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The present invention relates to the processing of seismic signals and notably 

the field of the interpretation of seismic waves for the precise construction of images, 

notably for carbonated subsoils and for the detailed characterisation of reservoirs.  

When conducting seismic studies, the propagation rate of the seismic wavelet 

5 emitted is an important piece of data for the precise determination of a seismic image.  

Generally, a high propagation rate tends to reduce the vertical resolution of the image 

constructed using conventional seismic imaging tools.  

In particular, calculation uncertainties may be such in defined rate models 

that a slight error in the time domain may give rise to significant variations in the 

10 spatial domain. This problem is increased if the seismic wavelet is propagated at a 

high rate in the subsoil under study (in particular, if the subsoil comprises carbonates, 

as in some reservoirs in the Middle East).  

Vertical reservoir resolution is however useful for industrial firms seeking to 

operate these reservoirs. This resolution particularly enables: 

15 - superior estimation of the volumes of hydrocarbons or gas present in the 

subsoil; 

- superior modelling of the reservoirs for subsequent simulations (e.g. geo

modelling); 

- superior monitoring of drilling operations; 

20 - etc.  

There is thus a need to process seismic signals in an enhanced way and thus 

increase seismic image resolution.  

The present invention helps improve the situation.
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For this purpose, the present invention proposes to enhance the processing of 

seismic signals in order to extract a maximum amount of information therefrom, and 

notably enhance the definition of the seismic images generated.  

The present invention thus relates to a method for processing a first seismic 

5 signal. The method comprises the following steps: 

- receiving at least one second seismic signal derived from the emission of a 

seismic wavelet in a subsoil; 

- identifying at least one portion of said at least one second seismic signal 

corresponding to reflections of the seismic wavelet in a reservoir zone of said subsoil; 

10 - determining a length of the seismic wavelet; 

- receiving well data corresponding to said identified reservoir zone; 

- training a neural network using: 

- a plurality of sub-portions of said at least one portion as input variables, said 

sub-portions of the portion having a length dependent on the length of the seismic 

15 wavelet determined, 

- and at least one second piece of geological information according to said 

well data as a target variable; 

- determining at least one first piece of geological information based on the 

first seismic signal using said trained neural network.  

20 Indeed, it is possible for the seismic wavelet to be substantially constant (or 

subject to little variation) throughout the "reservoir" zone (i.e. consisting of rock 

suitable for capturing gas or hydrocarbons).  

The use of a neural network can then make it possible to: 

- ignore the seismic wavelet considered by the constant (blind decomposition 

25 (the variation thereof being very slight in this zone)); 

- use the knowledge of a well to enhance the resolution of the seismic 

acquisition in another zone of the subsoil ("generalisation").  

The at least one second seismic signal may comprise a plurality of "pre-stack" 

seismic signals. Indeed, generally, processing methods use "stack" seismic signals as 

30 the processing complexity is too great with pre-stack signals. For all that, these pre

stack signals contain high-frequency information which is lost after stacking: 

consequently, the use of stack signals may lower the precision of the determination 

of geological information.
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The term "well data" denotes the data obtained from a drill hole (optionally 

correcting drill hole geometry) or a well. These data may contain a large number of 

pieces of information have been previously filtered/sorted/computed so as to only 

contain a single type of data (e.g. reflectivity, porosity, etc.): filtered well data are 

5 generally referred to as "geological information".  

Moreover, the wavelet length can be determined according to an 

autocorrelation calculation of said at least one portion.  

The autocorrelation calculation enables the estimation of the length of the 

wavelet without having to measure same during the emission of this wavelet (for 

10 example, on the vibrator truck).  

In one embodiment, the union of the plurality of sub-portions may be said at 

least one portion.  

Furthermore, the length of the sub-portions may be the length of the seismic 

wavelet determined.  

15 Alternatively, the length of the sub-portions may be between 0.5 and 2 times 

the length of the seismic wavelet determined. Obviously, this length may be adjusted 

according to the seismic well alignment uncertainty.  

As such, it is possible to over-size the length of the sub-portions slightly if the 

length of the seismic wavelet is uncertain (e.g. the variance of this length is strictly 

20 greater than 0).  

As such, the length of the sub-portions may be equal to the length of the 

seismic wavelet multiplied by a multiplication factor. This factor may be equal to 0.5 

or 1.5 or be dependent on the variance calculated when determining the length of the 

seismic wavelet for a plurality of seismic traces.  

