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Design of Type-2 Radial Basis Function Neural Networks Modeling
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Abstract - In this paper, The methodology of Type-2 fuzzy set-based Radial Basis Function Neural Network(T2RBFNN) is
proposed for Sewage Treatment Process and the simulator is developed for application to the real-world sewage treatment
plant by using the proposed model. The proposed model has robust characteristic than conventional RBFNN. architecture of
network consist of three layers such as input layer, hidden layer and output layer of RBFNN, and Type-2 fuzzy set is
applied to receptive field in contrast with conventional radial basis function. In addition, the connection weights of the
proposed model are defined as linear polynomial function, and then are learned through Back-Propagation(BP). Type reduction
is carried out by using Karnik and Mendel(KM) algorithm between hidden layer and output layer. Sewage treatment data
obtained from real-world sewage treatment plant is employed to evaluate performance of the proposed model, and their
results are analyzed as well as compared with those of conventional RBFNN.
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Back-Propagation
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Weighted Learning(n) 0.001
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Table 6 Comparison of performance Type-1 RBFNNs and
Type-2 RBFNNs
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Fig. 5 Comparison of real output and model output
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Fig. 6 Simulator of activated sludge process

I8 72 ZTFHOE Uk RY o] Ui 3
of ARTAE wtche= AlEEIOHOILE AlEHOE: RYF
TEY, fEY, 48 HEoZ THELL fYsk #EQ
BAIGHL, ZAES ZAQIANE BAISIEL 81 fEge &9
S UERACE e E£0] 71& Fl9] 95% Olsto]H =0
A5l 95%-~ 100% AlOl= 24, 7% g EilslH HMOo

1=

= TrTHeET,




FAS}. =M e Ui ZIER N Agsto] EiRdlE
TS ggolal, e Wi d ZIER 0 AgetAR o7t
L5t Aot tAgoR AL BE 41 JEAd A
A Qo BFE 4 gl A9oly, olnjs M8 Sol FARS W
doto] REF7L 7IER] A o~ s WEd|F0ioF Sith
B Vit TresmenSysem Ve W ol v (] ]
ES
- 7;21'7%5(\7 —IIEN Y

0 [wa)

P - I Airflow 2050000 [me/d] e = "

S 025000~ 307500 mRETN 2 e

W% g (w1 mRENN

NH3 ) mRENosN

1%]

aNos O 51 oow BRETP o 2 s [ |

P o | DS B0 [wra) mesposp

e 26005400

¢ ¥ s =2
oy
NER B
sontonsz| [ nontosst | [vomttoss| [ towtessz|  [towtaser| | [ 5 3 2 g

38 7 &7 52 oS AlEHOIH
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*Eﬂ#i%ﬂ] oy S44 Qi EStIst RV 27 w2

2 dFojMe sherlgl %@—% QI8 &
AE3REE Aottt ds S0lg I8l 71E9] Type-1
I ZIRg AEsEE Bl 45 Hluetdal, AdE
it Type-1 BE £ Type-2 BE £ =2 LERY
Hn AY silch AYE Sa MQHE Type-2 AR 71K
St A1838|220] BODE AQISt TSS, T-N, NH3, NO3, T-P,
PO40IA Type-1 YBAIE 7IASH AAS|Z28 R Hr} A0
Ta O £2 g g &+ AUCE E6t J=ZE Sof 1A
o] dotal @A AEh BEolA Type-1 HARE 71K
AMZAZ 2 Hr} AAAL0] ZSE Type-2 HAFE 71A8H A1ES]
ZI0| QAE XF U E0Fe Ag g £ ot & o

ELOE—D_
o

|

79 AgollA ARgE TIolEE sk TIolE 3377H, HIAE To]
B 33702 HlwA =2 tolEAXE, Type-2 HAIE Z|Aghs
AEeley w9 SiE 018 4+ AT 1F7] wiEol O
He TIolHE ol&stele wf ANeHE Type-2 BEO] £2 Hs
S HY Zojet MAECL TRYOR Type-2 BARE ZIAgH:
AEIER9 F27F HEHY Qe shg AlEwolEet HH9

E20] W 44 J1E Qo) AUV VU= ARe0ES
ARSI, BY Helo] Wi 48 WA J1EK0 96% olsiu
A0 FHGIL, 95%- 100%= B, JIEAE ZTie B4
o RN

1

stexzl 382 2t Type-2 RBF Neural Networks 2l A A

Trans. KIEE. Vol. 64, No. 10, OCT, 2015

Mg
4
OOII
ol

e = m o
ri o ook
"ol
1)

le;

arel 2
?Lh A0 A7IERAAFHEATAEAIG S g
}QiD[GRRc $912015-B2, U-city HORIA] 7]
T3 njEfEE e AR SAESA N
xﬂhﬂji 10144-14-1016]7} EZTHEN ZZH|EQ)
2 FHEIAS.

