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Design of Very Short-term Precipitation Forecasting Classifier Based on Polynomial Radial
Basis Function Neural Networks for the Effective Extraction of Predictive Factors
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(Hyun-Myung Kim - Sung-Kwun Oh - Hyun-Ki Kim)

Abstract - In this study, we develop the very short-term precipitation forecasting model as well as classifier based on
polynomial radial basis function neural networks by using AWS(Automatic Weather Station) and KLAPS(Korea Local Analysis
and Prediction System) meteorological data. The polynomial-based radial basis function neural networks is designed to realize
precipitation forecasting model as well as classifier. The structure of the proposed RBFNNs consists of three modules such as
condition, conclusion, and inference phase. The input space of the condition phase is divided by using Fuzzy C-means(FCM)
and the local area of the conclusion phase is represented as four types of polynomial functions. The coefficients of connection
weights are estimated by weighted least square estimation(WLSE) for modeling as well as least square estimation(LSE) method
for classifier. The final output of the inference phase is obtained through fuzzy inference method. The essential parameters of
the proposed model and classifier such ad input variable, polynomial order type, the number of rules, and fuzzification
coefficient are optimized by means of Particle Swarm Optimization(PSO) and Differential Evolution(DE). The performance of the
proposed precipitation forecasting system is evaluated by using KLAPS meteorological data.
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Table 2 Comparison of each type of night vision equipment
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Table 4 Comparison of each type of night vision equipment
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Table 5 Point information was used in the experiment

Partitioning of No. of grid | No. of
Area Year .
data points data
= Training 06~08 8 19040
Validation 08~09 8 9290
MRS . =
Testing 10~11 56 19367
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Table 6 Summary of the parameters in the optimization

environment
Optimization
. Parameters Values
Algorithm
No. of generations 50
Swarm size 100
PSO Acceleration value 2.0
Inertial weight [04 09]
Unmax EPAIZTTO] 20%
No. of generations 50
No. of populations 100
DE
Crossover rate 1
Scaling factor 0.5
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Table 7 Search range for model and classifier optimization

parameters
Parameters to be Range
optimized Classifier Modeling
No. of Assigned inputs| [ 15 22 ] [16 22]
Polynomial Type [Typel Type2] |[ Typel Type2 ]
No. of clusters [1 5] [1 20]
Fuzzification coefficient| [ 1.1 3] [11 3]

g 8 Z FHE VI 2719 ds

Table 8 Output performance for each optimization-based

classifier
PSO-based DE-based
O SAIT Classifier Classifier
Classifier ETS1 ETS2 ETS1 ETS2

1AI7t 0.32 0.77 0.32 0.74
2A1ZF 0.15 0.68 0.15 0.65

g 97 z5s 7Et 2o U5

Table 9 Output performance for each optimization-based

model
PSO-based DE-based
O SAIT Classifier Classifier
Modeling ETS1 ETS2 ETS1 ETS2

AR | 032 0.76 031 0.74
2AIRY | 016 0.63 0.15 0.65

¥ 81 ¥ 92 Hlwal HW PSO 7|¥t BER7|[13] U HEo|
o Esgo] Z4AsHAU R4S € 5 Utk ETS19F
ETS29] s Aole Aol Al AYSHLeL Zo] HE 95
OO AEES Wrtsl= ETS27t ETS10] HIGHY =0} BHY 4=
QAT SHEE SFH olF Al EQT ARXIHY HEES
ehol= ETS19] sAI47t Mg SQstth T AR 7]
Reke AZ32EY] g52 715 FAAESHE AIEsIYon,
Aot mul 4 B27)= 2+ Agt FEg ¢aElE PSO, DEE
AMgSto] 2 el 4 B27]0] FF 9] ulEE SX5IICh

4. 2

rhu

2 =FoAes  KLAPS 71Ol olA SRS 2006
~20114d 7I7te] HIolEE AMESIO] ThA] HAR 71K g4 Al
d3zg pd 9 BE=YE dA51 SPFIHE oS50,
Hr} dest S9FOR oEE {Ial KLAPS 7|AolE *2ldt
Hi Asd 82FH dE 2 W BERV|9 Hd5 g gy
of thsto] MBI SLFOH FEUHS B¢ HolEQ
2FoH HAEEE =¥oH AAYE w9 wolE A7l W
2 ARI] Wl WE dolH9 E8e Z UEY ThEA
AR ZIAS: A8 20 YEog ARESIEon TSR

» 10 & o
BHOZ (O fo

134

At 2a1elEQl
9] 1l2HEE SXSIACH ETS H5E Hlulsh

 PSO B! DEE A&sto] Rl ¥ 27719 FH

o

o
PA

x93

This work was supported by GRRC program of
Gyeonggi province [GRRC Suwon 2014-B2, Center for
U-city Security & Surveillance Technology] and
supported by Basic Science Research Program
through the National Research Foundation of
Korea(NRF) funded by the Ministry of Education,
Science and Technology (NRF-2012R1A1B3003568)

References

[1] LA Zadeh, Toward a theory of fuzzy information
granulation and its centrality in human reasoning and
fuzzy logic, Fuzzy Sets Syst. 90 (1997) 111 - 117.