25 In one embodiment, the second piece of geological information may be a 

piece of information from a group including a piece of porosity information, a piece 

of reflectivity information, a piece of density information, a piece of resistivity 

information and a piece of mineralogical composition information, a piece of 

gamma-ray log information, a piece of density information, a piece of sound 

30 propagation rate information, a piece of permeability information and a piece of 

saturation information.  

The second piece of geological information may be a piece of filtered 

information in a given frequency range.
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The given frequency range may be a single frequency.  

This filtering makes it possible to limit the amount of information for training 

the neural network. As such, this filtering enables superior convergence of the model 

and superior precision.  

5 A device intended to process a seismic signal in an effective way may be 

advantageous per se.  

As such, the present invention also relates to a device intended to process a 

first seismic signal.  

The device comprises: 

10 - an interface for receiving at least one second seismic signal derived from the 

emission of a seismic wavelet in a subsoil; 

- a circuit for identifying at least one portion of said at least one second 

seismic signal corresponding to reflections of the seismic wavelet in a reservoir zone 

of said subsoil; 

15 - a circuit for determining a length of the seismic wavelet; 

- an interface for receiving well data corresponding to said identified reservoir 

zone; 

- a circuit for training a neural network using: 

- a plurality of sub-portions of said at least one portion as input variables, said 

20 sub-portions of the portion having a length dependent on the length of the seismic 

wavelet determined, 

- and at least one second piece of geological information according to said 

well data as the target variable; 

- a circuit for determining at least one first piece of geological information 

25 based on the first seismic signal using said trained neural network.  

A computer program, using all or part of the method described above, 

installed on pre-existing equipment, is advantageous per se, insofar as it makes it 

possible to process a seismic signal effectively.  

As such, the present invention also relates to a computer program containing 

30 instructions for the use of the method described above, when this program is 

executed by a processor.
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This program can use any programming language (for example, an object or 

other language), and be in the form of an interpretable source code, a partially 

compiled code or a fully compiled code.  

Figure 6 described in detail hereinafter can form the flow chart of the general 

5 algorithm of such a computer program.  

Further features and advantages of the invention will emerge further on 

reading the following description. This is purely illustrative and should be read with 

reference to the appended figures wherein: 

- figure 1 illustrates an illustration of seismic reflections in a particular 

10 embodiment; 

- figure 2a illustrates an example of a seismic signal received in response to 

the emission of a seismic wavelet in a reservoir and in one embodiment of the 

invention; 

- figure 2b illustrates an example of autocorrelation of the signal in figure 2a 

15 in one embodiment according to the invention; 

- figure 3a illustrates an example of well data in one embodiment according to 

the invention; 

- figure 3b illustrates an example of filtered well data in one embodiment 

according to the invention; 

20 - figure 4a illustrates training of a neural network based on seismic signal 

data and filtered well data in one embodiment according to the invention; 

- figure 4b illustrates a three-dimensional representation of a geological 

subsoil; 

- figure 5a illustrates a seismic image obtained without a neural network as 

25 described above, (i.e. obtained by "conventional" processing); 

- figure 5b illustrates a seismic image obtained with the use of a neural 

network described above; 

- figure 6 illustrates a possible flow chart of a method in one embodiment of 

the invention; 

30 - figure 7 is an example of a device suitable for implementing an embodiment 

of the invention.  

Figure 1 illustrates an illustration of seismic reflections in a particular 

embodiment.
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Following the emission of a seismic wavelet in the subsoil, by a seismic 

vibrator truck 101 for example, this wavelet is propagated in the subsoil vertically 

(arrow 102a, 102b, 102c, 102d) but also in all spatial directions (arrow 105a).  

The term "seismic wavelet" denotes the seismic pulse or elementary 

5 wavetrains emitted by the vibration source (e.g. vibrator truck).  

This wavelet is reflected by the interfaces (104a, 104b, 104c, 104d) for the 

change of propagation index in the subsoil: the reflected wave (103a, 103b, 103c, 

103d, 106a) is propagated in a direction symmetric to the direction of incidence with 

respect to a normal to the interface at the incidence zone.  

10 For example, if the interface 104a is perpendicular to the wave 102a at the 

point 108, then the reflected wave 103a will be in the same direction as the incident 

wave 102a (but in the opposite direction).  

