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Abstract

This research presents a comparison of the efficiency of three models, namely, the model
using Artificial Neural Networks technique (ANN), Support Vector Machine models
(SMOreg) and Neuro-Fuzzy using ANFIS technique models in form of pattern recognition
for waveform analysis and classification between good signals and bad signals data set.
In principle, the three models are proposed. It used Fast Fourier Transform data for learning
and testing process for finding the best model. The three experiments were ANN, SMOreg
and ANFIS. Results from the MSE training were 1.45E-08, 5.60E-08, 3.32E-09, the MAE
were 8.28E-05, 4.31E-05, 3.20E-05, the MAPE were 2.99636, 0.69080, 0.83541, respectively,
and the MSE test results were 8.30E-09, 2.66E-07, 3.21E-09, the MAE were 8.61E-05,
3.32E-04, 3.38E-05, and the percentage obtained from MAPE were 2.5807, 10.9384 and
0.8061, respectively. It was found that the ANFIS technique was the best. With the smallest
overall error value than the other models, which provides the highest percentage of
Efficiency Index (EI) in the testing process were 99.999993 %. The experimental result of

testing showed that all data sets can distinguish between good and bad data sets correctly.
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3. Tpsvtnedssamiiien (Artificial Neural Network: ANN)
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Amplitude of Signal, 0-Centered Periodogram
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MAE  f® Fhmmﬂmﬂl,ﬂﬁ'auﬂngifﬁmﬁﬂ (Mean Absolute Error)

MAPE fo  muweiiduinnuaminnfeusuysinds (Mean Absolute
Percentage Error)

Ao mapidsz@nsnw (Efficiency Index)

andhmnesmsuiiniasdud i

o AwaawSIINMINANOUEALT i

fo  mwaszesAthwnesmsumsilndgn

S N0 8D
)
(w3}

Ao 9IUINTOUAVDINRANS

32 shuvuildnnmaininlaglinafinialsleduuudsumls (ANFIS) a1nms
naaasaInlunduaNuuauinvosdunn 8 giinAe Wondu trimf, trapmf, gbellmf, gaussmf,
gauss2mf, pimf, dsigmf waz psigmf lnefignsanmANuANIAARDUTDIM IS USATAWEA
Fonnmanaaesilildflsiiuanuiusndnsesdunneiia gbellmf dwsvaaduiuuunsoi
Thsoas1zoafauuy ANFIS Uszneufe suaulnunlududunaiidiuim 3 aua swaulnun
Tuduil 1 Aldnmnmanaaesie (7 7 7) uazdmaulnualutussansismau 1 iua Tnefuuy
Alddmuamag 9 doil 1) @enldmaseuslugluuveesdanesinuuulouiad (Hybrid)
2) mydAngudeyaldutsuuunszunsy (Grid Partition) 3) Wenduanuiugandnmudunaldnsndu
gbellmf Faldamnmananes 4) Mefdurrmduamndnimueimalifoiiudodu 5 suuseu
smSuilndafuuy 100 seu AugAteyaRnvinsamATloidy As:admANNAMIAARDUAGT
uaz 6) @onldmaAnuamanieuiiindumuialugtresa MSE uazinAs:Ansamoes
AvuAunlugloesa El

33 dauuudldanmsininlneldmaiadwnesannnesunaiudiniy
msanaey (SMOreg) a1nmInAaasmnuAMWITNmeTlulUsunsy Weka udufanaiuuy
flimanuamanieutiosiign Tneduuuildfimuname q foil 1) fmunl Complexity
parameter C Aim 1.0 2) dmunA1 Kernel TnoA1 omega tfu 0.1 uazA1 sigma tdu 1.0
3) \denimunmdunouismaseus (Learning Algorithm) Insriwmune1 epsilon iy
1.0E-12 M epsilonParameter tm17Au 1.0E-5 A1 tolerance Ay 1.0E-5 uazA1 seed Ao 1

