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ABSTRACT 

This paper describes the two cases: (I) Electromechanical impedance (EMI) method applied to 

quantification of circular and square cavity in structural health monitoring (SHM) of thin square plates 

and (II) Root mean square deviation (RMSD), mean absolute percentage deviation (MAPD) suitability 

in describing the damage severity. In the first case, the study investigates the numerical analysis of the 

sensitivity of EMI responses to the inner cavity of different shape mainly circular and square on the 

aluminium (Al) plate. It is attempting to identify the effect of varying shapes and correlates them with 

damage index calculated for healthy and damage plate of the structure directly through the EMI 

signatures of piezoelectric wafer active sensors (PWAS). In the second case, this paper demonstrates 

the effectiveness of the damage indices while damage severity increasing with position closer to the 

center of piezo-actuator. This paper used the Savitzky-Golay (SG) filter to enhance the performance of 

the EMI technique in the damage detection process. We have successfully tried to quantify two 

damaged Aluminium plate with square and circular hole qualitatively and quantitatively by algebraic 

relation as well enhance the performance of damage indices through employment of SG filter in 

damage detection. 

1. Introduction

EMI method has been a subject of interest from researchers due to its capability to be used as 

structural health monitoring (SHM) as well as a non-destructive testing (NDT) technique. The EMI 

method employs high frequencies range in assessing the local structural response. The high-frequency 

response of EMI is more sensitive to incipient damage and less concerned with the changes in 

boundary conditions, environmental parameters which can be addressed using compensation 

algorithms [1]. The operating wavelength of the interrogation signal at high frequencies is relatively 

small which add an advantage to the EMI technique for monitoring small-scale phenomena (i.e., 

cracks, delamination). This method involves the PZT (Lead Zirconate Titanate) transducers which acts 

as a sensor as well as an actuator and combined effects are used in EMI applications. The fundamental 

relations for piezoelectric materials for small field conditions are described below: 𝐷𝑖 = 𝜀𝑖𝑗𝑇 𝐸𝑗 + 𝑑𝑖𝑚𝑑 𝑇𝑚𝑆𝑘 = 𝑑𝑗𝑘𝑐 𝐸𝑗 + 𝑠𝑘𝑚𝐸̅̅ ̅̅ ̅ 𝑇𝑚 (1) 

where, D is the electric displacement vector, S is the second order strain tensor, E is the applied 

external electric field vector, T is the stress tensor, 𝜀𝑇  is the second order dielectric

permittivity tensor under constant stress, 𝑑𝑑 and 𝑑𝑐 is the third order piezoelectric strain coefficient

tensors and 𝑠𝐸  is the fourth order elastic compliance tensor under constant electric field. The

superscripts “d” and “c” indicate direct and converse effects respectively. The piezoelectric strain 
coefficient 𝑑𝑗𝑘𝑐  defines mechanical strain per unit electric field under zero mechanical stress,  𝑑𝑖𝑚𝑑
defines electrical displacement per unit stress under zero electric field, the first subscript denotes the 
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direction of the electric field and the second one the direction of the associated mechanical strain [1]. 

The electrical impedance of the bonded PZT transducer is equal to the voltage (V) applied to the PZT 

transducer divided by the current passing through the PZT. The measured electric current (I) is used to 

calculate EM impedance (𝑍(𝜔))  

 𝑍(𝜔) = 𝑉𝐼 = 1𝐺 + 𝑗𝐵 = {𝑖𝜔 𝑤𝑎𝑙𝑎𝑡𝑎 [𝜖3̂3𝑇 − 1𝑍𝑎(𝜔) 𝑍𝑠(𝜔) + 1⁄ 𝑑312 �̂�11𝐸 ]}−1
 

 

(2) 

where, G - conductance; B - susceptance; �̂�11𝐸 = (1 + 𝑖𝜂)𝑌11𝐸  is the complex Young’s modulus of the 
PZT patch at a zero electric field;  𝜖3̂3𝑇 = (1 − 𝑖𝛿)𝜖33𝑇  is the complex dielectric constant at zero stress; 𝑑31  is the piezoelectric coupling constant in 1 direction at zero stress; 𝑍𝑎(𝜔)  is the electrical 

impedance of the PZT sensor; 𝑍𝑠(𝜔) is the structural mechanical impedance of the host structure; The 

parameters 𝜂 - structural damping loss factor and 𝛿 - dielectric loss factor of piezoelectric material[2]. 