In order to capture the waves reflected in varied directions, it is possible to 

place different geophones 107a or 107b at different distances (or offsets) from the 

15 seismic truck 101. As such, the reflected wave 106a can be captured by the 

geophone 107b.  

There are numerous methods for determining, on the basis of the geophone 

records, the trajectory of the wavelets (e.g. seismic migration). These methods 

generally supply seismic images based on "pre-stack" signals or on "stack" signals.  

20 During the reception of the seismic signal, a portion of the signal arriving 

after another portion of the signal is generally representative of a reflection located 

more in-depth. As such, it is possible, with the knowledge of the values of a 

reservoir 109 in the subsoil, to process a signal received by the different geophones 

so as to retrieve a filtered/processed signal therefrom, only containing information 

25 relating to the reflections occurring within this reservoir (i.e. temporal definition of 

the signal received).  

Figure 2a illustrates an example of a seismic signal received in response to 

the emission of a seismic wavelet in a reservoir and in one embodiment of the 

invention.  

30 The seismic signal received (optionally after temporal definition as mentioned 

above) can be represented by the graph 201. The axis t is herein a time axis 

expressed in seconds, fractions of seconds or in number of samples (the signal being 

in this case sampled according to a predetermined frequency). The axis S is
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representative, for example, of a power or an amplitude of the acoustic signal 

received.  

Obviously, it is difficult, on the basis of this signal, to determine the shape or 

length of the wavelet emitted. For this purpose, it is possible to carry out de

5 convolution of the signal received on the assumption that an interface of the subsoil 

can be represented by a pulse response optionally including a reflectivity model 

and/or an attenuation model.  

This method is relatively complex to implement and implies good knowledge 

of the temporal position of the interfaces.  

10 Furthermore, this de-convolution is generally incomplete and a signal 

containing high-frequency information (e.g. greater than 100Hz) may remain. This 

residual signal is generally considered, by the prior art, as a noise.  

Figure 2b illustrates an example of autocorrelation of the signal in figure 2a 

in one embodiment according to the invention.  

15 Indeed, it is possible to determine an estimation of the length of the wavelet 

emitted without having to compute complex de-convolutions.  

It is possible to compute the autocorrelation of the signal received after 

temporal definition thereof in a time window corresponding to the reservoir. An 

autocorrelation is a correlation of a signal by itself, this second signal being offset by 

20 a given time interval.  

The autocorrelation of the signal 201 is the curve 202. The X-axis of this 

curve represents the time interval between the two correlated identical signals and 

the Y-axis shows the correlation of these two curves for the time interval in question.  

In this figure 2b, the correlation of the two signals is sometimes high, 

25 sometimes low. The repetition (or "respiration") of this correlation thus makes it 

possible to determine a representative correlation distance of the length of the 

wavelet having generated this signal. This correlation distance 203 is the distance 

between the two symmetric zeros (204, 205) with respect to the maximum peak 206.  

If a plurality of distances are used to compute the length of the wavelet (e.g.  

30 for a plurality of seismic traces), it is possible to determine a variance of this distance 

in order to determine the precision of this determination.  

Figure 3a illustrates an example of well data in one embodiment according to 

the invention.
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The term "well data" denotes geological, geophysical or other data, obtained, 

for example, from drill holes. They are, for example, one or a plurality of pieces of 

information located along the well relating to: 

- the facies of the subsoil; 

5 - rock reflectivity; 

- rock porosity; 

- rock resistivity; 

- rock elasticity; 

- rock permeability; 

10 - etc.  

When the well data only contain a single piece of information (e.g. the 

reflectivity), the term "geological information" is preferably used hereinafter.  

Most of these pieces of information are expressed in numeric form (e.g. the 

reflectivity expressed as a percentage, the permeability expressed in Darcy, the 

15 porosity expressed as a percentage, etc.).  

By way of illustration, the curve 300 represents well data for a reservoir zone 

of the subsoil (relating to the rock reflectivity). The X-axis of this curve represents 

the depth of the well data item and the Y-axis represents the value thereof These 

data are data containing "high-frequency" information.  

20 Figure 3b illustrates an example of filtered well data in one embodiment 

according to the invention.  