[2] Y. Qian, J. Linag, Combination entropy and combination
granulation in rough set theory, Int. J. Uncertain Fuzzy
Knowledge-Based Syst. 16 (2) (2008) 179 - 183.

[3] J. C. Bezdek, R. Ehrlich, and W. Full, “FCM: The
Fuzzy C-Means Clustering Algorithm,” Computers &
Geoscience, Vol. 10, No. 2-3, pp. 191-203, 1984.

[4] J. Kennedy, R. Eberhart, Particle Swarm Optimization,
in: Proceedings of the IEEE International Conference
on Neural Networks, 4 (1995) 1942 - 1948.

[56] J. Kennedy, The Particle Swarm: Social adaptation of
Knowledge, in: Proceedings of the IEEE International
Conference on Evolutionary Computation, 1997, 303 -
308.

[6] S. K. Oh, W. D. Kim, W. Pedrycz, and B. J. Park,
“Polynomial-based Radial Basis Function Neural
Networks (P-RBF NNs) Realized with the Aid of
Particle Swarm Optimization,” Fuzzy Sets and Systems,
Vol. 163, No. 1, pp. 54-77, 2011.

[7] S. K. Oh, W. Pedryz and H. S. Park, "Hybrid
Identification in Fuzzy-Neural Networks", Fuzzy Sets
and Systems, Vol. 138, Issue 2, pp.399-426, 2003.

[8] S. K. Oh, W. Pedrycz, and K. J. Park, “Structural
Developments of Fuzzy Systems with The Aid of
Information Granulation,” Simulation ModellingPractice
and Theory, Vol. 15, No. 10, pp. 1292-1309, 2007.

[9] W. Shen, X. Guo, C. Wu, D. Wu, Forecasting stock
indices using radial basis function neural networks
optimized by artificial fish swarm  algorithm,
Knowledge-Based Syst. 24 (3) (2011) 378 - 385.

[10] J. Li, X. Liu, Melt index prediction by RBF neural
network optimized with an MPSO-SA hybrid algorithm,



of| 2 el x}of

Neurocomputing 74 (5) (2011) 735 - 740.
[11] Michalewicz. Z, "Genetic Algorithms + Data Structures

= Evolution Programs", Springer-Verlag, Berlin
Heidelberg, 1996.
[12] R. Storn, Differential Evolution, A Simple and

Efficient Heuristic Strategy for Global Optimization over
Continuous Spaces, Journal of Global Optimization, Vol.
11 pp.341-359, 1997.

[13] RO. Duda, PE  Hart, DG.  Stork,
Classification,” 2nd ed., Wiley-Interscience, 2000.

“Pattern

Zl 8 Y(Hyun-Myung Kim)
20129 =TSty A7issh E¢, suis
d AAH2014), THECHs HAIFE AIAH,
=8 UIEQ 3, Granular Computing S
Tel : 031-222-6544
E-mail : khm@suwon.ac.kr

Q@ 4 A(Sung-Kwun Oh)
1981 Mgt A713shn £, s o
skl AJAR(1983), ETAR1993). 1983-1989\
FELHATA(AYATH).  1996-19974
ZHLICE Manitoba THEF A7) 2 ZAFEHIS
T Post-Doc. 1993-2004¢ st &
7VAR 2 EISHR WS 2006~ 5
Aatista A71Sskat w<E, 2002~ st
H71813], MOIZEAA-SS], HAIUASA]

HYY. 2012~8A)] Information Sciences HF Q)

A TEok= HA AIAE, HA -7 UEND, Ass Ala
115 computational intelligence, XI5 A0 S.
Tel : 031-229-8162, Fax : 031-220-2667
E-mail : ohsk@suwon.ac.kr

i)

FUE FE2 98 ohgd

Trans. KIEE. Vol. 64, No. 1, JAN, 2015

ZA &8 71(Kim, Hyun-Ki)
19773 AAMtistn Arigsh £, s U

SF AAH(1985), HFAR1991). 1997~ 3Ry
A7IKY At 7)sAHE TR 1998~

A AR7IEEHATA A, 2000~
A ATl APl AASAY A=H g
b, 1989~SA] =Atistn Ari=stn
4, TAEOH= AAE AHssE W ZAA o,
Asy 2dg g9 Aojs.

Bl fol ol ol

Tel : 031-220-2666
Fax : 031-220-2667
E-mail : hkkim@suwon.ac.kr

135




<<
  /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 true
  /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 ()
  /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 [612.000 792.000]
>> setpagedevice