The EMI techniques are used in capturing localized damages by application of programming and 

statistical indices. Damage metric or statistical indices are used as a damage-identification formula that 

is applied to the whole signal and the calculated value is a number [3]. These indices are used as an 

assessment tool for damage level based on comparative study of pristine and damage spectrum. Based 

on the previous research, the popular damage metrics are root mean square deviation (RMSD), the 

mean absolute percentage deviation (MAPD), the covariance (Cov) and the correlation coefficient 

deviation (CCD). These damage metrics should separate quantitatively or qualitatively pre-process 

data of EMI spectra into classes depending on the damage presence, level and location. Quantification 

of damage in the structures (i.e. identification of damage location and intensity) by integrating the 

EMI technique with hybrid evolutionary programming is a modern technique to investigate the 

sensitivity of the structures. But the low-frequency range was preferred due to repeated structural 

analysis in the evolutionary programming technique [3, 4]. The suitable frequency band for this 

application is very narrow, and generally difficult to identify. The Savitzky- Golay (SG) is a kind of 

Finite Impulse Response (FIR) digital filter used to smooth a noisy signal. The SG filter performs 

better than the standard FIR filters and have a large frequency range of a signal without the noise. SG 

filter is more effective in preserving high frequency components and thus the widths and amplitudes of 

the peaks are preserved for a desired signal [5]. 

 

2. Methodology 
        

The current work is mainly focused on the spectrum and effective spectrum analysis of damage metric 

in damage detection. Several studies have shown the effectiveness of the EMI methods for detecting 

sensor bonding, damage and quality of the adhesive bond using damage metrics based on the EMI 

characteristics of the sensors. The EMI technique responses are due to variation in dynamic properties 

like mass (m), stiffness (k) and damping (c) of coupled structures. The damage was quantified due to 

structural changes in damage condition signatures with respect to the baseline signature of the healthy 

state. Furthermore, any variation in the structural parameters like k, c or m cause detectable changes in 

the conductance (G) plot, the susceptance (B) plot and the resistance (R) plot. A reduction in “k” or 
any increase of “m” direct towards the leftward shift of the peaks of the conductance plot and 

susceptance plot, while any increase in “c” reflects as a suppression of the peak response as well as a 
marginal increase in the peak frequency. Based on the above facts, the current experimental works are 

quantified and analyzed in this paper [1, 6].The following equations are used to calculate the damage 

metric of the conducted experiments. 

 𝑅𝑀𝑆𝐷 = √∑ (𝐷𝑖 − 𝐷𝑖𝑜)2𝑖=𝑛𝑖=1∑ (𝐷𝑖𝑜)2𝑖=𝑛𝑖=1  

𝑀𝐴𝑃𝐷 = ∑ |𝐷𝑖 − 𝐷𝑖𝑜𝐷𝑖𝑜 |𝑖=𝑛
𝑖=1  

 

(3) 

 

 

(4) 



 

 

 

𝐶𝐶𝐷 = 1 − 𝐶𝐶    (5) 

𝐶𝐶 = 1 − ∑ (𝐷𝑖 − 𝐷�̅�)(𝐷𝑖𝑜 − 𝐷𝑖𝑜̅̅ ̅̅ )𝑖=𝑛𝑖=1√∑ (𝐷𝑖 − 𝐷�̅�)2 ∑ (𝐷𝑖𝑜 − 𝐷𝑖𝑜̅̅ ̅̅ )2𝑖=𝑛𝑖=1𝑖=𝑛𝑖=1  
 

   (6) 

 

where symbol n is used for number of frequency spectrum samples, symbol 0 is used for pristine state, 𝐷𝑖 is the element of spectrum and𝐷�̅�, 𝐷𝑖𝑜̅̅ ̅̅  are corresponding mean values. The MAPD determines the 

average of the deviations at individual data of the EMI signatures while the CC measures the linear 

relationship between two signatures [1, 6]. These damage metrics work as a tool to separate 

quantitatively or qualitative pre-process data of EMI spectra into classes depending on the damage 

presence, level and location. 

