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Analysis of seismic waveforms using full-bridge 
voltage source inverter 

 

 

 
 

 
 

 

 

 

Abstract - The current research talks about a designed accelerometer system which is able to measure every type of mechanical 
vibration. The applied vibration in this survey is called seismic wave. Then the measured wave by this novel system is transf ormed 
to a specif ic function using spline interpolation. This explicit function can be used as a reference signal in the technique PWM to be 

made in current form in such a way that it becomes exactly similar to the shape of vibration wave caused by the inverter of two-
branch, full-bridge voltage supply. The aim is eventually to use this approach for some technical applications such as designing of 
an seismic table.  
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1.  Introduction 

In electrical, mechanical or electro-mechanical equipment 
and instruments, the effects of energy-carrying waves that 
may be propagated in electrical or mechanical forms, should 
be precisely investigated whereas they often do not follow the 
behavior of standard waveform. Study and control of these 
waves due to their unpredictable and occasionally intense 
energy, may be difficult or impossible in some cases. Some of 
these waves consisting too high frequencies and of wide range 
of intensity have asymmetrical profile which makes the 
control process harsher. It can be evidently exemplified by 
seismic waves, mechanical fluctuations of car shock absorber 
or unfavorable currents of electric arc furnaces generated by 
variations of arc resistance with harsh fluctuations. These 
types of transient waves are created in electrical power lines 
abundantly that cause unfavorable effects leaving serious 
damages in the equipments of power network. 

For this reason, theoretical as well as practical simulation of 
these waves under laboratory conditions for accurate probes 
seems to be necessary. To generate such an electrical wave, 
actual amounts of voltage and current must be recorded. 
Thereafter it would be possible to create them in any requisite 
time for using under power network‘s conditions or any other 
appropriate applications. Correspondingly, having 
displacement, velocity or acceleration points  

With respect to time, it would be theoretically feasible to 
generate mechanical waves as well. To achieve this aim, one 

can reproduce the current form of such these waves using 
inverters and hereinafter it would be transformed to the 
equivalent mechanical wave by means of a linear motor which 
has already been designed for this job. Subsequently, it can be 
served, for example, as a simulator of earthquake table or car 
shock absorber in an experimental scale. 

In this work, seismic wave is assumed as a perfect sample of 
such these waves to be produced by an inverter. First an 
accelerometer system with the sensor ADXL202 is produced to 
obtain the points of acceleration-time graph in intervals of 0.02 
second. It should be noted that the abovementioned set can be 
applied for recording any other type of mechanical vibration. 
Having these data lead to attain the function of waveform by 
coding the problem through spline interpolation method in 
matlab software medium. Then the relevant Fourier series is 
derived and added to its harmonics so that eventually a highly 
accurate waveform compared to the initial wave is achieved. 
At the next step, the related current signal would be simulated 
in simulink software using PWM switching method through 
an inverter. Then this produced signal is ready to be used in 
the applications and surveys that will be discussed later. [1] 

2. Analysis of earthquke waveforms 

The energy released in earthquake is transmitted through 
earth layers as elastic waveform. Since analytic study of these 
waves is very complicated, they are normally converted into 
equivalent simpler wave components for easing any 
computation. 
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Longitudinal waves (P-wave) which propagate faster than 
other wave types cause sequent compresses and stretches 
along the wave motion. Shear waves (S-wave) can pass across 
only solid materials. When both these two types are generated, 
the resultant wave so called Love-wave is configured which 
mostly resembles to S-waves. However due to this hybrid 
wave, particles move in the parallel direction of earth surface 
as well as perpendicular to the direction of wave propagation. 
LR-waves are another type of such these motions in which 
particles move circular.  

One of the most significant design factors in this area is 
gravity acceleration (g), near earth surface which is main cause 
of most destruction. This parameter is considered as a product 

of gravity. Seismic waves have low frequency but large wave 
length and much number of cycles.  

The acceleration of an arbitrary point of earth can be 
recorded by means of accelerometer based on its time 
adjustment, for example in intervals of 0.2 second which 
eventually these data would be the basis of seismic 
engineering. [2] [3] 

 
  
In this research, an accelerometer using sensor ADXL202 

and AVR (ATMEGA16) was designed and manufactured.  

 

 
 

Figure 1: produced accelerometer circuit  

 

Having programming of micro with respect to sensor‘s 
datasheet, an ‗exe‘ file is extracted to test and collect output. 
Measurement accuracy during the experiment is flexible so 
that in this trial 0.02 second is taken. Output data will be then 
recorded as product of gravity and the relevant ‗txt‘ file 
containing acceleration form will be accessible as well. 

 

 
 

Figure 2: accelerometer result display  

 
It is mentionable that the sensor ADXL 202 is capable to 

measure acceleration in both longitudinal and lateral 
directions. In this work as shown in figure 3, acquired data 
will be accessible in longitudinal way. 

 

 

Figure 3: measurement direction of accelerat ion 

 
Importing text file of these points in the seismo signal 

software concludes to obtaining all amounts of displacement 
and velocity as what figure 4 depicts which is carried out 
through conversion of the acceleration points. Therefore the 
text file of displacement and velocity will become available. 

  

 
 

Figure 4: Graphs of acceleration, velocity and displacement 

versus time in seis mo signal 

 

Now it would be possible to calculate these data with respect 
to frequency. In these graphs, the frequency range that 
contains values‘ peak will be used. [4] [5] 
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Figure 5: Graphs of acceleration, velocity and displacement 

versus frequency in seismo signal 

 

3. Mathematic validation 

To obtain more accurate results, Spline Interpolation is used. 
Therefore a given domain of [a ,b] is divided to sub-domains 
[xi-1,xi] where i =1(1)n; then the function is approximated by 
the polynomials with lower order in each sub-domain.[6] 
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The interpolation in every sub-domain is linear and it is 
done by the variable x in (n+1) points using Lagrange linear 
formula. Then a spline function of order n and nodal points of 
x0, x1 , …, xn  and correspondent function of S(x) is defined as 
following  

S(x) is a n-order polynomial over every sub-domain [xi-1, xi], 
1 ≤ i ≤ n. 

