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Abstract: Micro beams found to be an optimistic device for several applications in various MEMS device like actuators, 

diaphragms, sensors and accelerometers. Its high sensitivity, accuracy and precision made this to be a basic functional unit of 

most MEMS devices. Micro beams shows difference in its vibrational frequency, stress and deflection over various input 

conditions. Occurrence of defects in the miniaturized structure can show major impact in its performance and sensitivity. 

Hence it is very essential to detect any defects presents in the micro device structure. In this study an eminent method of 

identifying the presence of cracks and its exact locations by interpreting the change in deflection and stress experienced by 

the micro beam using wavelet transform was illustrated. Wavelet transform and its packet decomposition is one among the 

efficient mathematical tool for analyzing signals in both frequency and time domain.  The proposed device structure was 

designed and modeled using COMSOL Multiphysics simulation software. From the obtained results the location of the 

cracks which appears in micro cantilever structure due to various working conditions can be perfectly identified using 

wavelet transform analysis. 
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1. Introduction 

 Wavelet transform (WT) is an eminent approach for signal analysis by the scaled and shifted wavelets 

which is being applied to a wide range of engineering applications. The term wavelets was first introduced in 

early 1980’s by J.Morlet and A.Grossmann, which was very much concentrated over theoretical mathematics 

than its applications[1]. Later Daubachies and Mallet redefined the wavelets for various applications like time 

frequency spectral analysis, digital signal processing, data compression and image processing. Till that Fourier 

analysis was the dominating tool in signal processing. The Fourier transform (FT) disintegrate the function in a 

range of low to high frequency components, which have a narrow support in one domain[2]. But the wavelet has 

basis functions on both domains. Fourier signal does not contains any local data and found to be in appropriate 

in analyzing the time varying signals.  An effective signal processing techniques should have potential to 

analyze continuous and transient signals in both time and frequency domains[3]. But FT can provide efficient 

signal analysis in frequency domain, but it is inappropriate for time varying signals due to unavailability of local 

data. WT represents to be an efficient and alternative method to FT. This deficiencies experienced in Fourier 

analysis made the researches to find the alternative to overcome this issues. WT has the potential to provide 

accurate time and frequency resolutions of a signal. This instinctive feature of wavelet transform made it very 

popular for various engineering applications[4]. WT is found to be the direct alternative to FT in time-frequency 

analysis of discrete signals. Since WT has its origin in mathematical theory, its application and implementation 

of very simpler as the theory suggests[5].  

  Wavelet packet transform(WPT) which is the generalization of WT is flexible over time-frequency 

plane in analyzing signals, found to be more dominant in applications[6]. Wavelet packets which can be 

generalized using the link between approximations, multi-resolution analysis and wavelets were brought out and 

explained by coifman et al. WPT can effectively provide the details of original signals in all the levels and in all 
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dimensions. WPT provides complete multiple analysis of the input signal based on wavelet functions[7]. The 

analysis and classification is well performed and reproduced by the limited number of wavelet coefficients for 

the relevant signal input. WPT is the emerging successive mathematical analysis concept in the field of fault and 

crack diagnosis because of their superior frequency localization than wavelets.  

In this present study, we utilize the wavelet packets to analyze the output signal from a micro beam to 

locate any damages or cracks present. The wavelet coefficients will reflect with peaks when any changes or 

discontinuities occur in data[8]. By the use of such ridges and peaks in wavelet analysis, we could exactly locate 

the cracks and damages present in the micro device. Dynamic characteristics of the device will reflect with 

respect to the damage or cracks over the surface[9,10]. Here we had compared devices with various cracks 

present in the device surface. The device with structural damages is compared with healthy device and the 

presence of location is identified by use of wavelet transform analysis and wavelet packet transform. 

2. Wavelet Packet Transform 

The wavelet packet transform (WPT) is a famous mathematical tool that has special merits over Fourier 

transform in analyzing non-stationary signals. It provides arbitrary time-frequency resolution which adopts 

redundant basic functions. WPT is more advanced version of continuous wavelet transform and can make a 

suitable level by level resolution for each signal. Wavelet packets divide the frequency axis into finer and pixel 

parts than the DWT. In Wavelet Packet Decomposition the discrete signals is passed through more number of 

filters than the discrete wavelet transform[11]. In wavelet analysis, the signal is divided into detail and 

approximation. But in wavelet packet analysis, the detail as well as approximation can be differentiated which 

offers a superior range of possibilities for signal processing. 

Figure.1 Comparison of wavelet decomposition tree(a) and wavelet packet decomposition tree (b) at level 

2. 