 

The principle of SG filter smoothing data is based on least squares linear approximation. This method 

fits a polynomial to an input sample set and then compute discrete convolution whose impulse 

response is fixed. In this paper fourth and ninth order polynomial were used in smoothing the data to 

evaluate the performance. The different order of polynomial was used to check the improvement in 

performance of damage indices. Low frame length has been used to smooth the data in fine manner 

(high noise in signal) and vice versa for coarse smoothing.  

 

3. Experimental setup  

 

3.1 Case-1 

 

The planned calibration experiments were performed on square thin Al plates with centrally attached 

PWAS shown in the fig. 1. The geometry of the cavity was varied from square to the circular shape 

with the same mass is analyzed using damage index. EMI responses were acquired from the Al plate 

before and after the inner cavity formation. The changes in the EMI response due to the formation of 

the inner cavity are then quantified and changes in the EMI spectrum due to the presence of a cavity 

are investigated. A piezo-actuator was permanently mounted at the center of the structure and a cavity 

was created at a fixed distance in Al plate. The effect of change reduced geometry on a simple thin Al 

plate was studied.  

 
 

Figure 1. Diagram of the created a) a square hole on plate1, b) a circular hole on plate2 and c) IM3570 

Impedance Analyzer used for the experiment. 

 

The IM3570 Impedance Analyzer was used to measure the EMI signatures at the piezo-actuator 

terminals and damage were simulated on the plate by drilling a circular and a square hole. The holes 

centre are equidistant from the center of the piezo. The diameter of piezo-actuator is 10 mm. The 

structure used to conduct experiment was a square aluminium (Al) plate with dimensions 96 mm x 96 



 

 

 

mm x 0.5 mm and the square hole is created on plate 1 and circular hole is created on plate 2 as shown 

in fig. 1. The size of the circular hole and square hole created using machining operation like drilling 

and punching. The distance between center of holes and piezo-actuator center is 2.5 cm and the 

volume and thickness (0.5mm) of both holes are equal. The diameter of the circular hole is 1 cm and 

length of the diagonal of the square hole is 1.2533 cm. The formula used to create the same amount of 

material removal of the plate with thickness “t” having a circular hole of diameter “d” and square hole 
of side “a” is given in equation 7. 

  𝜋4 𝑑2 × 𝑡 = 𝑎2 × 𝑡 (7) 

3.2 Case-2 

 
This case study was used to implement the concept of RMSD sensitivity to damage severity. For that 

holes are simulated in arithmetic progression from side of the square Al plate towards the center of the 

PZT and the diameter of the each hole is 3 mm and the structure used for the experiment was square 

aluminium (Al) plate with dimensions 100 mm x 100 mm x 0.5 mm. The hole was created on the plate 

using driller of 3 mm diameter and the distance between the holes are 1 cm while nearest holes are at a 

1.5 cm from the center of piezo-actuator. A piezo-actuator of 1 cm diameter was permanently mounted 

at the center of the structure and a cavity was created at a fixed distance in Al plate. The effect of 

increasing damage severity with decreasing distance from the center of PZT mounted on a simple thin 

Al plate was studied. The diagram of drilled holes and sequence of holes are given in fig 2.  

 

 
Figure 2. The sequences of holes creation and the created hole on Al square plate. 

 

4. Result and Discussions  

 

4.1 Case-1  

 

The plot of conductance with respect to (w.r.t) frequency is shown for healthy and damage plate 1 and 

plate 2 in fig. 3. However, from the fig 3, one can easily conclude that the plot is heavily mixed with 

unwanted noises which are capable of influencing the performance in EMI techniques. Thus, SG 

smoothing was used for the sample data and filtered plot of healthy and damage plate of the circle and 

square hole can be seen in fig 4. The change in mass and stiffness due to variation in reduced 

geometry modifies the EMI spectrum causing frequency shifts, peak splitting, and appearance of new 

harmonics. The analysis of the first experiment is divided in two parts, firstly, in the complete 

frequency range (0.001-5MHz) of EMI signature and secondly, in the effective frequency range of 

0.2-2 MHz. In the first case RMSD, MAPD and CCD values calculated for the conductance, 

susceptance and resistance data of the EMI signature of Al plate. From the fig. 5, it can be noticed that 

the RMSD value of conductance and susceptance is lower for plate 1 with square hole as compare to 

plate 2 with a circular hole. However, there is small difference in resistance RMSD values of these 



