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Role of Heuristic Methods with variable Lengths In ANFIS
Networks Optimum Design and Training

Amir Soltany Mahboob* & Seyed Hamid Zahiri Mamaghani
Faculty of Electrical and Computer Engineering, University of Birjand, Birjand, Iran

Abstarct

ANFIS systems have been much considered due to their acceptable performance in terms of creation of fuzzy
classifier and training, One main challenge in designing an ANFIS system is to achieve an efficient method
with high accuracy and appropriate interpreting capability. Undoubtedly, type and location of membership
functions and the way an ANFIS network is trained are of considerable etfect on its performance. Up to
prescent time, related rescarches have just found type and location of membership functions, and or suggested
methods Lo train these networks. Main reason for lack of simultaneous determination of type and location of
membership functions and training an ANFIS network is the length of standard versions of Ileuristic methods
being fixed. In this papcr, a new version of optimization method of inclined plancs will be introduced,
primarily; while scarch factors could be variable. Then, achieved capability will be uscd for specifying type
and location of membership functions and simultaneous training of a classifier based on adaptive neuro-fuzzy
inference system (ANFIS). The proposed method on five benchmark datasets iris, Breast Cancer, Bupa Liver,
Wine and Pima from the UCI database has been tested, which has different number of reference classes,
diffcrent length of attribute vectors with appropriate complexity. Initially, the accuracy of the test dataset for
each of the selected datasets was compared using the standard 10 folded cross validation method using the
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standardized version of the standard length.Then the same cxperiments were repeated by the proposed
method and the results of applying the proposed method on the five aforementioned datascts were compared
with the results of the heuristic methods with the standard length version. The comparative results show that
the optimal and intelligent design of ANFIS classifier by variable length heuristics on five well-known datasets
yields good and satisfactory results and in each of the tive problems it has provided better answers than other

design methods in the ANFIS classification system.

Keywords: Pattern Recognition, Classifier, adaptive neuro fuzzy inference system, variable Length Inclined

Plancs System Optimization algorithm
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(Table-5): Values of selected parameters for algorithms
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(Table-7): Tevel of Tris dataset classification accuracy in various methods to speeify best types o membership functions and train
simultaneously
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VL.PSO VLGA VLACOR VL.DE VLIPO
X1 psigmfl psigmfl gaussmfl gaussm(’ psigm(’
X2 psigmf paussmf paussmf psigmf psigmf
X3 psigmf paussmf psigmf psigmf obellmf
X4 eaussmf psigmf ebellmf psigmf gaussmf

(1) gasaid &S ylyan 98 98 98 98 98.67
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(Table-8): Comparing accuracy of test data classification for Cancer dataset in a simple ANFLS classifier
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ANKIS (%) Guslejl ools
PSO 95.42
GA 95.85
ACOR 95.71
DE 95.99
IPO 96.28
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(Table-9): Level of Cancer dataset classification accuracy in various methods to specify best types of
membership functions and train simultaneously
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X1 gaugsmf gaussm[’ psigm( gaussm[ psigm(
X2 gbellmfl ghellml gbellml’ gaussm[ gaussmfi’
X3 gaussmf gaussmf gbellmf psigmf gbellmf
X4 psigm[ gaussm(’ gaussm[’ psigm( psigm[
X5 psigmf gbellmf gaussmf psigmf psigmf
X6 gbellmf gbellmf gbellmf psigmf gaussmf
X7 gbellml’ gaussm[’ gbellml’ gaussm/!’ psigm[’
X8 gbellmf’ psigml’ gaussm[’ gaussm/|’ gbellmf
X9 psigmf paussmf gbellmf psigmf psigmf
(1) ganiadsb Cdo yl5a0 96.71 96.37 96.42 96.57 96.85
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(Table-10): Comparing accuracy of test data classification for Bupa dataset in a simple ANFIS classifier
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S il &ilei E95 i Lt (Gl Alie 5B Ji9 )50 Bupa Liver solodc gome (shiwadab <30 (ylime i (V- Jogaz)

RUISTEFESTE
(Table-11): Level of Bupa dataset classification accuracy in various methods 1o specily best types of
membership functions and train simultaneously

Bupa ool o2 53 sekio Job b 551800 by, bawgl ool CBl s gade il oy y34s
VLPSO VLGA VLACOR VLDL VLIPO
X1 psigmf ghellmf ghellmf psigmf psigmf
X2 psigmf gaussmt psigmt psigmf paussmf
X3 gbellm[ gbcllm( psigm[ psigm[ gbellm(
X4 gbcllmf obellmf obellmf paussmf obellmf
X5 psigm/’ gbelhml’ gbellml’ gaussm(’ gaussm[’
X6 psigmf gbellinf gaussmf gaussmf gaussmf
(1) Gdmabab <80 oyl jmo 74.12 73.55 74.05 73.68 74.41
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(Table-12): Comparing accuracy of test data classification for Pima datasct in a simple ANFIS classifier

Qb a8 )i Soe

oS (Gawdinb B3 e

ANFIS (%o) Shslajl sols
PSO 76.56
GA 77.05
ACOR 77.47
DR 76.30
PO 77.68

R u‘.‘a},.ni 9 guas pulgi €95 oy pike Gymei (51 Blideo s g, ;0 Pima 0104 gasn (gaisddab i8S e :(VY - Jguz)

