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Abstract  

   Nowadays, the high demand for new technologies has led to the current manufacturing processes to 

require new materials, either looking for a cost reduction, performance optimization or an 

improvement in material properties. 

   With the demand and new material applications, the development of new inspection process is also 

necessary and this leads to the improvement of the knowledge of the behavior of materials in different 

service circumstances. 

   Actually many ultrasonic techniques to characterize materials have been developed. Meanwhile the 

common methods use techniques as wave propagation inside the material under test, in this master 

thesis a method to estimate the mechanic properties of solid materials is shown through measuring the 

velocity in the superficial Rayleigh waves or Lamb waves. Capturing the flight time of two points and 

determining the correlation between these two points and the source point signal.  

   In order to study these waves a prototype characterized by a former student capable to measure the 

propagation velocity by direct contact with the material is used, furthermore, in this thesis, this 

prototype is going to be improved using a microprocessor DSP needed to work in real time, it means 

to program a DSP with a C programing language and a dedicated compiler.  The challenge is to give 

the appropriate signal processing to the signals that are acquired in this prototype. 

   In addition, this improved prototype could have great potential in clinical and industrial applications. 
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1 Introduction 

 

   In recent years the ultrasonic methods are used generally in the industry for quality controls and 

studies of materials integrity, it is mainly used for error detection and wall thickness measurement. 

Nevertheless, the ultrasounds can also be used to determine the physic properties of materials and its 

possible differences in structure. An appropriate warm treatment, the grain size, and the Young’s 

modulus can affect the ultrasonic attenuation. 

   The study of homogeneous and isotropic materials through the ultrasonic techniques can be mainly 

easy, since the materials have defined their properties as propagation velocity, elastic modulus, 

density, etc. Nevertheless, if the challenge is not constituted by one homogeneous material, it is the 

case of the composed materials, the sound can be propagated in different velocities in different parts in 

the studied material. The elastic properties of the components, which integrate the material, are 

different and they are located randomly in the material. 

   However, despite these difficulties to study, the composed materials give us advantages, which make 

them important to use. For that reason, it is needed to study the material characterization to know 

better its behavior and a reliable determination of its important properties. 

In this thesis an ultrasonic device is going to be studied and modified, to determine the elastic 

characteristics of solid materials in a non-destructive way. 

   The use of the purpose prototype is based in the measure between the relation in time and a 

mechanical excitation applied in one sample (a shift or effort) and the answer, also mechanic, is 

produced by this sample. 

   The main principle of measure is reflected in Figure 1. Applying an input voltage to one 

piezoelectric actuator, which vibrates and introduces compression on the sample, at the same time, the 

vibration is transmitted through the material, being the transmission in the upper layer the one which 

allows us to detect with other two piezoelectric sensors; The piezoelectric sensors, in a used time by 

the mechanical vibration to go through on the material surface. 

 
Figure 1 Graphic example of procedure 

   The value of the velocity is obtained, from the distance covered and the elapsed time between the 

output wave from the actuator and its arrival to the reception output. Thereby, the used time to 
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calculate the velocity, and time of flight tv will be defined as the elapsed time since the generation 

equipment sends the signal through the actuator until receiving transducer (sensor) detects the arriving 

signal. To obtain tv, will be made by calculations of similarity and correlation of signals. 

   In chapter 2 is explained the theory related to the physics in the ultrasounds field, as well as the 

typical waves propagation modes, and it is also explained a brief explanation of piezoelectric methods 

of generation and reception ultrasonic waves, all these concepts are needed in this Master Thesis to 

clarify concepts in order to understand better the correct procedure, in addition some of the formulas 

explained in Chapter 2 will be required to calculate some results in the following chapters. In chapter 3 

is described the ultrasonic device proposed, its working principle, and its design. Chapter 4 is about 

the testing materials; it has been selected five materials to determine their propagation velocity, to be 

sure before we are going to test the prototype that our results are related with the results in the 

characterization process. Finally in chapter 5 is shown, explained and discussed all the results in the 

sample materials previously characterized, paying attention to the different types of post processing, in 

Matlab and DSP processing.  
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2 Physic and Ultrasonic Theory 

   In the beginning, the surface materials where the mechanical waves can be propagated must be able 

to withstand deformations inside. This can be the type of compression or dilation in the correct 

propagation way and they are observed in the three basic states of the material, i.e. in solids, liquids, 

gases. There are, in the solid states, other deformities, which are, shear type and its vibration and 

propagation directions are perpendicular. This increases the different ways that we can observe the 

phenomena of the mechanical propagation waves. 

   Mathematically, the elasticity is established through the elastic constants to each material that allows 

the characterization in static phenomena that are given in different structures. The elasticity determines 

how a medium allows the propagation of mechanical waves in its inside. 

 

2.1 Physic model of waves propagation 

   Considering a homogeneous fluid of density ρ and compressibility modulus k, the equations of 

conservation moment and conservation weight, we can obtain the correct expression which governs 

the dynamics of fluid: 

 

𝜌 !"
!"
= −∇𝑃                                        (2.1) 

!"
!"
= −𝑘∇ · 𝑣                   (2.2) 

 

   Where P is a scalar value of acoustic pressure and 𝑣 the vector value of velocity. The acoustic wave 

will be longitudinal and it will have a propagation velocity cp that depends on the material properties, 

for that reason: 
 

𝑐! = 𝑘 𝜌                    (2.3) 

 

   The elastic waves propagation in solids will come by the second Newton’s law and Hooke’s law, in 

function of the Lamé constant λ, µ and the density ρ of the mentioned solid. 

So the deformation as a function of effort is given by the Hooke’s law: 

𝜏 = 𝑐: 𝜀               (2.4) 
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   Where 𝜏 is the tensor of effort tensions, 𝜀 the deformation tensor and c the elastic coefficient tensor. 

Likewise, from the definition of particle velocity as the time derived of the displacement we can 

express the deformation 𝜀 in a velocity function v as: 
!"
!"
= !

!
(∇𝑣 + 𝑣∇)                     (2.5) 

Replacing in equation (2.5) we can obtain the effort in velocity particle function as: 
!"
!"
= !

!
∇𝑣 + 𝑣∇                                  (2.6) 

   

Following the Newton’s law, we can express the constitutive equations of the solid dynamics in a 

vector way as: 
!"
!"
= 𝜆𝐼 ∇ · 𝑣 + 𝜇(∇𝑣 + 𝑣∇)    (2.7) 

𝜌 !"
!"
= ∇ · 𝜏              (2.8) 

   Where ∇𝑣 is the transpose of 𝑣∇. We can substitute the gradient operator and the divergence in the 

system in a better appropriate coordinates to our problem to deduce the expressions in a scalar way. 

   This model describes the propagation in elastic, linear, isotropic and without leakage solids. The said 

propagation is characterized mainly to represent the inside of the solid as a wavelike behavior 

characterized by two types of waves. 

   The first type is the longitudinal waves, which implies the compression and the refraction in the 

material. Each particle that travels in a longitudinal way is shifted over its equilibrium position in the 

same propagation wave direction. They are also called as P waves (primary), they are the first waves 

which appear in the seismograph. 

 
Figure 2 Representation of particle position for a longitudinal wave. 

The propagation velocity cp of this wave can be calculated as: 

𝑐! =
!!!!
!

     (2.9) 
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   The second types are the transversal waves or S waves (secondary). The propagation of this type of 

waves implies the movement in shear or the material rotation. The movement of the particle is 

perpendicular to the propagation direction of the wave. 

 
Figure 3 Representation of particle position for a transversal wave. 

The same propagation velocity cs in a solid material is given by: 

𝑐! =
!
!
                    (2.10) 

 

both types of waves can propagate themselves in solid materials, although in liquid and gas material 

just the longitudinal waves, (𝜇=0), and for this reason cs= 0. 

   To achieve that one material is just propagated in longitudinal and transversal waves, this must be 

homogeneous, isotropic and unlimited. If the material is limited the superficial waves also appear, 

which can separate in Rayleigh and Love waves. 

   The particles, which are disturbed by the Rayleigh wave, vibrate with an elliptic polarization in the 

sagittal plane regarding the propagation velocity, i.e. they are drawn ellipses against its equilibrium 

position. 

 
Figure 4 Representation of particle position for a Rayleigh wave. 
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   The ellipses in the surface are drawn in the opposite 

direction to clockwise. In one profundity around 0.2λ 

the particles vibrate in a vertical direction, (the particle 

velocity in the x axes is null, see Figure 5) and under 

zero the ellipses are drawn in the opposite direction, 

The amplitude of the shift of the particles decrease 

exponentially with the profundity and it is faster for 

small longitudinal waves, therefore, the wave is 

described in the surface and it just achieves few 

longitudinal waves, Figure 5. On the other hand, the 

amplitude decreases with the distance to the source r 

with a 1/r compared with the attenuation factor by 

divergence of the longitudinal and transversal waves, 

which is 1/r2 . Moreover, an impulsive source placed on 

the surface tends to transmit more energy through 

Rayleigh waves than other medium of another kind of 

waves [1]. Then the vibrations of higher detected 

amplitude in the surface often are done in consequence of 

Rayleigh waves [2]. 

   The propagation velocity of the Rayleigh waves cR depends on the elastic constants, but it also 

depends on the geometry of the surface, so that for a flat surface and assuming a Poisson's ratio equal 

to 0.25: 

𝑐! ≈ 0.92 · 𝑐!                (2.11) 

   The Rayleigh velocity increases in function of the modulus of Poisson v of the solid, thus we can 

catch an approximation to the purpose expression in [3]: 

𝑐! = 𝑐!(0.874+ 0.196𝑣 − 0.043𝑣! − 0.055𝑣!)                  (2.12) 

   If the Poisson’s ratio is maintained in the range v=[0:0.5], the Rayleigh wave velocity changes 

depending approximately between 𝑐! ≈ [0.85: 0.95]𝑐!. 

Figure 5 Amplitude components of particle shifted 
for one Rayleigh wave in function of its profundity. 
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   On the other hand, although theoretically in a homogeneous sub-space, the Rayleigh waves are not 

dispersive, there are heterogeneities for each frequency component that will travel then to a 

determined velocity [1]. 

   Another type of superficial waves is the Love waves. The movement of each particle in these waves 

is transversal and parallel to the surface see Figure 6. Rayleigh waves, unlike the Love waves, cannot 

propagate in homogeneous half space; this can be propagated just if in the material there is a 

superficial layer of propagation velocity lower than the underlying layer. 

 
Figure 6 Representation of particle position for a Love wave. 

   The Love waves are dispersive, and generalizing, we can state that the propagation velocity of a 

Love wave cL will be [1]: 

𝑐! ≫ 𝑐! > 𝑐! > 𝑐! 

   When the propagation occurs on the infinite plates, the thickness of which is of the order of some 

wavelength, and with both free surfaces, another kind of waves, known as Lamb waves, is generated. 

These waves are characterized by being dispersive and by the existence of a discrete set of propagation 

modes, due to the fact that the normal vector wave components to the plate must satisfy the free 

boundary conditions. The movement of the particles is in the plane, which contains the direction of the 

propagation wave (the propagation direction is perpendicular to the plate) 
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Figure 7 Lamb waves propagation in an infinite plate (1) asymmetric mode (2) symmetric mode 

These waves are detected by the normal shift that is originated in both faces of the plate. Hence, we 

only need the polarization states L (Longitudinal) and SV (Shear Vertical), which are the only ones, 

which make normal shift to the surface. The vectors uL and uT are the vectors of displacement of the 

medium for the longitudinal and transversal waves respectively. The kL and KT vectors are the 

respective vectors propagation. 

