data input 

The instrument in use can be selected from pre-defined ones, 

 

 

For GEONICS one has, 

 

For example, for the EM38-MK2 the instrument (sensor) definition is (you can access to 

this definition clicking on the Instrument/Edit option), 
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For the EM31-MK2, 

 

 

 

For EM34, that does not contain in-phase data,  
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If the selected instrument will be used several times, save it as the DEFAULT instrument. 

 

NOTE: if data file does not contain values for all sensors and channels described in the 

configuration, fill the missing channels columns with -9.0 or with 0.0.  

 

 

Defining a New Instrument/mixing sensors 

The user can define a new instrument that contains sensors from different instruments. 

For example, the new instrument can mix data from EM31 and EM38-4. If the acquisition 

is only made using the VMD mode, the new instrument will have 5 sensors (1 from EM31 

and 4 from EM38-4). Proceed as follows: 

 

 

 

With the corresponding table that must be filled out with the appropriated information, 



 
EMTOMO                                                                                                EM4Soil-G-v1.4 - Guide     2023 
_____________________________________________________________________________ 

10 
 

 

The sensor name (here filled with XXXX) must be a short name; the type of sensor is SF 

(Single Frequency). This designation will keep the calculations in the LIN approach even 

if different frequencies are used like in EM34. Q/Ip units in LIN are usually in ppt. The 

mode column must be filled with VMD (or HCP) or HMD according to the acquisition 

mode of the respective sensor. It must be noted that the program is key sensitive so 

take care writing the options. The distance between coils (s in meters) and the frequency 

must be filled with the correct values in kHz. The data type must be the same for all 

sensors that must be actives (Y). Usually, pitch and roll are not available (N). Data type 

(channels) can be like: ECa; ECa+Ip; Ip+Q; ECa+Ip+Q. Here, ECa represents the apparent 

conductivity (in mS/m), Ip is the inphase (usually in ppt) and Q is the quadrature (or 

outphase) in the same unit of the inphase. The hight of the instrument must be filled 

(corrected) in Processing/select sensors. The Table parameters are key sensitive. 

For the example EM31 + EM38-4 (only VMD) one will have, 

 

The new sensor should be saved to be used in other occasions, 
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The sensor file is saved in the folder Mysensors and can be read in the option My 

Sensors. 

Correction of reading location 

Positioning survey sites with the use of an external GPS is a common procedure. In 

general, the GPS does not stand in the center of the instrument at where the measured 

values must correspond. Moreover, in multi coils instrument the readings of the 

different Tx-Rx pairs did not correspond to the center of the instrument, too. For this 

reason, a correction of the sites coordinates and reading location are necessary. The 

correction can be done knowing the GPS position relatively to the center of the 

instrument as well as the instrument position relatively to the line survey (Figure).   

Note 1: The correction only works for multi coil instruments. 

 

Local reference system (X,Y) to localize the external GPS assuming that the survey is carried out 

in the Y direction. The figures show the instrument in the in-line position. O represents the center 

of the instrument and Tx the transmitter position. Note that d and s can be positive or negative 

values. 

 

 

To apply the correction, it is necessary to setup the transmitter and the GPS. 
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h represents the height of the GPS above the instrument. 

Apply the correction, 

 

Note: The correction can be applied to profiles and to surveys.  

 

 

 

Save the results (Save/Coord. Corr.). It must be noted that a few sites at the ends of the 

profiles is lost.  
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2. Open a project 

The program needs a project file were the results will be saved. Open a new 

project at the beginning of the session. Each project must have a different name.  

 

 

3. Data input 

Except for EM38-4 and EM31-8, which have a special format all GEONICS data must 

be exported as XYZ files to be import into EM4Soil-G. The data can correspond to a set 

of profiles (lines), to a set of EM soundings or to a survey ( set of readings covering an 

area). Several profiles ca be input and interpreted one by one saving results and the 

project at the end. However, to proceed in such a way the inversions MUST be done 

using the same sensors and channels. Otherwise, the interpretation MUST be done 

profile by profile considering each profile as a project. 

Because surveys contain a significant number of readings, a project should only 

contain one survey. However, it is possible to input more than one survey in the project 

with the same restrictions of the profiles. 

 

 

 

There is the possibility to input gridded data from a survey. The EMG is used for data 

gridded by EM4Soil-G. However, data gridded by SURFER program (by GOLDEN 

SOFTWARE) is also possible (See here).  

