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Abstract 

This paper presents an approach consisting of a wavelet transform based method of multi-level representation of a signal. The 

basic principle of multiresolution analysis lies in the fact that the signal under analysis is represented as a sum of approximations 

and details. At each subsequent level, approximations are divided into approximation and details. This method is applied for 

extracting important features of the vibration signal such as understanding the predominant frequency components. In 

mechanical systems, each frequency component is associated with specific source of vibration. This technique is applied to a 

signal similar to a vibration signal emitted by a deep groove ball bearing.  
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I. INTRODUCTION 

The process of Condition monitoring consists of different steps such as acquisition of signal, processing and analysis for 

identifying the source of vibration generation. The vibration based signal analysis is one of the most important methods for 

condition monitoring and fault diagnostics of mechanical systems. Over the years with the rapid development in the signal 

processing techniques, for analyzing the stationary signals, techniques such as Fast Fourier Transform (FFT) and Short Time 

Fourier Transform (STFT) are well established. Fourier analysis is one of the classical tools to convert data into a form that is 

useful for analyzing frequencies. The Fourier coefficients of the transformed function represent the contribution of each sine and 

cosine function at each frequency. McFadden and Smith [1] explained the step by step procedure of applying high frequency 

resonance technique (HFRT) for bearing defect detection. This study shows that conventional spectrum analysis cannot detect 

bearing defects in the presence of vibration from gear and other machine elements. Jayaswal Pratesh et al. [2] investigated the 

feasibility of FFT and band-pass analysis for fault detection in rolling element bearings with multiple defects. Fourier transform 

approach works fine for the analysis of signals that are produced by some periodic process. Most of the signals encountered in 

practice are finite and aperiodic. This technique has limited success when the signal is buried in background noise or when the 

signal-to-noise ratio is small.  Wavelet Transform has been viewed as an attempt to overcome the shortcomings of Fourier 

transform. The basic idea is to choose a basis function having zero mean called mother wavelet. Peng and Chu [3] presented a 

detailed review on the application of wavelet transform in machine fault diagnostics. Wavelet transform while performing time-

frequency analysis is best suited to extract fault features, de-noising and extraction of weak signals and singularity detection. Lin 

et al. [4] have proposed a method for wavelet threshold de-noising employing Morlet wavelet. Wang et al. [5] have presented 

multiwavelet de-noising method with improved neighboring coefficients. They have reported that de-noising method with 

improved neighboring coefficients has better noise cancellation ability than other methods. Chen and Gao [6] have studied de-

noising and feature extraction techniques based on wavelet analysis. They have proposed improved wavelet thresholding 

algorithm to eliminate noise from vibration signals and applied this algorithm for structure health monitoring system. Junsheng et 

al. [7] proposed scale-wavelet power spectrum comparison and auto-correlation analysis of time-wavelet power spectrum for 

constructing impulse response wavelet. Chebil et al. [8] presented a wavelet based analysis technique using discrete wavelet 

transform and the discrete wavelet packet transform for the diagnosis of faults in rotating machinery. Rafiee et al. [9] discussed 

selection of mother wavelet for gear and bearing fault diagnosis along with automatic feature extraction system. Prabhakar et al. 

[10] have investigated the diagnosis of single and multiple ball bearing race faults by discrete wavelet transform. Yang [11] has 

presented a new technique based on the idea of correlation. In the implementation of this new technique, the role of the daughter 

wavelet at different wavelet scale was clearly discriminated from other possibilities, and the CWT results were purified based on 

this discrimination. The wavelet transform (WT) decomposes a signal into a representation comprised of local basis functions 

called wavelets. Each wavelet is situated at a different position on the time axis. Any particular local feature of a signal can be 

identified from the scale and position of the wavelets decomposed. Advantages of wavelet analysis lie in its ability to examine 

local data with a zoom lens having an adjustable focus to offer multiple levels of details and approximations of the original 

signal. This paper presents the results of wavelet based multi-resolution analysis followed by the representation of energy 

possessed by the signal in each node. This technique is applied to a simulated signal which resembles the vibration signal emitted 

by a deep groove ball bearing.  
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II. WAVELET THEORY  

 The Wavelet Transform  

Over the years, wavelet theory has emerged as a mathematical and signal processing tool in many fields and has many distinct 

merits. Wavelets are mathematical functions that cut up data into different frequency components and each component is studied 

with a resolution matched to its scale. They are suitable for analyzing physical situations where the signal contains 

discontinuities and sharp spikes. Wavelets offer timescale information of the signal. The commonly used wavelet algorithms are 

continuous wavelet transform (CWT), discrete wavelet transform (DWT) and wavelet packet transform (WPT). The continuous 

wavelet transform is a dot product of x(t) with translate and dilate of a wavelet ψ. ψ is wavelet translated by b and dilated  by a. 
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where ψ*(t) is complex conjugation of ψ (t). Above is CWT of function x € L2(R) w.r.t. wavelet ψ evaluated at translation b and 

dilation a. Eq. (1) indicates that the wavelet analysis is a time-frequency analysis, or a time-scaled analysis. The analyzing 

function or windowing function ψ must satisfy certain admissibility conditions to be considered for wavelet analysis. The 

dilation parameter a, translation parameter b are also referred as the scaling and shifting parameters. By changing the value of 

dilation parameter a, the portion of the function in vicinity of t = b can be examined in different resolutions (referred as multi-

resolution analysis). By changing the value of translation parameter b, the function around the point t = b can be examined by the 

wavelet window piece by piece. It is possible to reconstruct the original function from its wavelet transform. The inversion 

formula is given by: 
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Using above equation, the original signal can be reconstructed without any loss of data. Scaling parameter a is positive real and 

translation parameter b is positive or negative. At high frequencies, the wavelet reaches a high time resolution but a low 

frequency resolution, whereas, at low frequencies, high-frequency resolution and low time resolution can be obtained. The CWT 

is defined at all points in the plane and corresponds to a redundant representation of the information present in the function. This 

redundancy requires a large amount of computation time. Instead of continuously varying the parameters, we analyze the signal 

with a small number of scales with varying number of translations at each scale. The discrete wavelet transform may be viewed 

as a “discretization” of the CWT through sampling specific wavelet coefficients. 

