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ABSTRACT: In the area of damage detection in civil structures there are several 
techniques that give information about whether the structure is healthy or damaged. 
These techniques could detect variations or extract modes from a signal of an 
instrumented structure, which help to make a better decision about the structure´s 
health. The traditional applied method is the Fast Fourier Transform (FFT) with the 
consequent problem that many times it is not possible to extract all the modal 
parameters; that is; some peaks do not show up on the plots.  
The present work shows a comparison of the ICA (Independent Component Analysis) 
and the Wavelet transform as a processing tool, along with the FFT for modal parameter 
extraction.  
The signals used for the experiments are vibration records of a mathematical four-story 
building model which represent displacements, velocities, and accelerations at every 
story. The mathematical model was affected with different percentages and 
combinations of stiffness degradation at each level. This was done in order to 
demonstrate the effectiveness of the proposed methods, and to show differences 
between them under different circumstances of simulated damage. 
Furthermore, the results show that processing the signals with Wavelet Transform 
requires less information (fewer motion records) than ICA; but ICA is able to compute 
all the modal parameters when the records at every story are available. 
In real life applications, the costs of the instrumentation of the structure must be 
considered; thus, if only a few accelerometers are to be installed on the building, then 
Wavelet Transform could be the preferred method for signal processing, because it 
gives more information about the modal parameters of the structure with the minimum 
information available. Yet, it is also recommended that other tools should be used, such 
as expert systems with ICA and FFT, to ensure correct modal parameter extraction. 
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ABSTRACT: In the area of damage detection in civil structures there are several 
techniques that give information about whether the structure is healthy or damaged by 
detecting variations or extract modes from a signal of an instrumented structure. The 
traditional applied method is the Fast Fourier Transform (FFT) with the consequent 
problem that many times it is not possible to extract all the modal parameters. 
The present work shows a comparison of the ICA (Independent Component Analysis) 
and WT (Wavelet transform) as a processing tool, along with the FFT for modal 
parameter extraction.  
Results show that processing signals of a four-story building model in distinct scenarios 
with WT requires fewer motion records than ICA; but ICA is able to compute all the 
modal parameters when the records at every story are available. In real life it could be 
costs of instrumentation, so if only a few accelerometers are to be installed on the 
building WT should be preferred or to ensure correct modal parameter extraction in 
expert systems with ICA. 

 
 

1 INTRODUCTION 

There have been some studies focused on the relationship of the signal processing and 
civil engineering by the data acquisition obtained from accelerometers, which can 
provide dynamic information of the structure and furthermore damage detection. This 
information could be processed with methods and techniques to give a distinct 
perspective and extract modes or make more visible any kind of variation in the signals 
with the peaks in their plots giving information to analyze and support a decision on the 
structure’s health. 
In combination, the processed data and the delimitations of the construction codes, an 
optimal evaluation can be made of the structure resistance and health.  
The traditional technique to extract modal parameters from measured signals is the FFT 
(Fast Fourier Transform), but sometimes this is not sufficient for making a decision 
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because of its nature of frequency domain and its transformation obtained with the 
signal decomposition in sinusoidal of distinct frequencies that can have the 
disadvantage of losing information and the impossibility to know when damage 
occurred.  
Techniques for signal processing data shown in this paper are the ICA (Independent 
Component Analysis) and the Wavelet transform. Applied together with FFT a 
comparison is made in the sense of which method provide more information in the 
different circumstances demonstrated.  
The different circumstances consist of a simulated four-store structure model and their 
vibration records with absolute acceleration, relative acceleration, velocity and 
displacement at every story. The set of combinations of the storeys represents an 
interesting challenge for experimenting with the methods and make conclusions of the 
results focused on which give more information in which kind of combination. 
It will be shown that processing the signal with the wavelet transformation requires less 
information than ICA to give a good response on detecting modal parameters; but ICA 
is able to compute all the modal parameters when all the records at every storey are 
processed. In real life instrumentation cost is an important issue, so as it is demonstrated 
with wavelet transform a good response in modal parameters detection could be 
obtained with fewer accelerometers installed in the instrumentation. 