34 manasevlimuuuildnnistiiauensmuduuuaimsnageuiu
andionadmiunagon  Tnevhmsuwlasmieyaliegludeiivnzay  uazhyadeyadmsunasey
dgnssaumsnaseufsduuui liinaue  Tnevmsnaseuluuiazgndenadunim
wihmstuiinuaansaldielddmsumsinazisni
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nnuwAnfmeIEmMGouilugtuoull  rldmuuuibcuenssumaiinnnmaseus
uazand1gUnvurestoyadannlunasa Ny TayadmIN wazlunszuIumInageuaziili
muvusnsouenuezlnssniuteyadyauRnTayaNL MRS TneinanMATILARALARDY
Planarsansisoudiouivanihmme dolumsnagevemaseuiia: 1 ORI ] A
58 1saresa luwaazmuuuilfdmsunaseu

WA

NnHaMInAReaRtmIei 2 muuuinngaluuiaislumsmaaesnsel dethmsmumuuy
miSsuifisuys:ansmnessnaansilannmanuamamaouiifindudwalugluuome
nosuAmILUUs ANN, SMOreg uaz ANFIS Tnawaansanmsnnnnar MSE fAa 1.45E-08,
5.60E-08, 3.32E-09 mua1ny uaznaansanamsnageual MSE As 8.30E-09, 2.66E-07,
321E-09 uazAiesaziilianAmes MAPE Ao 25807, 109384, 0.8061 muaAy et
Fauuuioanisinieudsunaans wulAauy ANFIS dds:@nsamdnan Tnadie
ANuARNIAlAeTItesRidAN M LLLAY 9 uazAiSesazues EI gofign

mM319N2 A MSE, MAE, MAPE uazm EI alaanmsensinng 3 Auuuningue

Training Data Set Testing Data Set
MSE MAE MAPE MSE MAE MAPE EI (%)

ANN 1.45E-08  8.28E-05  2.99636  8.30E-09 8.61E-05 2.5807 99.999971

Algorithm

SMOreg  5.60E-08  4.31E-05  0.69080  2.66E-07  3.32E-04 10.9384 99.999419
ANFIS 3.32E-09  3.20E-05  0.83541  3.21E-09  3.38E-05 0.8061 99.999993

; | ANN.GI ==e= ANN B -+ ANN.B2 = =~ -ANN.B7 = « = - ANN.G14]
s . . g St N Y\r A
VONSNYN BAR
- AVARTRVRY:
E 1 [——1G - ANFIS.G1 ——— ANFIS.BI -+~ ANFIS.B2 ~ =~ - ANFIS.B7 = - = -ANFIS BI4
Eos -
Zoo

]
502 -

= AN\ A
g 0 e < 3+ g -
-02 " L SMOregGl ==+== SMOregBI ***# - SMOregB2 = += - SMOregB7 = * = - SMOreg G14 = TG
0.8 &
0.6 -
0.4 -
02 /\_‘ e
el A A I e indvon it T

1 1 1 1
20 ; 30 40 50 6
Quantity of Output (records)
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Uit 9 uaasnsmAldnnkammasevluwaTeyadyaMSBUTUUS AN W
AuAndmuease (TG) Nnnsmdeyaduanmd Wy ANN.G14 (Refiuuu ANN pasdoya
Fruanain 14) ﬁnﬂﬁy'\iﬂmﬁau:um!ﬂLﬁuﬂﬁwmﬁﬁ]:ﬁuﬁuLﬁ”uﬂiwwmLﬂmmﬁlﬂluﬁﬂmmﬁmﬁu
shudundanaiidaunmieds Wy ANN.B1 (Fefuuy ANN ﬂaﬂﬁaagaﬁiytyjmlﬁﬂﬁ 1)
nnnssasmuuugaEunsmilAauenmnnAthmnessenn uRzRRINMSARBURIMI 10N 3
wanokaansTlAlAsinnnmANNAMAAReWRY | dennmsfinsanSeuifieumuuunosais
Tnefauuy ANFIS a:fifmanuamanieulaesiuiesiinn uazAiadsissazanuamanion
anysal (MAPE) weomauuy ANFIS Lﬁ'aﬁﬁnmnmﬂﬁmﬁasﬂaﬁfyfywml,ﬁﬂﬁfyfmmﬁ B5 nu B7
Lﬁ'mﬁﬂuﬁuﬁmamﬂéfmmmﬁ (Gx) tudwimm Awvuzes ANFIS lamsiwaumaionu
s:‘mﬁ\Jﬁag@ﬁfymwmtﬁﬂﬁuﬁtymmﬁmﬂﬂhﬁmwﬁ'u