It is possible to process the raw well data received in order to obtain 

modified/processed data. For example, the processing may comprise a filter making 

it possible to only retain a fine frequency range (e.g. 90-100Hz) or advantageously a 

25 broader frequency range (e.g. from 0Hz to 200Hz) including the value 0Hz.  

The curve 301 represents the data derived from filtering the data of the 

curve 300 at a frequency band of 0-200Hz.  

Figure 4a illustrates training of a neural network based on seismic signal data 

and filtered well data in one embodiment according to the invention.  

30 In order to carry out training of a neural network 404 using a back 

propagation principle, it is useful to provide the neural network 404 with numerous 

examples of input values associated with one or a plurality of output values. These 

values are referred to as a "training set".
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This training is in fact "supervised" training as the correct output values are 

known for each input value.  

During the training, the nodes of the neural network 404 are modified.  

Numerous algorithms are possible for such modifications (i.e. modification of 

5 weightings of the different nodes).  

It is also possible to envisage a set of input and output values suitable for 

validating the neural network and/or computing the error of this network: this is 

referred to as the "validation set". In practice, the training set is frequently 

approximately two times greater than the validation set (e.g. in a 70%-30% ratio for 

10 example).  

In the embodiment shown, it is possible to adopt a plurality of sub-portions 

(402, 403) of the pre-stack signal (401a, 401b, 401c, etc.) as input values.  

Obviously, if the signal is a stack signal, it is possible to work directly with 

this signal rather than with each of the pre-stack signals. Using pre-stack signals 

15 makes it possible to prevent of the loss of "high-frequency" information associated 

with the stacking of signals which are not perfectly "corrected" (e.g. "normal 

moveout correction").  

The length of these sub-portions is the length of the wavelet determined 

previously. Nevertheless, it is also possible to select a multiple of the length of the 

20 wavelet determined previously (e.g. with a multiplication factor of 1.1 or 1.5 or 2) as 

the length of these sub-portions: indeed, if the sub-portion is slightly greater than the 

wavelet, the precision of the neural network can be greater (notably in the event of 

poor evaluation of the length of the wavelet or in the event of poor well-seismic 

alignment) even though the convergence of the neural network during training may 

25 be slower.  

In the embodiment shown, it is possible to take a single output value for all 

the input values of the training set. This single output value is the processed/filtered 

signal 405 derived from the well data and limited to the "reservoir" domain.  

Training the neural network can make it possible to avoid computing 

30 complex de-convolutions as mentioned with reference to figure 2a. Furthermore, the 

neural network accounts for the entire signal received, including the "high

frequency" information previously considered as noise to be removed from the 

computations.
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The data returned by the neural network are of the same type as the well data 

used for training: if the well data used for training are pieces of reflectivity 

information, the neural network returns reflectivity information, etc.  

Figure 4b illustrates a three-dimensional representation of a geological 

5 subsoil.  

In this representation 450, the well data on the wells 451 and 452 are known.  

It is thus possible to carry out training of the neural network 404 using, as 

input data, sub-portions of the pre-stack signal received at the wellhead 45 It and 

associated with the known well data on the well 451.  

10 It is also possible to add to these input and output data further data obtained 

from other wells such as the well 452. As such, the training is carried out using: 

- as input data, sub-portions of the pre-stack signal received at the 

wellhead 45 It and associated with the known well data on the well 451 (and 

optionally modified as described above); 

15 - and, as input data, sub-portions of the pre-stack signal received at the 

wellhead 452t and associated with the known well data on the well 452 (and 

optionally modified as described above).  

Once the training of the neural network is complete, it is possible to have the 

neural network determine well data along a "virtual" well (i.e. vertical segment along 

20 z of the space (x, YZ) not actually drilled, e.g. segment 453) on the basis of the 

seismic signal received at the wellhead (e.g. point 453t) of this "virtual" well.  

Figure 5a illustrates a seismic image 501 obtained using determination 

methods according to the prior art, without a neural network. Figure 5b illustrates a 

seismic image 502 obtained with the use of a neural network described above.  

25 It is possible to perceive a greater level of detail on the image 502 than on the 

image 501. Indeed, the definition of the seismic image 502 is notably increased due 

to the inclusion of "high-frequency" information previously ignored during de

convolutions according to the prior art and considered to be noise.  

Figure 6 illustrates a possible flow chart of a method in one embodiment of 

30 the invention.  