2 STRUCTURE INSTRUMENTATION AND THE FOUR STOREY BUILDING 
MODEL 

Some criteria to be considered in structure’s instrumentation are that the structure has to 
be in a high seismic zone; that is to consider the type of ground or also establish the 
construction material and procure a simple, regular and symmetric structural system to 
limit the benefits of the instrumentation to a special design structure. Furthermore there 
has to be complete documentation about the structure and its characteristics like layouts, 
logs and reports of all the studies performed, etc. It is also important to study the 
localization, optimal position and combination of instruments to be used for the analysis 
of the structure.  
The instruments have to be localized in places where the major variation is presented on 
the structural response and in areas where there aren´t mechanical equipments or people 
because they can add noise to the signal response. Besides the localization of the 
instruments, the characteristics of the structure like its geometry and symmetry are to be 
considered. 
There are many challenges to be faced for structural engineers where the uncertainties 
like loads, materials, stiffness etc. represent variations in the dynamic response. Also the 
structural response and the damage in a building caused by a seismic excitation is 
considered as a random phenomena and because of this uncertainty and randomness, it 
is necessary to use probabilistic methods that can estimate the variation effects in the 
structural response, this methods are empirical ones so they have a meaningful 
variation.  
There are some methods that are based on probabilistic analysis techniques where 
variations in mass or stiffness are presented and consist on values of stiffness between 
stories, mass, variation coefficients of stiffness and mass. Galiote & Escobar (2006). 
With a stiffness and mass matrix corresponding to a Shear-beam building model with 
the following values: 
m1=1.5; m2=1; m3=0.5; m4=0.5; k1=900; k2=600; k3=300; k4=300; 
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where mi are the mass values and ki the stiffness values and a viscous damper of the 
first and second modes of c1=0.02 and c1=0.03 for the Rayleigh proportional damper 
applied, frequencies variations and vibration modes are obtained. These matrixes and 
data are inputs of the four story building model of modal superposition with classic 
damper (general viscous damper) and loads in time applied like base accelerations for 
several degree of freedom systems using numerical integration of linear interpolation 
used in the experiments further presented.  
The outputs calculated by the model are the displacement, velocity, relative acceleration 
and absolute acceleration matrixes. 
As it was explained before the methods that are applied to the acquired data have the 
objective of making an analysis in a different perspective like a visual one to give 
information in a different way. In other words an important problem to be solved in this 
case is to find a suitable transform of the data to facilitate the analysis for subsequent 
processes, such as damage detection by pattern recognition or modes visualization and 
analysis. Rodríguez et al (2008). 

3 COMPARISON BETWEEN ICA AND WAVELET TRANSFORM 

Consider each output of the model (displacement, velocity, relative acceleration and 
absolute acceleration) a 4-dimensional discrete signal or vectors that would be mixed in 
all possible ways with the combination of the 2, 3 and four dimensional vectors and 
processed to demonstrate the effectiveness of both methods. The experiment also 
includes the processing of each level to see that ICA only makes sense with the 
combination of two or more signals. 
A simulated damage in the outputs consists in a percent of degradation in the stiffness 
of the stories of the model inputs and it is included herein to compare the methods under 
different circumstances of the structure. The presented damages are 5, 10, 50 and 80 
percent of degradation only on storey 1, the same percentages only at storey 3, and at 
storey 1 and 3 simultaneously. 
Below, a brief and short description of the methods will be shown to focus on the 
comparison of the results. 
For the ICA method Hyvarinen´s fixed point algorithm is used in a program named 
FastICA. The algorithm uses sample average computed over larger samples of data and 
it estimates the independent components from given multidimensional signals, then the 
result is processed with the FFT for further plotting in a representative graphic of the 
periods of the model. The ICA of a vector consists on searching for a linear 
transformation that minimizes the statistical dependence between its components. 
Common (1992). 
For the wavelet transform, the signal(s) are decomposed in 5 levels by a multilevel one-
dimensional wavelet analysis using a specific wavelet. The MathWorks, Inc. (2007). 
The number of levels was decided from empirical experience and because it was the 
most significant way to do it. The type of wavelet used for the decomposition is the 
“dmey” wavelet which responds to the discrete approximation of the Meyer wavelet 
(Figure 1) and it’s used herein because of the best results provided: 
 



5th International Conference on 
Structural Health Monitoring of Intelligent Infrastructure (SHMII-5) 2011 
11-15 December 2011, Cancún, México 
 
 

 
Figure 1. Meyer Wavelet 
 
 
The decomposition is like this: 

 
Figure 2. Wavelet decomposition 
Where: 
 x   =  Original signal 
cD =  Detail coefficients 
cA =  Approximation coefficient 
So, vector “C” is the coefficients vector and vector “L” is the length vector. 
Then the signal is reconstructed by the coefficients of approximation and detail in a one-
dimensional vector. The FFT is applied to this vector for the further plotting in a 
representative graphic of the periods of the model. 
Analysis and comparison of the methods obey to the visual interpretation of the. The 
metric for defining the best method in the distinct scenarios lies in the identification of 
as many well defined peaks throughout the frequency domain given for the FFT as 
possible, which in turn could help in damage detection post-processing and can give 
information on the structural modes. 
It is important to note that ICA only works when data is a combination of sources, thus, 
when only one source is given; a one dimensional vector is calculated (figure 3) 

  
Figure 3. Wavelet (left) and ICA (right) relative acceleration level 3 with degradation of 
5% in stiffness in level 3                    



