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Abstract. In the last decade considerable research efforts have been spent to seek for systematic approaches to
Fault Diagnosis (FD) in dynamical systems The problem of fault detection consists in detecting faults in a
physical system by monitoring its inputs and outputs This paper presents a methodology to monitor and
diagnose machine faults in complex industrial processes using neuro-fuzzy methodology.
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Introduction

The main goal of an FD system is the
monitoring of the plant during its normal
working conditions so as to detect the
occurrence of failures (fault detection),
recognize the location (fault isolation) and the
time evolution (fault identification) of the
failures. In the model-based approach to FD, this
goal is achieved by comparing the actual
system's behaviour with the corresponding
expected behaviour derived via its mathematical
model. Usually, the output of a fault detection
algorithm is a set of variables sensitive to the
occurrence of a failure (residuals). Namely,
when a failure occurs, a fault signature affects
the residuals. Then, the information from the
signatures is processed to identify the size and
the location of the fault. The adoption of
effective fault diagnosis techniques is becoming
critical to ensure higher levels of safety and
reliability in automated plants and autonomous
systems. Process control is an efficient means of
improving the operation of a process, the
productivity of the plant, and the quality of the
products.

The system architecture

Components, machines and processes fail in
varying ways depending upon their constituent
materials, operating conditions, etc. Failure
modes are typically monitored by a sensor suite
which is intended, for failure analysis purpose,
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to capture those failure symptoms that are
characteristics of a particular failure mode. Let’s
take for example the case of a typical industrial
process failure (sensors, actuators, components).
Typical failure modes may include leaks, sensor
failures, corrosion, debris, etc. which is
characteristic of a process failures as well as a
variety of vibration induced faults that are
affecting mechanical and electro-mechanical
process elements [1]. The low-bandwidth
process faults such as temperature, pressure,
leaks, etc may be treated with a fuzzy rule base
set as an expert system while high bandwidth
(see Figure 1) faults such as vibrations, current
spikes, etc are better diagnosed via a feature
extractor/neural network classifier topology

High-frequency failure
modes
{(vibrations, etc.):

Approach

Dol

A Two-Prong
Approacl

Low-frequency events
(Termperature, Pressure,
ete.):

The Fuzzy Logic
Approach

Figure 1. The two-prong approach of the
diagnostic module.

The pre-processing and feature extraction unit
takes raw sampled data from a plant and
converts it to a form suitable for the fuzzy logic.

The Wavelet Neural Net



It incorporates filtering of noise from raw data
and extraction of features from the filtered data.
Feature extraction intends to extricate the most
important characteristics from the filtered data
such as slopes, levels relevant frequencies, etc
(see Figure 2.)

Sensor Feature
Preprocessin
and Feature -
Fxtraction .
v !
Failure Fuzzify IIll;eI'e.l’lCC
Templates Features nemne
Fuzzy Rule Base (Defuzzity)
(1) If symptom A is high and Failure
symptom B is low Mode
then failure mode is F1

Q@)...

Figure 2. Fuzzy diagnostic system layout with
feature extraction.

The basic diagnostic architecture is generic and
applicable to a wide variety of industrial
processes. A fuzzy logic approach is used to
determine if a failure (or impending failure) has
occurred and to assign a degree of certainty to
this declaration. Figure 3 depicts the essential
elements of the diagnostic process [2].

PLANT

Pre-processing Fuzzy
and ™ Diagnostic [ ™
Feature ™ System >
. > F———-m
extraction
> >

Figure 3. The fuzzy logic and evidence theory.

Process faults may be treated with a fuzzy rule
base set as an expert system while high
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bandwidth faults are better diagnosed via a
feature extractor/neural network classifier
topology. This approach is adopted below in
addressing typical machinery failures.

The fuzzification block converts features to
degrees of membership in a linguistic label set
such as low, high, etc. the fuzzy rule base is
constructed from symptoms that indicate a
potential failure mode. Figure 5 describe two
typical rules.

An example of this kind of rules could be:

If the temperature is low in Recipient 1 and the pressure
is low then the failure mode is Recipient 1 heating element
is damaged.

If the slope of Recipient’s water level is negative low and
the slope of Recipient’s pressure is negative low then the
failure mode is Recipient 1 leaking.

