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Moisy Signal for Healthy Gear
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Case 1: RO EEEE# T
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ﬂ;ideband,Pinion = fMesh +m ><fPinit;m Vme { 1 ’ 3 5" }
ﬂ;ideband,(]ear =fMesh Tm foear Vme { 19 2? 3’ . }

fmesh+fgear

fmesh+fpinion

f[Hz]

R2017b mesh

[Spect, f] = pspectrum(...
[vFaultNoisy’ vNoFaultNoisy’],
Fs,’ FrequencyResolution’,0.2,
"FrequencyLimits’, [0 50071);
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Case 1: BFMEI[EIHAFEYY (TSA)

TSA Signal for Pinion

R2017b | ' Ahla
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'"NumRotations"', 10) ol
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Case 2: 'N#wEDIRG/ = AT A A

SideBands = -3:3;
SideBandAmp =[0.02 0.1 0.4 00.4 0.1 0.02]; % Sideband amplitudes
@ \ SideBandFreq = fMesh + SideBands*fPin; % Sideband frequencies
; vSideBands = SideBandAmp*sin(2*pi*SideBandFreq'.*t);

— vPinFaultNoisy = vFaultNoisy + vSideBands;
", Pinion shaft affected

.'w_ by eccentricity

sideband sideband

Pinion
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Acceleration

Case 2: R D/ NHEES DIREE

Effects of Sideband Modulation

| taPin = tsa(vPinFaultNoisy,fs,...
tPulseln,'NumRotations',10);

° |
| " ! H | | taGear = tsa(vFaultNoisy,fs, ...
-1t | | : tPulseOut,'NumRotations',10);
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Case 2R dDHD D/ NEEESDANRD ML
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Case 3: RXJ77U > DORNERD IS
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Case 3: RFEDHDRITZYUZTDANR N)L
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Bearing Vibration Spectra
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Case 3: IT>ARO—TZART NL

envspectrum ([vNoBFaultNoisy"' vBFaultNoisy’], fs)
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Case 3: T>NRO—TZART KNV (TDaILIED)

envspectrum ([vNoBFaultNoisy' vBFaultNoisy’], fs, ...

'Method', 'hilbert', 'FilterOrder', 200, ...
'"Band', [Fc-BW/2 Fc+BW/2])
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Case 3: T>ARO—JARYT N L(EZERIEERE)

pspectrum ([vBFaultNoisy' vNoBFaultNoisy'], fs, ...
'FrequencyResolution’, 1, ...
'FrequencyLimits', (bpfi*[-10 10]+fImpact))
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AFib (atrial fibrillation: O EFHEN) &(F?
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Mormal Rhythm ECG (IET%‘I)
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Samples

This example uses ECG data from the PhysioNet 2017 Challenge [1], [2], [3], which is available at https://physionet.org/challenge/2017/.
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Recurrent Neural Network &(& ? R2017b
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LSTM (Long Short-Term Memory) &l&?
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LSTMICLDFE

B ETE

layers = [ sequencelnputlayer(1) % > —*7 2 A AN
bilstmLayer(100,'OutputMode’last’) % 100D [EN B ZE DI A FHLSTM
fullyConnectedLayer(2) % &5 & [E I _
softmaxLayer % Y I+ v A [E - o
classificationLayer % %8 H 71]

mEEATI3> £

options = trainingOptions('adam’, ...
'MaxEpochs’,10, ... :
'MiniBatchSize', 150, ... T T
'InitialLearnRate’, 0.01, ...
'Sequencelength’, 1000, ... T .
'GradientThreshold', 1, ... Ber o )
'plots’,'training-progress’, ... T s

'Verbose',false); —
trainNetwork=E1TRFD

,x.\.l,;_lg_l IS N (o |
rs _ _ _ FEIETE
net = trainNetwork(XTrain,YTrain,layers,options);

= wAV1” EB#HE FBATA>
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Testing Accuracy Confusion Matrix

Training Accuracy Confusion Matrix
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| ECG (IE®)
i Normal Signal
e
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>>X = instfreq(signal,fs); >>X = pentropy(signal,fs);
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Training Accuracy Confusion Matrix
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https://www.mathworks.com/help/releases/R2018a/wavelet/examples/signal-classification-with-wavelet-analysis-and-convolutional-neural-networks.html
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ZZ : MATLAB Tech Talks: Understanding Wavelet

Part 1: What Are Wavelets
Explore the fundamental concepts of wavelet transforms in this
introductory MATLAB® Tech Talk by Kirthi Devleker.

Part 2: Types of Wavelet Transforms
Learn more about the continuous wavelet transform and the discrete
wavelet transform in this MATLAB® Tech Talk by Kirthi Devleker.

Part 3: An Example Application of the Discrete Wavelet Transform
Learn how to use to wavelets to denoise a signal while preserving its
sharp features in this MATLAB® Tech Talk by Kirthi Devleker.

WaveletD[RIENS,
BIEGBOEITFIEZ
B CREER

Part 4: An Example application of Continuous Wavelet Transform

Explore a practical application of using continuous wavelet transforms in
this MATLAB® Tech Talk by Kirthi Devleker.

https://jp.mathworks.com/videos/series/understanding-wavelets-121287.html
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