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A B S T R A C T  

With the increase of data processing capabilities and the evolution of interpretation methods, the first-

time seismic tomography has been increasingly used, this is not based on stratified models, but rather 

on models in which velocity gradients are assumed, allowing the determination of lateral and depth 

variations of velocity. The present work is an experimental study in the application of subsurface 

tomography inversion techniques, with data from experimental tests acquired at the Geosciences and 

Geoengineering Laboratory of IST (GeoLab) for the determination of velocitie models that are best 

suited in locating and identifying speed anomalies. To determine the velocity model by tomographic 

inversion, this work has as main objective the application of the Seismic Tomographic Technique of 

Simultaneous Iterative Reconstruction (SIRT) to determine a velocity model, where an initial 

homogeneous model with constants velocity, where it was disturbed in ways to approximate the data 

observed to the calculated ones. Throughout the development of this thesis, it was noted that this 

technique has challenges to be studied and every stage of its workflow deserves careful attention. 

Proper data collection (acquiring sufficient data) and processing them correctly can help simplify the 

entire inversion process. Constructing a good initial model, considering the imputed constraints, and 

elaborating a good ray tracing strategy on it also proved to be a fundamental part of the method's 

efficiency. 
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1.  INTRODUCTION  

In the search for greater precision in the 

modeling and definition of subsurface 

characteristics, in seismic research and 

exploration, new techniques were developed 

with the purpose of improving significantly and 

qualitatively the seismic exploration in a certain 

area. 

In cases where the estimated velocity model 

does not approach the initial model, it is 

necessary to create inversion strategies that 
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are not very dependent on these models, it is of 

great importance to define a good subsurface 

velocity model. 

The oil industry is increasingly focused on 

discovering new technologies that allow the 

characterization and identification of oil 

reservoirs, both oil and gas, in increasingly 

deep, geologically complex and difficult to 

access areas. Given the difficulties that have 

been observed in geological environments 

where some reservoirs have been found, 

seismic tomography techniques have been 

improved with the objective of obtaining greater 

accuracy of subsurface characteristics in the 

seismic exploration and to reduce the related 

risks with the exploitation of hydrocarbons. 

 The use of seismic tomography has been 

performed for the mathematical modeling of P 

and S wave propagation times to map 

subsurface velocity perturbations, similar to 

computer-assisted tomography (TAC) 

scanning. The use of seismic tomographies has 

been significantly carried out in Geophysics 

with different purposes, namely: the 

characterization of fractured rock masses, the 

mapping of groundwater reservoirs and the 

location of ore bodies and also to interpret the 

presence of old subducted slabs, locate the 

source of critical points and model convection 

patterns in the mantle (Lebedev et al., 2009). 

According to Mendes (2009), different 

algorithms have already been developed to 

deal with the process of deep seismic 

tomography and are usually based on the 

inversion of matrices. When the problems are 

not linear, tomographic inversion methods are 

among the most indicated, because they can 

manipulate the nonlinear relationship from a 

local linearization to iterate the ray tracing and 

update the parameters of the model. It is worth 

noting that the methods that use first-stage 

seismic tomography are those that present 

more robust ways to estimate the velocity 

model on the surface at low depth (Mendes, 

2009). 

As part of these methods it is possible to cite 

the Simultaneous Interactive Reconstruction 

Technique (SIRT) described by Watanabe et 

al., (1999) and considered in this study as a 

technique for inversion of seismic tomography 

in subsurface. From this technique we tried to 

construct a final speed model (VP).

2.  METHODOLOGY  

1. In the first part of the methodology were 

carried out the laboratory tests where: 

 

a) A cube was built to obtain the model, in order 

to obtain the actual data of the arrival times, 

using a wooden mold with the dimensions of 28 

x 28 x 28 cm (width x length x height),where in 

order to ensure consistency it was necessary to 

knead the plaster to a plastic consistency, thus 

allowing its addition inside the mold, in which a 

calcareous cube with a dimension of 6 x 6 x 6 

cm (width x length x height) in the center of the 

plaster cube, with a distance between the faces 

of the plaster cube of 14 cm. 

b) Tests were carried out to determine the 

propagation times of the P waves in the rock 

material with the application of the ultrasonic 

test one of the most extensive non-destructive 
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methods for characterization of the rock 

material under study. 

c) The generation, transmission, and reception 

of body wave amplitudes. 

d) The times and distances were determined 

using the time domain technique. 

e) For the determination of the coordinates in 

the studied cube, the firings were made on face 

1 and having as receiver the face 2. The first 

firing in the coordinates was 1.6 cm in the X axis 

that occurs in the horizontal, and for 26 cm on 

the Z axis vertically, the Z axis being the depth. 

