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ABSTRACT 

It has recently been recognized that noise can enhance the response of linear systems to detect the weak signals. Sequential 

algorithm for the MSTSR (smstsr) method to detect the train bearing faults in an embedded system through the acoustic signal 

analysis. It reduces the memory consumption and decreases the computation complexity .The proposed method has been verified in 

sequential algorithm performance and hardware implementation. Specifically, the energy operator, digital filter array, and fourth 

rank Runge–Kutta equation methods are designed to realize the signal demodulation, multiscale noise tuning, and Gaussian filter. 

The merit of the sequential algorithm is that it reduces the memory consumption and decreases the computation complexity, so 

that it can be efficiently implemented in the embedded system based on a low-cost, low-power hardware platform. Sequential 

algorithm and real valued fast Fourier transform-calculate power spectrum analyzes signal. This system can detect thousands of 

bearings in one day, and the signals are transmitted to the workstation or the server to diagnose the possible fault of train bearing 

using a sequential algorithm. 
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1. Introduction 

Multiscale noise tuning stochastic resonance (MSTSR) has been proved to be an effective method for enhanced fault 

diagnosis by taking advantage of noise to detect the incipient faults of the bearings and gearbox Using Sequential algorithm. 

Specifically,1) the energy operator, digital filter array, and fourth rank Runge–Kutta equation methods are designed to realize the 

signal demodulation, multiscale noise tuning, and bi-stable stochastic resonance in sequence. 2) The merit of the sequential algorithm 

is that it reduces the memory consumption and decreases the computation complexity, so that it can be efficiently implemented in the 

embedded system based on a low-cost, low-power hardware platform. 
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 The train’s running environment is, however, vast, the train bearing, wheel tyre, bogie, and so forth may be out of order 

when they are operated under the alternating force for a long time. There exist two kinds of train bearing fault detection system: 3) the 

on train detection system (OTDS) and 2) the trackside acoustic detection system (TADS). The OTDS requires a mass of complex 

sensors to detect every component of the train, therefore the system is expensive and unreliable because of its complexity In the 

TADS, and microphone arrays were placed on both track sides, recording the acoustic signals when the train passes.  

 

This system can detect thousands of bearings in one day, and the signals are transmitted to the workstation or the server to 

diagnose the possible fault of train bearing using a complex algorithm. Stochastic resonance (SR) can take advantage of the noise to 

enhance output of a nonlinear system with heavy background noise, and has been proved to be an effective way for weak signal 

detection in practical systems.  

 

The sequential algorithm could effectively detect different kinds of weak acoustic signal of defective train bearings with a 

low consumption of the embedded system resource. The energy concentration then induces the SR phenomenon of the low-frequency 

driving component. The MSTSR algorithm is mainly developed based on a study that the 1/ f noise can outperform white noise for 

enhancing the performance of SR in a biological system. 

 

One important tool for rolling bearing faults identification. There were explored two types of analysis: time domain and 

frequency domain. The frequency domain analysis is more attractive because it can highlight in more detail information about the 

status of the machine. Time domain analysis can give qualitative information about the machine condition. 

 

This main stream of this project is “EMBEDDED SYSTEMS” embedded systems field can be used for bearing fault 

detection .the main aim of this project is to detect the bearing fault. This project is done under the platform of embedded systems. 

Bearing fault diagnosis is crucial in condition monitoring of any rotating machine. These innovations enable the development of new 

designing methodologies that aim to the ease the future modifications, upgrades and expansions of the system. The real-time 

monitoring of events in an industrial plant is vital, to monitor the actual conditions of operation of the machinery responsible for the 

manufacturing process. A predictive maintenance program includes condition monitoring of the rotating machinery, to anticipate 

possible conditions of failure. To increase the operational reliability it is thus necessary an efficient tool to analyze and monitor the 

equipments, in real-time, and enabling the detection of e.g. incipient faults in bearings. An ideal machine does not produce vibrations, 

because all energy is directed to perform the work to be done. However, the elements of machines, dissipated energy as heat, noise, 

and vibration, because of the actions of cyclic forces and the natural presence of trembles in moving machines. Many papers can be 

found in the literature concerning the general condition monitoring of induction machines .The distribution of failures within the 

machine subassemblies is reported in many reliability survey papers. Bearings are common elements in electrical machine employed 

to permit rotary motion of the shafts. Rolling bearings are used in almost every industrial process involving rotating and reciprocating 

machinery. Within this paper, runge kutta methods are assumptions are only used to compute the exact point for the correction 

procedure. 
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2. Proposed Methods 