   Because of the conversion of reflection modes, each one of these states of polarization generates two 

modes with both polarizations, which are reflected in different directions, the waves reach the upper 

and lower surface of the plate at the same time. 

   An effective way to solve the problem is to raise it in terms of scalar ϕ and vector ψ potentials shift, 

with the free boundary conditions in the plate surface. This leads to two independent equations, for the 

number of k of Lamb waves propagating in the x direction. The propagation velocity depends on the 

frequency (or wavelength), as well as the elastic constants and material density. This phenomenon is 

fundamental to study and understand the behavior of these waves in the plates. Physically, the key 

parameter is the relation between the plate thickness d, which is the dimension thickness of the plate, 

and the wavelength λ. See Figure 8 and equations (2.13) and (2.14). 

 

𝑘! − 𝑠! ! sin 𝑞𝑑 cos 𝑠𝑑 + 4𝑘!𝑞𝑠 sin 𝑠𝑑 cos 𝑞𝑑 = 0   (2.13) 

𝑘! − 𝑠! ! sin 𝑠𝑑 cos 𝑞𝑑 + 4𝑘!𝑞𝑠 sin 𝑞𝑑 cos 𝑠𝑑 = 0   (2.14) 

Where: 

𝑞! =
𝑤
𝑣!

!
− 𝑘!,                𝑠! =

𝜔
𝑣!

!
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Figure 8 Transversal waves (SV polarization) and longitudinal (L polarization) 

 

   This relation determines the effective stiffness of the plate and therefore the wave velocity. In 

technology applications, one easier parameter derived from the frequency and thickness is used: 

𝑓𝑑 = 𝑑𝑐
𝜆           (2.16) 

 
Figure 9 Dispersion curves of the Lamb waves. 

In Figure 9 the abscissa axis shows the angular frequency and the plate thickness of the product, 

normalized by the transversal wave velocity. In the ordinated axis the phase velocity of the normalized 

Lamb waves is shown by the cut off wave, A0 is the first wave propagated in asymmetric mode and S0 

is the first wave propagated in symmetric mode and the rest correspond to the following propagated 

waves. For high frequencies the velocity of Rayleigh waves are approximately the 92% of the 

transversal wave velocity. 

The zero modes of symmetric and asymmetric order need special attention. These are modes that have 

born frequencies from zero. Therefore, they are the only modes that exist in the whole frequency 
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spectrum. In the low frequency range (ie when the wave length is greater than the plate thickness), 

these modes are often called “extension modes” and “flexion modes”, respectively. The particles 

movement is mainly elliptic on the plane of the plate for the symmetric extensional mode and 

perpendicular on the plane of the plate for the asymmetric flexion mode. These characteristics change 

in high frequencies.  

These two modes are the most important due to the fact that they exist in all frequency range and in 

most part of the practice situation they bring more energy than the modes of upper order. 

 

2.2 Ultrasonic waves in free space 

   Ultrasonic testing of materials utilises mechanical waves in contrast, for instance, to X-ray 

techniques, which use electromagnetic waves. Any mechanical wave is composed of oscillations of 

discrete particles of material. In longitudinal waves the oscillations occur in the longitudinal direction, 

that is the direction of propagation, as we saw before it is not the only kind of wave although in this 

Master Thesis it will be the most important way of propagation. Since the compressional and 

dilatational forces are active in it, it is also called a pressure or compression wave, and because its 

particle density fluctuates it has also been given the name density wave. 

This is a real sound wave because it transmits the oscillations of a source of acoustic energy through 

liquid or solid bodies, as we will do in the process part. (It also can appear in solid bodies transversal 

waves). 

   The excitations can be visualized as a motion in which the particles on the left-hand surface of the 

body are moved sinusoidally up and down by a periodical shear force. In solid bodies such a shear 

force can be transmitted to the particles in the adjacent planes but the transversal oscillations will show 

a lag in time, depending on their distance from the plane excitation.  

2.2.1 Ultrasound Nature 

   Ultrasonic waves are sound waves of the same nature than mechanical or elastic waves, 

characterized in that operate at frequencies above the audible area of the sound spectrum. Not to be 

confused with the supersonic, dealing with the phenomena associated with the motion of a solid object 

above the speed of sound [4]. 

 

Infrasonic waves -> f < 20Hz 

Sonic waves (audible area) -> f = 20Hz to 20kHz 

Ultrasonic waves -> f >20kHz 
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2.2.2 Propagation Velocity of Ultrasonic Waves 

   Ultrasonic waves propagating in a homogeneous surface at a velocity and attenuation that are 

characteristic for each material. In this way the two properties can be used to determine the existence 

of defects in its inside. The determination of these parameters, which can be considered basic and 

elementary, must be done carefully, for this reason in its measurement should be considered numerous 

sources of error, so significant that hide sometimes magnitudes of interest, it would invalidate the 

measurement method and outcomes [5]. 

   For homogeneous surfaces, the measuring velocity of propagation should mainly look after the 

precision that can be achieved as a result of the errors associated with the determination of the 

distances of propagation (acoustic path) and the time taken to cover the distance associated (time of 

flight). The situation is different when the medium is non-homogeneous, as in this case the scattering 

phenomenon arises and must be distinguished from the propagation velocity that the medium has for 

each frequency, known as the phase velocity, the velocity at which are propagated a group of waves, 

also called group velocity [5]. 

The propagation velocity of sound in dry air at a temperature of 0 ° C is 331.6 m / s. Increasing the 

temperature increases the speed of sound; for example, at 20 ° C, the speed is 344 m / s. Changes in 

pressure at constant density have virtually no effect on the speed of sound. In many other gases, the 

velocity only depends on its density. If the molecules are heavy, the movement is more difficult, and 

sound moves more slowly in the surface. For example, the sound moves slightly faster in wet air than 

in dry air, because the first one contains a greater number of lighter molecules. Generally, the sound 

moves faster in liquids and solids than in gases. 

   In both liquid and solid, the density has the same effect as in the gases; the speed of sound varies 

inversely with the square root of density. The velocity also varies in proportion to the square root of 

elasticity. For example, the speed of sound in water is about 1.500 m/s at ordinary temperatures but 

greatly increases when the temperature rises. The speed of sound in copper is about 3.500 m / s at 

normal temperatures and decreases as the temperature increases (due to the decrease of the elasticity). 

In steel, more elastic the sound travels at about 5.000 m/s; its propagation is very efficient [6]. 

There is another factor that affects the speed that it is Poisson's ratio. When on a metal traction is 

applied, an elastic elongation and deformation δg occurs in the direction of the applied load (which 

arbitrarily we took as the z direction). As a result of this elongation will occur constrictions in lateral 

directions (x and y) perpendiculars to the direction of voltage application. From these constrictions, 

one can determine the deformation compression δx and δy. The ratio between the lateral and axial 

deformations is Poisson's ratio [6]: 

𝑣 = − !!
  !!

= − !!
!!

      (2.17) 
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The negative sign is included in the expression so that "v" is always positive, since δx and δy are 

always of opposite sign. 

The relation of these three factors (E, ρ, v) with the speed of sound is as follows: 

𝑉 =    !
!

!!!
!!! !!!!

    (2.18) 

where: 

𝑉=Wave velocity. 

𝐸= Young's modulus. 

𝑣 =Poisson’s ratio. 

𝜌=Density. 

 

2.2.3 Attenuation of ultrasonic waves in solids 

   So far, ideal materials have been assumed in which the spreading of the wave in the only way to 

reduce the sound pressure. The sound pressure along its path would be reduce in function of a plane 

wave, and a spherical wave, or beam sound of a tube in far field, would only decrease inversely with 

distance the source. Natural materials, however, all produce a more or less pronounced effect of 

further weakening the sound [7]. This results from two basic causes, scattering and true absorption, 

which are both combined in the term of attenuation.  

   The scattering results from the fact that the material is not strictly homogeneous. It contains 

boundaries at which the acoustic impedance changes abruptly because two materials of different 

density or sound velocity meet at these interfaces. Such homogeneities may either be foreign 

inclusions, or gas pores. They may be genuine flaws if the material concerned, or also natural or 

intentional flaws such as porosity in sintered materials. When only a single type of crystal is present, 

the material may still be inhomogeneous for ultrasonic waves if the grains are orientated at random 

and the crystal concerned has different elastic properties and different sound velocities in different 

directions. In this case it is called anisotropic. 

   In the frequency range used for testing materials the grain size is usually smaller than the 

wavelength and under these conditions scatter occurs instead of geometric division, as when the light 

of the headlamp is scattered by the small water droplets in fog. 

The second cause of attenuation, the true absorption, is a direct conversion of sound energy into heat, 

for which several processes may be responsible. Absorption more or less can be viewed as a kind of 

braking effect of the oscillations of the particles, which also makes it clear why a quick oscillation 

loses more energy than a slow oscillation, absorption generally increases with frequency, but at a 

much slower pace than the dispersion. Both losses practical limitations are established for the material 

testing, but slightly differently.  

   Pure absorption weakens the energy transmitted and the echo of both the flaw and the black wall. To 

counteract this effect the transmitter voltage and the amplification can be increased, or the lower 
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absorption at the lower frequencies can be exploited. The sound pressure of a plane wave, which 

decreases only as a result of attenuation, can for the purpose of calculation be written in the form of an 

exponential function [8]. 

𝑝 = 𝑝! · 𝑒!!"     (2.17) 

where 𝑝! and 𝑝 are the sound pressures at the beginning and the end, respectively, of a section of 

length d and with attenuation coefficient 𝛼. 

   This is the attenuation proper, or the total attenuation over the distance d, a dimensionless number 

which is expressed in Nepers (Np). The attenuation coefficient can therefore be given in Np/cm. 

Following the practice in electrical measurement; however, another unit is being given preference, the 

decibel per metre (dB/m). The decibel measure is obtained with the logarithm to base 10 and 

multiplied by 20: 

𝛼𝑑 = 20𝑙𝑜𝑔 !!
!

       (2.18) 

In what follows, 𝛼 will always be given in the unit decibel per metre (dB/m) which can be memorized 

easily. 

According to Bergmann [4] water at 20ºC has absorption for 4Mhz of 3.5dB/m. The frequency 

dependence is given by: 

𝛼 = 0.22𝑓!dB/m  with f expressed in MHz. 

   The influence if the temperature is negative, the absorption decreases by 3.2% per degree at 20ºC. At 

high ultrasonic powers, as can occur in the pulses of a flaw detector, the absorption can be much 

higher as a consequence of non-linear stressing and the onset of cavitation. 

   If the attenuation coefficient of a given material is 1dB/mm, the wave is attenuated by a 1-mm-thick 

layer approx. 10%; by a 20mm layer by approx. 90%; at 100mm layer the attenuation is 5th power of 

10 and the sound pressure is 10-5, this would be a very severe attenuation. 

The table 1 facilitates the conversion of dB values to ordinary figures. 