On receiving seismic signals (601a, 601b, 601c, etc.), it is possible to identify 

(step 602), in each thereof, a portion corresponding to the propagation and reflection 

of the wavelet emitted, in the reservoir.



11 

This wavelet is assumed to be invariant in this domain.  

The seismic signals correspond, for example, to a plurality of wavelet 

emissions in the subsoil, at different times and/or locations. Moreover, these signals 

may correspond to the various signals received during the emission of the same 

5 wavelet by a plurality of geophones. Corrective processing of these signals may have 

been performed upstream, for example to correct the propagation rates in the subsoil 

for each of the signals.  

For each portion of signals previously identified, it is also possible to 

compute an autocorrelation (step 603) of this portion so as to estimate the length of 

10 the seismic wavelet.  

Once the length of the wavelet has been determined, it is possible to 

determine (step 604) a "clipping" length of the portion. This clipping length can be 

equal to the length of the wavelet but can also be a multiple of the length of the 

wavelet determined. For example, if the length of the wavelet is relatively certain 

15 (e.g. variance close to zero on determining the length of the wavelet), the 

multiplication factor can be close to 1. If the variance is great, the multiplication 

factor can then increase.  

The "clipping" length determined in step 604 can make it possible to break 

down each portion into a plurality of sub-portions. These sub-portions can be 

20 juxtaposed without overlapping or they can be partially juxtaposed.  

Moreover, it is possible to receive well data 605. These well data are the data 

associated with the signals and corresponding substantially to the same locations as 

the latter: as such, if a seismic signal is received as a coordinate (x,y), then the well 

data are obtained from drill holes wherein the wellhead coordinates are (x ± Ax, 

25 y ± Ay) where Ax and Ay are representative values of an uncertainty relating to the 

well-seismic alignment.  

These well data are then processed in order to convert same if required to 

numeric data (filtering 607, allocation of numeric values 606 to qualitative values, 

etc.).  

30 It is then possible to carry out training (step 608) of a blank or partially 

trained neural network. This training can use previously determined sub-portions as 

input variables and the processed well data set as an output variable (or target 

variable). Only a subset of these sub-portions (e.g. 70%) can be used for training this
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neural network. The other sub-portions (e.g. 30%) are then used as validation 

variables in order to quantify the precision and the error rate of the neural network.  

The method 609 is referred to as "training".  

Once this training has been performed, it is possible to receive a seismic 

5 signal (610) wherein the associated well data are unknown. It is also possible to 

remove from this signal 610 the portions thereof not corresponding to a reflection of 

a wavelet in the reservoir (step 611): this is described as "cleaning the seismic 

signal".  

This "cleaned" signal can then be supplied as an input of the neural network 

10 having undergone training 609 (step 612).  

As such, the neural network can return, as an output, well data (or geological 

information) associated with the "cleaned" input signal. These well data are 

consistent with the well data used for training (i.e. the pieces of geological 

information are pieces of reflectivity information filtered at 0-200Hz if the well data 

15 used for training are pieces of reflectivity information filtered at 0-200Hz, the pieces 

of geological information are pieces of porosity information filtered between 0 and 

300Hz if the pieces of geological information used for training are pieces of porosity 

information filtered between 0 and 300Hz, etc.) 

The method 614 is referred to as "generalisation" as it makes it possible to 

20 determine well data (or geological information) at locations of the subsoil where no 

drilling has been carried out.  

Figure 7 represents an example of a device for processing a seismic signal in 

one embodiment of the invention.  

In this embodiment, the device includes a computer 700, comprising a 

25 memory 705 to store instructions for implementing the method, the measurement 

data received, and temporary data to carry out the various steps of the method as 

described above.  

The computer further includes a circuit 704. This circuit can be, for example: 

- a processor suitable for interpreting instructions in computer program 

30 format, or 

- an electronic card wherein the steps of the method according to the 

invention are described in silicon, or
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- a programmable electronic array such as an FPGA array (Field

Programmable Gate Array).  

This computer includes an input interface 703 for receiving seismic data or 

well data, and an output interface 706 for supplying the well data at any spatial point.  

5 Finally, the computer can include, to enable easy interaction with a user, a screen 701 

and a keyboard 702. Obviously, the keyboard is optional, notably in the case of a 

computer in the form of a tactile tablet, for example.  

Moreover, the functional diagram shown in figure 6 is a typical example of a 

program wherein some instructions can be carried out with the equipment described.  