Data layout is shown after input (survey of several lines), 
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If data was collected using a geodetic coordinate it must converted in UTM (or other 

metric system) using the entrance Covert to UTM. 
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Data display 

 

Select the line to display (or using ), 

 

 
 

 
 

 

or in maps (surveys)  
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To see the rest of maps (data), push the (mouse) right button.  

Options for display (including map display if input data are from a survey) can be found 

in Display Settings. 

 

 
 

 

 

By default, the map is displayed as coloured dots. This can be modified in Set View Map 

or pushing   button, 
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Combined with Log display (if all values are positive) and a different colour scale, 

 

 
  

4. Data processing 

 

The Sensors and channels to use in the inversion can be selected by the user, 
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The height of the sensors, relatively to the ground, can (must be) also be adjusted, 

 

 
 

The channels to use in the inversion can also be selected.  

 

NOTE: In the current version of EM4SOIL-G ECa and Inphase data are inverted separately 

assuming the validity of LIN conditions. Therefore, In-phase data must be disabled (just 

click in the Inp rectangle when inverting ECa and vice-versa).  

 

 

 

 

 
 

 

Negative values of apparent conductivity cannot be inverted (will not be considered if 

in the data). Such values can be removed or can be replaced by interpolating neighbour 

values, 

 

 
 

There are some options for data filtering, 
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- Closer filter delete sites closer than a threshold distance, 

- Range filter delete data out of a minimum and maximum values (it works only for 

one sensor/channel), 

- In line ..filters that can only be applied when the data are displayed “in line” (they 

are more specific for profile data), 

 

 

 

 

 
 

Moving average filter is a simple smoothing filter. It replaces a value by the average 

of the values in the windows which length is defined by the user. Moving median 

filter acts like the moving average filter but the values are replaced by the median 

calculate in the window. The moving median filter designed to remove isolated 

events (spikes). Moving average filter is to be applied to data contaminated with 

high frequency noise. Hampel filter is like moving median but is much sophisticated. 

This filter uses the Hampel identifier to detect outliers. The algorithm has a 

threshold value to identifier that a value is an outlier when compared with the 
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neighbor ones. As the median filter the Hampel filter acts better for isolated events.  

Here an example with a window length=11 and a threshold= 2.5. 

 

 
Data (upper) and filtered data (Hampel). 

 

- In map…filter to apply to gridded data (survey).  
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Drift/shift correction 

Drift effects on the data can be corrected if data acquired on a reference line at 

different moments, exist.  Data from these profiles must be input (Linear adjust or 

correction) and the first input profile is that one that correspond to the reference 

time. The acquisition time of each profile must be filled in a table provided by the 

program. The correction coefficients are calculated after and can be seen 

(displayed) channel by channel. The coefficients (which are values of channel 

variation by time) must be saved in a file to be used to correct data acquired during 

the survey. 

 

 

 
 

 

To apply the correction, use the entrance, 

 

 

 

It is possible to correct the shift effect in EM data using an ERT model obtained in a 

reference profile where a coincident EM profile exist. First, input the EM profile acquired 

in the referent line. After, input the ERT model previously calculated, 
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This will open a new window, and the ERT model (calculated with Res2Dinv or ERTLab) 

can be input. From the ERT model an EM synthetic model will be built and its EM 

response calculated. 

Based on the field and synthetic data the correction factors for each channel will be 

calculated. Save them in a file to be used after when applying the correction to data. 
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5. Inversion 

 

The steps for inversion are: 

- Select the channels, 

Inversion of ECa data and inphase data must be performed separately. Therefore, 

select only the right data (channels) for the inversion. 

 

 
 

- Define parameters, 

 

 
 

 
 

- Damping factor controls the balance between model smooth and data fitting. 

Higher values produce smoother models. 

- The Q2D, Q3D and ConjGrad (CG) are based on Occam algorithm. Occam models 

have more layer than data channels (that is, the number of parameters is higher 

than total readings). Layer option is more convenient for 1D Stitched models, also 

named 1Dsti). 

- ConjGrad (Conjugate Gradient is only valid for Q2D inversion). 

- Algorithm S2 has 1 more constraint relatively to S1 and produce smoother models. 
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- Include k when inverting (only) inphase data with Linear solution. 

- Linear solution uses cumulative functions (CF) in forward calculations while Full 

solution (FS) uses Maxwell formulation. 

  

- Initial model 

 

 

 
 

All initial models are 1d layer models. But there is different option to build the model.  

 

 
 

For Q3D is better to write the model in an ASCII file and read it (see data format below). 