 
In this project to use sequential algorithm. The sequential algorithm is that it reduces the memory consumption and decreases 

the computation complexity. Mainly sequential algorithm is an algorithm. It is executed sequentially in the operations. It means once 

process to operation, from start to finish, without other processing executing so more time saved. a sequential algorithm or serial 

algorithm is an algorithm that is executed sequentially – once through, from start to finish, without other processing executing – as 

opposed to concurrently or in parallel. 

 

The term is primarily used to contrast with concurrent algorithm or parallel algorithm; Most standard computer algorithms 

are sequential algorithms, and not specifically identified as such, as sequentialness is a background assumption. Concurrency and 

parallelism are in general distinct concepts, but they often overlap – many distributed algorithms are both concurrent and parallel – 

and thus "sequential" is used to contrast with both, without distinguishing which one. The sequential mode does not rely on an 

inference engine and manipulates tuples of objects. Therefore, to guarantee the same execution with either algorithm, both of the 

following conditions are required Distributed algorithms are a sub-type of serial algorithm , typically executed concurrently, with 

separate parts of the algorithm being run simultaneously on independent processors, and having limited information about what the 

other parts of the algorithm are doing. One of the major challenges in developing and implementing distributed algorithms is 

successfully coordinating the behavior of the independent parts of the algorithm in the face of processor failures and unreliable 

communications links. 

 

2.2. Ball bearing structure 

 

Fig1: structure of ball bearing 

A ball bearing is a type of rolling-element bearing that uses balls to maintain the separation between the bearing races. The 

purpose of a ball bearing is to reduce rotational friction and support radial and axial loads. It achieves this by using at least two races 

to contain the balls and transmit the loads through the balls. In most applications, one race is stationary and the other is attached to the 
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rotating assembly (e.g., a hub or shaft). As one of the bearing races rotates it causes the balls to rotate as well. Because the balls are 

rolling they have a much lower coefficient of friction than if two flat surfaces were sliding against each other. Ball bearings tend to 

have lower load capacity for their size than other kinds of rolling-element bearings due to the smaller contact area between the balls 

and races. bearing consisting essentially of a ringshaped track containing freely revolving hard metal balls against which a rotating 

shaft or other part turns. A bearing consisting of a number of had steel balls rolling between a metal sleeve fitted over the rotating 

shaft and an outer sleeve held in the bearing housing, so reducing friction between moving parts while providing support for the shaft. 

2.3 Parts of ball bearing 

 

Fig 2: structure of ball bearing 

Ball bearing consisting of a number of hard balls running in grooves in the surfaces of two concentric rings, one of which is 

mounted ona rotating or oscillating shaft. One of the two types of rolling, or antifriction, BEARINGS (the other is the ROLLER 

BEARING). Its function is to connect two machine members that move relative to one another so that the frictional resistance to 

motion is minimal. In many applications, one of the members is a rotating shaft and the other a fixed housing. Each ball bearing has 

three main parts: two grooved, ring like races and a number of balls. The balls fill the space between the two races and roll with 

negligible FRICTION in the grooves. The bearings have particularly small axial section height, have high load carrying capacity and 

high rigidity and can support axial forces in one direction. 

2.3(a) Inner race effect 

The inner-race defect frequency, fIRD, depends on the rate at which bearing balls pass over the point of flaw on the inner 

race. Each ball go across the flaw point at a pace that is proportional to the difference of angular speed of the cage and inner race. The 

characteristic fault frequency of the inner race defect is also related to the number of balls in the bearing. 