 

 

 

plates. When RMSD values are compared with respect to each other in healthy condition, largest 

difference can be seen in conductance data and plate 2 RMSD value is greater than plate 1. Larger 

RMSD values for conductance and susceptance for plate 2 indicate that plate 2 is more damaged than 

plate 1 (fig. 5). The damage indices for conductance and susceptance are smaller than the resistance 

one which shows resistive index is more sensitive to damage of the plate. SG filtering influencing the 

damage indices in large amount as can see in fig. 5, fig. 6 and fig. 7. From the fig. 3 and fig. 4, it can 

be noticed qualitatively that there is more variation in plate 1 with square damage with respect to plate 

2 with circular damage. From fig. 6, there are big deviation of MAPD filtered and noisy data for the 

susceptance as compared to resistance and conductance data. Hence, susceptance is more sensitive to 

MAPD evaluation as compared to conductance and resistance. Similarly CCD analysis is same for 

conductance and susceptance signatures while more sensitive towards the resistance signatures and 

filtering is sensitive for resistance value and constant for G and B. Thus, there is very less variation in 

conductance and susceptance data in comparison to resistance data for SG filtering in the frequency 

range of 0.001-5MHz. These data filtered at 9 order polynomial, and 201 frame lengths to eliminate 

the most of the noise.      

 

 
Figure 3. Conductance’s signatures of the Al plate with a square and a circular hole in 0-5MHz 

frequency range. 

 

 
Figure 4. SG filtered conductance’s signature of the Al plate with a square and a circular hole in the 0-

5MHz frequency range. 

 

  
   a)      b) 

Figure 5. EMI signatures, RMSD percentage values in the frequency range of 0.001-5 MHz for Al 

plate in: a) noisy, b) SG filtered conditions. 

     



 

 

 

       
   a)      b) 

Figure 6. MAPD data in frequency range of 0.001-5 MHz for EMI signature of Al plate in noisy (a) 

and SG smoothing condition (b). 

 

 

      
   a)      b) 

Figure 7. CCD index of Al plate for noisy (a) and SG filtered (b) in the frequency range of 0.001-5 

MHz. 

 

In effective frequency range (EFR) of 0.2-2 MHz (fig. 8 and 9), the RMSD value of the plate 1 with 

square hole is greater than the RMSD of the circular hole on plate 2 for conductance and susceptance 

data (fig. 10). However, there is negligible difference in RMSD values for imaginary part of the 

signature. But for the EFR, more randomness in damage plate 2 can be visualized as compared to plate 

1.  

 

 
Figure 8. Conductance signatures of damage and healthy Al plate in effective frequency range of 0.2-

2MHz. 

 

 
Figure 9. SG filtered conductance signatures of the Al plate with a square and a circular hole in 

effective frequency range of 0.2-2 MHz. 



 

 

 

 

   
Figure 10. EMI signatures, RMSD percentage values in effective frequency range of 0.2-2 MHz for 

Al plate in noisy and SG filtered condition. 

 

From above data analysis, let us assume symbol n is used for number of frequency spectrum samples, 

symbol 01 and 02 are used for a healthy state of plate 1 and plate 2 respectively;  𝐷𝑖𝑠 and 𝐷𝑖𝑐 are the 

square and circular hole damaged element of spectrum for plate 1 and plate 2; 𝐷𝑖01 and  𝐷𝑖02 are the 

healthy state of plate 1 and plate 2 respectively. RMSD of square hole on plate 1 is defined as 

 𝑋 = √∑ (𝐷𝑖𝑠 − 𝐷𝑖01)2𝑖=𝑛𝑖=1∑ (𝐷𝑖01)2𝑖=𝑛𝑖=1  

 

(8) 

RMSD of circular hole on plate 2 is defined as  

 𝑌 = √∑ (𝐷𝑖𝑐 − 𝐷𝑖02)2𝑖=𝑛𝑖=1∑ (𝐷𝑖02)2𝑖=𝑛𝑖=1  

 

(9) 

RMSD difference of plate 1 and plate 2 in healthy condition with respect to each other defined as 