 

 

 

dB 

Attenuated 

amplitude in % 

 

Gain 

0 100 1 

0.5 94.5 1.06 

1 89 1.12 

1.5 84 1.19 

2 79 1.26 

2.5 75 1.33 

3 71 1.41 
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3.5 67 1.5 

4 63 1.59 

4.5 60 1.68 

5 56 1.78 

6 50 2 

7 45 2.24 

8 40 2.51 

9 35 2.82 

10 32 3.16 

12 27 3.98 

14 25 5.01 

16 15.8 6.31 

18 12.6 7.94 

20 10 10 

30 3.2 31.62 

40 1 100 

50 0.32 316.23 

60 0.1 1000 

70 0.032 3162.3 

80 0.01 10000 

90 0.003 31623.00 

100 0.001 100000 
Table 1 

 

2.2.4 Piezo-electric Methods of Generation and Reception of Ultrasonic Waves 

   A piezo-electric material has the property that if it is deformed by external mechanical pressure 

electric charges are produced on its surface. Brothers Curie discovered this effect in 1880. The reverse 

phenomenon, according to which such a material, if placed between two electrodes, changes its form 

when an electric potential is applied, was discovered soon afterwards (in 1881). The first is now used 

for measuring, the second for producing mechanical pressures, deformations and oscillations. [7] 

The piezo-electric effect will be explained using barium titanate as an example since it is a material 

frequently used in ultrasonic and has a rather simple structure for the elementary cell. Fuller treatments 

of the subject may be found in the books of Bergman [4], Hueter and Bolt [9], Mason [10]. 

   The behaviour of a piezo-electric plate are strictly valid only for the static case, or as long as the 

thickness variations only take place so slowly that the inertia of the plate can be neglected. Any plate, 
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regardless of its piezo-electric properties, can oscillate mechanically like the classic system of a mass 

and spring. The fact that within a plate the mass and the spring’s elastic force are uniformly distributed 

enables it to oscillate at its fundamental frequency, and also at its various harmonics, as in the case of 

a taut string. 

   The thickness oscillation of a plate can be described by a plane wave, which is reflected at the first 

surface with opposite phase (because it is the boundary with an acoustically soft medium), and beign 

reflected again at the opposite surface, once more with a phase reversal. Thus it undergoes a phase 

shift equal to a full wavelength, and so meets itself in phase.  

Using a sound velocity for longitudinal waves c in the plate material, its thickness d equals: 

𝑑 = !
!
= !

!!
                       (2.19) 

and hence the characteristic of natural or fundamental frequency of the plate is: 

𝑓! =
!
!!

                    (2.20) 

   A thickness oscillation may also be achieved by transverse waves, for each case, using values for 

barium titane ceramic, we obtain: 

𝑓!! = 2.6
𝑑𝑀𝐻𝑧                   (2.21) 

𝑓!! = 0.98
𝑑𝑀𝐻𝑧               

With the thickness expressed in millimetres.       
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3 Description of Ultrasonic Prototype Proposed 

   As we advanced in the introduction, the challenge of this final thesis is study the propagation of the 

mechanical waves in solid surfaces, and the development of one prototype able to measure the 

propagation velocity of this type of waves. 

3.1 General Working Principle 

   The working principle of this ultrasonic device proposed in this thesis is based in the ratio between a 

mechanical excitation a displacement or effort applied to a small sample of the material to characterize 

and the mechanical response of this sample. The general principle of measure is reflected in the Figure 

10. 

Applying an electrical voltage to one actuator piezo-electric, it vibrates and makes vibrate to the 

sample. At the same time the sample vibrated is transmitted to others two piezo-electrics, piezo-

electrics sensors, that measure the material response. All these signals are recorded and measured by a 

data acquisition system, an oscilloscope, that will get all information measured, in one script, ready for 

post-processing. 

 
Figure 10 General principle of the measure 

3.2 Prototype Design 

   To carry out the measurement process described in Section 3.1, the prototype will consist of the 

following parts: 
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3.2.1 Actuator 

   This element is responsible for exciting the sample material from the electrical signal of the signal 

generator. The actuator chosen is the MA40S4S model of PIEZOTITE, and it is an ultrasonic emissor 

based in piezo-electric ceramic, used commonly for remote control applications, simple alarms, or 

automation of doors. 

   The main motivation of choosing this transducer have been the low cost of itself, and the suitability 

of the optimization (size and frequency of work) of this model to the necessities of our prototype. 

The appearance of the sensor and their dimensions are shown in the Figure 11 and Figure 12. 

  

 

 

 

 

 

 

 

 

                        

   In the Figure 13 and Figure 14 is shown respectively the sensitivity provided by the manufacturer 

and the admittance measured by the impedance analyser in the laboratory. Looking at these figures we 

will know the best resonant frequency for our piezo-electrics ceramics and we will have to adapt this 

frequency to our post processing code in order to work efficiently. 

    

 

 

 
Figure 12 Appearace of the 

transductor 

 
Fig 11.A appearance of the 

transductor                    

 

 
Figure 11 Dimensions of transducer 

 
Fig 1.B Dimensions of transducer 

 

 
Figure 14 Sensitivity of transducer MA40S4S 

 
Fig 12.A Sensitivity of transducer MA40S4S 

 

 
Figure 13 Admittance of transducer MA40S4S 

 
Fig 12.B Admittance of transducer MA40S4S 
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Model Work frequency Max. input voltage 

MA40S4S 40KHz 20V 

   The choice of this element to perform the function of transmitter is determined by the convenience 

of the frequency range for which it is designed, by its dimensions and also to reduce the cost. Despite 

all this it has made a number of changes necessary to get a good transmission signal. First is broken 

the external casing protection, which prevents direct contact between the active element (ceramics) 

and the material under test. Due to the transducer in thought to work to emit on air, this actuator has a 

membrane attached to the ceramic, which has also been removed from. Finally has retired the welding 

of conductive tabs to a cable properly shielded to reduce electromagnetic interference between the 

transmitter and receiver. The final actuator is shown in Figure 16:  

  

 

3.2.2 Sensors 

   As opposed to the previous case, the election of the sensors has been realized by the design of 

themselves, due to the geometrical limitations determined by the positioning system of the final 

device. 

   The material chosen to implement the sensor has been the model of PIEZOTITE company PIC 255. 

It is based of one piezo-electric material with high temperature and high coupling factor. These 

parameters and the low quality mechanical factor make this material particularly suitable for ultrasonic 

transducers of low power and wideband systems in no resonant frequencies. 

The characteristics determined by the manufacturer for this piezo-electric material is included in 

Appendix D. 

In the Figure 17 and Figure 18 is shown the used ceramics and the dimensions of them respectively. 

Figure 15 Actuator without connection 

Figure 16 Actuator with connection  
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   These ceramic have the geometry of plane disc to help the vibration in thickness mode. In this type 

of vibration, both the difference in potential and the deformation occurs between the two plane sides 

of the disc. And the ceramic and resonates at a frequency range, odd multiples of the fundamental 

frequency f0. 

   The sensors will require a protection layer to prevent one of the ceramic sides is in direct contact 

with the material to be analysed, since by rubbing with this, it could produce damage in the electrode 

of the ceramic. In addition has to be a connection between the conductor and the ceramic, to prevent 

this junction harm the adaptation between the ceramic and the material under test, it will be welded the 

conductor with the shield element, which must be electrical conductor, at least in its interior side. 

The protective lamina thickness is 0.3mm with a diameter of 1.25cm. 

   The union between the ceramic and the protective lamina is realized by epoxy 

mainly composed by silver that provides a rigid junction with good electrical 

conductivity factor, where we applied the weld over the conductor. To carry out 

this process we have the help of electronics department, due to the need for use of 

specialized equipment such as welders or special temperature controlled ovens. 

To obtain the signal registered by the sensors is realized a welding between the conductor cable and 

both sides of the ceramic, being the same welding directly over the ceramic electrode of the upper 

side, and over the epoxy material in the down side. The final sensor is shown in the Figure 20. 

In the Figure 21 is shown the admittance curve of one of our sensors. 

 
       Figure 18 Piezo-electric ceramic used 

 
Fig 15.A Piezo-electric ceramic used 

 

 
                       Figure 17 Ceramic dimensions 

 
Fig 15.B Ceramic dimensions 

 

Figure 19 Protective lamina 

Figure 20 Sensor 
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Figure 21 Ceramic admitance. 

As we can appreciate in the admittance curve, these sensors are not optimized for our work frequency, 

the fact of our ceramic resonant frequency depends inversely proportional to the thickness of this 

element plays against us to work as 40kHz (low frequency), a ceramic with small dimensions in 

thickness is required, which would be a very brittle piezoelectric element against external blows and it 

would be unworkable its location in a small device. 

3.2.3    Positioning System 

   Carefully studying the design of mechanical fixing system and adaptation of active elements on the 

test surfaces, we will have an adaptive positioning system of the elements in the device, the aim will 

be to ensure good contact between the actuator and sensors with the sample material to characterize, 

even in no plane surfaces. 

 
Figure 22 Positioning adaptable system 

It is the retention of a head of a shaving razor, which has been adapted to the needs of this project. 

This device is composed by a central element, which connect with three circular slots, where the 

sensors and actuator will go; the slots also have a rotation system and a vertical pressure system. 
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Figure 23 Positioning retention method. 

   The result of the placement of the sensors and the actuator in each of the circular slots in the 

positioning system is shown in Figure 24. 

 
Figure 24 Actuator and sensors in the positioning adaptable system. 

The distance between the three elements located on the positioning system is: 2.44±0.01cm between 

centres. 

   The commissioned piece of compacting the called elements will be the body of the razor HP-1606 of 

Philips shown in the Figure 25. 

 
Figure 25 Razor Philips HP-1606 

To suit the needs of the desired device is removed all internal electronic part and the shaving heads 

using only the plastic case of the shaver. 

   The whole positioning system, actuator and sensor seen above, is located in the top of the body, 

where they were before the shaving heads, using the inside of the body for the subjection of all 

elements and needed cabling. The final result is shown in Figure 26. 
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Figure 26 Prototype device to measure the propagation velocity. 
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4 Process and Results for Materials Characterization 

   Part of this thesis is to determine the propagation velocity of solid materials using ultrasonic 

techniques, for this reason is needed to characterize the propagation velocity in the surface for each 

material before to be tested with the ultrasonic prototype device. In addition this study will be used to 

determine the different propagation waves that appear in some materials to be characterized and also 

to compare the measures with the final results. 

4.1 General principle 

   As anticipated, to validate the measurements made later by the final device, will be necessary to 

know the propagation produced by our actuator on different materials. To realize this tare, has been 

carried out a temporal analysis of the received signals in different distances between the emissor and 

receptor, on different materials (Methacrylate, metal, wood, phantoms, etc.), to characterize each 

material with its respective propagation velocity. The configuration of the elements used, is shown in 

Figure 27. 

 
Figure 27 Experimental method to characterize the propagation velocity on the surfaces. 
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4.2 Instrumentation for Analysis and Selection of Measurement 

Parameters 

   Here the instrumentation used for both the generation, amplification and acquisition of the signals 

involved in the measurement process are listed, as well as an introductory explanation of DSP (Digital 

Signal Processing) 

 

4.2.1 Instrumentation Analysis 

Signal generator: 

   The signal generator has been though the generator Arbitrary waveform of National Instruments 

PXI/PCI-5412. The main characteristics of this device are shown below: 

• 1 output channel 

• 50Ω output impedance 

• 14 bits resolution 

• Arbitrary waveform 

• Max output voltage 12VRMS 

• Sample velocity 100·106 Samples/s 

• Frequency range 0Hz-20MHz 

• Memory 256MB 

• Nominal power 22W 

   The interface for the application development has been through Labview software supplied by the 

laboratory technician. 

 

Amplification system: 

   Due to the low signal level produced by the generator card, is required of amplification. In order to 

achieve 20V in the emitter has been used the amplifier 1040 of electronics Innovation. 

 
Figure 28 Amplifier 1040 Electronics Innovation. 

Whose salient features are presented in this table: 

Class Frequency Range Gain Input impedance Output impedance Max Input Voltage 

AB 10-500000 kHz 55 dB 50Ω 50Ω 1Vp 
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Acquisition Signal System: 

   On the premise of using the same equipment as for the characterization of materials that later in the 

prototype of velocity surface measurements we will use, the acquisition of data system used has been 

the oscilloscope Tektronix TDS2024B due to is the unique system available in the physic applied’s 

laboratory, this oscilloscope is able to show 3 different signal simultaneously. 