10 As such, figure 6 can correspond to the flow chart of the general algorithm of a 

computer program according to the invention.  

Obviously, the present invention is not limited to the embodiments described 

above by way of examples; it applies to further alternative embodiments.  

Further embodiments are possible.  

15 For example, the set of figures described may appear to indicate that the drill 

holes are vertical (or at least linear). Nevertheless, the methods described can be 

generalised to the case of crooked wells. In the latter scenario, the trajectory of the 

well can be approximated or "rendered discrete" by a plurality of vertical segments 

and each of these segments is then considered as a well in its own right in the 

20 methods described. As such, during the training of the neural network, the input 

variables can be the signals received vertically from each segment, each of these 

signals being associated with the well data for this segment as an output/target 

variable.  

Throughout this specification, unless the context requires otherwise, the word 

25 "comprising" and variations such as "comprise" and "comprises" are to be 

understood to recite the presence of a stated integer or integers but not exclude the 

presence of any further integers. The word "comprising" and its variations are used 

in an inclusive, non-exhaustive sense.  

Reference numbers and letters appearing between parentheses in the claims, 

30 identifying features described and illustrated in the accompanying drawings, are 

provided as an aid to the reader as an exemplification of the matter claimed. The 

inclusion of such reference numbers and letters is not to be interpreted as placing any 

limitations on the scope of the claims.
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CLAIMS 

1. Method for processing a first seismic signal, 

the method comprises the following steps: 

- receiving at least one second seismic signal (601a, 601b, 601c) derived from the 

emission of a seismic wavelet (102a) in a subsoil; 

5 - identifying (602) at least one portion (401a, 401b, 401c) of said at least one second 

seismic signal corresponding to reflections of the seismic wavelet in a reservoir zone 

of said subsoil; 

- determining a length of the seismic wavelet (603); 

- receiving well data (605) corresponding to said identified reservoir zone; 

10 - training (608) a neural network (404) using: 

- a plurality of sub-portions (402, 403) of said at least one portion (401a) as input 

variables, said sub-portions of the portion having a length (604) dependent on the 

length of the seismic wavelet determined, 

- and at least one second piece of geological information (301) according to said well 

15 data (300) as the target variable; 

- determining (612) at least one first piece of geological information based on the 

first seismic signal using said trained neural network.  

2. Method according to claim 1, wherein the wavelet length is determined according 

20 to an autocorrelation calculation (202) of said at least one portion (201).  

3. Method according to any one of the preceding claims, wherein the union of the 

plurality of sub-portions is said at least one portion.  

25 4. Method according to any one of the preceding claims, wherein the length of the 

sub-portions is the length of the seismic wavelet determined.  

5. Method according to any one of claims 1 to 3, the length of the sub-portions is 

between 0.5 and two times the length of the seismic wavelet determined.  

30
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6. Method according to any one of the preceding claims, wherein the second piece of 

geological information is a piece of information from a group including a piece of 

porosity information, a piece of reflectivity information, a piece of density 

information, a piece of resistivity information and a piece of mineralogical 

5 composition information, a piece of gamma-ray log information, a piece of density 

information, a piece of sound propagation rate information, a piece of permeability 

information and a piece of saturation information.  

7. Method according to any one of the preceding claims, wherein the second piece of 

10 geological information is a piece of filtered information (607) in a given frequency 

range.  

8. Device for processing a first seismic signal, 

the device comprises: 

15 - an interface (703) for receiving at least one second seismic signal derived from the 

emission of a seismic wavelet in a subsoil; 

- a circuit (704) for identifying at least one portion of said at least one second seismic 

signal corresponding to reflections of the seismic wavelet in a reservoir zone of said 

subsoil; 

20 - a circuit (704) for determining a length of the seismic wavelet; 

- an interface (703) for receiving well data corresponding to said identified reservoir 

zone; 

- a circuit (704) for training a neural network using: 

- a plurality of sub-portions of said at least one portion as input variables, said sub

25 portions of the portion having a length dependent on the length of the seismic 

wavelet determined, 

- and at least one second piece of geological information according to said well data 

as the target variable; 

- a circuit (704) for determining at least one first piece of geological information 

30 based on the first seismic signal using said trained neural network.  

9. Computer program product containing instructions for the use of the method 

according to any one of claims 1 to 7, when this program is executed by a processor.
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