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Abstract—A novel technique for synthetic source of multiple 

electromagnetic data sets is presented. The technique applies 

weighting to multiple transmitters of small magnetic moment 

loops to form a synthetic source for deep deposits exploration in 

complex terrain. In order to determine the weighting coefficient, 

a dipole model is employed to consider the coupling between the 

target and each transmitter and receiver. By assuming the 

possible orientation and location of the target, a look-up table of 

transmitting and receiving coupling coefficient is established to 

search for the approximate location and orientation of the target. 

Once the location and orientation of the target is decided through 

the matching process, a composite transmitter can be formed by 

summing the single transmitter data using weights calculated 

based on the coupling between the target and the transmitters, 

then the response from that target will be maximally enhanced. 

Keywords— synthetic source; dipole model; look-up table; deep 

deposits exploration 

I. INTRODUCTION  

With the increasing exploitation  of mineral resources, 
exploration for deeply concealed deposits in complex terrain 
will be essential in sustaining current mine production levels 
and future demand for resources. The transient 
electromagnetic method (TEM) is widely used in groundwater 
and environmental investigations, as well as being an 
exploration tool for mineral resources

 [1]
. It is based on the 

principle of electromagnetic induction, in which, a transmitter 
loop  on the ground surface is energized by short pulses of 
direct current. When the current is turned off, the primary field 
rapidly disappears and the secondary field generated by eddy 
currents in subsurface conductors can be detected

[2-3]
. In order 

to deeper soundings, the main approach to meet this challenge 
is to use large high powered transmitter with large magnetic 
moment. Because of the limited transmitter current intensity, 
another option in amplifying magnetic moment can be 
achieved by increasing the loop area. However, using larger 
transmitter wire loop is often costly and also impractical in 
complex terrain. Furthermore, when the transmitter loop is not 
positioned properly, such that the primary field excitated by 
the transmitter does not couple well with the target, then the 
secondary field of the target generated by eddy current may be 
small enough to be undetectable

[4]
. According to the above 

reasons, to enhance deeper soundings effectively requires a 
new methodology. Rather than using large magnetic moment 

loop, many smaller moment loops can be used and through 
optimized weighting turn into larger synthetic source

[5-7]
. The 

goal of synthetic source to multiple electromagnetic data sets 
is to increase the detectability of deep reservoir and enhance 
the response from a specific target. 

II. THEORY 

Fig.1 displays the geometry of a multiple transmitter and 
receiver system for target detection. To ensure the synthetic 
source highlights the response of a specific target, we use a 
dipole approximation which assuming the target, transmitters, 
and receivers as dipoles to solve for the weights used to sum 
the transmitters. The dipole approximation can efficiently 
calculate the coupling between the target and transmitter and 
receiver. The coupling coefficient between the transmitter and 
the target is obtained by using the formula of primary field at 
the target location motivated by a dipole source at transmitter 
position

[8]
. On the similar principle, the coupling coefficient 

between the receiver and the target can be also acquired. Each 
coupling coefficient is written as: 
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Where 
c

T is the coupling coefficient between a transmitter 

located at 
tr  and a dipole target of orientation d̂ located at 

dr , 

c
R is the coupling coefficient between a receiver located at 

sr  

and a dipole target of orientation d̂ located at
dr , ˆ

tm and 

ˆ
rm represent unit direction vector of transmitting dipole and 
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receiving dipole, respectively. 

 

Fig. 1. The geometry of a multiple transmitter and receivers system for target 

detection 
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Fig. 2. Normalized coupling coefficient calculated between a dipole target 

with varying dip and transmitter with varying location 

Fig.2 shows the normalized coupling coefficient for a 
target with varying dip located at (400E,0N,-350Z) and 
vertical dipole transmitters which is spaced 100 m apart.  As 
can be seen, the weights vary for different target locations and 
orientations. The normalized coefficients are the weighting 
factors applied to the corresponding data related with the 
transmitter at that location. In this case, the data related with 
transmitters coupling well to the target are enhanced and those 
not coupling well are reduced. But the weight factors are 
determined by the specific target location and orientation 
which is unknown. 

