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The potential of OPC technology for monitoring and maintenance

The paper presents a system based on the OPC technology that is used to collect process data obtained from eight hydropower plants situated along the
Drava River in Slovenia. The system gathers a large amount of process data in the central historical database and makes it available to all potential users —
from specialists that perform deep analysis of the power plants operation to the less experienced personnel. Currently, around 4000 measurements are saved
In the Historian database and as the project continues, it is estimated that this number will grow above 10,000 in the next two years. The focus of the paper is
to show a wide range of possibilities and advantages that arise from synergy between the OPC technology and the MATLAB/SIMULINK environment,
especially in the field of maintenance of the hydropower plants. The paper also describes new emerging approaches where artificial neural networks are used

for condition-based maintenance (CBM) of power plants.
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Fig. 1. The concept of the ZVAPS system.
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Fig. 4. The Web SCADA (Proficy IFIX) showing  Fig. 2. Process/technical systems providing data to the ZVAPS system.

the chain of hydropower plants on the Drava River.

The ZVAPS system refers to the system based on the OPC technology that is used to collect, validate, analyze, present and centrally archive process data
obtained from eight power plants belonging to the Slovenian Drava River Power Company (DEM). The idea of the system is to collect data from various sources
(i.e. hydropower plants process/technical systems) and to represent it in a modern web-accessible environment (see Fig. 1). The system is built on Proficy
Historian database (GE Intelligent Platforms) and accompanying tools: iFIX Web SCADA, Proficy Historian Analysis and Proficy Historian Calculation (Fig. 3-4).
Around 4000 data points (measurements) are being collected, mainly in real-time, via the OPC protocol from various process/technical systems (see Fig. 2).

The availability of crucial hydropower plants data,
gathered in the centralized database from various
process/technical systems, holds an enormous potential
for deep analysis of the hydropower plants operation.
This potential becomes even bigger when modern
mathematical tools, with the capacity of communicating
via the OPC protocol, are being applied. Thus, with the
possibility to access live and historical OPC data (i.e.
OPC DA and OPC HDA respectively), the widely used
MATLAB/SIMULINK mathematical environment allows a
wide range of options in terms of data analysis. It was a
logical step to foresee the potential of the
MATLAB/SIMULINK environment and to include it in the
second phase of the project, with the aim to perform
complex calculations with data gathered in the Historian

database (i.e. the measurements gathered from the
hydropower plants) - see Fig 5.
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Fig. 5. Communication between MATLAB/SIMULINK
~»environment and the ZVAPS system.

HISTORIAN
DATABASE

| e |

N REALHIMEIPROCESS C
 HYDROPOWERPLANT |
TECHNICAL AREA NETWORK I BUSINESS AREA NETWOR

Fig. 6. Automated measurement system.
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Fig. 7. Dynamic visualization of process data — an example.
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* Creation of automated measurement system

the OLE-DB technology.

 |Integration of the vibration monitoring system Bruel & Kjaer Vibro.

(Fig. 6).

/ The following new functionalities are being introduced in the second phase of the project:

 Dynamic visualization of process data — this feature allows dispatchers and planning personnel to
visually track crucial parameters (e.g. rate of change of heads, discharge..
of power. The observed data is gradually colored depending on the current values (see Fig. 7).
* Public presentation of the process data on the company (internet and intranet) web pages.
k * Integration of the asset management system MAXIMO (IBM) — the integration is performed by using j

.) in the process of generation

~

The simultaneous use of the MATLAB/SIMULINK
environment and the OPC technology opens many new
possibilities in the field of maintenance of hydropower
plants. Indeed, there is a growing trend towards the use
of the MATLAB/SIMULINK environment and the OPC
technology in the CBM of power plants, with the particular
emphasis on the introduction of artificial neural networks
(ANN).

The ANN is used to recognize functional relationship
between the variable determining the state of a certain
component (i.e. the output variable of an ANN) and input
variables assumed to have an influence on the condition
of that component. To determine this functional
relationship, the ANN is first trained offline by using as set
of historical input and output data gathered during normal
operation of the wind power plant. After completion of the
learning phase, the real-time data (i.e. the control data) is
applied to the ANN.
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Fig. 8. An example of the ANN model used to monitor the health
condition of the wind turbine gearbox.

First South East European Regional CIGRE Conference - Portoroz, Slovenia, 7—8 June 2016

SEERC



http://www.google.si/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjS_qa5qobMAhUCtBQKHUggAfcQjRwIBw&url=http://www.veslaska-zveza.si/sponzorji/&psig=AFQjCNE5sO5trw7P26gctekiKxhgQuxnsA&ust=1460455390598786
http://www.google.si/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjS_qa5qobMAhUCtBQKHUggAfcQjRwIBw&url=http://www.veslaska-zveza.si/sponzorji/&psig=AFQjCNE5sO5trw7P26gctekiKxhgQuxnsA&ust=1460455390598786
http://www.google.si/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjS_qa5qobMAhUCtBQKHUggAfcQjRwIBw&url=http://www.veslaska-zveza.si/sponzorji/&psig=AFQjCNE5sO5trw7P26gctekiKxhgQuxnsA&ust=1460455390598786
http://www.google.si/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjS_qa5qobMAhUCtBQKHUggAfcQjRwIBw&url=http://www.veslaska-zveza.si/sponzorji/&psig=AFQjCNE5sO5trw7P26gctekiKxhgQuxnsA&ust=1460455390598786

	The potential of OPC technology for monitoring and maintenance of hydropower plants


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /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 /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