Discrete wavelet transform is given by: 
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Where, j and k are integers representing the set of discrete dilations and translations respectively. The term critical sampling 

denotes the minimum number of coefficients sampled from CWT to ensure that all the information present in the original 

function is retained by the wavelet coefficients [12]. The DWT computes the wavelet coefficients at discrete intervals (integer 

power of two) of time and scales. 

 Multi-resolution Analysis  

The discrete wavelet transform is well suited for multiresolution analysis. The DWT decomposes high-frequency components of 

a signal with fine time resolution but coarse frequency resolution and decomposes low-frequency components with fine 

frequency resolution but coarse time resolution. The DWT based multiresolution analysis helps in better understanding a signal 

and is useful in feature extraction applications such as peak detection and edge detection. Multiresolution analysis also helps in 

removing unwanted components in the signal such as noise.  

In discrete wavelet transform, the signal is decomposed into a tree structure of low and high pass filters. Each step transforms the 

low pass filter into further lower and higher frequency components as shown in Fig. 1. The frequency band of each filter depends 

on the decomposition level. The low pass filter produces approximation coefficients and high pass filter produces detail 

coefficients. The high frequency components are not analyzed further. 

For example, if 

Nt = Total length of signal 

j = DWT decomposition level 

fs = Sampling frequency 
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Fig. 1: DWT decomposition tree at level 3 [13] 

Then each vector contains Nt/2j coefficients. Approximation corresponds to Frequency band [0, Fs/2j+1] while detail covers 

the frequency range [Fs/2j+1, Fs/2j]. At any decomposition level, the signal can be expressed as the sum of approximation and 

detail coefficients as follows: 

)j≤i(∑D+A=S ij
                     (4) 

Where, Aj = Approximation coefficients at jth level  

            Di = Detail coefficients 

 
Fig. 2: Multi-resolution analysis at level 3 

Fig. 2 shows decomposition of a signal using discrete wavelet transform to a level of three.  

III. WAVELET BASED FEATURE EXTRACTION 

The technique of multiresolution analysis discussed in section 2 is applied to an exponentially decaying vibration simulated 

signal having predominant frequency components. The signal is similar to a vibration signal emitted by a deep groove ball 

bearing. The bearing is a very important element in every mechanical system and is often under the action of heavy loading and 

operates at high speed. With high cycles of operation, pitting occurs on various elements of a bearing which results in increased 

levels of vibration. As such it should be monitored periodically for its health. Depending on the location of defect, the acquired 

vibration signal consists of multiple frequency components. The spectrum of bearing shows peak at these frequency components. 

In this study, a Matlab code developed for generating the signal consists of multiple frequency components such as 100Hz, 200 

Hz, 300 Hz, 400 Hz and one more at 600 Hz. Mathematically, the signal can be represented by 

𝑥(𝑡) = 𝐴𝑒
(−ℎ

𝑡𝑐
⁄  )

sin(𝜔0ℎ) + sin(𝜔1𝑡) + sin(𝜔2𝑡) + sin(𝜔3𝑡)  + sin(𝜔4𝑡)  (5) 

A is amplitude of the signal and Time t changes from 0 to 1 sec and the time waveform is shown in Fig. 3. 

 
Fig. 3: Exponentially decaying vibration signal 
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Above signal is decomposed with db02 base wavelet up to a level 3. Fig. 4 shows the time waveform for approximation and 

details up to level 3. The approximation and detail coefficients contains the frequency components according to band of 

frequency discussed above. 

 

 

 
Fig. 4: Time waveform of 3rd level approximation and details of the signal 
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Fig. 5: FFT of approximations A1, A2, A3 

Fig. 5 shows the spectrum of approximations A1, A2, A3. Approximation A1 corresponds to frequency band of 0 to 500 Hz. 

Approximation A2 contains frequency components from 0 to 250 Hz. The approximation A3 carries frequency band from 0 to 

125 Hz. Accordingly peaks are obtained at the corresponding frequencies. As discussed in earlier section, the peaks at particular 

frequencies are associated with the particular source of vibration based on which the judgment of particular faults can be made 

which sets the direction for the corrective action to be taken. This in a way ensures smooth operation of a machine giving the 

expected desired results. Fig. 6 shows FFT spectrum of details at level 1. The frequency band at this level is 500 to 1000 Hz. 

Accordingly the major peak is obtained at 600 Hz and this is as expected from equation 5.  

 
Fig. 6: FFT of detail at first level                  Fig. 7: Energy in sub bands 

In addition to the FFT spectrum, energy of a signal is also useful index to obtain the fault related information. Fig. 7 shows the 

level of energy in each band. Each energy band is marked as a node. It is clear that the node no. 6 carrying a frequency band 500 

to 625 Hz shows a significant peak as expected.  

IV. CONCLUSION 

The wavelet transform (WT) decomposes a signal into a representation comprised of local basis functions called wavelets. Each 

wavelet is situated at a different position on the time axis. Any particular local feature of a signal can be identified from the scale 

and position of the wavelets decomposed. Advantage of wavelet analysis lie in its ability to examine local data with a zoom lens 

having an adjustable focus to offer multiple levels of details and approximations of the original signal. The technique applied in 
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this study can be successfully applied to the vibration signals acquired from the machines and prompt diagnosis can be made 

about the condition of the system. 
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