To enhance the response, the target orientation and 
location must be known. The proposed method is to obtain the 
target’s parameters through matching the look-up table. The 
look-up table is established by assuming every possible target 
location and orientation and calculates the coupling coefficient 
with each transmitter and receiver. Matching degree is defined 
as follow: 
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Where  ˆ,dP dr  is the matching degree, SD is the matrix of 

survey data, where each column represents the data at 
different receivers and each row represents the data at 
different transmitters, 

cT  is the vector of coupling coefficients 

for each transmitter position, and 
c

R  is the vector of coupling 

coefficients for each receiver position. Note that S
D ,

c
R  and 

c
T are normalized to unit amplitudes. When the assumed 

location and orientation match the actual location and 
orientation of the target, matching degree will approach to 
unity. That’s because the survey data can be expressed as the 
product of the vector of transmitter and receiver coupling 
coefficients calculated for the actual location and orientation 
of the target: 

    0 0 0 0ˆ ˆ, ,
T

S

c d c dD R d T d  r r  

Where 0

dr and 0d̂  represent the actual location and 

orientation of the target respectively. In this paper, the value 
of matching degree will be set to zero when the actual value is 
negative. 

III. EXAMPLE 

 

Fig. 3. 3D geometry of model for simulated calculation 

The example model is depicted in Fig.3. It shows a 200m 
(strike length) 150m (dip length) plate with conductivity of 
100 /S m . The center of the plate is located at  0,0, 600 .The 

plate has a strike (  ) of 60
o
and a dip (  ) of 30

o
. The 

transmitter loop with side length of 10m is spaced every 50m 
from -250E to 250E at 0N, occupied the inner 500m of the line 
for a total 11 transmitter positions. There are three survey lines 
for Northing from -100N to 100N, separated by 100m. Each 
line sets 21 receivers from -500E to 500E.  
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Fig. 4. Data from each receiving station with adding 5% random Gaussian 

noise 
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In order to simulate the measurement data, 5% random 
Gaussian noise was added to the synthetic data. The Fig.4 
shows, survey data used to determine the target location and 
orientation. In this example, the strike of the dipole varied 
from 0° to 90° in 10° intervals, the dip of the dipole varied 
from 0° to 350° in 10° intervals. The possible dipole area is set 
from -500E to 500E, -500N to 500N, and -800Z to -400Z, and 
the discretized subsurface cell size is 50m.  
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Fig. 5. Three-dimensional slice map of matching degree. 
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(b) 
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(c) 

Fig. 6. (a) Horizontal slice view at depth=-600 m, (b) Vertical slice view at 

easting=0m, (c) Vertical slice view at northing =0m. 
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Fig. 7. Comparison of data from the summed composite transmitter (dashed 

black line) and the single transmitter (solid blue line) 

Fig.5 shows the three-dimensional slice map of matching 
degree which represents maximum P value of all possible 
orientation at the corresponding position. When matching 
degree was less than 0.5, the color was set to blue. It's clear 
that most of the P values greater than 0.5 focuses on the actual 
target location. As can be seen in Figure 6, the location of the 
maximum P value matches the actual location. The matching 
degree that produced the maximum P value corresponded to a 
dipole located at (0N, 0E, and -600Z) with a strike and dip of 
30° and 60°, respectively. This clearly indicates that the dipole 
model is an effective approximation for determining the 
location and orientation of the target embedded in a resistive 
surrounding. 

Once the location and orientation of the target can be 
determined through the maximum P value, the multiple 
transmitter data can be summed to form a composite 
transmitter: 

  ˆ,d dc s

c
D D T r  

A comparison of the data from the composite transmitter 
and a single transmitter is showed in Fig.7. Note the amplitude 
of the composite transmitter is roughly 3 times larger than that 
of a single transmitter data.  
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IV. CONCLUSIONS 

This paper presents a novel technique for deep mineral 
deposits exploration, which will be required in a complex 
terrain. Rather than using large magnetic moment loop, many 
smaller moment loops can be used and through optimized 
weighting turn into larger synthetic source. The weighting 
coefficients are related to the target location and orientation. 
The approximate location and orientation can be found by 
comparing the measured response with the coupling look-up 
table which is established by discretizing the subsurface and 
possible target orientations. Through a synthetic example, it is 
clear that the dipole model is an adequate approximation for 
determining the location and orientation of target embedded in 
a resistive surrounding. At last the multiple transmitter data 
can be summed to form a high S/N composite transmitter. 
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