S(x) and its derivatives are continuous over [a ,b]. 
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Where C1 and C2 are integration constant and considering 
interpolation conditions: 
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So that these two unknown constants can be resulted as 
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This equation over [xi-1,xi] is cubic spline but unknown 
quantities of Mi still need to be determined. So they are 
processed through the following relations 
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4. Programming and Simulation 

A. Coding and results 
Now, the results and acquired mathematical relations are 

implemented by means of simulink in order to go through 
programming and simulating via matlab. First M-file 
programming and mathematical strategy for solving the 
problem is presented that subsequently the harmonics of a 
seismic wave would be determined. 

In this program first of all, the data obtained from 
accelerometer are imported in workspace medium of matlab 
and then it will be executed. 

spline coding is as the following : 
 
syms x s 

for i=1:n-1 

    s(i)=[m(i)*((t(i+1)-

x)^3)/(6*h)]+[m(i+1)*((x-

t(i))^3)/(6*h)]+[(y(i+1)-y(i))*(x-t(i))/h]-

[h*(m(i+1)-m(i))*(x-t(i))/6]+y(i)-

[m(i)*(h^2)/6]; 

end 

for i=1:n-1 

end 

 
Where s(i) is a polynomial of order 3 which is product of 

interpolation between points i and i+1. Next step is coding the 
main function to attain coefficients of Fourier series. [3] 

 

syms x harmA harmB 

for j=1:k 

    A=0; 

    B=0; 

    for i=1:n-1         

A=A+(2/w)*(int(s(i)*cos(j*pi*x*2/t(n)),x,t(

i),t(i+1)));        
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B=B+(2/w)*(int(s(i)*sin(j*pi*x*2/t(n)),x,t(

i),t(i+1))); 

    end 

    harmA(j)=A; 

    harmB(j)=B; 

end 

  

 
Now, due to summing the harmonics of function it would be 

possible to obtain expected waveform and have it compared 
with accelerometer data and also this waveform is served as a 
reference signal in simulink.  

The results of M-file programming are presented as it 
follows. First, a finite number of sequent points are analyzed 
as input. In the written program, k indicates harmonics 
number and n represents point numbers. Setting k=5 and n=10 
and running the program, it can be seen that the resulted 
graph remarkably resembles to the main waveform. In the 
following figures, the left-side ones show the resulted graphs 
from programming and those on right-hand are concerning to 
the points given by accelerometer.  

 

 
 

Figure 6: considering results k=5 and n=10 

 

 
 

Figure 7: considering results k=10 and n=10 

 
It can be observed that the accuracy of wave profile is being 

improved due to the increase in harmonics number. 
 

 
 

Figure 8: results with k=10 and n=20 

 

 
 

Figure 9: results with k=15 and n=20 

 
The interpolation process becomes more complicated as the 

variations in acceleration amplitude intensify and the number 
of harmonics increases. 

 

B. Simulation in simulink and its results 
 

In this step, a two-branch, full-bridge inverter with four 
IGBT is used to obtain the predictable waveform. Similar to 
what was applied to the reference i.e. seismic wave, the 
switching method PWM is used again. [7] [8] [9] 

 
 

Figure 10: two-branch voltage source inverter in simulink 
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Figure 11: Control circuit of inverter for switching of 

IGBTs 

 

The block fcn contains one input and one output to create 
reference signal obtained from coding results. 

The basic state of input parameters and quantities for 
examination and comparison are as following in which R and 
L represent resistance and load inductance respectively. 
Moreover, Fc is the carrier frequency and one or two 
parameters in each part are changed.  

 
Load:  R = 100 ohm , L = 0.2 H 
Number of points: n = 20 
Number of harmonics: k = 10 
Carrier Frequency: Fc = (40*k)/t(n) = 2.2  kHz 

 
In the following figures, the top graphs show the current 

load of inverter and the bottom ones relate to the wave that is 
expected to be created by inverter. 

 

 
 

Figure 12: basic amounts result 

 
 

Figure 13: DC source current 
 

The current passing through DC source has two cases in top 
and bottom which is similar to the reference signal so that two 
IGBT simultaneously i.e. either 1 and 4 or 2 and 3 get switched 
together to operate properly. Figure 14 shows load current 
supplied by reference signal which has been caused from the 
points having intense variation in acceleration. This time span 
starts at t=14 and ends up at t=14.18.  

 

 

 
 

Figure 14: results with base amounts at second of 14 to 14.18 

 

 
 

Figure 15: results with base amounts and R = 20 ohm 

 

 
 

Figure 16: results with base amounts and L = 0.1 H 

 

It is mentionable that the less proportion of inductance to 
resistance becomes, the more variation is caused. 
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Figure 17: results with base amounts and Fc = (10*k)/t(n) = 

550 Hz 
It would be possible to use mosfet instead of IGBT to achieve 

faster switching. [10] [11] [12] [13] 

5. CONCLUSION AND PROSPECTIVE WORK 

According to the presented procedure in this paper, it would 
be possible to create a current that it is set, for example, as 
supply source of a linear motor. Thereafter it can be used in 
practical applications such as simulation of a car shock 
absorber or design of earthquake table. Furthermore, 
considering this concept that how to create such this current, it 
would be feasible to utilize that for filtering unknown and 
unfavorable waves simultaneously in crucial or important 
power networks. This issue can be a topic for further 
researches in future.  
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