The same situation can be seen in the receivers 

with values of the X coordinate equal to 1,6 cm 

and of Z equal to 26 cm respectively.

 

 

Figure 1 Wooden mold for the construction of the plaster cube (the left); lime sample in the center of the mold (right).                                         

 
. 

2.In the second part of the methodology, after 

obtaining the arrival times (propagation times of 

the P waves obtained laboratory), the seismic 

tomographic inversion (SIRT) computational 

technique was applied to construct a velocity 

model. 

According to the illustrative scheme indicated in 

Figure 3, from the initial speed model, it is 

determined: 

 

 

a) An initial velocity model is generated 

which is not classified by dividing them 

into regular and / or homogeneous cells 

according to figure 2. Iterative inversion 

scheme, to construct the final speed 

model Vp for the location of velocity 

anomalies. 
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                                                            b) The initial model is disturbed in ways that allow the     

calculation of travel times between the source and the receiver of the mesh, where: 

𝑇𝑆𝐶𝑅 = 𝑇𝑆𝐶 + 𝑇𝑅𝐶 ;  (Equation 1) 

                                                                 c) Depending on the estimated and estimated arrival   

times, the difference (Δt) between the travel time (𝑇𝑆𝐶𝑅) 

in each cell of the mesh and the shortest travel time  𝑇𝑆𝑅 entre a fonte e o recetor.

 

 

d) Check the difference (Δt) in each cell of 

the grid to see if it is less than half a period, 

according to the equation: Determination of the 

velocity model, and comparison of the actual 

arrival times with the synthetic arrival times, in 

order to obtain the best final P-velocity model 

(final Vp), since the arrival times are not direct, 

the defined times are an approximation that are 

calculated in the middle of the course, from this 

relation we can establish the inverse problem. 

Δt = 𝑇𝑆𝐶𝑅 − 𝑇𝑆𝑅 <
1

2𝑓
 (Equation 2) 

(e) The delays or velocities caused by the 

disturbance of the model shall be determined by 

applying the equation: 𝛿
𝑆𝑖𝑗= 𝑆𝑗 

∆𝑡

𝑡𝑖
 ,
 Where: 𝑠𝑗 

indicates the delay in the ith grid cell, Δt  

indicates the difference between the calculated 

and observed travel times and 𝑡𝑖, the travel time 

along the entire longitudinal extent of the fresnel 

volume. 

f) A weighting function that will depend 

linearly on the difference of Δt is established in 

each cell using the following equation: 

W ={
1 − 2𝑓𝛥𝑡, (0 ≤ 𝛥𝑡 <

1

2𝑓
)

0,                 (
1

2𝑓
< 𝛥𝑡)

 (Equation 3) 

g) Based on the weighting function 

determined in equation (3), a weight coefficient 

is generated which represents the probability of 

the wave being delayed during the perturbation 

Figure 2- Three-dimensional scheme for determination of arrival 
times in the mesh of nodes (modified from Rawlinson and 

Sambridge, 2003). 
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of the model using the following equation: 𝑃𝑖𝑗 =

𝑁𝑤𝑖𝑗⧸(∑ 𝑤𝑖𝑗
𝑁
𝑗=𝑖 )(Equation 4) 

Where N expresses the number of mesh 

cells in the entire Fresnel volume resulting from 

the sum of all weight values 𝑃𝑖𝑗 and 𝑤𝑖𝑗 is the 

weighting in each cell along the longitudinal 

extent of the Fresnel wave. 

h) Calculate in each cell traversed by a wave 

the delays encountered during the disturbance 

of the model by multiplying the two equations 3 

and 4. 

i) Taking into account (𝛿𝑆𝑖𝑗
) referred to as a 

discrete random variable and we calculate its 

mathematical expression to correct and obtain 

the mean of the delays in the cells, Given the 

expression: 𝛿𝑆𝑖𝑗
=

𝑁𝑤𝑖𝑗𝑆𝑗Δt

𝑡𝑖 ∑ 𝑤𝑖𝑗
𝑁
𝑗=1

  thus obtaining the 

mathematical expression to correct and obtain 

the mean of the delays in the cells, 𝛿𝑆𝑗̅̅̅ =

1

𝑀
 ∑ 𝑆𝑗  

𝑊𝑖𝑗 ∆𝑡𝑖

𝑡𝑖 ∑ 𝑊𝑖𝑗
𝑀
𝑗=1

 𝑀
𝑖=1  

Where M expresses the number of all 

longitudinal extensions of the fresnel wave 

passing through the cell of the mesh. 

j) Updates the delays during the iteration (k 

+ 1) according to the equation: 

𝑆𝑗
𝑘+1 = 𝑆𝑗

𝑘 + 𝛿𝑆𝑗̅̅̅   (Equation 5) 

Where K indicates the number of iterations; 

𝑆𝑗
𝑘+1 indicates the updated delay. 