Predefined instruments have predefined models that can be accessed in the default 

option. These are models for Occam algorithm. For the EM31 (VMD+HMD data) the 

default model is a 5-layer model. The depths are predefined, and the conductivity is 

obtained by averaging ECa data (in mS/m). 

  

 
 

Initial model defined in a file can be read with “open file” option. With “open file (use 

ECa)” the conductivity in the file will be replaced by the averaged value of ECa data. 
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- Run inversion 

 

 
 

- 1D applies to EM soundings, 

- Q2D/CG/1Dsti applies to individual profiles (line), 

- Q3D applies to surveys with continuous measurements, 

- 2D LIN applies to individual lines. This is a 2D inversion where the influence of the 

neighbours’ cells is considered in the forward and derivatives.  

-  

When inversion finish the program displays, 

 

 

Data/model response and the model can be displayed using  buttons. 

 

Example of a Q2D model (EM38-4). 
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Example of a 1DSti model (EM38-4). 

 

 

Example of a Q2D model (EM34-3). 

 

1D inversion of EM soundings 

EM soundings (EM readings acquired with the instrument at different heights from the 

ground surface) at a determined location can be interpreted using 1D models, with a 

few layers or using Occam method. EM soundings can be input through data files (see 

data format).  1D inversion can also be applied in the interpretation of the observations 

(made with different sensors) at one site of the line. This data can be selected using, 
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With the line data displayed on the screen, select the site pushing the left button. The 

data will be displayed. The inversion follows the usual procedure (select sounding/select 

channels/define parameters/initial model/inversion 1D). 

 

 

Example of 1D inversion with Occam option (data at one site of a line). 

 

NOTE: After a good model (1D or Q2D) was obtained it should be saved (using the Save 

Results icon on left of the screen ), otherwise the results will not be saved 

during the Project saving. The model to save must be displayed before the use of the 

Save Results option.  
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6. Display results 

 

A general evaluation of the results can be obtained displaying the data/model 

response cross graph, 

 

 
 

Model statistic, gives some information about the model variability,  

 

 
 

The Q3D model can be displayed by horizontal slices (vertical slices will be available in 

the future). 
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Horizontal slices at depths can be displayed pushing the right button. Map settings, 

colour scale and log/linear display can be used to improve the display. It’s a good 

practice to display all slices before going to other screen (option). 

 

 
 

Horizontal slices (3D view) 
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The 3D view can be controlled using the 3D view button ,  
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For the 3D display and the 3D view of Q2D models it is possible to change the scale of 

the vertical axes, 

 

 
 

Q2D models are presented by model sections along the profile (see here for 3D view), 

 

 
 

It is also possible to display vertical profiles of the model at selected sites, 
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The sites are selected by moving the mouse till the sites and clicking on the left button. 

You can select a few numbers of sites. Finish clicking the right button. 

 

 

 

 

 

  
 

7. Save results 

Some results can be saved in ASCII files to be used in other programs. 

 

NOTE: The option Save data only save activated channels. 
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8. Print results 

Figures can be printed. Choose in Print Setup the file format.  

For models the program prints the figure which is displayed in the screen. To get all 

slices print, all of them must be displayed in the screen before go for print (print only 

when the last slice is in the screen). 

 

 

 

 

 

 

 

 

9. Tools 

Merge files 

 

 

 

Steps to merge files: 

- Select the correct instrument. 

- Go to Tool/merge data files. 

- Input the XYZ files to merge one by one starting with the file having the data for 

the shortest Tx-Rx distance (or with the file with VMD data). 

- Finish pushing the CANCEL button. 
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- Save the merged file. 

   

 
            

 
 

Because the lines are not coincident, we must interpolate using the first line as a 
reference for the position. Using the weight value is not important if we use the nearest 
option. Finally, we can push OK and give the output file name.  

 

Include UTM coordinates 

 
 

 
 
 
 
 

10. Files Formats 

 

Input data (EM soundings) 

Files containing EM soundings have the same format of the data line file, except that 

the instrument height must be included in the first column. The format is (row by row), 

 

site 

number of heights, heights of sensors replaced by 0 

header  

data height by height.  

 

Example (synthetic data) of an EM sounding data file (EM38-MK2), collected at a site of 

coordinates X=0, Y=0, Z=0, with the sensor at 6 heights (0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 m). 

 



 
EMTOMO                                                                                                EM4Soil-G-v1.4 - Guide     2023 
_____________________________________________________________________________ 

35 
 

 
 

This data does not contain in-phase data. Only VMD and HMD apparent conductivity 

data.  Display of the EM sounding . 

