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Abstract  
 
This paper aims to show and validate the result of 
synthetic data processed by the ImagEM software. 
This program is been developed by the 
Electromagnetic Interpretation Research Group of 
University of Brasilia. It processes time domain 
electromagnetic data for different platform systems 
like in loop. The program uses a simplified inversion 
by the secant method. This method has proven 
reliable for a qualitative analysis and it has proven 
very agile in its processing. It is based on the 
analysis of the secondary magnetic field to obtain as 
result an estimated of the depth of the conductivity 
target, its shape in two dimensions beyond of the 
conductivity relative values. So the ImagEM shows 
the Resistivity Depth Image (RDI). This software was 
initially developed in MatLab and its final version will 
be in JAVA so it can be used on Windows and Linux. 

 
1.0 Introduction 

 
Currently, geophysicists, geologists, engineers, 
hydrologists and other professionals and researchers in 
geosciences seek quantitative electromagnetic response 
to their questions. So geologists and geophysicists 
require updated software and easy to use, to maps and to 
model the Earth's subsurface. 
 
The electromagnetics is one of the geophysical methods 
that have proved more efficient for modeling of the 
subsurface in a region exploit economically. 
 
Some interpretation techniques have been developed, 
such as: imaging, modeling and inversion. Many 
researchers use these techniques to interpret information 
and use the Resistivity Depth Image (RDI) as a starting 
point for inversion of the misfit geophysical problems. 
 
In this sense, the ImagEM generate the Resistivity Depth 
Image using time domain Electromagnetic data. This 
image of the region of the geological interest will provide 
information about the conductivity, the geometry of a body 
in the subsurface and its approximate depth. The 
software can be used by companies and university 

programs in Geophysics, Geology and Engineering. The 
program will facilitate the interpretation of geophysics in 
exploration for mineral resources, oil, engineering and 
geological exploration of regional and local levels. 
 
2.0 Method 
 
Part of the methodology applied was based on 
RAMPRES (Sandberg, 1988; von Huelsen, 2007; Von 
Huelsen et al. 2008), which calculates the apparent 
resistivity using the induced potential difference in a 
receiver coil, which is concentric in transmitter coil. 
 
The ImagEM links two methods to process their data, a 

mathematical and physicist process. The mathematical 
method described below is known as secant method used 
to find the roots of polynomial equations. The physical 
method is based on the principles of the laws of Maxwell, 
the response of the secondary magnetic field as function 
of time is a necessary condition to obtain the RDI. 
 
2.1 The secant method  
 
The program ImagEM adopts, as the model of the 
convergence, the variation of the Newton-Raphson 
method (Press et al., 1992), also known as secant 
method. In the solution of polynomial equations is 
common to apply the computing the derivatives of the 
function, this calculation are often not easy, as in 
electromagnetic inversion. For cases like this, the 
derivative may be replaced by a quotient of the difference 
between the results of approximations of the roots on the 
own roots of polynomial functions (Chapra & Canale, 
2002) as described below:  
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The secant method circumvents the need to apply to the 
derivative; however, certain procedures must be followed: 
defining the function to be studied and the number of 
possible roots. From Equation 1 can be derived the 
Equation 2 find the roots (Chapra & Canale, 2002). 
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Where: xn-1 and xn are the approximations of the roots of 
the equation. 
f (xn-1) and f (xn) are the results for the xn and xn-1 ,  
n is the number of iterations to find the root. 
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After checking the possible amount of roots that can 
reach this function, you must define a range on the 
abscissa where one of the roots must be contained. This 
interval should not contain more than one root. As the 
secant method does not have an exact root, commonly 
forms part of an error, each iteration is made; its result is 
compared to the range of error. If the result is out of 
range, a new iteration will be performed if the result is 
within the margin of error; the last point is taken as the 
root of the function. However, it is possible that during the 
iterations is never found a root, and then the divergence 
occurs (Ruggiero, 1996). The Figure 1 illustrates the 
approach to find the root of the equation, according to the 
secant method. 
 

