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Learning Method for Regression Model by Analysis
of Relationship Between Input and Output Data with Periodicity

Hye=Jin Kim® - Ye=Seul Park™ - Jung-Won Lee

ABSTRACT

In recent, sensors embedded in robots, equipment, and circuits have become common, and research for diagnosing device failures
by learning measured sensor data is being actively conducted. This failure diagnosis study is divided into a classification model for predicting
failure situations or types and a regression model for numerically predicting failure conditions. In the case of a classification model,
it simply checks the presence or absence of a failure or defect (Class), whereas a regression model has a higher learning difficulty because
it has to predict one value among countless numbers. So, the reason that regression modeling is more difficult is that there are many
irregular situations in which it is difficult to determine one output from a similar input when predicting by matching input and output.
Therefore, in this paper, we focus on input and output data with periodicity, analyze the input/output relationship, and secure regularity
between input and output data by performing sliding window-based input data patterning. In order to apply the proposed method,
in this study, current and temperature data with periodicity were collected from MMC(Modular Multilevel Converter) circuit system and
learning was carried out using ANN. As a result of the experiment, it was confirmed that when a window of 2% or more of one cycle
was applied, performance of 97% or more of fit could be secured.
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Fig. 1. Definition of Regularity between Input and Output Data
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Table 2. Performance Evaluation Based on Window Size

Window size RYR-square) # of operaitons
0.1% of one cycle -6.4050 192
0.2% of one cycle -1.9432 320
0.3% of one cycle -0.2264 448
0.4% of one cycle 0.3861 576
0.5% of one cycle 0.7871 704

1% of one cycle 0.9426 1344
2% of one cycle 0.9706 2624
3% of one cycle 0.9740 3904
4% of one cycle 0.9746 5184
5% of one cycle 0.9761 6464
6% of one cycle 0.9755 7744
7% of one cycle 0.9732 9024
8% of one cycle 0.9759 10304
9% of one cycle 0.9741 11584
10% of one cycle 0.9769 12864

719] 10%S 9= F7|2 FL81AS 1 50l

A H2 3l 1Y ShES
o} A8 Ax 95209 37|7F 2719 10%% R} 0.9769

Baoh I8y, A4 EREE et
o] A& AATA 719 2%04 B2 A4 BEF =9}

B8 1HnE yEhd

2E e ¥ & 9t

71de Ad 49 HolHo 23S %
g

1
715 AAE =

82 2= YB3 HOEQ ATy 2AS 53 3l 2Y % WY 305
©)
fSZ
50 &
14.3‘5
#463
[45
T42
40
20
1 # # & & & # # & 1
12000
D_
10000
_1_ c
=]
v-21 8000 3
3 g
T-34 L6000 &
¢ 5
-4 L4000 #
-5
—&— R-square 2000
-61 # of operation 0

0 2 1 6 8 10
the ratio of window size to one cycle(%)

Fig. 15. Analysis of Regression Model Performance
Change According to Window Size

A BRI S vest
St S22 A4 BREECIA 0.97 oSl 452 FET ¢

l

1

mO

o} B2 shgo] Wash 49, AES 2718 2% 4%
le]

o] ol2olx|A] gk A st LAl A
o eJEstel YA 7129 89 BY 4 L AA}
stol ABA S A5 FRE AUt

References

(1] Y. Liu, X. Yan, C. Zhang, and W. Liu, “An ensemble con-
volutional neural networks for bearing fault diagnosis using
multi-sensor data,” Sensors, Vol.19, No.23, pp.5300, 2019.

[2] Z. Li, R. Outbib, S. Giurgea, D. Hissel, A. Giraud, and P.
Couderc, “Fault diagnosis for fuel cell systems: A data-driven
approach using high-precise voltage sensors,” Renewable
Energy, Vol.135, pp.1435-1444, 2019.

[3] S. S. Udmale, S. K. Singh, R. Singh, and A. K. Sangaiah,
“Multi-fault bearing classification using sensors and
ConvNet-based transfer learning approach,” /EEE Sensors
Journal, Vol.20, No.3, pp.1433-1444, 2019.