 ∆𝑋𝑌 = |√∑ (𝐷𝑖02 − 𝐷𝑖01)2𝑖=𝑛𝑖=1∑ (𝐷𝑖01)2𝑖=𝑛𝑖=1 − √∑ (𝐷𝑖01 − 𝐷𝑖02)2𝑖=𝑛𝑖=1∑ (𝐷𝑖02)2𝑖=𝑛𝑖=1 |  

(10) 

RMSD difference of plate 1 healthy condition with respect to square damage state defined as 

 𝛿𝑋 = 𝑅𝑀𝑆𝐷  𝑠𝑞𝑢𝑎𝑟𝑒 𝑑𝑎𝑚𝑎𝑔𝑒  𝑤.𝑟.𝑡 ℎ𝑒𝑎𝑙𝑡ℎ𝑦 𝑝𝑙𝑎𝑡𝑒 1 − 𝑅𝑀𝑆𝐷  ℎ𝑒𝑎𝑙𝑡ℎ𝑦 𝑝𝑙𝑎𝑡𝑒 1  𝑤.𝑟.𝑡 𝑠𝑞𝑢𝑎𝑟𝑒 𝑑𝑎𝑚𝑎𝑔𝑒 

 = |𝑋 − √∑ (𝐷𝑖01 − 𝐷𝑖𝑠)2𝑖=𝑛𝑖=1∑ (𝐷𝑖𝑠)2𝑖=𝑛𝑖=1 |  

(11) 

RMSD difference of plate 2 healthy condition with respect to circular hole damage state defined as 𝛿𝑌 = 𝑅𝑀𝑆𝐷  𝑐𝑖𝑟𝑐𝑙𝑒 𝑑𝑎𝑚𝑎𝑔𝑒  𝑤.𝑟.𝑡 ℎ𝑒𝑎𝑙𝑡ℎ𝑦 𝑝𝑙𝑎𝑡𝑒 2 − 𝑅𝑀𝑆𝐷  ℎ𝑒𝑎𝑙𝑡ℎ𝑦 𝑝𝑙𝑎𝑡𝑒 2  𝑤.𝑟.𝑡 𝑐𝑖𝑟𝑐𝑙𝑒 𝑑𝑎𝑚𝑎𝑔𝑒 

 = |𝑌 − √∑ (𝐷𝑖02 − 𝐷𝑖𝑐)2𝑖=𝑛𝑖=1∑ (𝐷𝑖𝑐)2𝑖=𝑛𝑖=1 |  

(12) 

If plate 2 RMSD w.r.t plate 1 is greater than plate 1 RMSD w.r.t plate 2 in a healthy state, then the 

effective RMSD value of plate 2 for quantification of parameters in damage state is   

 𝑌𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 = 𝑌 + ∆𝑋𝑌 − 𝛿𝑌 − 𝛿𝑋 (13) 



 

 

 

The effective conductance’s RMSD in the frequency range 0.001-5 MHz for the comparison of 

damage state is 𝑌𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 = 25.98+ (94.13-75.46)-(20.52-19.67)-(27.38-25.98) = 42.4. 

Similarly, if plate 1 RMSD w.r.t plate 2 is greater than plate 2 RMSD w.r.t plate 1 in a healthy state, 

then the effective RMSD value of plate 2 for quantification of parameters in damage state is   

 𝑋𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 = 𝑋 + ∆𝑋𝑌 − 𝛿𝑌 − 𝛿𝑋 (14) 

The effective conductance’s RMSD in the frequency range 0.2-2 MHz for the comparison of damage 

state is 𝑋𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 = 34.59+ (56.33-45.62)-(35.96-34.59)-(33.22-32.27) = 42.98. 

The derivation can be used to quantify the damage metric of EMI signature of two separate plates of 

isotropic material in the general case. However, this relationship is also affected by temperature 

variation during data acquisition and noise level as well as a boundary condition in the higher 

frequency range. 

 

4.1 Case-2 

 

This part consists of analysis conducted in an effective frequency range of 2-2.4 MHz, which indicates 

the most effective variation of EMI signatures (fig. 11). Effective range based analysis also done to 

investigate that the signatures of the sensors located in the vicinity of the damage and far were found 

to have undergone changes. The fig. 11 shows the pattern of the conductance of EMI signatures of 

holes. The damage metric is calculated with respect to healthy structure signatures in the most stable 

temperature data (approximately 23.4OC). As the hole creation process moves from outermost position 

to innermost position, the RMSD value of the respective holes with respect to a healthy state is 

fluctuating. From the fig. 12, it can be seen that there is no clear relation while moving from farther to 

nearer distance as well as in increase in the loss of weight due to increase in the number of holes. 