2.3 (b) Outer race effect 

The outer race defect frequency, depends upon the rate at which bearing balls cover the point of defect on the outer race. 

Each ball go across the point of defect at a rate that is relative to the difference of angular speed of the cage and outer race. The fault 

frequency due to the outer race defect is also related to the number of balls in the bearing. 

2.3 (c) Rolling element faults 

The bearing cage in a ball bearing bears on the balls at evenly balanced berths and aids the confined rolling of the balls along the 

racetracks. While the motor shaft is rotating, the bearing cage rotates at a steady angular velocity that is average of the inner and outer 

race angular velocities. 
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2.4 rolling bearing faults 

There are four major types of bearing faults. They are material deterioration in inner race, outer race, cage, and ball defects. 

The bearing faults can be grouped into cyclic faults and non-cyclic faults. Cyclic faults emerge when the rolling component and the 

rolling element cage of the bearing passes through the point of defect. The deep scratches in a rolling element are a case of cyclic 

fault. The material abrasion, quality degradation of the lubricant due to contaminants, slither, insufficient lubrication and skid amongst 

the movable bearing components induce mutilation of the contact areas, which is a non-cyclic fault family. The bearing defects cause 

non-stationary and fault specific frequency constituents in the stator current and the generated vibrations. 

2.5 Causes of train bearing faults 

 

Fig 3: causes of train bearing faults 

 

Analysis of the causes of train accidents is critical for rational allocation of resources to reduce accident occurrence in the 

most cost-effective manner possible. Statistical analyses were conducted to examine the effects of accident cause, type of track, and 

derailment speed. The analysis showed that broken rails or welds were the leading derailment cause on main, yard, and siding tracks. 

Train accidents cause damage to infrastructure and rolling stock as well as service disruptions, and may cause casualties and harm the 

environment. It is possible to preprocess the UAE by means of the power spectrum. Provided the power spectrum shows differences 

between different operating conditions is possible to train a neural network to classify the components using artificial training data that 

is created using the statistical properties of a much smaller experimental data set. 

Four bearings with fault positions on the outer race, inner race, ball fault and a healthy bearing is used in this analysis. Each 

bearing is fitted to shaft one after the other for analysis. The shaft is driven by motor through a belt drive. Acoustic signals were 

recorded by varying shaft speed. 4 and 6 are secondary and primary microphones respectively. Secondary microphone is used for 

recording noise and primary microphone is used to record acoustic emissions produced by the bearing. The first part is signal pre-

processing, second part is feature extraction and the third part is fault detection and classification. Ball fault detection is a very 

challenging task.  

The acoustic emission from the fault occurs only when it touches the outer or inner race. Detecting mechanical faults in 

bearings and machinery has long been recognized as being important for preventing catastrophic failure and effective maintenance 

planning. The human senses of sound and touch were the first mechanisms used to detect machinery problems. 

The bearing cage in a ball bearing bears on the balls at evenly balanced berths and aids the confined rolling of the balls along 

the racetracks. While the motor shaft is rotating, the bearing cage rotates at a steady angular velocity that is average of the inner and 

outer race angular velocities. Cone slippage when the interference fit between the cone bore and the axle becomes degraded due to a 
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variety of factors. This condition is aggravated by the loss of end clamp load and excessive bearing component wear which usually 

accompanies cone slippage.  

 

3. Block Diagram 

 

 

 

Fig 4:  block diagram 

 
3.1 Data acquisition system 

 
A Data Acquisition System is comprised of three parts; an I/O sub-system, a host computer and the controlling software. 

However, some systems, such as the Power DNA Cube running a stand alone Linux application combine the I/O sub-system and the 

host CPU in the same package. These systems are often referred to as embedded DAQ systems. 

