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NOISES CANCELLING ADAPTIVE METHODS
IN CONTROL TELEMETRY SYSTEMS OF OIL
ELECTRICAL SUBMERSIBLE PUMPS

The main ideas of this paper are that only some from more than
10 MATLAB Adaptive Methods library may be useful and can be
recommended to filter out High-Noises in similar Control Teleme-
try Channels of Electric Power Components like ESP Systems: on-
ly four of applied have shown successfully good results in the early
prediction of the ESP motor real insulation disruption (like Sign-
error, Sign-data and Sign-sign filters). The best among the ten ana-
lyzed adaptive filter algorithms was recognized to be, The Norma-
lized LMS FIR filter algorithm — adaptfilt.nlms.

Key words: signal, noise, adaptive methods, oil industry, sub-
mersible pump, communication-telemetry channels.

Introduction. More than a thousand switchboards of Electro-
submersible Pump (ESP) under different trademarks are running in the oil
fields. There are complicated electronic complexes for installing oil well
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boreholes for operational duty as well. To predetermine supporting para-
meters during oil production at well borehole simultaneously is the main
problem. The ESP submersible telemetry system usually allows for the
obtaining of information on the pump unit's intake pressure, temperature
and most importantly for a submersible motor stator coil, its insulation
resistance, for the successful exploitation of the oil complexes in the
neighborhood of different types of heavy electromagnetic noises such as:
random, pulsing, harmonic, etc. [1-3; 7-9; 23].

Increasing disturbance levels with corrupted analog telemetry result
in an increasing noise level, but it’s often still ‘audible’ or the control is
still reliable. Digital telemetry technology is much better in suppressing
disturbances but up to a certain level. With increasing disturbance levels,
the analog signal will remain low, but audible. However, beyond a certain
disturbance level, the digital telemetry and control stops abruptly. This, the
so called “digital cliff” (point C) makes it more complicated with digital
telemetry to know as the disturbance critical level, before the digital tele-
metry and control unexpectedly stops. The analog signal after point C will
be lower, but still audible, and the control system is still reliable [23].

Here, an analog signal processing implementation is studding for the de-
tection of the most efficient adaptive noise-cancelling filters among dozens of
well known in MATLAB for telemetry control of oil industry power complexes
under severely noisy conditions. A useful approach to this filter-optimization
problem is to minimize the mean square value of the error that is defined as
the difference between some desired signal and the filter’s actual output.

There are many noise cancellation methods and applications in indus-
trial, civil, military, power systems telemetry and the control equipment’s
apparatus. But the success of these noise- cancelling methods and filters
depend mostly on the noise factor (signal/noise ratio) and also on the con-
trol signal character under consideration: close to random, exponential,
voice, sinusoidal, etc.

Due to the mentioned ‘digital cliff,” the manufacturers of powerfully
controlled electrical machines unfortunately still have to on some occasion
work with analog signals and equipment. This paper deals with the oil
industry ESP motor (see also ATACHMENTS), in particular with its con-
trol which is working close to, or in the neighborhood of, different heavy
‘jam’ of electromagnetic noises such as: random, pulsing, harmonic and so
on, that overwhelm (engulf) the useful signals.

As will be shown, for the ESP case, only a few of the MATLAB
noise-cancelling methods — Adaptive Filtering Methods — present good
real-time noise filtering results for the mentioned ESP severe noise cases.
Every other apparatus case needs a special study to find the best filtering
method for the particular equipment [4—6].
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1. AN OBJECTIVE AND COMPARATIVE EVALUATION OF
MATLAB NOISE-CANCELLING ADAPTIVE METHODS

For the comparative evaluation of MATLAB noise-cancelling (filter-
ing) adaptive methods, here applies a twice heavier case for the study —
voltages of the jam of accompanying harmonics ¥y = 10V each (not 3—
5V) and random noise Vzy= 1V (not 0.1-0.5V). As mentioned above, the
controlled and very useful exponential variable — the parameter of the
ESP motor cooling oil R—resistance signal can decay from 10V to 0.6V.
All of the MATLAB Adaptive Filtering Methods presented below were
one-by-one tested under the above-mentioned conditions for R-resistance
decreasing exponentially the signal, corrupted by the jam of the accompa-
nying useful signal harmonics and noises. Afterwards, the R-resistance
signal is recognized and analyzed [15-18].