 
Figure 29 Oscilloscope Tektronix TDS2024B 

The remarkable characteristics of this equipment are the following ones: 

• 4 input channels 

• 1MΩ input impedance 

• Max input voltage 300VRMS 

• USB port 

• Sample velocity 2.0 GS/s 

• Bandwidth 200MHz 

4.2.2 Selection of Measurement Parameters 

   To characterize the surface waves in solids have been used a burst signal of 5 cycles with a 

sinusoidal shape with frequency of 40kHz modulated by Gaussian modulation. The signal 

representation is shown in the Figure 30. 

 
Figure 30 Input signal 
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This wave configuration has been chosen because of the advantages against the same burst without 

Gaussian modulation since the normal burst signal distortions were produced by the reaction effect of 

the transducers, since they could not recreate the abrupt jump of the signal. 

   With the Gaussian modulation signal over the burst seek to achieve greater suitability of the time 

reaction of the transducers, being the signal as short as possible in time, to obtain an excitation over 

the sample that allows to distinguish possible signal bounces of the edge of the material to 

characterize. For the election of the number of cycles, is to have the registered signals by the sensor 

with better coherence, because in this way we can see the reflections in the material more precisely. 

   The generation code of the input signal is presented in the Appendix A. 

   The generation parameters can be modified in the code, the parameters shown in Figure 30 are: 

• Time of the Signal 250µs 

• Number of cycles 5 

• Sampled Frequency 10MHz 

• Work Frequency 40kHz 

   The voltage applied by the amplifier will be 20Vp determined by the maximum input voltage allow 

in the actuator. 

Coupling material: 

   It will be necessary the use of one coupling material to able the transmission of the ultrasonic waves 

till the sample material, removing the air between the transducer and sample and thus avoiding the 

reflection of the signal at the actuator surface due to the high difference between acoustic impedances, 

ceramic-air. In our case have used Vaseline for this adaptation. 

 

4.2.3 Signal Processing 

   To determine the propagation velocity in the characterization process, first we have to measure the 

signals received at different distances, each one has to be registered in the oscilloscope in order to 

import the script with all information to be processed and it is loaded in data form using the Matlab 

command “load”: 
signal=load(script_name); 
Also we need to separate in columns all the script information referred for the input signal, the 

received signal and the time captured by the oscilloscope, using this Matlab command: 
time=signal(:,1); 
signal1=signal(:,2); 
signal2=signal(:,3); 
Once the scripts are obtained through the acquisition data system (the oscilloscope) has been needed a 

program elaboration, realized by Matlab software for the detection of the fly time of the signal. 

   The method in which the process is based is the cross-correlation between the input wave and the 

received wave for the different positions of the sensor. Using the Matlab command: 
corr1=xcorr(signal1,signal2,'biased');%cross-correlation for sensor 1 
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Or with my proper function of cross-correlation made by me:   
corr1= croscorr(signal1,signal2); 
corr1=corr1'; 
And with the cross-correlation vector we need to find the position vector where the cross-correlation 

has the maximum value: 
M1=max(corr1); 
max_corr1=find(corr1==M1) %finding the position of the maxim value for the cross-
     correlation sensor 1 
And with this position we will be able to calculate the time of flight according with the shift between 

the input signal and the received signal, which the higher value of the perfect matching would be in 

the middle length of the cross-correlation vector. 
N=length(corr1);  
shifted1=(N/2)-max_corr1; %Calculation of the shift for sensor 1  
t1=shifted1*time(1); %Calculation of flight time for sensor 1 
And with the time of flight and the distance between the actuator and sensor we will find the 

propagation velocity.  
v1=dist/t1 %Calculation of propagation velocity for sensor 1 
 It has been needed the application of filters to avoid the continue component and other undesirables 

effects presents in the reception and capture of the signal. The filters used are: 

High pass filter which code implemented Matlab is: 
%Hi-pass  
b1=fir1(80,0.03,'high'); 
signal2_f1=filtfilt(b1,1,signal2); 
Median filter to remove DC: 
%median filter  
med1=mean(signal2_f1); 
signal2_f1=signal2_f1-med1; 
And Low pass filter:  
%low-pass 
b1=fir1(80,0.015); 
signal2_f=filtfilt(b1,1,signal2_f1); 
The complete code of Matlab signal-processing is added in Appendix B. 

4.3 Experimental Results for Materials Characterization 

4.3.1 Measurements for Characterization 

   By the general principle set out in Section 4.1, it is going to procedure to measure the propagation of 

surface waves on various materials. The method of obtaining the propagation velocity for each of the 

samples will be characterized with a regression line setting up the time of flight captured, measuring 

different distances varying actuator and sensor and after the regression line it is shown a table with the 

velocity and the regression coefficient R and the determination coefficient R2, which measures the 

proportion of total variability of the dependent variable velocity from its mean that is explained by the 

regression line, also it is going to show the variation in time of the different signals received at 
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different distances, in these Figures 32, 35, 38, 41, 44 we will see the different reflections for each 

material after recognition of the input signal in the received signal. 

   We characterize materials as: Methacrylate, glass, stainless steel, wood, and gelatin. 

The input signal is always shown in red colour and the different received signals in black. 

Methacrylate: 

   The first material to characterize will be a methacrylate sample (PMMA) with square shape of 15cm 

and 3cm of thickness. This element is shown in Figure 31. 

 
Figure 31 Measurement material (PMMA) 

The PMMA is a thermoplastic made from methyl methacrylate monomer, the most relevant elastic 

characteristics are as shown in the following table 2. These characteristics will be used to have a 

reference about its theoretical propagation velocity in order to compare our characterization result with 

this theoretical value. 

Modulus of Poisson 0.227 

Modulus of Young 6,08x109 Pa 

Density 1180Kg/m3 

Longitudinal propagation velocity 2751m/s 

Transversal propagation velocity 1397m/s 
Table 2 Methacrylate sample (PMMA) characteristic 

   Hence and according to the data of the Table 2, the approximate surface velocity will be calculated 

with the equation (2.12): 
𝑐! = 𝑐! 0.874 + 0.196𝑣 − 0.043𝑣! = 1397 · (0.874 + 0.196 · 0.227 − 0.043 · 0.227 !) = 1397 · (0.91) = 1271.27   

So the approximate surface velocity will be 1271.27m/s.  

   In the Figure 32 is shown the signals obtained in this material in function of the time capture, in 

these captures is appreciate the pulse evolution, which indicates the growing of time delay in the 

signal reception also is watched the different reflections which appear in time function, when more 

distance between actuator and sensor more reflection, it is because the sensor is closer to the limit of 

the sample. 
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Figure 32 Temporal relation between the received signals in Methacrylate. 

From the distance data between actuator and sensor, and the time delays watched in the Figure 32, is 

calculated the surface propagation velocity corresponding to the PMMA sample analysed. 

 

Distance (mm) 13 18 22 28 32 35 39 43 46 49 52 58 

Time (s)·10-6 9.3 13.7 17.5 21.2 24.5 26.3 29.5 35.9 39.3 41.7 42.3 44.7 

Table 3 Time of flight depending on the distance (PMMA) 

In the Figure 33 the lineal fit realized by Matlab with the experimental obtained data is shown: 
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Figure 33 Linear fit for propagation velocity for the PMMA sample. 

The following table represents the result obtained by the linear fit: 

Velocity (m/s) R R2 

1276.56 0.98237 0.964 

  

   With the previous table we can calculate the error following these equations: 

   1 − 𝑅! · 100 = 1 − 0.964 · 100 = 3.6%     (4.1) 

𝑣𝑒𝑙 ± 100 · ∆𝑣𝑒𝑙𝑣𝑒𝑙 ,% → ∆𝑣𝑒𝑙 = ±%·𝑣𝑒𝑙
100 = ± 3.6·1276.56

100 = ±46               (4.2) 

   The error obtained for the slope of regression line corresponds to 3.6%, which is equal an 

uncertainty of ±46m/s.  

Glass: 

   The sample glass under test has a rectangular shape of 18 x 19cm and 1.2cm of thickness. The 

sample is presented in the Figure 34. 

 
Figure 34 Glass material to measure. 
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The glass is a hard, transparent and amorphous inorganic material, which it can be found in nature. For 

this material, starting to know the type of glass that we try to characterize, we will need the 

characteristics of two different type of glasses, Silex glass (1) and Copa glass (2), so to determine 

which of the two is more likely to the realized measure. The more relevant elastic characteristics of 

both types of glass are shown in the following table: 

 Silex glass Copa glass 

Poisson modulus 0.22 0.23 

Young modulus 70·109 Pa 70·109 Pa 

Density 3880 kg/m3 2250 kg/m3 

Longitudinal prop. Velocity 3980 m/s 5100 m/s 

Transversal prop. Velocity 2380 m/s 2840 m/s 
Table 4 Silex and Copa glass characteristics 

  Therefore according to the data of Table 4, the expected propagation velocity will be calculated with 

the equation (2.12). 

For Silex glass: 
𝑐! = 𝑐! 0.874 + 0.196𝑣 − 0.043𝑣! = 2380 · (0.874 + 0.196 · 0.22 − 0.043 · 0.22 !) = 2380 · (0.91) = 2165.8   

So the approximate surface velocity for Silex glass will be 2165.8 m/s.   

For Copa glass: 
𝑐! = 𝑐! 0.874 + 0.196𝑣 − 0.043𝑣! = 2840 · (0.874 + 0.196 · 0.23 − 0.043 · 0.23 !) = 2840 · (0.91) = 2601   

So the approximate surface velocity for Copa glass will be 2601 m/s. 

   In the Figure 35 is shown the obtained signal in this material related with the time capture. In this 

figure is appreciated the positional evolution of the pulse, which indicates the growing of the time 

delay in the receiving signal. 
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Figure 35 Temporal relation about the received signals in glass. 

As in the previous case, the values for the distance between the actuator and sensor and the time delay 

values observed in Figure 35, are used to calculate the propagation surface velocity for the glass 

sample. 

 Table 5 shows the distances measured for this sample and the time data obtained for these distances. 

Distance (mm) 13 17 21 25 30 35 40 45 50 55 60 70 

Time (s)·10-6 5.1 7.3 9.5 11.5 13.1 15.1 18.1 21 22.9 25.5 27.1 33.1 

Table 5 Time of flight for the glass sample material 

Figure 36 shows the linearized model (linearized fit) obtained with MATLAB for the experimental 

data obtained in Table 5. 
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Figure 36 Linear fit for propagation velocity for the glass sample. 

The results obtained with the linearized model are given in the next table: 

Velocity m/s R R2 

2241.0066 0.99307 0.9862 

 

  As given by equations (4.1) and (4.2), the error obtained for the slope of the regression line is 1.38%, 

which corresponds to an uncertainty of ±31m/s. 

From these results it can be inferred that the glass sample is the Silex glass type, as the value of the 

propagation velocity obtained from measurements during the characterization process was 2241±31 

m/s. This value of propagation velocity for the Silex glass closely corresponds with the theoretically 

calculated value of the Rayleigh wave velocity on its surface, i.e. 2165.8 m/s. The experimentally 

obtained value is close to this value and differs greatly from the value for the Copa glass type, which is 

much higher at 2601 m/s. 

 

Stainless steel: 

   The steel sample under test has a length of 42 cm with a thickness of 0.16 cm. The sample is shown 

in Figure 37. 