 

3.2 Sobel operator 

 

The Sobel operator, sometimes called Sobel Filter, is used in image processing and computer vision, particularly within 

edge detection algorithms, and creates an image which emphasizes edges and transitions. The Sobel operator is based on convolving 

the image with a small, separable, and integer valued filter in horizontal and vertical direction and is therefore relatively inexpensive 

in terms of computations. On the other hand, the gradient approximation that it produces is relatively crude, in particular for high 

frequency variations in the image. 

 

3.3 Filter array 

 

In this paper we use binary filter array. The fundamental reason is that the optimization Of the coefficients of a rational 

transfer function is a highly nonlinear problem and  No satisfactory algorithm has yet been developed for the task. The idea behind 
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most  Digital IIR filter design techniques was to be able to make use of that body of knowledge  And to devise formulas which would 

translate the analog design into a digital one. 

3.4 Fourth order runge kutta method 

 
Runge-Kutta 4th order method is a numerical technique used to solve ordinary differential equation of the form  

dy/dx=f(x,y),y(0)=y0  

So only first order ordinary differential equations can be solved by using the Runge-Kutta 4th order method. In other sections, we 

have discussed how Euler and Runge-Kutta methods are used to solve higher order ordinary differential equations or coupled 

(simultaneous) differential equations. 

3.5 Buffer 

 
A temporary storage area, usually in RAM. The purpose of most buffers is to act as a holding area, enabling the CPU to 

manipulate data before transferring it to a device. a data buffer (or just buffer) is a region of a physical memory storage used to 

temporarily store data while it is being moved from one place to another.  

Typically, the data is stored in a buffer as it is retrieved from an input device (such as a microphone) or just before it is sent to an 

output device (such as speakers). 

3.6 spectrum analyzer 

A spectrum analyzer measures the magnitude of an input signal versus frequency within the full frequency range of the 

instrument. The primary use is to measure the power of the spectrum of known and unknown signals. The input signal that a spectrum 

analyzer measures is electrical, however, spectral compositions of other signals, such as acoustic pressure waves and optical light 

waves, can be considered through the use of an appropriate transducer. Optical spectrum analyzers also exist, which use direct optical 

techniques such as a monochromator to make measurements.  

3.7 Data storage  

 
Computer data storage memory, components, devices and media that retain digital computer data used for computing for 

some interval of time. Any data storage device that records (stores) or retrieves (reads) information data from any medium, including 

the medium itself. 

3.8 Gaussian filter fft 

 

A Gaussian filter is a filter whose impulse response is a Gaussian function (or an approximation to it). Gaussian 

filters have the properties of having no overshoot to a step function input while minimizing the rise and fall time. This behavior is 

closely connected to the fact that the Gaussian filter has the minimum possible group delay. It is considered the ideal time domain 

filter, just as the sinc is the ideal frequency domain filter. Mathematically, a Gaussian filter modifies the input signal by convolution 

with a Gaussian function; this transformation is also known as theWeierstrass transform. 

3.9 Sequential execution operation 

The sequential execution mode generates a tuple matcher class, essentially a list of tuples assembled from the objects in the 

working memory is used to match the class used in the condition part of the rules. Those tuples are then evaluated one by one, and if 

the conditions are satisfied, the rule is executed. The rules must be homogeneous. Homogeneous rules mean that the conditions of 



IJRIT International Journal of Research in Information Technology, Volume 3, Issue 1, January 2015, Pg. 239-248 

 

A. Sangeetha, IJRIT- 246 

 

those rules must be set on the same kind and number of objects. If you try to apply the sequential algorithm to heterogeneous rules, it 

creates more tuple objects and this can result in more rules being fired than in the Rete Plus mode.  

The rules must not be chained, that is, no rule must be triggered by the action part of a previous rule. For the rule sets that can 

benefit from sequential processing mode, the ILOG J Rules sequential execution mode utilizes a byte code generation that can 

significantly improve the speed of rule processing. If you specify the sequential execution mode for rules that are not compliant with 

it, the engine raises an error.Processor or link failures, the kind of inter-process communication that can be performed, and the level of 

timing synchronization between separate processes. 