 

Figure 1: Chart showing the secant method.  It´s mapping 
the secant between the points P0(x0;f(x0)) and P1(x1,f(x1)), 
is x2, again applying the method in P1(x1,f (x1)) and 
P2(x2,f(x2)), is the value of x3 and so on until the result is 
within the range pre-set (Ruggiero, 1996). 

 
Another limiting factor is the number of iterations, which 
can be predetermined. The program performs a 
comparison of approximation of the root at each iteration 
calculated, if this value is relevant, the result converges 
and the program follows its normal flow. If this result does 
not match, a new calculation is made if the amount of 
calculations exceeds a specific value, the program then 
takes this value as the best found, and follows the script, 
considering that there was a convergence. 
 
2.2 The physical method 
 
The Figure 2 illustrates the survey aeroelectromagnetic, 
the primary magnetic field is generated by the transmitter 
coil and the receiver coil records the secondary field 
(following the laws of Maxwell). This arrangement can be 
considered the type concentric coils (in loop). 

 

Figure 2: Drawing of representative aeroelectromagnetic 
survey using the system GEOTEM. Note the primary field 
generated by the equipment and the secondary field 
generated by the conductive body being picked up by 
equipment. Retrieved from Scrivens, 2009. 

 
Houversten & Morrison (1982) evaluated the model based 
on the current maximum in a haft space for in loop. The 
behavior of the electromagnetic field generated by the 
transmitter coil, goes down as it interacts with the layers 
of the earth due to penetration of the signal, also 
described by Nabighian (1979). 
 
The secondary field measured by the receiver coil, or the 
transient response is the ratio of potential difference by 
the current in a transmitter coil of electromagnetic 
equipment. Measures of the voltage (U(t)) are calculated 
by the derivative of the magnetic field over time (∂h/∂t), 
and was made by Newman et al.(1987): 
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Where: M is the effective area of receiver coil (m
2
).  

0 : electric permeability (H/m
2
) 

 
This ratio captured by the receiver coil for each window of 
time may be related to a layered at different depths 
(Eaton, 1998; Wait & Hill, 1973). 

 
Frischknecht & Raab (1984), based on the theory of 
Faraday's law show that the variation of the magnetic field 
generated by the variation of primary current induces a 
current in nearby conductors. In interactions with the early 
time the electric current is confined to the conductor 
surface and is normal to the field that produced it. When 
this current begins to be dissipated, causes a reduction of 
the magnetic field that generates current in the 
neighborhood, this behavior is explained by Figure 3. 
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Figure 3: Sketch of current flow in a spherical conductor 
interacting after shutdown of the transmitter. Modified Von 
Huelsen, 2007 
 
2.2.1 Calculation of Resistivity 
 

The mathematical description of the resistivity (ET) 

according to the early time which is implemented in 
software is given by (Frischknecht & Raab, 1984): 
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Where 1a  is the length of the transmitter, t is time in 

seconds, v is the impedance (V/A), ra  is the effective 

area of the receiver. When this process is completed, the 
configuration of the induced current distribution is 
somewhat time invariant, also called late time. In this last 
stage we decrease the amplitude of the secondary field 

and resistivity (LT) is described by Frischknecht & Raab 
(1984). 
 
When this process is completed, the configuration of the 
induced current distribution is more or less time invariant, 
also called late time. In this last stage we decrease the 
amplitude of the secondary field and resistivity (LT) is 

described by Frischknecht & Raab (1984). 
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Where a  is the radius of the transmitter.  

 
Thus, using the electromagnetic coupling between the 
transmitter, receiver and target body, it is possible to 
measure the response of the secondary magnetic field. 
The body of higher conductivity sends a magnetic field of 
greater intensity and the duration of the electromagnetic 
interaction in receiver coil is greater (Frischknecht & 
Raab, 1984). 
 
2.2.2 Calculation of Depth 
 
There are different ways to calculate the depth through 
the electromagnetic field emitted by the target. In that 
program, we use the conductivity of the target, linked to 
the average decay time of each channel. One of the 
equations of depth of the program was proposed by 
Eaton (1998) adapted for the system to GEOTEM coils 
arranged on the same vertical axis. 
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Where t represents time in seconds; 

  is the conductivity (S/m); 
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h the height of the transmitter during the survey. 
This parameter is still being tested in the software and 
should change. 
 