1.1. Analysis of Results

Thus, the signal types are: exponential, sinusoidal and random. The
adaptive filter algorithms were applied to observe the value of the expo-
nential variable parameter of the ESP motor cooling oil R(f)-resistance
signal — corrupted by the jam of accompanying interferences and noises.
All methods were tested under a mixture of random noises and dominated
harmonics for f=1; 2.5; 5 kHz.

There are two main zones in the below result curves:

1. The first zone — filter output signal at the beginning of the filter adap-
tation time 7,p = 3 — 30 days (not very important) which converge
towards the desired exponential R(¢)-signal and then continuously con-
trols it until the critical point.

2. The second zone — filter output signal at the end of the observing time —
three and more months (up to a year), — till the very important critical
point, when signal R(f) < 0.6V, which means that the ESP motor cooling
oil resistance less than 30 kOhm — it is an extremely risky moment and
the ESP must be switched off (from the maintenance instruction). It should
be reminded here once again that any error in the interpretation of the
R(#)-signal critical point may bring a wrong and unreasonably early expen-
sive lift of the ESP for the motor cooling oil removal and renewal service,
or in the worst case of the R()-signal critical point’s late prediction — to
short a circuit inside the motor, causing an emergency lift of the ESP for
service and a very expensive restoration of the motor.

Unfortunately the characteristics of some of the adaptive filter algo-
rithms have shown very low frequency ripple oscillation (like Sign-error,
Sign-data and Sign-sign filters), which may bring additional errors in the
late or early interpretations of the critical point issue. The less amplitude
of this oscillation is, the better the adaptive filter algorithm (method). As
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the best was recognized Table 1 — The Normalized LMS FIR filter algo-

rithm adaptfilt.nlms [19-21].

1.2. Matlab Adaptive Filtering Methods And Their Results’ Analyses

Table 1
Matlab Adaptive Filtering Methods and their results’ analyses
Harmonics
Type of Adaptive Filter Methods Frequency |Remarks
(kHz)
1. The Normalized LMS FIR filter algorithm 1:25:5 The Best
(adaptfilt.nlms)
2. The Sign-data LMS FIR filter algorithm
(adaptfilt.sd) 25 Good
3. The Sign-error LMS FIR filter algorithm 25 Good
(adaptfilt.se)
4. The Sign-sign LMS FIR filter algorithm 25 Good
(adaptfilt.ss)
5. The Traditional LMS FIR filter algorithm 25 Fair
(adaptfilt.lms) )
6. The Delayed LMS FIR filter algorithm 25 Fair
(adaptfilt.dlms) )
7. The Adjoint LMS FIR filter algorithm
(adaptfilt.adjlms) 25 Very Bad
8. The FFT-based Block LMS FIR filter algorithm
(adaptfilt. blmsff) 25 Very Bad
9. The Filtered-x LMS FIR filter algorithm
(adaptfilt.filtxIms) 23 Very Bad
10. The Block LMS FIR adaptive filter algorithm
(adaptfilt blms) 25 Very Bad
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Fig. 2. The Normalized LMS FIR adaptive filter
algorithm adaptfilt.nims (1 kHz) (The Best)
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ot . .

% T T T T T T T T
b i 3 g R Resl rasistance
210 : : ; ; ; : : {{ —— Desired signal
- : : H H : H : T -
T . i i i i : : ;
="
£
o
@ Ok :

1 1 L

54 &3 72 81 90

! T
E =+=== Reel resistance
2 4 ©
5 ot D?BII’Ed signal
B
E 06
B T |
@ Critical Point i J : i !