4. RESULTS AND ANALYSIS  

 

Fig 5: energy operator o/p view ,adaptive filter o/p view, scatter plot o/p, Exact ODE O/P 

 

Fig 6: o/p of with and without fault signal 
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Fig 7: o/p view of one phase 

 

5. Conclusion 

 
A sequential algorithm is proposed for diagnosing the train bearing fault frequency through the acoustic signal analysis in an 

embedded system. This algorithm occupies low memory and reduces the computation complexity when it processes the real-valued 

signal in sequence, which is suitable for the hardware implementation; this algorithm is also implemented on a low-cost, low-power 

hardware platform, giving the same good results to deal with the train bearing signals. Simulation and development of an on-line 

reconfigurable bearing fault analysis tool based on embedded systems. The simulation and experimental results show that the 

proposed solution is effective in acoustic signal diagnosis of defective train bearings, and is thus hoped to be applicable to practical 

train bearing detection system to enhance the diagnostic performance. 

6. References 

[1] R. L. Florom, J. E. Hiatt, and R. L. Smith, Wayside Acoustic Detection of Railroad Roller Bearing Defects. New York, NY, USA: 

ASME, Dec. 1987. 

[2] R. L. Smith, J. E. Bambara, and R. L. Florom, “Railcar bearing endlife failure distances and acoustical defect censuring methods,” 

in Proc. ASME Winter Annu. Meeting, Nov. 1988. 

[3] H. C. Choe, Y. Wan, and A. K. Chan, “Neural pattern identification of railroad wheel-bearing faults from audible acoustic signals: 

Comparison of FFT, CWT, and DWT features,” Proc. SPIE, vol. 3078, pp. 480–496, Apr. 1997. 

 

[4] J. E. Cline, J. R. Bilodeau, and R. L. Smith, “Acoustic waysidemidentification of freight car roller bearing defects,” in Proc. 

ASME/IEEEmJoint Railroad Conf., Apr. 1998, pp. 79–93. 



IJRIT International Journal of Research in Information Technology, Volume 3, Issue 1, January 2015, Pg. 239-248 

 

A. Sangeetha, IJRIT- 248 

 

 

[5] W. H. Sneed and R. L. Smith, “On-broad real-time bearing defects detection and monitoring,” in Proc. ASME/IEEE Joint Railroad 

Conf., Apr. 1998, pp. 149–153. 

 

[6] D. Brie, “Modeling of the spalled rolling element bearing vibration signal: An overview and some new results,” Mech. Syst. Signal 

Process., vol. 14, no. 3, pp. 353–369, May 2000. 

 

[7] G. Betta and A. Pietrosanto, “Instrument fault detection and isolation: State of the art and new research trends,” IEEE Trans. 

Instrum. Meas., vol. 49, no. 1, pp. 100–107, Feb. 2000. 

 

[8] J. Donelson and R. L. Dicus, “Bearing defect detection using on-board accelerometer measurements,” in Proc. ASME/IEEE Joint 

RailroadmConf., Apr. 2002, pp. 95–102. 

 

[9] D. Capriglione, C. Liguori, C. Pianese, and A. Pietrosanto, “On-line sensor fault detection, isolation, and accommodation in 

automotive engines,” IEEE Trans. Instrum. Meas., vol. 52, no. 4, pp. 1182–1189, Aug. 2003. 

 

[10] C. T. Wang and R. X. Gao, “Wavelet transform with spectral postprocessing for enhanced feature extraction [machine condition 

monitoring],”IEEE Trans. Instrum. Meas., vol. 52, no. 4, pp. 1296–1301,Aug. 2003. 

 

[11] D. Barke and W. K. Chiu, “Structural health monitoring in the railway industry: A review,” Struct. Health Monitor., vol. 4, no. 1, 

pp. 81–93, Mar. 2005. 

 

[12] W. Yu, C. Wang, D. Mao, Z. Wang, Z. Jiang, and W. Wan, “Noise characteristics of China railway high-speed,” Environ. 

Pollution Control, vol. 31, no. 1, pp. 74-–77, Jan. 2009. 

 