5th International Conference on 
Structural Health Monitoring of Intelligent Infrastructure (SHMII-5) 2011 
11-15 December 2011, Cancún, México 
 
 
Following the analysis it is also shown that in the combination of two levels, the 
Wavelet method is also a better method in the most of the scenarios of the degradation 
of the stiffness in the distinct combination of levels. 
For example a sample taken (Figure 4) of the second and third level of the absolute 
acceleration matrix with a 50 percent of degradation in the first level shows that in the 
ICA method, two well defined peaks can be appreciated at the 9 and 17 values 
approximately. In comparison in the wavelet method the same two peaks can be 
appreciated but also two more peaks in the 27 and 35 values approximately appears in 
the graphic which tell us according to the metric established that is a more effectively 
method in these scenarios. 
 

     
Figure 4. ICA (left) and Wavelet (right) absolute acceleration level 2 and 3 with 
degradation of 50% in stiffness of level 1      
   
Two samples of plots are shown to continue comparing the methods: 
One with the worst scenario for the wavelet method according to the established metrics 
in which is evident that ICA is clearly better showing that wavelet can barely be 
appreciated one well defined peak (Figure 5). 

     
Figure 5. ICA (left) and Wavelet (right) displacement, level 1, 2, 3 and 4 with 
degradation of 80% in stiffness of level 1      
 
The second example with the best scenario for Wavelet method (Figure 6) that shows 
that despite with ICA and Wavelet the four principal peaks can be appreciated, with 
ICA there are four well defined peaks and with Wavelet the peak in the 30 value can 
barely be appreciated. 
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Figure 6. ICA (left) and Wavelet (right) absolute acceleration, level 1, 2, 3 and 4 with 
degradation of 10% in stiffness of level 1   
 
According to the experiments shown, the modes precision seems to be decreased as the 
damage increase, despite this relationship, the ICA method presents a better reaction 
when the damage increase. In Figure 5 can be seen that with a degradation of 80% in 
wavelet method only one well defined peak can be appreciated and ICA shows 5 well 
defined peaks and in Figure 6 with 10% of degradation in the same number of 
combination wavelet shows 4 more defined peaks but not as well defined as ICA. 
The Displacement (Tables 1,2 and 3),Velocity, Absolute Acceleration and Relative 
Acceleration comparative tables shows the same trend; with less combination of levels, 
the Wavelet method seems to be more effectively and with the major combination the 
ICA method is better , and they also show which method is preferred in the sense of 
being able to capture as many frequency peaks as possible under different data 
combinations and simulated damage. It can be seen that with the combination of three 
and four levels, the ICA method is in general more effectively. 
Table1. Displacement Comparative Table of level 1 
Combinatio
n of levels 

Without 
Degradation 

Degradation 
of 5% in 
level 1 

Degradation 
of 10% in 
level 1 

Degradation 
of 50% in 
level 1 

Degradatio
n of 80% in 
level 1 

1 Wavelet Wavelet Wavelet Wavelet Wavelet 
2 Wavelet Wavelet Wavelet Wavelet Wavelet 
3 Wavelet Wavelet Wavelet Wavelet Wavelet 
4 Wavelet Wavelet Wavelet Wavelet Wavelet 
1 y 2 ICA/Wavele

t 
ICA/Wavele
t 

ICA/Wavele
t 

ICA/Wavele
t 

ICA 

1 y 3 Wavelet Wavelet Wavelet ICA/Wavele
t 

ICA 

1 y 4 Wavelet Wavelet Wavelet ICA/Wavele
t 

ICA 

2 y 3 Wavelet Wavelet Wavelet ICA/Wavele
t 

ICA 

2 y 4 Wavelet Wavelet Wavelet ICA/Wavele
t 

ICA 

3 y 4 Wavelet Wavelet ICA/Wavele
t 

ICA/Wavele
t 

ICA 

1,2 y 3 ICA/Wavele ICA/Wavele ICA/Wavele ICA  ICA 
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t t t 
1,2 y 4 ICA/Wavele