0.4 . )
715392 723.168 730944 738.72 746.496 754,272 762,048 769.824 7776
Time (second) 4 104

Fig. 5. The Sign-data LMS FIR adaptive filter
algorithm adaptfilt.sd (2.5 kHz) (Very good)

Systam |dentification of the Sign-emrer LMS FIR Adaptive Filter Algarithm (adaptfilt.se)

15 : : : ;
= 1 s+=+* Reel resistance
§ 10 Desired signal
= t
2B
o 3
f =4 H
[=3 H
8 i i i

[ g 18 27 35 45 54 53 T2 g1 °0
Time (day)

0.8 T T T 5
= ; : weees Reel resistance
g 07 PR .. TN | — Desired signal
] ; v AN v & : f
25 ; MRy
& Critical Point— ]
- . a i ;

0'5?15.392 723.188 730944 738.72 T46.496 754272 Te2.048 769.824 T776

Time (second) 10"

Fig. 6. The Sign-error LMS FIR adaptive filter
algorithm adaptfilt.se (2.5 kHz) (Very good)
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Conclusion. This article is the addendum to the authors paper: Ali-
Zade P., Yilmaz M. et al, «Extended Kalman filter application for high-
noise cancelation in control telemetry channels of oil electric submersible
pumpy, that was published in Journal of Petroleum Science and Engineer-
ing (PS&E), Dec. 2013” [23], which has been downloaded or viewed more
than 200 times since publication (PS&E Journal information).

In this paper several MATLAB Adaptive Filter algorithms have been
applied to solve in real time the problem of early prediction of disruptions in
the oil industry Electro Submersible Pump (ESP) motor. From the analysis of
the results, it is possible to claim that the start of trouble is predictable within a
very long time interval of practical interest. Unfortunately, some of the adap-
tive filter algorithms have shown bad (4) and fair (2) results, which may bring
additional errors in the late or false early interpretation of the critical point of
the ESP motor insulation disruption issue. Some of the adaptive filter algo-
rithms have shown successful and very good results of the early prediction of
the ESP motor real insulation disruption (like Sign-error, Sign-data and Sign-
sign filters). The best among the ten analyzed adaptive filter algorithms (me-
thods) for application in ESP telemetry was recognized as — The Normalized
LMS FIR filter algorithm — adaptfilt.nlms.
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OcHoBHas nziest 3TOH paboTHI 3aKiIroYaeTcsl B BeIOOpe Haubomee ddhek-
THBHBIX aJIANITHBHBIX METOOB (PMIIBTPAIMK CUTHAJIOB, KOTOPHIE PEaIN30BaHbI
B MATLAB (u3 uncna 6onee necsiti). CUrHAIBI XapaKTEPU3YIOTCSl BBICOKHM
cofiepXKaHHEM IIIyMOB, MOCKOJIBKY OHHU TIEPEAlOTCA IO KaHajliaM 3JIEKTPOIH-
TaHWsl TOTPYXKHBIX 3tektponacocoB [1D]1. Uccnenoanus mokazamn 3¢hdex-
THBHOCTb TIPUMEHEHNSI YeThIpEX OMOIMOTEK afaNTUBHBIX METOJIOB IIPH pellle-
HHY 33129 TIPOTHO3MPOBAHMUS COCTOSTHYS M3OJISIHHN JIBUTATENsI C IIENBIO TIpe-
JIOTBpAILICHUS BOSMOXKHBIX paspymieHnil. Hanbonee 3¢ pexkTHBHBIM aganTuB-
HBIM QITOPUTMOM (IIBTpalliy I PAacCMaTpHBaeMBIX 3amad  SIBISIETCS
Normalized LMS FIR filter algorithm — adaptfilt.nlms.

KioueBble clioBa: cucHan, wym, a0anmueHvie mMemoobvli, HemaHas
NPOMBIULIEHHOCHb, NOSPYIHCHOU HACOC, MelleMempuiecKue KaHaabl Cesa3uU.

Otpumano: 18.03.2015




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>
    /HEB <>
    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /RUS <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [419.528 595.276]
>> setpagedevice