K%/

F

i)
2

_A_/
—

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

References

S. K. Oh, W. Pedrycz, B. J. Park, “Polynomial-based
Radial Basis Function Neural Net works realized with
the Aid of Particle Swarm Optimization,” Fuzzy Sets
and Systems, Vol. 163, pp. 54-77, 2011.

S-K. Oh, W-D. Kim, and W. Pedrycz, “Polynomial based
(P-RBFNNs)
realized with the aid of particle swarm optimization,”

163, No. 1, pp. 54-77,

radial basis function neural networks
Fuzzy Sets and Systems, Vol.
2011.

A. Sharifian, S. Sharifian

transient stability assessment method based on Type-2

“A new power system

International Journal
Vol 64, pp.

fuzzy neural network estimation"
of Electrical Power & Energy Systems,
T71-87, January 2014.

P. Melin, O. Castillo “A review on the applications of
type-2 fuzzy logic in classification and pattern
recognition" Expert Systems with Applications, Vol 40,
[ssue 13, pp. 5413-5423, 1 October 2013.

Janusz T. Starczewski “Centroid of triangular and
Gaussian type-2 fuzzy sets" Information Sciences, Vol
280, pp 289-306, 1 October 2014.

F. Gaxiola, P. Melin, F. Valdez, Oscar Castillo “Interval

type-2 fuzzy weight adjustment for backpropagation

neural networks with application in time series
prediction" Information Sciences, Vol 260, pp 1-14, 1
March 2014.

J. Yang, W. Yang, W. Wu “A remark on the error-
backpropagation learning algorithm for spiking neural
networks" Applied Mathematics Letters, Vol 25, pp
1118-1120, Issue 8 August 2012.

M. Revilla, . B. Galan
Optimization of Biofilm Activated Sludge Process for

Viguri, “Simulation and
the Biological Treatment of Effluents from Cellulose
and Viscose Industry" Computer Aided Chemical
Engineering, Vol 33, pp 1117-1122, 2014.

T. Yang, W. Qiu, Y. Ma, M. Chadli, L. Zhang “Fuzzy
model-based predictive control of dissolved oxygen in

1477



HM7|&s =g X 643 105 20154 10¥

activated sludge processes” Neurocomputing, Vol 136,
pp 88-95, 20 July 2014.

[10] J. Moya, C. Huilifir, K. Peredo, E. Aspé, M. Roeckel
“Modeling of simultaneous denitrification - Anaerobic
digestion - Organic matter aerobic oxidation and
nitrification in an anoxic - anaerobic - aerobic compact
filter reactor” Journal of Biotechnology, Vol 160, pp
176-188, Issues 3 -4, 31 August 2012.

0] £ & (Seung-Cheol Lee)
20149 : =TSty A71Ssh E9.
20149 ~9A) - = thekd AAEE
ARl wY UEYF, HA FE2 AlA
g od 2R
Phone : +82-31-222-6544
E-mail @ Isc225@suwon.ac.kr

#A 8t F (Hak-Joo Kwun)
20149 : AThStal W71S5H} AAE EY
20148 ~SIx : = thshY viAbabs
BYEOE Y UEQD, BA FE AL
g, e 2R
Phone : +82-31-222-6544
E-mail : uplode@suwon.ac.kr

@ A #A (Sung-Kwun Oh)
19819 : AMthstu ®71Eshat ZstAL
19834 ~19894 : FHAEATA (AU
TH). 1993¢ ¢ AAlthsty A71Zsh) =
SHAL 1996 ~1997H : FHLIT} Manitoba
gt ®7] 2 AFE Zsh} Post-Doc.
1993 ~2004E : FFThsta A7|™A 2
HHISE W4 20058 ~ A : A AV Fsht w4
20024 ~ XY : ThetA 71813, Al 2 AsAAEss] HAQ
2. 20138 ~AAN : Information Sciences HF LA
TAEOF WA AlAE, HA-wE HEYH, Asst AIAH,
12 Computational Intelligence, AISA0] S
Phone : +82-31-229-8162
E-mail : ohsk@suwon.ac.kr

1478




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