MIWN 3 Awaansnlangadeyanadou Medsnmitauens 3 AUy

ANN ANFIS SMOreg
Signal
MSE MAE MAPE MSE MAE MAPE MSE MAE MAPE
Gl 8.30E-09 8.61E-05 2.5807 3.21E-09 3.38E-05 0.8061  2.66E-07 3.32E-04 10.9384
G2 9.04E-09 8.22E-05 3.6663 4.30E-09  3.45E-05 0.5021  9.12E-08  2.63E-04 10.9306
G3 7.07E-09 8.95E-05 2.8684 2.56E-09  3.05E-05 0.8849  9.11E-08 2.63E-04 10.9264
G4 7.55E-09 8.38E-05 2.9524 1.96E-09  2.76E-05 0.6402  1.11E-07 2.81E-04 10.9325

B1 6.38E-01 1.34E-01  4515.0338 2.60E-02  5.74E-02 337.0390 1.71E-02 6.25E-02 1167.4661
B2 7.40E-01 1.22E-01  4546.8742 2.99E-02  6.19E-02 270.7685 2.03E-02  6.44E-02 915.7077
B3 8.80E-01 1.30E-01  2931.1516 2.80E-02 5.85E-02 312.8957 2.02E-02  6.39E-02 873.4389
B4 5.54E-01 1.52E-01  5445.1132 2.57E-02  6.09E-02 364.4101 1.85E-02 6.38E-02  1211.6929
BS 6.49E-03 2.18E-02 53.9360 5.88E-03 1.70E-02  26.1026  5.40E-03  2.44E-02 93.9928
B6 7.95E-01 1.09E-01  4156.5641 4.00E-02  7.27E-02  267.5068 2.04E-02  6.45E-02 988.2082

B7 6.01E-03 2.07E-02 50.8847 5.64E-03 1.66E-02  25.6074 5.18E-03  2.38E-02 95.5285

G5 8.73E-09 8.43E-05 3.4033 3.97E-09 3.35E-05 1.4353  9.14E-08  2.63E-04 10.9319
G6 8.10E-09 7.01E-05 2.6451 2.75E-09  3.00E-05 0.5015  9.14E-08  2.63E-04 10.9330
G7 7.92E-09 8.38E-05 2.3637 2.04E-09  2.79E-05 0.8456  1.04E-07 2.76E-04 10.9292
G8 6.41E-09 8.29E-05 3.4909 4.77E-09  3.81E-05 1.0676  1.37E-07  3.09E-04 10.9374
G9 3.88E-08 1.40E-04 5.8569 441E-09 4.31E-05 1.3980 1.71E-07 3.28E-04 12.8331
G10 1.31E-07 1.95E-04 4.2932 1.62E-07  1.03E-04 1.5257 1.27E-06  3.28E-04 12.1389
Gl1 7.73E-09 1.14E-04 4.9224 3.84E-09 3.65E-05 1.1939  1.12E-07 2.84E-04 10.9312
G12 6.83E-08 1.32E-04 4.5826 9.31E-08  7.65E-05 1.0704  9.73E-07 4.81E-04 12.3673
G13 6.10E-08 1.47E-04 4.2078 6.01E-09  4.26E-05 1.4467 3.22E-07 3.61E-04 15.5093

Gl14 1.61E-07 2.65E-04 10.8271 1.65E-08  6.26E-05 0.8600  6.64E-07 4.94E-04 13.5705
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