If Termeraure1s Low  AND  Pressuress Low  THEN  Tak | Palure s High

NN S

[ Temperate is High - AND - Pressure isMedim  THEN  Tank 1 Failuee is Medium

Figure 5. A graphical representation of a
fuzzy rulebase.

The fuzzy rule base can be developed directly
from user experience, simulated models, or
experimental data. Fuzzy outputs are aggregated
(maximum method) through the fuzzy inference
engine to determine a degree of fulfillment for
each rule corresponding to each failure mode.
The last step defuzzifies the resulting output,
using the centroid method, to a number between
0 and 100 (figure 6).
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Figure 6. Graphical Inference and
Defuzzification.

3 Defuzzify {centroid method)

This is finally compared to a threshold to
determine whether or not a failure mode should
be reported [3].

High band failure detection and identification

The Wavelet Neural Network (WNN) belongs
to a new class of neural networks with such
unique capabilities as multi-resolution and
localization in  addressing  classification
problems. For fault diagnosis, the WNN serves
as a classifier so as to classify the occurring
faults (see Figure 7).

Wavelet Neural
Feature Metwork
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Extraction Competition
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Result

Actual Fault
Figure 7. Classification using the wavelet neural
network.

Critical process variables are monitored via
appropriate sensors. The data obtained from the
measurements are processed and features are
extracted. The latter are organized into a feature
vector, which is fed into the WNN. Then, the
WNN carries out the fault diagnosis task. In
most cases, the direct output of the WNN must
be decoded in order to produce a feasible format
for display or action.
For example, the WNN can be used to perform
the diagnosis of a bearing failure typically found
on races, rolling balls and lubrication materials
Here, for simplicity, the focus is placed on the
diagnosis of whether the bearing is normal or
defective. Through vibration measurements, a
number of vibration signals for a bearing are
collected and the peaks of the signal amplitude
chosen as the features. Such other quantities as
the standard deviation, wavelet, maps,
temperature, humidity, speed, mass, etc. can be
selected as candidate features. From the
vibration signals, a training data set is obtained,
which is then used to train the WNN.

Once trained, the WNN can be employed
to perform the fault diagnosis. Signals from a
normal bearing and a defective one and their
spectrum domain are shown in Figure 8 [4].
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Figure 8. Signals and spectrum domain from
a normal and a defective bearing.
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Conclusions

This paper proposes a methodology to
monitor and diagnose machine faults in complex
industrial processes. This kind of analyze could
be applied to diverse industrial plants which can
operate critical processes and may require
continuous  monitoring and  maintenance
procedures. We provide a brief discussion about
fault detection system for industrial processes
and we think that neuro-fuzzy system can be
another efficient mathematical tool to deal with
the study of failure occurrence risk. For the sake
of reducing this risk, such an accidents-
modelling can help in singling out the corrective
actions.

Neuro-fuzzy techniques are shown to be
applicable to the industrial process fault
diagnosis problem. The diagnostic models

developed are capable of providing diagnosis of
single or multiple faults based on noisy data.

References

[1] Willsky, A. S., A Survey of Design Methods
for Failure Detection in Dynamic Systems,
Automatica, Vol. 12, No. 6, November 1976.,
pp. 601-611.

[2] Isermann, R., On fuzzy logic applications
for automatic control, supervision and fault
diagnosis, Third European Congress on
Intelligent Technologies, EUFIT 95, Aachen,
Germany

[3] E. Cox, The Fuzzy Systems Handbook: A
Practitioner’s Guide to Building, Using, and
Maintaining Fuzzy Systems. Cambridge, MA:
AP Professional, 1994.

[4] J.-S. R. Jang and C.-T. Sun, “Neuro fuzzy
modelling and control,” Proc.IEEE, vol. 83, pp.
378-405, Mar. 1995.

[5] M. Pislaru, A. Trandabat, C. Schreiner
Neuro-fuzzy modelling of production process
Proc. of The 3rd Int Conf. on the Management
of Technological Changes Chania, Greece,
August 29-30, 2003, Book 1 Pag.129-134 ISBN
960-8475-03-1



	NEURO-FUZZY SURVEILLANCE FOR INDUSTRIAL PROCESS FAULT DETECTION                 Marius PISLARU, Alexandru Florentin TRANDABAT, Cristina SCHREINER
	Figure 6. Graphical Inference and Defuzzification.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