Neither conductance nor susceptance follow the increasing trend of damage metric. 

  

 
Figure 11. Conductance’s signatures of Al plate with and without holes in the effective frequency 

range of 2-2.4 MHz. 

 

 
Figure 12. A comparative RMSD data for noisy and filtered condition for conductance and 

susceptance EMI signature of holes created in the Al plate. 



 

 

 

 

As can be seen from fig. 12, RMSD is not suitable parameter to analyze the damage in all the ranges. 

So there is uncertainty to predict position far or near to piezo actuator and its severity using damage 

metric. There is negligible effect of SG filtering of susceptance data and a small effect on performance 

conductance based damage metric due to less splitting and shifting of the curve. As the frame length 

increases (from 51 to 201), it becomes less dense and it has a small effect like variation of order of 

polynomial on performance of damage metric.  These effects are demonstrated for the variation of the 

polynomial order from fourth to ninth and varying frame length from 51 to 201. 

 

 
Figure 13. Conductance signatures of Al plate with and without holes in the effective frequency range 

of 0.001-0.5MHz. 

 

 
Figure 14. SG filtered conductance signatures of Al plate with and without holes in the effective 

frequency range of 0.001-0.5MHz. 

 

   
   a)      b) 

Figure 15. Damage study by a) RMSD and b) MAPD index of EMI signatures on Al plate. 

 

A large value of RMSD means a stronger indication of damage occurred in the present case with 

respect to initial conditions. RMSD value is also affected by the order of polynomial and frame length. 

There is an increasing value of RMSD metric and the noise influence on the performance is minimal. 

As it was shown the filtering with SG filter results in only minute improvement in output (fig. 15a). 

Thus, there must be others parameters, like hole boundary reflection, that play a minute role in getting 

an EMI signature. It can also be concluded that performance validation capability is only limited to a 

few centimeters based on damage severity progression with distance.  After that, data analysed 

between 1-500 kHz and performance evaluation of the RMSD index of resistance is more prominent 



 

 

 

than conductance and susceptance and following the increasing trend of the performance pattern for 

EMI signatures (fig. 15). The MAPD index analysis for the conductance, resistance and susceptance 

are following a fluctuating pattern in this frequency range. So it can be concluded that MAPD is not 

the suitable damage index to evaluate the severity of damage to the structure. The resistance 

performance RMSD index using SG filter was also evaluated and it also gives the increasing trend of 

resistance signature and enough to conclude the statement that higher the value of RMSD higher the 

damage (fig. 15).  

 

4. Conclusion 

 

The EMI technique provides the opportunity of damage detection without knowledge of modal 

parameters or failure of modes of the structure by using damage metrics. This study describes EMI 

method applied to relative quantification of circular and square cavity in thin square Al plates. Thus, a 

novel quantification technique derived to co-relate the two separate structures based on the damage 

indices. SG filtered indices used for performance enhancement by eliminating the uncertainty due to 

noise in the analysis. Damage index calculated for healthy and damage plate of the structure directly 

through the EMI signatures of piezoelectric wafer active sensors (PWAS) in terms of conductance, 

susceptance and resistance. The study investigates the numerical analysis of the sensitivity of EMI 

responses to the inner cavity of different shape mainly circular and square in terms of RMSD, MAPD, 

CCD and SG filtered employed to improve the performance of these damage indices in the 

investigation. The damage indices like RMSD, MAPD value compared for conductance, resistance 

and susceptance with the damage progression towards the center of the structure. It also investigates 

the suitability of EFR for damage severity with the position of the damage and found that resistance 

parameter and low frequency range in frequency spectrum is suitable for investigation of the damage 

severity in the structure. This paper investigates the suitability of damage metrics for conductance, 

susceptance and resistance and found the MAPD is not a suitable damage index used for performance 

evaluation. The SG filtering is implemented in the analysis of the health of the structure and it is found 

to be satisfactory in reducing the noise level present in the structure. A comparative study of filtered 

and non-filtered data have shown that high level of noise is an obstacle in the heath performance 

evaluation of the structure.  
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