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Outline 

• Motivation 

• Data acquisition experiment 

• Setup 

• Procedure 

• Method Explanation 

• Wavelet Transformation 

• Continuous wavelet transform 

• Discrete wavelet transform 

• Wavelet packet decomposition 
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Outline 

• Method Explanation 

• Fast fourier transform 

• Back-propagation 

• Case Study 

• Experiment 

• Results 

• Discussions & Feature Work 
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Motivation 

• Maintenance improvement 

• 80% of downtime is spent to locate the source of fault 

• 1 min downtime may cause ~20.000$ 

• Early fault diagnosis is important to prevent major 

malfunctions 

• No Literature combine and integrating the three 

techniques: WPD, FFT and ANN(BP) 
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Experiment Hardware 

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 

ANN Testing 
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Experiment – The Setup 

• One Blower 

• Three Vibration Sensor 

• Mounted on three Directions 

• Sensors collect the Vibrations Signals 

• Extract the Features from the Signals 

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 
ANN Testing 

 



09.07.2015  |  Fachbereich Informatik |  Institut für Informatik | Jens-Uwe Sperling |  7 

 

Experiment – Data acquisition 

• Four different degradation simulated 

• Simulated from the metal plates 

• Grades from 0, 0.3, 0.6, 1 

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 
ANN Testing 

 

Power on the Blower 

Collect and save the Signals 

Mount new metal plate 
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Metal plates 
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Vibration Signal Example 

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 
ANN Testing 
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CWT & DWT 

• Divide a continuous-time function into wavelets 

• Very good time and frequency location 

• A is the scale value and B is the translational value 

 

 

• Complex Conjugate is discretely sampled 

 

 

• Two filters one for low frequencies(Approximation) 

• One for high frequencies(Details) 

 

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 
ANN Testing 
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Wavelet packet decomposition 

• Differences to DWT: 

• DWT only breaks up as approximation versions 

• Frequency bandwidth is in each resolution the same 

• Decomposition don´t lose or increase information 

• Good in decomposing, denoising, signal analysis 

• Analysis from non stationary signals 

• The lost information from the low frequency 

• Was captured by the high frequency 

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 
ANN Testing 
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Wavelet packet decomposition 
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WPD Example 

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 
ANN Testing 
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WPD Example 

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 
ANN Testing 
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WPD Example 

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 
ANN Testing 
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WPD Example 

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 
ANN Testing 
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FFT 

• Decomposed a signal into constituent frequencies 

• Transform Time Domain Signal into Frequency Domain 

 

 

 

• Get the approximation and detail signal from WPD as input 

 

 

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 
ANN Testing 
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FFT Example 

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 
ANN Testing 
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FFT Example 

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 
ANN Testing 
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FFT Example 

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 
ANN Testing 
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FFT Example 

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 
ANN Testing 
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BP Network Explanation 

Input 

Target 

Weight between Input 

and Hidden 

Weight between hidden 

and actual output 

Actual output 

Hidden layer Output 
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BP Procedure 

1. Initialize weight to small random Values (1,-1) 

2. Select a training Vector pair (input and the 

corresponding desired output ) from the training set and 

present the input vector to the vector to the inputs layer 

of the ANN 

3. Calculate the actual outputs 

4. Adjust the weights wji to reduce the difference between 

actual output and target (backward phase) 

5. Return to step 2 and repeat for each pattern p until the 

error has reached an acceptable Level 

6. Stop 

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 
ANN Testing 
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Case Study 
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Case Study 

• Intelligent Blower Fault Diagnosis as Framework 

• Validate the correctness of proposed techniques 

• Part of SFI-Norman project called condition based 

maintenance 

• Certify the correctness robustness and precision of 

methods 

 



09.07.2015  |  Fachbereich Informatik |  Institut für Informatik | Jens-Uwe Sperling |  26 

 

Case Study 
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Experiment  

• 200 Training Results for each condition 

• 3 Sensors á 4 Frequency Parts = 12 Parameters 

• 20 Hidden Layer 

• One Output Layer Condition 

• Max training epoch 5000 

• 80 training sets used for training for each condition 

• 20 sets of features are chosen to test 5 from each 

condition 
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Experiments Training Data 
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DEMO 
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Experiment Test Data 
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Remaining useful life 

• Remaining useful life can be evaluated according to the 

condition 

• The distribution of the Remaining useful life are obtained 

by the statistical methods 
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Discussions 