3.0 Software ImagEM 
 
As noted, the ImagEM calculations the depth and 
approximate resistivity to be used as a geoelectrical 
model for the observed electromagnetic field. For this 
calculation, the program has as input: a) the decay curves 
from the secondary field from the interaction of the 
subsurface, b) the average time of each corresponding 
channel off. The outputs of the program include 
conductivity, resistivity and depth. 
 
The program was originally written in MatLab, because of 
the flexibility to implement their subroutines, its large 
library of functions that are available and easy to handle 
them. The same features are present on the JAVA 
platform, and there is a little difference between the 
syntax of the two platforms. To debug the program in 
MatLab is more dynamic and does not allow a syntax 
error or logic with the user interface, since the MatLab 
uses its own interface to run their programs. 
 
The script program can be passed to the JAVA Net Beans 
(free version for Linux) without major changes to it’s code, 
as most programs are made to the Windows operating 
system. 
 
The spread of data processing is another strong point of 
the ImagEM. The configuration of the equipment used in 
field serves as input parameter for the software can 
process data not only for GEOTEM, as was previously 
planned, but for any equipment that uses the time 
domain. 
 
Another important adjustment that is being done is the 
separation of the channels range for the early time and 
late time. Where the user chooses which he wants to 
process. 
 
The final version of JAVA will have more screens friendly 
more interactivity with the user.  
 
Finally, the software is being tested with synthetic data 
and then will be tested with real data. 
 
3.1 Data and Results synthetic 
 
We generated synthetic data using the direct model 
NLSOL (Nonlinear Least Square; Von Huelsen, 2007). 
The direct model was applied to a conductive body 
located at depth between 100 and 200 meters (x axis) at 
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depth between 50 and 100 meters. The resistivity was 0.6 
ohm m body (Figure 4). 
 
Later the decay curves obtained were subjected to 
processing the ImagEM, which resulted in values of 
resistivity and depth from the subsurface. These data 
were processed Geosoft

TM
 and obtained the RDI by 

Kriging interpolation method with a mesh of 10m. 
 
Figure 4 shows the result where there is a conductive 
body approximately 100 meters deep between the 
distances of 100 to 200m. 
 

Figure 4: Initial synthetic model (values in omh.m, depth 
and boundaries indicated by black lines. The color 
ImagEM shows the result obtained by the image (RDI), 
identifying a central conductive body. 
 
4.0 Conclusions 
 
We conclude that the software ImagEM shows good 
qualitative results for the construction of 2D profiles of 
electromagnetic data in the time domain. We also saw 
that the method of secant is capable of reversing a fast 
and efficient search for the roots of the equations of 
resistivity. The equations of resistivity for the early and 
late time presented adequate results and the appropriate 
depths. The processing of synthetic data showed a great 
variation in the definition of lateral resistivity. The software 
ImagEM is concise and can be installed on the platforms 
Windows and Linux. 

Acknowledgments 
 
The authors thank the Seismological Observatory of 
Brasília and the Institute of Geosciences at UnB for the 
release of its facilities, the licenses of MatLab software 
and Geosoft

TM
 and subsistence on the journey to the 

presentation of this work. We also thank CAPES for 
financial support with the scholarship search. 
 
References 
 
CHAPRA, Steven C., CANALE, Raymond P. 2002 
Numerical methods for engineers: international edition. 4. 
Ed. New York: McGraw-Hill. 
 
EATON, P. A. & HOHMANN, G. W. 1989. A rapid 
inversion technique for transient electromagnetic 
soundings. Physics of the Earth Planetary Interiors, 53: 
384-404. 
 

ENCOM, 2010. Citação de referências e documentos 
eletrônicos. Disponível em: 
http://www.encom.com./home/. Acessado em 12 junho 
2010. 
 
FRISCHKNECHT, F. C. & RAAB, P. V. 1984.Time 
domain electromagnetic soundings at the Nevada test 
site. Geophysics. 49: 981-992. 
 