 
Figure 37 Steel material to be measured. 
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   Stainless steel is highly resistant to the effects of corrosion due to allow metals such as chromium 

which employed during the production process. One of its most notable features is its high electrical 

conductivity. Some physical and elastic properties of stainless steel are given in Table 6: 

Poisson modulus 0.30 – 0.31 

Young modulus 210·109 Pa 

Density 7900 kg/m3 

Longitudinal prop. Velocity 5790 m/s 

Transversal prop. Velocity 3095 m/s 
Table 6 Steel characteristics 

Calculation of the propagation surface velocity using equation (2.12) gives a value of 2865 m/s. 
𝑐! = 𝑐! 0.874 + 0.196𝑣 − 0.043𝑣! = 3095 · (0.874 + 0.196 · 0.30 − 0.043 · 0.30 !) = 3095 · (0.926) = 2865   

    Figure 38 shows the time-capture of the signal propagation through stainless steel. It gives the time 

delay of the signal or the difference between the time instants when the signal is sent and received. 

 
Figure 38 Temporal relation about the received signals in stainless steal. 

   Table 7 relates the various distances (lengths) of the stainless steel samples and the time taken by the 

propagating wave on the steel surface. 
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Distance (mm) 13 17 21 25 30 35 40 45 50 55 60 70 

Time (s)·10-6 9.9 13.5 19.5 24.7 29.9 34.9 39.9 44.5 37.9 41.9 48.5 59.3 

Table 7 Time of flight for the stainless steal sample material 

In Figure 39 is shown the lineal fit realized by Matlab with the experimental data obtained in the Table 

7. 

 
Figure 39 Lineal fit for propagation velocity for the stainless steel sample. 

The result obtained after the lineal fit is represented in the next table: 

Velocity m/s R R2 

1145.7356 0.9515 0.9053 

 

   Following the equations (4.1) and (4.2), the error obtained for the slope of the regression line 

corresponds to 9.4%, which leads to an uncertainty of ±108m/s. 

Wood: 

   The wood sample has a square shape of 50cm of side and 1.25cm of thickness. The called sample is 

shown in Figure 40. 
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Figure 40 Measurement material, wood. 

The wood is a material with organic origin. It is one of the most versatile materials used in different 

applications. Due to the uncertainty of the type of wood, for this material, we will not define the 

elastic parameters. 

   In the Figure 41, is shown the obtained signals in the wood sample in function with the capture time. 

 
Figure 41 Temporal relation between the received signals in wood. 

In the following table 7 is shown the considered distances for this wood sample and the time of flight 

of the propagation wave on the steel surface obtained for each distance. 
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Distance (mm) 13 17 21 25 30 35 40 45 

Time (s)·10-5 2.05 2.29 2.79 3.25 3.83 4.45 5.12 ---- 

Table 8 Time of flight for the wood sample material 

   In the Figure 42, is shown the lineal fit realized by Matlab with the experimental data obtained in the 

Table 8. 

 
Figure 42 Lineal fit for propagation velocity for the wood sample. 

The obtained propagation velocity for the lineal fit is: 

Velocity m/s R R2 

749.9257 0.98229 0.964 

 

   As given by equations (4.1) and (4.2), the error obtained for the slope of the regression line is 3.6%, 

which corresponds to an uncertainty of ±27m/s. 

Gelatin: 

   Gelatin is the last sample in this thesis project, that is a gelatin created by Rocio Peña in the 

realization of her Master thesis. The called gelatine is used in a phantom mode to simulate the physic 

properties of the human skin. To achieve this purpose this gelatine was composed by water, neutral 

gelatine, and agar. The analysed sample is shown in Figure 43. 
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Figure 43 Gelatin to be measured. 

And as always in the next Figure 44 is shown the obtained signals in the gelatine sample in function 

with the capture time. 

 
Figure 44 Temporal relation between the received signals in gelatin. 

In the following Table 9 is shown the considered distances for this sample and the time of flight of the 

propagation wave on the steel surface obtained for each distance. 

Distance (mm) 13 16 19 22 25 31 34 

Time (s)·10-5 2.55 2.69 4.33 4.65 4.65 6.92 6.94 

Table 9 Time of flight for the gelatin sample material 
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   In the Figure 45 is shown the linear fit realized by Matlab with the experimental data obtained in 

table 9. 

 
Figure 45 Lineal fit for propagation velocity for the gelatin sample. 

The propagation velocity for this material is shown in the next table: 

Velocity m/s R R2 

498.8631  0.9412   0.886  

 

   Following the equations (4.1) and (4.2), the error obtained for the slope of the regression line 

corresponds to 11.4%, which leads to an uncertainty of ±53m/s. 
 

4.3.2 Characterization Conclusions 

In Table 10 the values of the propagation velocity obtained from different bibliographies and the 

resulting velocities from the characterization method proposed are compared. 

Material Methacrylate Glass Stainless steel Wood Gelatine 

Expected velocity (m/s) 1271 2165 2865 --- --- 

Measured velocity  (m/s) 1276.56±46 2241.0066±31 1145.735±180 749.925±27 498.863±53 

Table 10 propagation velocity resume 

   From the table 10 it is concluded that the results obtained in the measure of the velocity in 

superficial waves are quite closely corresponded to the expected velocities, in the material that we had 

their elastic properties, in exception of the stainless steel plate, which this case will be treated below.        



Ausias Pellicer Merino 

 40  

The mismatches between these measurements are very likely due to our data being obtained from 

bibliography and as such do not correspond exactly with our samples. However, they still serve as a 

good reference to validate the obtained results. 

   It can also be observed from Figures 33, 35, 39, 42 and 45, which represent the measured values 

against the linearized model (linearized fit), that with less absorption the measured values produced a 

better fit for the linearized model. This fact was predictable, owing to the deformities produced in the 

signal due to absorption and non-homogeneity of the samples. This hinders the accurate determination 

of propagation velocity in the samples. This effect is clearly visible on inspection of the received 

signals in the sensor, particulary in the gelatin sample, the most unfavourable sample for the 

measurements (gelatin Figure.44, 45). The inaccurate measurements are due to the cross-correlation 

operation used during signal processing. 

   The results which closely match the regression line are those produced by the glass sample with the 

linear coefficient R2=0.9862 and an error of 1.38%. This glass material is the one with the lowest 

absorption, as compared to the measured value obtained with gelatin having R2=0.886 and an error of 

11.4%. Gelatin is the material with the most absorption and most non-homogeneity. These results do 

not take into account the special case of the stainless steel plate. 

   The deformation of the signals named above may be due to different causes, including inertial 

effects in piezoelectric ceramics, as well as reflections on the edges of the material surface. However, 

this conclusion cannot be applied to the metallic plate.  

   For the metallic plate, the product of the angular velocity and the thickness of the plate, normalized 

by the frequency of the shear wave, is used to locate the value of the abscissa of Figure. A0 is the first 

wave propagated in asymmetric mode and S0 is the first wave propagated in symmetric mode. 

 

 
Figure 46 Dispersion curves of the Lamb waves. 
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The relation obtained for the non-symmetric mode A0, where A0 is assumed to be predominant and the 

relation obtained according to Figure, leads to a relation between the propagation velocity of the wave 

and the transversal velocity. This is approximately 0.32 as indicated in Figure 46. 

   Using this relationship, we can now determine in a theoretical way the expected propagation velocity 

on stainless steel plate. 

𝐶!"#! = 0.32 · 𝐶! = 930  𝑚/𝑠 

   Based on the greatest similarity between this value and the results of the measurements, we can 

confirm that the dominant propagation in the metal plate is due to Lamb waves, though the difference 

between the two values is significant. The error in the calculation of the slope is 9.4%. The linearised 

model (linear fit) used for the measurements for this material shows two different trends. 

   The results for the gelatin sample are too widely dispersed to be taken as valid measurements for the 

material. 
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5 Final Results 

   This sections presents an evaluation of the obtained results using the ultrasonic device presented in 

this thesis report in Chapter 3. 

   The same conditions for measurements, which were the basis of the previous ones, are utilised again. 

The excitation signal is again measured with the previously characterised sample and using the same 

gel impedance adapter. However, a single change was made to obtain the propagation velocities with 

the prototype, in contrast to the distance method used to characterise the samples. The change has been 

in the MATLAB code to calculate the adjusted distances and the process of cross-correlation to obtain 

the propagation time through the sample. This is because we have two sensors, which leads to the 

reception of three signals (input, sensor1 and sensor 2). (The MATLAB code is given in Appendix A 

and B). Another difference arises out of the use of the DSP in the processing of the signals (the three 

signals being the input, sensor1 and sensor 2). With the use of the DSP, the pre-processing tasks 

realised by the MATLAB code are achieved almost instantaneously with the DSP. The code to 

program the DSP is given in Appendix C. 

   As before, with the method used for propagation velocity characterization (Chapter4), this section 

presents the results of the evaluation of the different materials tested. The results are evluated from the 

three figures shown. 

The three signals individually captured by the data acquisition system allow us to receive the existing 

time delay between the input signal and the two received signals from both sensors. The figure, which 

represents the two signals at the same time instant, allows us to study the similarity between the two 

received signals. Finally, the last figure will show the adjusted value at the exact point of correlation 

between the emitter and the sensor. With this figure we will calculate the time of propagation or 

"flight" for the wave as it propagates through the material and we will also be able to verify the 

adverse effects on the calculation of the propagation velocity. 

   NOTE: for all the figures represented in Chapter 5, the waveform drawn in red is referred to as the 

input signal, the blue is referred to as the signal received in sensor 1, and grey the signal received in 

sensor 2. 

. 

5.1 Results Processed in Matlab 

Methacrylate: 

   As mentioned previously, in Figure 47 and Figure 48 are shown the registered signals by the 

acquisition data system for the PMMA. 
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    From Figure 48 we notice that the obtained result for the propagation velocity will be more or less the 

same for both sensors, due to its similarity and time situation in both waveforms. In addition it is also 

observed that even the signal amplitude is almost at the same level. So we can reach to the conclusion that 

the sample present homogeneity, at least for two registered waves. From the difference between the final 

portions of the signal, it is also observed that in sensor 1 appears interference, probably caused by the 

rebound of the propagation at the edges of the sample. 

   The Figure 49 shows the exact adjust point between the obtained signals, and from this figure is taken the 

data to calculate the time of flight. 

 
Figure 49 Signal reception for the max correlation with the input signal for methacrylate sample. 

We can appreciate that the setting is very good, and the received signal by the sensor has not suffered 

much deformation during the propagation over the sample, this will reach to calculate a very precise 

time of flight. 

   The obtained velocity in the signals showed in Figure 47 and Figure 48 are: 

 
Figure 47 Input and received signals for methacrylate 

sample. 

 
Figure 47 Input and received signals for methacrylate 

sample. 

 
Fig 44.A input  and received signals  

for methacrylate sample 

 

Fig.29.A input and output signals for methacrylate 

sample. 

 

 
Figure 48 Output signals for methacrylate sample. 

 
Figure 48 Output signals for methacrylate sample. 

 
Fig 44.B output signals for methacrylate sample 

 

Fig.29.B output signals for methacrylate sample. 
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Propagation velocity sensor 1 Propagation velocity sensor 2 

1264.2487 m/s 1291.0053 m/s 

   It is realized the same process three times, to verify our data, for that reason we will obtain 6 

measures of propagation velocity. All the results and the dispersion analysis for the methacrylate 

sample are shown in Table 11: 

 First measure 

Prop. Vel. 

(m/s) 

Second measure 

Prop. Vel. 

(m/s) 

Third measure 

Prop. Vel. 