t 
ICA/Wavele
t 

ICA/Wavele
t 

ICA ICA 

1,3 y 4 ICA/Wavele
t 

ICA/Wavele
t 

ICA/Wavele
t 

ICA ICA 

2,3 y 4 ICA ICA  ICA  ICA ICA 
1,2,3 y 4 ICA ICA  ICA ICA ICA 

 
Table2. Displacement Comparative Table of level 1 and 3 
Combination 
of levels 

Degradation 
of 5% in 
level 1 and 3 

Degradation 
of 10% in 
level 1 and 3 

Degradation 
of 50% in 
level 1 and 3 

Degradation 
of 80% in 
level 1 and 3 

1 Wavelet Wavelet Wavelet Wavelet 
2 Wavelet Wavelet Wavelet Wavelet 
3 Wavelet Wavelet Wavelet Wavelet 
4 Wavelet Wavelet Wavelet Wavelet 
1 y 2 ICA/Wavelet ICA Wavelet ICA/Wavelet 
1 y 3 Wavelet ICA/Wavelet ICA/Wavelet ICA/Wavelet 
1 y 4 Wavelet ICA/Wavelet ICA/Wavelet ICA/Wavelet 
2 y 3 Wavelet ICA/Wavelet Wavelet ICA/Wavelet 
2 y 4 Wavelet ICA/Wavelet ICA/Wavelet ICA/Wavelet 
3 y 4 ICA/Wavelet ICA ICA  ICA/Wavelet 
1,2 y 3 ICA ICA ICA ICA  
1,2 y 4 ICA ICA ICA ICA  
1,3 y 4 ICA/Wavelet ICA ICA ICA  
2,3 y 4 ICA ICA ICA ICA  
1,2,3 y 4 ICA ICA ICA ICA  

 
Table3. Displacement Comparative Table of level 3 
Combination 
of levels 

Degradation 
of 5% level 
3 

Degradation 
of 10% level 
3 

Degradation 
of 50% level 
3 

Degradation 
of 80% level 
3 

1 Wavelet Wavelet Wavelet Wavelet 
2 Wavelet Wavelet Wavelet Wavelet 
3 Wavelet Wavelet Wavelet Wavelet 
4 Wavelet Wavelet Wavelet Wavelet 
1 y 2 ICA/Wavelet ICA Wavelet Wavelet 
1 y 3 Wavelet ICA/Wavelet Wavelet Wavelet 
1 y 4 Wavelet Wavelet Wavelet ICA/Wavelet 
2 y 3 Wavelet ICA/Wavelet Wavelet Wavelet 
2 y 4 Wavelet Wavelet Wavelet Wavelet 
3 y 4 ICA/Wavelet ICA Wavelet Wavelet 
1,2 y 3 ICA/Wavelet ICA ICA/Wavelet ICA/Wavelet 
1,2 y 4 ICA/Wavelet ICA ICA/Wavelet ICA/Wavelet 
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1,3 y 4 ICA/Wavelet ICA/Wavelet Wavelet ICA/Wavelet 
2,3 y 4 ICA/Wavelet ICA ICA/Wavelet Wavelet 
1,2,3 y 4 ICA  ICA ICA/Wavelet ICA 

Quantitatively on the displacement output for all storeys combination and for all 
scenarios ICA has an average of 55% of peaks recognition, otherwise Wavelet has 62%. 
The percentage increases in both methods in the velocity, relative acceleration and at 
last in the absolute acceleration output with a 61% for ICA and 75% for Wavelet. It is 
also demonstrated that ICA has a better response with the combination of several 
records than Wavelet, but the second is better with less records. With the same 
displacement records for all scenarios of damage, the first method has an average of 
28% of recognition with 1 storey, 54% with 2 storeys, 73% with 3 storeys and 97% with 
all records. The second method has an average of 59% of recognition with 1 storey, 
63% with 2 storeys, 62% with 3 storeys and 63% with all records. In general, records of 
3rd storey with 80% of degradation in stiffness have the major number of recognized 
peaks and records of the 1st storey with 50% of degradation in stiffness; have the least 
number of recognized peaks. Regarding to number of peak recognition in the distinct 
scenarios of damage, in records of first and third storeys alone, both methods decrease 
whereas the percent of degradation of stiffness increases, but with the records of first 
and third storeys together ICA method have an equal or greater peak recognition 
meanwhile the same scenario of increasing percent of degradation is performed. 
4 CONCLUSIONS 

In the comparison of the processing methods shown in this work, it is demonstrated that 
for the type of structure that the presented mathematical model represents, the ICA 
processing method is more effectively in the most circumstances and scenarios of 
simulated damage where there are major combinations of signals acquired for its input, 
normally provided by the number accelerometers of the instrumentation of the structure. 
It has an appreciable visual model parameters and variation identification which are an 
important source of information for the further decision making of the structure´s 
health. 
The wavelet method is shown to be a very effective processing method when there are 
few motion records; also it is shown that this method with a single signal of any level 
could give appreciable information of peaks in graphics traduced in the modal 
parameters and variations of the data. In real life it could be an important consideration 
because the cost of instrumentation sometimes is a disadvantage and an impediment to 
make some kind of analysis of structure´s health. With the present results it´s proved 
that this processing method could support the analysis of structure´s health with few 
records and with less cost of instrumentation with an considerable information for the 
decision making and damage detection. 
It is worth to mention that the experimentation and analysis shown was done with 
records of displacement, velocity, absolute and relative acceleration which give a more 
solid and sustainable results and confirm hardly the conclusion of the effectiveness of 
both methods in it´s different scenarios. 
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