• Number Training Sets are usefull to accurate Condition 

• Relationship between accuracy and No. Of Hidden Layer 

Nodes 

• Convergent Time of the training 
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First Issue – Number Training Sets are useful 

to accurate Condition 

• No. Training Sets increasing from 1 to 200 

• No. Hidden Layer Nodes set to 20 

• No. Training Epochs set to 5000 
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First Issue – Number Training Sets are useful 

to accurate Condition 
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Second Issue – Relationship between 

accuracy and No. Of Hidden Layer Nodes 

• No. Hidden Layer Nodes increasing from 5 to 135 

• No. Training Data set to 80 

• No. Training epoch set to 5000 
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Second Issue – Relationship between 

accuracy and No. Of Hidden Layer Nodes 
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Third Issue – Convergent Time of the training 

• No. Training Data increasing from 10 to 200 

• No. Hidden Layer Nodes set to 20 

• Training epoch set to 2000 
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Third Issue – Convergent Time of the training 
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Third Issue – Convergent Time of the training 

• No. Hidden Layer Nodes from 1 to 130 

• No. Training Data set to 200 

• Training epoch is the same 
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Third Issue – Convergent Time of the training 
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Conclusions 

• New Method was applied with WPD,FFT and BP ANN 

• Intelligent Blower Fault Diagnosis and Prognosis System 

was established 

• The method can predict degradation and RUL 

• ANN can deal with complex problems without 

sophisticated knowledge 
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Conclusions 

• Minimum bandwidth in this paper was 0-64Hz 

• With a fundamental frequency of the vibration signal from 

47.5 Hz 

• The features are the peak values from FFT transformed 

from the decomposed signals 

• In real systems other features may be chosen 
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Feature Research 

• Multi-fault diagnosis and prognosis 

• Degradiation information for maintenance decision making 

• How to apply this information in maintenance decision 

making 
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My Conclusion of the Paper 

• Don´t explain interesting methods 

• The relationship of RUL and the Condition is not so clear 

• Why WPD and FFT are so good methods for Feature 

extraction 

• What tells us the Signals 

• BP ANN give us good results 

• Real time decision making are very useful 
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Other 

• http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=847906&url=http%3A%2F%2Fieeexplore.ieee.org%2Fx

pls%2Fabs_all.jsp%3Fa 

• http://www.sciencedirect.com/science/article/pii/S0022460X07000260number%3D847906 

• http://ijrte.academypublisher.com/vol01/no02/ijrte0102093096.pdf 

• http://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=6&ved=0CEsQFjAF&url=http%3A%2F%2Fwww.sci

rp.org%2FJournal%2FPaperDownload.aspx%3FpaperID%3D1478&ei=W9aCVczQGOec7gby7ICwCg&usg=AFQjCNG

JUBual2Sisf00iXN7SDRUNH613w&sig2=RU1mPD8Kl3ggrkbAlJwuog 

• https://www.google.de/?gws_rd=ssl#safe=off&q=was+bringt+fast+fourier+transformation 

 

http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=847906&url=http://ieeexplore.ieee.org/xpls/abs_all.jsp?a
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=847906&url=http://ieeexplore.ieee.org/xpls/abs_all.jsp?a
http://www.sciencedirect.com/science/article/pii/S0022460X07000260number=847906
http://ijrte.academypublisher.com/vol01/no02/ijrte0102093096.pdf
http://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=6&ved=0CEsQFjAF&url=http://www.scirp.org/Journal/PaperDownload.aspx?paperID=1478&ei=W9aCVczQGOec7gby7ICwCg&usg=AFQjCNGJUBual2Sisf00iXN7SDRUNH613w&sig2=RU1mPD8Kl3ggrkbAlJwuog
http://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=6&ved=0CEsQFjAF&url=http://www.scirp.org/Journal/PaperDownload.aspx?paperID=1478&ei=W9aCVczQGOec7gby7ICwCg&usg=AFQjCNGJUBual2Sisf00iXN7SDRUNH613w&sig2=RU1mPD8Kl3ggrkbAlJwuog
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ANN 

• Radial Based Function 

• 3 Layer Model  

• As Hidden Layer we have out Radial Based Functions 

• They calculate our output 

• Self organized mapping 

• Ordering or self-organizeing phase 

• Convergence phase 

• Weighted neurons approach to the input data 

• Neurons classifie the data 

 

 

  

Data acquisition 

Signal preprocessing 

Feature extraction 

ANN Training 

 
ANN Testing 
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Their Conclusion 

• Very effective and efficient method 

• Predict the degradiation and remaining useful life 

• ANN deal with complex problems 

• The Vibrationssignal was 47.5Hz so the minimum 

bandwidth is 64Hz 

• Peak Values from FFT are the Features 

• In real time maybe other features must be chosen 

according what kind of faults we diagnosed 

• Need far less history datasets than event data 

• Future Research are multi fault diagnosis and prognosis 