(m/s) 

 

Total mean value 

(m/s) 

Sensor 1 1264.2487 1226.1307 1264.723 --- 

Sensor 2 1291.0053 1251.323 1257.1387 --- 

Mean value 1277.627 1240.226 1260.93 1259.594 

Typical deviation --- --- --- 3.18 
Table 11 Device Results for methacrylate sample 

   The obtained typical deviation for the measures in Table 11 are corresponding with the 0.3%of the 

mean value. 

   The final mean value from the three realized measures for the PMMA sample is 1260 m/s, against 

the 1276.56±46 m/s obtained in the characterization part (Section 4.3.1), being closer to the theoretical 

value obtained in the bibliography 1271 m/s. 

Glass: 

   As in the previous case, are shown first the obtained signals after the procedure to catch the 

velocities for the Glass sample. 

 

   As we observe in Figure 51, in this case the received pulses by the sensors are distorted by the 

passage over the sample, being these pulse longer in time. This factor indicates a delay between the 

 
Figure 51 Input and received signals for glass sample. 

 

 
Fig 46.A input and received signals for glass sample 

 

 

 
Figure 50 Output signals for glass sample. 

 
Fig. 46.B output signals for glass sample 

 

Fig.29.B output signals for methacrylate sample. 
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moment when the actuator excites the sample and the moment in which is produced the excitation in 

the material. Which complicates the search for the exact point for the correct correlation setting 

between signals as it is shown in Figure 52. 

   Regarding Figure 50 the similarity between the two propagated waveforms is clearly seen. This 

implies once more that the time of flight will be precise, and it should take values of propagation 

velocities very close. 

   In the Figure 52 is shown the representation of the correlation setting for the glass sample. 

 
Figure 52 Signal reception for the max correlation with the input signal for the glass sample. 

   In Figure 52 are clearly seen the problems mentioned before for the setting of the emitter signal and 

the received pulses. These last, have also suffered a change in frequency, causing the entire setting of 

the correlation between signals not possible. For this reason, these setting correlation cases with this 

problematic are required an additional visual setting, introducing new code parameters for calculating 

correlation. 

   The three measures and the dispersion analysis for glass sample are shown in Table 12: 

 First measure 

Prop. Vel. 

(m/s) 

Second measure 

Prop. Vel. 

(m/s) 

Third measure 

Prop. Vel. 

(m/s) 

 

Total mean value 

(m/s) 

Sensor 1 2050.4202 1952 2076.24 --- 

Sensor 2 2085.4701 1983.7398 2073.6522 --- 

Mean value 2067.945 1967.869 2074.9461 2036.92 

Typical deviation --- --- --- 30.6 
Table 12 Device Results for glass sample 

   The obtained typical deviation for the measures in Table 12 are corresponding to 1.48% of the mean 

value. 
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   The final mean value for the three realized measures for the glass sample is 2036.92 m/s, against 

2241.0066±31 m/s obtained the in characterization part (Section 4.3.1). 

Stainless Steel: 

   Once more, first of all are shown the Figure 53 and Figure 54 referred to the excitation signal and 

the received pulses from the two sensors. 

   In Figure 53, we observe the good shape of the received pulses, which will facilitate the correlation 

process to calculate the propagation velocity. In the Figure 54 is distinguished a small delay in the 

signal receiver by the sensor 1 against sensor 2, in addition the amplitude of this one is almost the 

double that the sensor 1. This last effect can be produced by the bad coupling between the sensor and 

the sample. 

 
Figure 55 Signal reception for the max correlation with the input signal for stainless steel sample. 

 
Figure 53 Input and received  signals for stainless steel 

sample 

 
Fig 48.A input and received signals for stainless steel 

sample 

 

 
Figure 54 Output signals for stainless steel sample. 

 
Fig 48.B output signals for stainless steel sample 
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From the setting between the signals in Figure 55, we can confirm the similarity between the emitted 

and received pulses, which will facilitate the setting and the validation of the measures. The obtained 

values for the present sample are presented in Table 13, knowing by the Section 4.3.2 that the suffered 

propagation by the wave for the plate is of Lamb type, and no Rayleigh waves as in the other 

materials. 

   The achieved results in three previous measures and the dispersion analysis for stainless steel sample 

are shown in Table 13: 

 First measure 

Prop. Vel. 

(m/s) 

Second measure 

Prop. Vel. 

(m/s) 

Third measure 

Prop. Vel. 

(m/s) 

 

Total mean value 

(m/s) 

Sensor 1 972.1116 1226.1307 1264.2487 --- 

Sensor 2 1065.5022 956.8627 1221.031 --- 

Mean value 1018.8069 1091.496 1242.639 1117.64 

Typical deviation --- --- --- 13.1 
Table 13 Device Results for stainless steel sample 

   The obtained typical deviation for the measures in the previous Table 13 are corresponding to 1.2% 

of the mean value. 

   The final mean value for the three realized measures for the stainless steal sample is 1117.64 m/s, 

against 1145.7356±108 m/s obtained the in characterization part (Section 4.3.1). 

Wood: 

   Finally analyse the results obtained for the wood sample, in Figure 56 and Figure 57 are shown the 

excitation and reception signals produced by the presented prototype. 

   From the signals we can discuss that their behaviour is similar for both received signals, however, 

the amplitude in the same signals changes between both sensors. Due to the material structure, this 

 
Figure 56 Input and received signals for wood sample. 

 
Fig 50.A input and received signals for wood sample 

 

 
Figure 57 Output signals for wood sample. 

 
Fig 50. B output signals for wood sample 
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effect can be produced by the non-homogeneity of the sample surface, either be facilitated as in the 

previous case, by the bad coupling between the sensor and the sample. 

 
Figure 58 Signal reception for the max correlation with the input signal for wood sample. 

The signals fit clearly after the correlation, so that once more, accurate values of propagation velocity 

are obtained. 

   The three measures realized for wood sample are shown in Table 14. 

 First measure 

Prop. Vel. 

(m/s) 

Second measure 

Prop. Vel. 

(m/s) 

Third measure 

Prop. Vel. 

(m/s) 

 

Total mean value 

(m/s) 

Sensor 1 887.2727 893.7729 874.552 --- 

Sensor 2 810.6312 827.1186 827.152 --- 

Mean value 848.951 860.445 850.852 853.416 

Typical deviation --- --- --- 1.9 
Table 14 Device Results for wood sample 

   The obtained typical deviation for the measures in the previous Table 14 are corresponding to 0.2% 

of the mean value. 

   The final mean value for the three realized measures for the wood sample is 853.416 m/s, against 

749.9257±27 m/s obtained the in characterization part (Section 4.3.1). 

 

5.2 Results Processed with DSP  

With the DSP, it is not needed to make always a post-processing as we have done in Matlab to obtain 

the result because the post-processing code is inside the DSP and we do not need to import any script 

file from any oscilloscope as in Matlab process, the DSP will sample all the received signals and will 
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make the proper functions to give us the correct result, with the DSP and its proper programing code 

we just have to put up the prototype device on the surface of the material and look at the display the 

propagation velocity of the material in real time. 

The programing code of DSP for this specific task is in Appendix C, the used code is in C language. 

For this point is going to show just a table with the propagation velocities of different materials. 

We have to know that being a real time device the measures vary between them, so we will not have a 

fixed measure, but we will have numerical oscillations in different ranges. In this master thesis has 

been collected the number that stood out in the display device. 

Material Propagation Velocity (m/s) Error 

Methacrylate 1262±32 2.53% 

Glass 2015±60 2.97% 

Stainless steel 1100±144 13.09% 

Wood 850±40 4.7% 

Table 15 Measure from the ultrasonic device with DSP 

 

   The stainless steel has more error than the others knowing by the Section 4.3.2 that the suffered 

propagation by the wave for this sample material, is of Lamb type, and no Rayleigh waves as in the 

other materials.  

   The error using the DSP are higher than in the characterization method in some cases but regardless 

of the type of measurement the error range is admissible in all cases, the higher error range in this type 

of measurement is due to this device works in real time and each movement will be detected by the 

DSP and it will be processed with the rest of data, however with the device with the processing in 

Matlab, we can see the waveform received from the sensor and we can try to catch the better signal to 

process it. In the next Table 16 appear the different measures of all the previous materials tested and 

their respective errors. 

 

Material 

Characterization process Matlab processing DSP processing 

Measure (m/s) Error Measure (m/s) Error Measure (m/s) Error 

Methacrylate 1276.65 3.8% 1259.59 2.49% 1262 2.53% 

Glass 2241 1.38% 2036 4.1% 2015 2.97% 

Stainless steel 1145.73 9.4% 1117.69 11.1% 1100 13.09% 

Wood 749.92 3.6% 853.41 4.6% 850 4.7% 
Table 16 All measures with different type of caption 

Finally two pictures of the DSP used: 
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Fig 52  DSP used 

NOTE: More information about what is and which DSP was used in Annex A. 
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6 Discussion 

   The analysis of the measures taken with the prototype and the results obtained are included in the 

same materials that have been previously characterized, with an exception of the results of the 

Phantom gelatin, due to the high absorption of this sample. In the other materials a perfectly 

comparable result has been reached with the data obtained in the characterization, whose differences 

between them are the 6%, 1.7% and 0.7% for methacrylate, glass and wood respectively. In the case of 

stainless steel the sample has to be treated separately, as previously discussed, the propagation velocity 

obtained with the Rayleigh waves cannot be compared, but we can compare them with the propagation 

velocity of the Lamb waves, as we have shown in the characterization part (point 4.3.1). 

   Analyzing the results obtained for each sample more carefully, it is observed that for methacrylate, 

stainless steel and wood, a good setting between the excitation and reception signals is obtained, 

however, in the glass sample, the suffered deformation by the burst pulses during the propagation 

makes the setting more complicated, and therefore, the propagation velocity determination. 

   The similarity between the waveforms of each measure observed in the major part of the results 

indicates the similarity of both sensor characteristics, which enables the design and construction work 

of them. Nevertheless, we realize that in the results obtained in stainless steel and wood samples, there 

is considerable difference between the amplitudes registered by both sensors. As noted above, this 

effect may be caused by poor contact between the sample and the coupler, due to lack of coupling 

material or due to bad electrical connection of the device, because in all of them, the sensor which 

provides a smaller amplitude is the same sensor. 

   For stainless steel sample, there appear to be two different types of propagation, one whose velocity 

is closer to the resulting value from the characterization 1145.735m/s and another lower velocity 

around 960m/s, as we predicted in the theoretical calculation 930m/s. This effect was discernible in 

the effects such as characterization, where the setting of the measure points Figure 39 we can 

appreciate two trends with significant growth of time of flight against the distance between 

transducers. 
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7 Conclusions 

 

   In this thesis work a piezoelectric prototype measuring of superficial velocity to characterize solid 

materials has been designed and developed. 

   For this reason, an operating principle and a suggested prototype design have been previously 

defined, which have needed an additional performance study of piezoelectric materials to design and 

build the needed sensors to detect the propagation wave on material. 

   To determine the type of propagation that exists in the different samples analysed, we have 

described and performed a procedure to characterize the propagation velocity on the material surface, 

with which various methods of surface propagation were obtained and demonstrated, showing that the 

waves travel around different materials. 

   Once we define the possible propagations in various samples, we have built the measuring device, 

with this; we have made several measurements in materials previously characterized. Thereby we have 

reached a conclusion, there are materials in which it is impossible to characterize the propagation 

velocity by the high absorption that they have. 

   For other samples the prototype has been validated experimentally, compared with the results 

obtained in the propagation velocity measure by linear fit obtained with the colocation of measure 

points over different samples. Some of them are verified by theoretical data or different bibliography. 