 

Wavelet decomposition is made to resolve high frequency components within a small time window, while low 

frequency component requires large time. Here the low frequency component consumes large time interval 

whereas a high frequency component needed cycle in a much shorter interval[12]. Therefore, slow varying 

components can only be identified over long time intervals but fast varying components can be identified over 

short time intervals. Wavelet decomposition can be treated as a continuous time wavelet decomposition which is 

sampled at different frequencies at each level or scale. 

https://en.wikipedia.org/wiki/Discrete_wavelet_transform
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Wavelet packet analysis is also considered to be an extension of the DWT and it turns out that the 

DWT is only one of the much possible decomposition that could be performed on the signal. Instead of just 

decomposing the low frequency components, it is therefore possible to divide the whole time frequency plane 

into various time frequency pieces. The advantage of wavelet packet analysis is that it is possible to fuse the 

different levels of decomposition in order to achieve the optimum time frequency representation [13]. In 

classical wavelet decomposition the image is break into an approximation and details images[14]. The 

approximation separates itself into a second level of approximation and details as shown in Figure.2. 

Figure.2 2D Wavelet Packet Decomposition 

According to the traditional wavelet packet theory, the WPT of signal x(t) is defined as equation(1), 

                                      xp
n.j

=  2
−j

2⁄
∫ x(t)μn(2−j t − p)dt, 0 ≤ j ≤ s,   0 ≤ n ≤ 2s − 1

−𝑅

R
                             -----

-(1) 

Where μn(t) is a wavelet packet transform, j is the number of decomposition level, p is the position 

parameter, n is the channel number, s is the maximum decomposition level.  After decomposition by WPT , 2s 

sequence of the signal x(t) can be obtained by the Sth level as equations (2) and (3) shown below, 

                                                                             xk
2n,j+1

=  ∑ h(p − 2k)xp
n.j

p∈z                                                  -----

-(2) 

                                                  xk
2n+1,j+1

= ∑ g(p − 2k)xp
n.j

p∈z                                                            ------(3) 

3. Micro Beam Structure 

Micro electro mechanical system (MEMS)  technology  dominate the present scientific research in 

almost all the domains including biological, medical and engineering field. MEMS is the present day technology 

which comprises with miniaturized electrical and mechanical parts for analysis. The input signal of the device 

may be force, pressure, heat or image. The MEMS device will actually transform the measured signal to a 

readable signal. There are four basic components of MEMS devices, micro sensor, micro actuators, micro 

structure and micro electronic device. 
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Micro beams are considered to be an essential component for different sensing and actuation systems 

such as micro actuators, sensors, gyroscopes and resonators. Micro beams exactly anticipate the dynamic 

properties of the device, such as its natural frequencies and forced- vibration response. A micro beam which is 

one among the basic MEMS structure is very frequently used component for different sensing and actuation. Its 

simple geometrics and case of fabrication make them very appropriate for many applications. Measurement of 

stress is the mechanism which is linked with its sensitivity to some applied stimulation. As sensitivity is the 

deciding parameter of micro beams, any small defect in the structure, will affect the entire sensitive operation. 

As the structure is miniaturized, the defect which occurs during fabrication or during operation may 

bring major impact in the output. So it is very necessary to fabricate micro beams without any defect and to 

monitor the structural health continuously for effective and maximum efficiency of the sensing unit. This study 

mainly deals with the identification or detecting the defects over the micro beams. Various methods were 

reported earlier for defect detection in macro scale using various technologies. But very few methods were 

adopted for micro devices. Here we impose the wavelet analysis to find the fault present in micro beams. 

3.1 Modeling of uniformly loaded Micro structured Beam 

In our study, we proposed the structure of micro beam using COMSOL multiphysics5.4 simulation 

software. Computer simulation is very essential in developing new products and for optimization of particular 

design. COMSOL is one which helps to develop and discover the accuracy of the model with real world 

precision. The model can be tested over various geometrical characteristic and physical parameters. Defining the 

geometries, material property and physics of the model can be encompassed with step by step modeling 

workflow. COMSOL multiphysics5.4 brings enhanced modeling features for modeling thin layered structure. 

Any combination of add on modules for various engineering applications can be simulated using this tool.  

We had chosen poly crystalline silicon as device material due to its unique properties in fabricating micro 

structured devices[15]. Material properties of Poisson ratio - 0.22, Density -2320kg/m3 and young‘s modulus-

160Gpa is chosen. Next the device parameters of length (L) 120µm, width (W) 30µm and thickness (T) 1µm 

were fixed. Both the ends of the beam are fixed with the blocks of following parameters of length (L) 10µm, 

width (W) 30µm and thickness (T) 5µm. The force (Ⱳ) applied is 3.75x10-6N and it is uniformly distributed 

over the beam. 

Figure.3 Structure of Micro Beam fixed at both ends 

For the above mentioned, material property and device dimensions, we calculate the deflection of the 

device theoretically using the equation 4, since the beam will deflect in opposite direction of the force applied.  