306 MEXMSS=2X/AZEY0N L H0|E S H113 M75(2022. 7)

[4] D. A T. Tran, Y. Chen, and C. Jiang, “Comparative investi-
gations on reference models for fault detection and diagnosis
in centrifugal chiller systems,” Znergy and Buildings, Vol.133,
pp.246-256, 2016.

[5] M. S. Mirnaghi and F. Haghighat, “Fault detection and dia-
gnosis of large-scale HVAC systems in buildings using
data-driven methods: A comprehensive review,” Energy and
Buildings, Vol.229, pp.110492, 2020.

[6] A. Capozzoli, F. Lauro, and I. Khan, “Fault detection analysis
using data mining techniques for a cluster of smart office
buildings,” Expert Systems with Applications, Vol.42, No.9,
pp.4324-4338, 2015.

[7] J. A. Cortés-Ibafiez, S. Gonzilez, . J. Valle-Alonso, . Luengo,
S. Garcia, and F. Herrera, “Preprocessing methodology for
time series: an industrial world application case study,”
Information Sciences, Vol.514, pp.385-401, 2020.

(8] H. Kaneko and K. Funatsu, ‘Fast optimization of hyper-
parameters for support vector regression models with highly
predictive ability,” Chemometrics and Intelligent Laboratory
Systems, Vol.142, pp.64-69, 2015.

[91 A Ahrens, C. B. Hansen, and M. E. Schaffer, “lassopack:
Model selection and prediction with regularized regression
in Stata,” 7he Stata Journal, Vol.20, No.1, pp.176-235, 2020.

[10] S. Selvin, R. Vinayakumar, E. A. Gopalakrishnan, V. K.
Menon, & K. P. Soman, “Stock price prediction using LSTM,
RNN and CNN-sliding window model,” 2017 international
conference on advances in computing, communications and
informatics (icacci). 1EEE, 2017.

[11] H. S. Hota, R. Handa, and A. K. Shrivas, “Time series data
prediction using sliding window based RBF neural network,”
International Journal of Computational Intelligence Re-
search, Vol.13, No.5, pp.1145-1156, 2017.

[12] S. Park, S. Jung, S. Jung, S. Rho, and E. Hwang, “Sliding
window-based LightGBM model for electric load forecasting
using anomaly repair,” The Journal of Supercomputing,
Vol.77, No.11, pp.12857-12878, 2021.

[13] O. Renaud and M. P. Victoria-Feser, “A robust coefficient
of determination for regression,” Journal of Statistical
Planning and Inference, Vol.140, No.7, pp.1852-1862, 2010.

2 8
https://orcid.org/0000-0003-4113-2678
e-mail : khjin501@ajou.ac.kr
2021 ofphsta g8 (SHAT)

TAJHof: Bigdata Analysis, Sensor

Data Anomaly Detection,

Artificial Intelligence,
Embedded Software

g o) &
https://orcid.org/0000-0003-2584-7489
e-mail : yeseuly777@gmail.com
20159 ofFdiety AA-ZETHEA}
20179 otthstn ARZTHAAT
20229 ofFtista AIS VI ES A st

(a4

T4 Eo}: Bigdata Analysis, Machine Learning, Deep

Learning, Collaborative Robot, Predictive
Maintenance, Intelligent System

o 8 #
https://orcid.org/0000-0001-8922-063X
e-mail : jungwony@ajou.ac.kr
19934 olstoihefsti HAASHHEAD
19954 o|sfoizbeis AAPAAIBkAAD
19959 ~ 1997¢ LGEY71&4
FAATd

20034 o|stoiztestal e SHIHEAD

2003 ~ 20069 o|stAiietn AFE st BKus, HUGA
(-

20008 ~& A ofFEthetn HAE S/ AR EQ L8k

A

A Bok: Context awareness, Big Data Analysis, Predictive
Maintenance, Collaborative Robots, Intelligent
Embedded Software




<<
  /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