   From the results and conclusions in the present master thesis, I would like to comment some 

improvements for the future in our device, like the possibility of the improvement of transducers, 

because our current transducer involves the bounding of characterization materials, for this reason, 

with this improvement we could test more materials, and try to implement this device in the human 

skin. About the design, we could improve the mechanical part, the transducers clamping system used 

in our device is ideal to measure different surface materials, but it limits the maximum dimension of 

the ceramics, making the use of ceramics of a different resonance frequency unviable in the range 

considered for this study. Hence a new clamping system of transducers with a more adaptable system 

is proposed for further studies. 

   For everything mentioned in this section and expectations of improvement proposals above, we can 

state that the viability of a piezoelectric measuring for propagation velocity for the characterization of 

materials has been proven. 
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Appendix A 

%Burst generation 
  
f=40e3;                     %work frequency 
time_capture=0.6e-3;        %time max of capture 
T=1/f;                      %Period 
loops=5;                    %number of loops 
fs=10e6;                   %sample frequency 
ts=1/fs;                    %sample period 
  
  
t=0:ts:time_capture;        %time variable 
N=length(t);                %number of samples 
cicle=loops*T/ts;           %generation of sen function 
x=sin(2*pi*f*t(1:cicle)); 
x(cicle+1:N+1)=0;           %sinusoidal signal burst modulated 
  
figure(1), 
subplot(3,1,1), plot(t,x) 
title(['Sinusoidal signal of ' num2str((f/1000)) 'KHz burst modulated']) 
xlabel('time (s)'), ylabel('amplitud (adim)') 
  
  
%Gaussian Function 
  
y=(0:1:cicle-1); 
gauss=gaussmf(y,[cicle/5 cicle/2]); 
  
figure(1), 
subplot(3,1,2), plot(gauss), axis([0 length(gauss) 0 1]) 
title(['Function Gaussian Burst Modulator']) 
  
gauss(cicle:N+1)=0; 
x=x.*gauss; 
  
figure(1),  
subplot(3,1,3), plot(t,x) 
title('input signal') 
xlabel('time (s)'), ylabel('amplitud (adim)') 
  
%frequency domain 
  
frec=(-fs/2:fs/(N-1):fs/2);     %vector frequency label 
X=abs(fftshift(fft(x,N))/N);     
figure(2),  
subplot(2,1,1), plot(frec,X) 
title('input signal-frequency domain'), 
xlabel('frequency (Hz)') 
  
subplot(2,1,2), plot(frec,X), axis([0 80e3 min(min(X)) max(max(X))]) 
title('input signal- frequency domain'), 
xlabel('frequency (Hz)') 
  
x=x'; 
x=x(1:end-1); 
x=14.*x; 
  
save(['Burst_Gaussianno_seno' num2str((f/1000)) 'Khz' num2str(time_capture,'%.e') 
's_' num2str(loops) 'cicle''.txt'],'x','-ascii') 
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Appendix B 

%Starting variables, loading and signal filtering 
clear all, close all 
nombre_fichero='madera_2_3canales.txt'; %name of the file  
dist=0.0244; %distance between transductors 
lower_condition=100;% lower condition of the propagation velocity to set up the 
correlation 
higher_condition=3000;% higher condition of the propagation velocity to set up the 
correlation 
%The lower and higher conditions are a little improvement to avoid undesirable 
result when the measurements are not well done. It will give us a reasonable result 
when the cross-correlation has undesirable peaks.   
[s1,s2,s3,time,s1_f,s2_f,s3_f]=representation_prototipe(nombre_fichero,10000);  
  
%--------------------------------------------- 
%-----------correlation set up---------------- 
%--------------------------------------------- 
  
%   corr1=xcorr(s1,s2,'biased');%cross-correlation sensor 1 
%   corr2=xcorr(s1,s3,'biased');%cross-correlation sensor 2 
  
corr1= croscorr(s1,s2); 
corr2= croscorr(s1,s3); 
  
 corr1=corr1'; 
 corr2=corr2'; 
  
N=length(corr1); 
corr1(N/2:end)=0; 
corr2(N/2:end)=0; 
  
M1=max(corr1); 
M2=max(corr2); 
Min1=min(corr1) 
Min2=min(corr2) 
max_corr1=find(corr1==M1) %finding the position of the maxim value for the cross-
correlation sensor 1 
max_corr2=find(corr2==M2) %finding the position of the maxim value for the cross-
correlation sensor 2 
  
figure(4), 
set(gcf,'Color',[1 1 1]),plot(-1:2/length(corr1):1-(2/length(corr1)),corr1,'r'), 
hold on, 
plot(-1:2/length(corr2):1-(2/length(corr2)),corr2) 
  
%y=(0:1:length(corr1)-1); 
  
%-------------------------------------------- 
%---setting up propagation velocity---------- 
%-------------------------------------------- 
  
shifted1=(N/2)-max_corr1; %Calculation of the sifht for sensor 1 
shifted2=(N/2)-max_corr2; %Calculation of the sifht for sensor 1 
  
t1=shifted1*time(1); %Calculation of flight time for sensor 1 
t2=shifted2*time(1); %Calculation of flight time for sensor 2 
  
v1=dist/t1 %Calculation of propagation velocity for sensor 1 
v2=dist/t2 %Calculation of propagation velocity for sensor 2 
  
%---Conditions to improve our results--------- 
while v1<lower_condition | v1>higher_condition 
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    corr1(max_corr1-2:max_corr1+2)=0; 
    M1=max(corr1); 
    max_corr1=find(corr1==M1); 
    shifted1=(N/2)-max_corr1; 
    t1=shifted1*time(1); 
    v1=dist/t1; 
     
end 
  
  
while v2<lower_condition | v2>higher_condition  
     
    corr2(max_corr2-2:max_corr2+2)=0; 
    M2=max(corr2); 
    max_corr2=find(corr2==M2); 
    shifted2=(N/2)-max_corr2; 
    t2=shifted2*time(1); 
    v2=dist/t2; 
     
end 
  
  
display(['the propagation velocity for transductor1 is   ' num2str(v1) ]); 
display(['the propagation velocity for transductor2 is   ' num2str(v2) ]); 
  
  
%------------------------------------------------ 
%----Representation of correlated signals-------- 
%------------------------------------------------ 
  
  
shifted1=ceil(shifted1); 
s11=zeros(length(s1)+shifted1,1); 
s11(shifted1+1:end, 1)=s1_f; 
  
figure(5), 
set(gcf,'Color',[1 1 1]), subplot(2,1,1), plot(s11,'r'), 
hold on, 
plot(s2_f), xlim([0 N/2]) 
title('after cross-correlation signal1') 
xlabel('Samples'), ylabel('Amplitud normalized') 
  
shifted2=ceil(shifted2); 
s22=zeros(length(s2)+shifted2,1); 
s22(shifted2+1:end, 1)=s1_f;  
  
subplot(2,1,2), plot(s22,'r'), 
hold on, 
plot(s3_f,'k'), xlim([0 N/2]) 
title('after cross-correlation signal2') 
xlabel('Samples'), ylabel('Amplitud normalized') 
 

 

 
function [signal1, signal2, time, signal1_f,signal2_f] = 
characterization_prototipe( nombre_fichero,att) 
%Representacion y filtradode las seÒales captadas por los sensores 
%ultrasonicos 
%  Following the input parameters: 
%     - name de file which contains the data. 
 
%     - att, Attenuation of the signal to represent 
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%----------------------------------------------------- 
%%---------------Loading Signal----------------------- 
%----------------------------------------------------- 
signal=load(script_name); 
  
time=signal(:,1); 
signal1=signal(:,2); 
signal2=signal(:,3); 
signal3=signal(:,4); 
  
  
N=length(time); 
inc_temp=abs(time(1))-abs(time(2)); 
time=(1:N)*inc_temp; 
time=time'; 
  
%----------------------------------------------------- 
%%----------------Signal representation--------------- 
%----------------------------------------------------- 
  
%-----------------before filtering-------------------- 
  
figure(1) 
set(gcf,'Color',[1 1 1]) 
  
subplot(3,1,1),plot(time,signal1,'r') 
title('Input Signal'), xlim([0 3e-4]) 
xlabel('time (s)'), ylabel('Amplitud(V)') 
  
subplot(3,1,2), plot(time,signal2,'b') 
title('Sensor 1'), xlim([0 3e-4]) 
xlabel('Time (s)'), ylabel('Amplitud(V)') 
  
subplot(3,1,3), plot(time,signal3,'k') 
title('Sensor 2'), xlim([0 3e-4]) 
xlabel('Time (s)'), ylabel('Amplitud(V)') 
  
%-------------------filtering------------------------ 
  
%Hi-pass 
  
b1=fir1(80,0.03,'high'); 
signal2_f1=filtfilt(b1,1,signal2); 
signal3_f1=filtfilt(b1,1,signal3); 
  
%filtro mediana elimina continua 
med1=mean(signal2_f1); 
signal2_f1=signal2_f1-med1; 
  
med2=mean(signal3_f1); 
signal3_f1=signal3_f1-med2; 
  
  
%low-pass 
b1=fir1(80,0.015); 
signal1_f=filtfilt(b1,1,signal1); 
signal2_f=filtfilt(b1,1,signal2_f1); 
signal3_f=filtfilt(b1,1,signal3_f1); 
  
%--------after filtering--------------------------- 
  
%comparation between sensor 1 and sensor 2 
figure(2) 
    set(gcf,'Color',[1 1 1]) 
    plot(time,signal2_f,'b') 
    title('output signals'),xlim([0 3e-4]) 
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    xlabel('Time(s)'),ylabel('Amplitud (V)') 
    hold on 
    plot(time,signal3_f,'k') 
    legend('Receptor 1','Receptor 2') 
  
  
%comparation input signal between both sensors 
signal1_f=signal1_f/att; 
  
figure(3) 
    set(gcf,'Color',[1 1 1]) 
    subplot(3,1,1), plot(time, signal1_f,'r') 
    title('Input signal'), xlim([0 3e-4]) 
    xlabel('Time (s)'), ylabel('Amplitud(V)') 
     
    subplot(3,1,2), plot(time, signal2_f,'b') 
    title('Sensor 1'), xlim([0 3e-4]) 
    xlabel('Time (s)'), ylabel('Amplitud(V)') 
     
    subplot(3,1,3), plot(time, signal3_f,'k') 
    title('Sensor 2'), xlim([0 3e-4]) 
    xlabel('Time (s)'), ylabel('Amplitud(V)') 
  
  
  
end 
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Appendix C 

#include	  "EAA_TEST.h"	  
#include	  <math.h>	  
#include	  <stdio.h>	  
	  
float	  Signal_Burst[MAX_SAMPLES_BURST];	  
	  
/*	  
	  *-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  *-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  *FUNCION	  PARA	  CREAR	  UN	  SENO	  Y	  VERLO	  EN	  PANTALLA	  PARA	  ASEGURAR	  QUE	  EL	  
	  *	  PROGRAMA	  PINTA	  BIEN.	  
	  *-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  *-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  */	  
	  
float	   Gen_Seno(int	  Frecuencia,	  int	  Fase,	  int	  Index)	  
{	  
int	  off=0;	  
int	  Signal_Index;	  
float	  Sample=0;	  
	  
Signal_Index=(Frecuencia*Index)%F_SAMPLE;	  
Sample=sinf(2*PI*Signal_Index/F_SAMPLE);	  
return	  (Sample);	  
}//funcion	  
	  