                          𝛿𝑚𝑎𝑥 =
Ⱳ𝐿3

384𝐸𝐼
                                                                    -----

--(4) 
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Where, E is the young modulus of the material, I is the moment of inertia, Ⱳ the force applied and L is the 

beam length, W-width, T-thickness. Moment of inertia is given as equation 5, 

            𝐼 =
1

12
Ⱳ. 𝑇3                                                                    -------(5) 

Figure.4 Structure of micro beam with crack in the middle 

From the above equations, we calculated the theoretical value of maximum deflection to be 

𝛿𝑚𝑎𝑥 =0.0305µm. For the purpose of locating cracks present in the device surface; we compared two devices 

with different crack which were intentionally made over the device structure. The constant crack dimensions of 

length L=0.2µm, width W=10µm and thickness T=1µm were made at the length of 60µm which is exactly at the 

middle of the beam. Figure.4 shows the schematic diagram of micro beam with crack in its surface.  

4. Results and Discussion 

4.1 Deflection Analysis 

Whenever a force is applied to any structure or an object it will react with respect to the force applied. In 

the case of beams, when the force is applied the beams will deflect in the opposite direction of the force applied, 

however the applied force should be capable to make changes in the structure. When it is considered to be a 

micro structured beam, the force required to make the beam deflect also will be very minimum. Even a force of 

simple magnitude can make changes in the micro structure and the presence of defect or cracks in the beam 

structure can also produce greater impact in the device structure. 

Figure.5 Displacement comparison of the beams with and without crack 

 

Here for our study, the force of 3.75x10-6N is applied uniformly over the entire beam structure in z axis. As 

the result the beam will deflect in the opposite direction (y axis). The micro beam modeled in our study using 

COMSOL multiphysics, when subjected to the above said force, the beam deflect to the magnitude of 0.03µm. 
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this deflecting is almost equal and similar to our theoretically calculated deflection. Next for our study purpose, 

we introduce a crack exactly at the middle of the beam and executed the design for the same force. The beam 

with crack also shows the same deflection 0.03µm as of the beam without crack. So with the help of deflection 

analysis it is not possible to differentiate the beam structured with and without crack. Figure.5 shows the 

deformation of beams with and without crack for the force applied.  

4.2 Stress Analysis 

Stress is one among the important parameters which will be analyzed when monitoring the characteristics 

of a beam. As we discussed earlier, when a force is applied the beam will deflect with respect to the force 

applied. When the beam deformation occurs due to force applied, it will bend and elongate which build up stress 

in the beam structure. When the beam deflect the stress will be maximum at both fixed ends of the beam, then 

the stress will be gradually decreased. Here for the beam without crack we obtained a maximum stress of 

5.83×106(N/m2) near the fixed end. Then for the beam with crack at the center we observed the stress at the 

cracked region to be maximum next to the fixed ends. This is due to the structure defect, as the cracked region 

will be more exposed to the force applied. The beam with crack responds with the stress of 3.12×107(N/m2) at 

the cracked position as represented by the Figure.6.    

4.3 Wavelet Analysis of the Beams 

The obtained stress values across the entire beam by the simulation were analyzed using Haar wavelet. The 

wavelet coefficient will responds directly proportional to the stress developed over the beam surface. Wavelet 

coefficient will results with ridges and peaks when the data discontinuity due to presence of crack or damages. 

Here in Figure.7 we have shown the response of wavelet coefficients for Haar wavelet for the obtained results. 

The beam length of 120 is differentiated around 70 nodes and analyzed. For the healthy beam we can observe 

sharp peaks near the fixed ends of the beam where the stress will be maximum. In the beam with the crack, we 

obtained the resultant peaks around the region were the stress is maximum. In this case, we can clearly observe 

the peaks near the end and particularly a very sharp distractive peak at the exact location of the crack. By the use 

of graphs obtained, we can accurately interpret the crack location in the simple supported micro beams. 

Figure.6 Stress Analysis of Beams 
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Figure.7 Stress Analysis of Beams using Haar wavelet 

Figure.8 and Figure.9 implies the wavelet tree decomposition of the both healthy and cracked micro beam. The 

maximum level of wavelet decomposition node is chosen to be 6. Every node in the wavelet tree is represented 

by original array and a range of elements.  

 
Figure.8 Wavelet Tree and Wavelet Packet Analysis of Healthy Beam 

 

 
Figure.9 Wavelet Tree and Wavelet Packet Analysis of Cracked Beam 

 

The peaks clearly represent the stress developed over the beam. In wavelet packet transform and signal 

decomposition, both the detail and the approximation coefficient are decomposed to produce full binary tree. 

5. Conclusion  

Our entire work, describes an efficacious method for locating the cracks present in the micro structure by 

wavelet transform analysis. Here we had chosen the micro beam which is supported at both ends. The required 

micro structure was modeled and simulated using COMSOL multi physics software. A uniform force is applied 

over the beam and the beam characteristics response of deflection and stress were obtained. The COMSOL 

results were compared for the healthy beam versus cracked beam and the finally analyzed using wavelet 
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transform and wavelet packet transform. The graphs obtained by the both methods clearly describe the exact 

location of the crack. Since the micro structures should be fabricated and operated without any cracks, it is very 

essential to detect or locate the cracks in the micro devices. Our method can be efficiently used for such 

detective mechanism. 
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