 

 

 

 

 

 

 

 

 

 

3.  DISCUSSION AND ANALYSIS OF RESULTS

In this chapter the results obtained with SIRT 

application are presented. 

The methodology applied for the 

implementation of the algorithm shows that it is 

first necessary to define an initial model to give 

the beginning of the inversion. The 

determination of the initial model is extremely 

important, in order to reach the total coverage 

of the model space, thus allowing a better 

solution to be possible. 

3.1. Initial model. 

However, to define an initial model, one 

should take some considerations. You must 

ensure that the model set to begin tomographic 

inversion is smooth. With abrupt speed 

contrasts, tomography tends not to result in a 

single solution. 

Thus, the discretization of the defined model 

consisted of a mesh divided into regular cells, 

Figure 3 -Optimization scheme of the SIRT algorithm Unza, 2019). 
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where the size of the cell varies according to the 

determined dimensions. The number of cells 

defined was 54 x 54 x 54. And for the inversion 

process an initial model with constant speed of 

1000 m / s was created.. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                            

 

 

 

 

 

 

 

 

 

 

 

The initial model was disturbed, causing the 

SIRT algorithm to look for step by step the 

position where the wavefront should be 

transmitted. The acquisition of the new model 

occurred after 4 iterations, as shown in figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 - Homogeneous initial model 

Figure 5 - Model resulting from the inversion of the initial model 
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In order to better understand the behavior of the 

speeds in the new model, some cuts were 

made to analyze the velocity variations in each 

of the selected positions. First a cut was made 

with a distance Y = 20, and as we can see in 

Figure 6, the velocity values are relatively low in 

the central zone of the section, we can assume 

that the low values of velocities more in the 

central zone, it is the area where the anomaly 

is most likely to be found, and lower and higher 

in the lower and upper parts, the higher speeds 

are verified and these high velocity values can 

be justified by the fact that these zones are 

denser and of being the areas with the highest 

concentration of fine particles and having the 

lowest volume of voids. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 shows a cut at a distance of Y = 28, as 

we can see in this section the behavior of the 

speed does not very much, a slight attenuation 

Figure 6 - Model 2 cut off at a distance Y = 20 
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of the speeds, a small difference in the values 

of the speeds located more to the center of the 

section presented, and lower in the lower part 

the higher speeds are observed and these high 

velocity values can be justified by the fact that 

these zones are denser and have the smaller 

volume of voids, which in a way increases the 

velocity of wave propagation P. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 -Model 2 cutting done at a distance of Y = 28 cm 
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The result obtained from the inversion is 

somewhat close to the actual synthetic model, 

but it is possible to verify some flaws in the 

image, which are due to the fact that the cube 

was placed under greenhouse at a Figures 8 

and 9 show cut made at distance 33 , as we can 

observe in these section the behavior of the 

velocities does not vary, it is possible to verify 

that the lower speeds remain in the more 

central part, and the higher values continue in 

the lower parts and higher

 

 

 

 

 

 

 

 

 

 

 

 

 

4.  CONCLUSIONS  

The seismic tomography algorithm 

implemented in this work performed correctly, 

which proves that the techniques applied for the 

calculation of arrival times and ray tracing for 

the dominant frequency are satisfactory for this 

purpose. 

After the study of existing bibliographies on the 

seismic tomography method, and specifically 

on the seismic tomography of travel time, the 

applications of the technique were started in 

synthetic models, seeking to prove their viability 

and stability. And, with the evaluation of the 

behavior of the parameters of the method and 

the inversion response according to them, the 

efficiency of the tomographic inversion flow was 

evidenced. Moreover, this application in 

synthetic data allowed a better perception and 

interpretation of the tomographic data, which 

Figure 8 -Model 2 cutting done at a distance of Y = 33 cm 
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later helped in the interpretation of the actual 

data. 
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