/*	  
	  *	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  *	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  *	  FUNCION	  INIT_BURST	  PARA	  CREAR	  UNA	  SEÑAL	  TIPO	  BURST	  PARA	  TRANSMITIRLA	  Y	  
	  *	  VER	  RESULTADOS	  
	  *	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  *	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  */	  
void	   Init_Burst()	  
{	  
	   //sECUENCIA	  DE	  OPERACIONES	  PARA	  GENERAR	  LA	  SEÑAL	  BURST	  Y	  GUARDAR	  EN	  VECTOR	  
	  
	   float	  Signal[MAX_SAMPLES_BURST];	  
	  
	   	   float	  freq=1000e3;	  
	   	   float	  time_capture=0.6e-‐3;	  
	  
	   	   float	  T=1/freq;	  
	   	   int	  loops=5;	  
	   	   float	  fs=4136.666e3;	  
	   	   float	  ts=1/fs;	  
	  
	   	   float	  time[MAX_SAMPLES_BURST];	  
	   	   for	  (int	  i=0;	  i<MAX_SAMPLES_BURST;i++){	  
	   	   	   time[i]=ts*i;	  
	   	   }	  
	  
	   	   float	  cicle=(loops*T/ts)+0.001;	  	  	  //cicle=846.8107	  
	  
	   	   for(int	  i=0;i<MAX_SAMPLES_BURST;i++){	  
	   	   	   if(i<cicle){	  
	   	   	   	   time[i];	  
	   	   	   }	  
	   	   	   else	  time[i]=0;	  
	   	   }	  
	  
	  
	   	   for	  (int	  i=0;i<MAX_SAMPLES_BURST;i++){	  
	   	   	   Signal[i]=sin(2*PI*freq*time[i]);	  
	   	   }	  
	  
	   	   /*for	  (int	  i=0;i<Samples;i++){	  
	   	   	   printf("%f\n",x[i]);	  
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	   	   }	  */	  
	  
	   	   /*-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	   	   	  *	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	   	   	  *	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐Funcion	  GAUSS-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	   	   	  *	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	   	   	  */	  
	  
	  
	   	   float	  y[516];	  
	   	   for	  (int	  i=0;i<516;i++){	  
	   	   	   y[i]=i;	  
	   	   }	  
	  
	   	   float	  cicle_a=cicle/5;	  
	   	   float	  cicle_b=cicle/2;	  
	  
	   	   float	  b=2*cicle_a*cicle_a;	  
	   	   float	  a[847];	  
	  
	   	   for	  (int	  i=0;i<516;i++){	  
	   	   	   a[i]=y[i]-‐cicle_b;	  
	   	   	   a[i]=a[i]*a[i];	  
	   	   	   a[i]=-‐a[i];	  
	   	   	   //printf("%f	  \n",a[i]);	  
	   	   }	  
	  
	   	   //printf("%f",b);	  
	  
	   	   float	  gauss[516];	  
	   	   for	  (int	  i=0;	  i<516;i++){	  
	   	   	   gauss[i]=pow(E,(a[i]/b));	  
	   	   }	  
	  
	  
	   	   float	  gaussf[MAX_SAMPLES_BURST];	  
	   	   for(int	  i=0;i<MAX_SAMPLES_BURST;i++){	  
	   	   	   	   if(i<cicle){	  
	   	   	   	   	   gaussf[i]=gauss[i];	  
	   	   	   	   }	  
	   	   	   	   else	  gaussf[i]=0;	  
	   	   	   }	  
	  
	   /*	   for(int	  i=0;i<MAX_SAMPLES_BURST;i++){	  
	   	   	   printf("%f	  \n",gaussf[i]);	  
	   	   }	  
	  
	   	   printf("-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐\n");	  
	   	   printf("-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐\n");	  
	   	   printf("-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐\n");*/	  
	   	   for	  (int	  i=0;i<MAX_SAMPLES_BURST;i++){	  
	   	   	   Signal_Burst[i]=Signal[i]*gaussf[i]*ESCALA;	  
	   	   }	  
	  
	   	   /*for	  (int	  i=0;i<MAX_SAMPLES_BURST;i++){	  
	   	   	   printf("%f	  \n",Signal_Burst[i]);	  
	   	   }*/	  
	  
}	  
	  
/*	  
	  *	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  *	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  *	  FUNCION	  GEN_BURST	  QUE	  ME	  DEVUELVE	  MUESTRA	  A	  MUESTRA	  LA	  SEÑAL	  BURST	  PARA	  
	  *	  REPRESENTARLA	  CON	  EL	  DSP	  
	  *	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  *	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  */	  
	  
float	   Gen_Burst(int	  Index){	  
	   float	  OutBurst;	  
	   OutBurst=Signal_Burst[Index	  %	  MAX_SAMPLES_BURST];	  
	  
	   return(OutBurst);	  
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}	  
	  
/*	  
	  *	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  *	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  */	  
	  	  //-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐CROSS-‐CORRELAtION-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  
//void	  croscorr(float	  signal1[],float	  signal2[],float	  *Res);	  
	  
void	  croscorr(float	  s1[MAX_SAMPLES_BURST],float	  s2[MAX_SAMPLES_BURST],float	  *Res){	  
	   int	  L=MAX_SAMPLES_BURST;	  
	  
	   for	  (int	  j=-‐L+1;	  j<L-‐(MAX_SAMPLES_BURST-‐1);	  j++){	  
	   	   float	  suma=0.0f;	  
	   	   for	  (int	  i=0;i<(L-‐abs(j));i++){	  
	   	   	   suma=suma+(s1[i]*s2[(i+abs(j))]);	  
	  
	   	   }	  
	   	   Res[j+L-‐1]=suma;	  
	   	   /*	   	   printf("%.7f",Res[j+L-‐1]);	  
	   	   	   	   printf("\n");*/	  
	  
	   }	  
}	  
	  
//-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐COLOCAR	  CEROS-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
	  
void	  zeros(float	  v[MAX_SAMPLES_BURST],	  int	  pos);	  
	  
void	  zeros(float	  v[MAX_SAMPLES_BURST],	  int	  pos){	  
	   v[pos]=0.0f;	  
	   if(pos+1<MAX_SAMPLES_BURST)	  v[pos+1]=0.0f;	  
	   if(pos+2<MAX_SAMPLES_BURST)	  v[pos+2]=0.0f;	  
	   if(pos-‐1>=0)	  v[pos-‐1]=0.0f;	  
	   if(pos-‐2>=0)	  v[pos-‐2]=0.0f;	  
}	  
	  
//-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐POSICION	  MAYOR-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  
int	  PosMayor(float	  corr[MAX_SAMPLES_BURST]);	  
	  
int	  PosMayor(float	  corr[MAX_SAMPLES_BURST]){	  
	   int	  pos_mayor=0;	  
	   float	  mayor=corr[0];	  
	   for(int	  i=0;i<MAX_SAMPLES_BURST;i++){	  
	   	   if(corr[i]>mayor){	  
	   	   	   mayor=corr[i];	  
	   	   	   pos_mayor=i;	  
	   	   	   printf("%d	  \n",pos_mayor);	  
	   	   }	  
	   }	  
	  
	   return	  pos_mayor;	  
}	  

	  

	  

	  
#include	  "ADDS_21489_EzKit.h"	  
#include	  "EAA_TEST.h"	  
	  
/**	  	  
	  *	  Place	  program	  arguments	  in	  the	  following	  string.	  	  
	  */	  
void	   main()	  
{	  
	   volatile	  int	  count=0;	  
	  
	   Init_Variables();	  
	  
	   #ifndef	  MODE_SIMULATION	  
	   	   adi_initComponents();/*	  Initialize	  managed	  drivers	  and/or	  services	  at	  the	  
start	  of	  main().	  */	  
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	   	   initPLL();/*	  Initialize	  SHARC	  PLL*/	  
	   	   initExternalMemory();/*	  Initialize	  DDR2	  SDRAM	  controller	  to	  access	  memory	  
*/	  
	   	   InitDAI();/*	  Initialize	  DAI	  because	  the	  SPORT	  and	  SPI	  signals	  need	  to	  be	  
routed	  */	  
	   	   init1939viaSPI();/*	  This	  function	  will	  configure	  the	  AD1939	  codec	  on	  the	  
21469	  EZ-‐KIT	  */	  
	   	   enable_SPORT01_MCM_mode();/*	  Turn	  on	  SPORT0	  TX	  and	  SPORT1	  RX	  for	  
Multichannel	  Operation	  */	  
	   	   adi_int_InstallHandler(ADI_CID_P3I,process_AD1939_samples,0,true);/*	  
Install	  and	  enable	  a	  handler	  for	  the	  SPORT1	  Receiver	  interrupt.*/	  
	   	   /*	  Enable	  multichannel	  operation	  (SPORT	  mode	  and	  DMA	  in	  standby	  and	  
ready)	  */	  
	   	   *pSPMCTL0	  |=	  MCEA;	  
	   	   *pSPMCTL1	  |=	  MCEA;	  
	   #else	  
	   	   Simulation();	  
	   #endif	  
	  
	   for	  (;;)	  
	   	  	  {	  
	   	   if(count==10)	  
	   	   	   puts("Talkthrough	  is	  running	  successfully");	  
	   	   count++;	  
	  	  	  	  	   asm("idle;");	  
	  	  	  	  	  	  }	  
}	  

	  

	  

• There is more scripts to run the DSP 
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Appendix D 

Properties of ceramic PIC 255. 
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Annex A 

   DSP or Digital Signal Processor is a specialized processor in the analysis and signal processing in 

real time. Is characterized by having specialized functions in the signals treatment such as filter stages, 

PWM generation, conversion, etc. Its hardware is designed to realize floating point operation, this 

allows us to perform almost all operations of the MIPS. The system based on DSP must work in real 

time, capturing and processing information. 

Into applications of interest to the DSP are: 

• Eliminate echoes in communication lines. 

• Make images more clear in internal organs in medical equipment. 

• Encrypt conversation on mobile phone for privacy. 

• Analyse seismic data to find new oil reserves. 

   The DSP must be capable to handle the information during the analogue to digital conversion. The 

processor capacity is a function of its width data (the number of used bits) and type of arithmetic that 

has (fixed or floating point). 

   Each type of processor is ideal for a particular application. The DSP of 16 bits are ideal for voice 

system such as telephones as they work with a narrow range of audio frequencies. For applications of 

image processing, 3D graphics and scientific simulations are needed more dynamic band and for that 

reason are need of processor with floating point of 32 bits and ADC of 24 bits. 

A DSP is a digital signal processor, whose goal is to provide the appropriate digital signal processing 

of its input signals, within their features we can mention: 

•  Signal processing in very high frequencies, with this the DSP achieve the real time work with 

very low delay times. 

• Reprograming with just update the program that resides in the DSP memory, with this feature 

we can upload the technology. 

• Optimal design with repetitions in the signal processing algorithms. The instruction sets of the 

DSP are small and optimal for operation related with digital processing. 

• DSP has indirect addressing modes. These are mechanisms of efficient addressing for the 

signal-processing algorithm. 

• DSP has the appropriate peripherals that provide efficient input and output interfaces. 

• In the DSP in possible to enter into the memory with a simple instruction, in other words, this 

device has a relative bandwidth between its CPU and memory flash, SRAM, etc. 

The signal digital processor DSP are classified according to their final application, in our case is used 

a DSP from Texas Instrument, model SHARC C5000. 

   Our DSP C5000 family member, it uses floating point, and it has a clock speed of 150MHz (6.67ns), 

the core operates with a voltage of 2V. The output and input devices will work in 3.3V, and the CPU 
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works with 32bits, it has an architecture Harvard, the microprocessor programming language can be in 

C or C++, it contains six channel DMA controllers, and the memory flash is 256Kx16, the SRAM 

34Kx16 and the memory ROM 8Kx16. 

 
 