 

 

 
 

Here an example of a survey data file (EM38-MK2) with both modes and ECa and inphase 

data, 

 

 
 

Grid formats (EMG and Surfer files) 

 

EMG files are generated by EM4Soil-G (gridding option in data processing). These files 

are the output of the interpolation process applied to data covering a zone (area) to 

have a regular grid of measurements.  
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The other grid files are the GRD Surfer 6 text grid files generated with SURFER. A GRD 

file must be generated for each sensor and for the topography, too. The number of rows 

(Ny) and columns (Nx) must be the same in each file. In general, the surveys made with 

different instruments do not cover the same areas. To have the same Nx and Ny in all 

surfer files the Minimum and Maximum values (in the Output Grid Geometry) must 

correspond to an area that is common to all surveys. Such values, as well as, the #of 

Lines must be the same for all created output files. 

 

 
 

GRD files can be used to input data if a Mix Instrument was defined. 

 

Using Mix Instrument data can be input in the “standard EM4Soil-G format” which is as 

follows (row by row): 

Name of the survey 
Number of sites, height of the sensors 
X   Y    Z   vmdECa1  vmdInp1   hmdECa1  hmdInp1…..  lat  long  time 
…..data values… 

Example (EM31, only VMD and HMD ECa data ): 

 

 
 

 

 

1D initial model 

Files with 1D initial model have the following format (row by row): 

 

Nlayers 

Depth of the bottom of the layers (nlayers-1 values) in meters 

Conductivity of each layer (in mS/m) 

Magnetic susceptibility (in ppt) 
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Example of a model with 5 layers with constant 20 mS/m conductivity and magnetic 

susceptibility 10 ppt. 

 

5 
10.3 0.6  0.9  1.2  
20 20  20  20  20 
10   10  10  10  10 

 

The initial model for the 2DLIN models has the same format. However, the number of 

layers and the maximum reached depth should be approximately twice of the maximum 

depth reached by the instrument. 

 

18 
0. 3. 6. 10. 15. 20.  25.  30. 35. 40.  45. 50. 60. 70.  80. 90. 100. 120. 
70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 70 
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10  
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11. Zoom 

Zoom of maps or in line data display are accessible through the entrance. 

 

 
 

Or, 

 
 

The mouse pointer will change into a cross. Define a rectangle around the area to 

zoom keeping the left button pushed. Leave it when has the rectangle defined. 

 

 
 

With an “in line” data display and with zoom in applied, the two buttons, 

 

 
 

Allow to move along the line, displaying short portions of the data. 
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12. Display settings 

 

 
 

Allows to modify some characteristics of the display of some results (data, models, 

maps,..). 

 

13. ECa and inphase data correlation 

 

Inphase data can be important to detect high conductive materials or map magnetic 

susceptibility. The correlation between apparent conductivity and inphase data can give 

useful indications. EM4Soil-G allows to do and display such correlation. Pushing 

 
 

 

Define the clusters, 

 

 
 



 
EMTOMO                                                                                                EM4Soil-G-v1.4 - Guide     2023 
_____________________________________________________________________________ 

40 
 

Using the left button to mark points to circulate the clusters (always clockwise) and 

finish pushing the right button. 

 

 
 

Select the option to display the cluster in , 

 

 
 

 

Display the survey to see the clusters position, 
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NOTE 1: the sites included in the clusters are in the file Clusters_Report.tmp localized 

in the \outs  folder. This file is deleted each time the process is ran. Rename the file if 

you want to keep it. 

 

NOTE 2: data used in this example are not realistic. 
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14. 3D view of Q2D models 

The Q2D models can be displayed in a 3D view. The process uses the (XYZ) files saved 

after the inversion. He steps are: 

- Input the files with models, 

 
- The pseudo-sections will be displayed, 

 

The colour scale and models view can be modified through the use of  and 

. The display can be repeated pushing .  
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15. How to use the program (workflow) 

 

- Select the instrument, 

- Merge data files if necessary, 

- Create a new project (always use a different name), 

- Input the data, 

- Select a profile to process and invert (if you have profiles), 

- Process the data (delete negatives ECa values; apply filter, etc), 

- Select the channels (in this version only ECa data can be inverted so, disable Inp 

data), 

- Invert the data (profile or survey), 

- Display results, 

- Save/print results, 

- Save the project, 

- QUIT the program. 

 

 