FULLAGAR, P. K. & OLDENBURG, D. W. 1984. 
Inversion of horizontal electromagnetic frequency 
soundings. Geophysics, 49: 150-164. 
FULLAGAR, P. K. 1989. Generation of conductivity-deph 
pseudo sections from coincident loop and in-loop TEM 
data. Expl. Geophys., 20: 43-53 
 
HOVERSTEN,G. M.. & MORRISON, H. F. 1982. 
Transient fields of a current loop source above a layered 
earth. Geophysics, 47: 1068-1077. INTERNATIONAL 
CONFERENCE ON MINERAL EXPLORATION, p. 489 –
496. 
 
MACNAE, J. C. & LAMONTAGNE, Y. 1987. Imaging 
quasi-layered conductive structures by simple processing 
of transient electromagnetic data. Geophysics, 52: 545-
554. 
 
NABIGHIAN M.N. & MACNAE J.M. 2005. Eletrical and 
EM methods, 1980- 2005. SEG@75. 
 
NABIGHIAN, N. MISAC, 1979. Quasi-static transient 
response of a conductivity half-space – an approximate 
representation. Geophysics, 44: 1700 – 1705. 
 
NEKUT, A. G. 1987. Direct inversin of time-domain 
eletromagnetic data. Geophysics, 52: 1432-1435. 
 
NEWMAN, G. A., ANDERSON, W. L. & HOLMANN, G. 
W. 1987. Interpretation of transient electromagnetic 
soundings over three-dimensional structures for the 
central-loop configuration. Geophys. J. R. astr. Soc. 89: 
889-914. 
 
PETROSEIKON, 2010. Citação de referências e 
documentos eletrônicos. Disponível em: 
http://www.petroseikon.com/. Acessado em 10 junho 
2010. 
 
PRESS, W. H., TEUKOLSKY, S.A., VETTERLING, W. T. 
& FLANNERY, B. P. 1992. Numerical Recipes the art of 
scientific computing. Cambridge University Press. New 
York. 
 
RUGGIERO, M. A. G. 1996. Cálculo numérico: aspectos 
teóricos e computacionais. 2. ed. São Paulo: Pearson 
Education do Brasil. 
 
SANDBERG, S. K., 1988, Microcomputer software for the 
processing and forward modeling of transient 
electromagnetic data taken in the central loop sounding 
configuration:  New Jersey Geological Survey Open-File 
Report 88-1. 
 



AUTHORS (50 LETTERS MAXIMUM. FONT: ARIAL 9) 
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________  

Twelfth International Congress of the Brazilian Geophysical Society 

5 

SCRIVENS, S. 2009. Poster Comparison Between Fixed-
Wing and Helicopter Electromagnetics Systems, retirado 
do http://www.geotem.com.mx/. em 12/01/2011. 
 
TALWANI, M. 1965. “Computation with the help of a 
digital computer of magnetic anomalies caused by bodies 
of arbitrary shape”. Geophysics 30: 797-817. 
 
VON HUELSEN, M. G. V., MORAES, R. A. V, Carvalho, 
T.. 2008. “CDI Versus inversão - aplicação a dados 
reais”. Rev. Bras. Geof., vol.26, n

o
3, São Paulo. 

 
VON HUELSEN, M. G. V., MORAES, R. A. V. 2008. 
“Imageamento da subsuperfície baseado na 
condutividade: obtenção de CDIs para o Sistema 
Geotem”. Rev. Bras. Geof., vol.26, n

o
3, São Paulo. 

 
VON HUELSEN, M. G. V.. 2007. “Interpretação de Dados 
de Eletromagnetometria Aeroeletrotransportada (AEM) do 
Sistema GEOTEM (Domínio do Tempo)”. Tese de 
Doutorado n

o
080, Instituto de Geociências – 

Universidade de Brasília – UnB, 202 pp.   
 
WAIT, J. R. & HILL, D. A. 1973. Excitation of a 
homogeneous conductive cylinder of finite length by a 
prescribed axial current distribution. Radio Science, 8(12), 
1169-1176. 
 

http://www.geotem.com.mx/