(Table-13): Level of Pima dataset classification accuracy in various methods to specify best types of

membership functions and train simultancously

Pima sols sty L3 o Job b (6 Bkl gy bowei ouds Ll Cogas piled (1 yiee
VLIPSO VLGA VLACOR VLDE VLIPO
X1 gbellm( psigml gbellmfl psigml psigm(
X2 gaussmf gaussmf’ psigmf gbellmf gbellmf
X3 psigm( gbellmf gbellmf psigm[ gaussml
X4 gaussmf psigmf gaussmf psigmf psigmf
X5 psigmf gbellm( gbellm( psigm( gbellm(
X6 psigmf’ gbellmf gaussmf’ psigmf’ psigmf’
X7 gbellm( psigm[ gbellmf( gbellmf gbellm(
X8 gaussml psigml gaussml psigml psigml
) &5@41,]0 [Or-E QU:“ 78.23 78.07 78.26 78.13 78.26

ANFIS oolw disddud Sy 43 Wine oolods gozxo (gl Ja..:\a}i Sroold gaiadib 3o amslio :(VF- Jguz)

(Table-14): Comparing accuracy of test data classilication lor Wine dataset in a simple ANFIS classilicr

b S )i Si9)

s ghiddab CEd 4l

ANFIS (%0) ilo3T 0ol
PSO 96.07
GA 94.92
ACOR 96.63
DE 95.51
PO 97.14

oloje Sigel g Caguas &lei £95 o1 yaty cymati 8y alise glbd by, Ho Wine eoloasgeme uisaish <Bo y)5a0 1 (10— Jgux)

(Table-15): Level of Wine dataset classilication accuracy in various methods to specifly best types of

membership functions and train simultaneously

Wine ools ol Fis o Job b g )lC! (o9 g 0ud Gl Cuguie pilgi (2 yige

VLPSO VLGA VLACOR VLDE VLIPO
X1 gbellmf ghellmf psigmf gaussmf psigmf
X2 gbellmf gbellm( psigm[ psigm( gbellmfl
X3 gbellmt gbellmf gbellmf psigmt’ psigmf
X4 psigmf ghellmf gbellmf psigmf gaussmf
X5 psigmf’ gbellmt gbellmf gaussmf gaussmi’
X6 psigm[ gbellm( gaussmf psigm( gbellmfl
X7 gaussmf psigmf gbellmf psigmf abellmf
X8 psigmf gbellmf psigmt psigmf’ gbellmf
X9 gbcllmf gaussmf psigmf gaussmf psigmf

FY ool F6Ld WWAA JLlu
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X10 psigmf gbellmf’ gbellmf’ gbellmt psigmt
X11 gaussmf psigmf ghellmf psigmf ghellmf
X12 ebellmf psigmt’ gaussmf gbellmt gbellmf
X13 gaussm[ ghellml ghellml psigm( gaussml
(1) gdisadab <0 (4 ja0 98.30 98.29 98.31 91.73 98.31

Sl VLIPO g buwgi o cidly <uguae pili 31 gladgui
Iris soloac gazxo

Sl VLIPO gy bagi Caguae pilgh 3l slaigai :(18- Jga)
Iris 03ldds gozxo

(Table-16): A sample of membership functions via IPO for Iris
dataset
X1 X2 X3 X4

ghellmf gaussmf psigmf gbellmf

02’3) h.wg‘:' OM&BQ \;uyd.c é}'y UJ)“J-Q.J (\f—ﬁ)
Tris ooloac gozo X(¢) 5319 5l VLIPO

(Figurc-14): Best found membership functions via VLIPO for
X(c) specification of Iris datasct

o) Ja.»s.; o&“lﬁ s guis &‘93 O e (“‘—J&&)
Iris soldac gazxo X(a) 5329 sl VLIPO
99y byl 89Sl Cusguac aalgi oy yigg 1 (10— JKid) (Figure-12): Best found membership functions via VLIPO for
o : o X(a) specification of Iris dataset
Iris o2lddc gomo X(d) (5319 Iy VLIPO

(Kigure-15): Best found membership functions via VLIPO for
X(d) specification of Iris datasel

092t 0diylo sy 45 (YO) b (VF) sl K& o

Oeaie w00 438,55 &y ) IS) gl yigy ol Sae
lpsl oz (6,100 g, S laxeay PO gy aS sl
BUS GOV A PE S VR LY LN WA gV SN SR CRORVE R B
s el o5l Cunwdes 523 (55000 by wCunsl el 2aS

oddid )5 5 & Al 0 g, cpl a8 Sl (sl odims ylis

6[.49 3 4).:{4 Cwol.» 657;.:“? 4, 1.:§.A )B.‘otb sl 41~.5|53 u:’S) .]a..;’j‘ o..x..bv.sb Q:ya.c 8'9; FEre :(\Y—Ji.\b)
2 Lt'buf:j) 4:.&3 aS uJ?r.A d.;:.e;' bLlas )| 3 4:.5‘.);.; 4\)093).0 Iris aé'éd.c,a;a X(h) g;;ij L5|):1V|_4||'O

. ol vy e Ea T (Figure-13): Best found membership functions via VLIPO for
oy [ o5 caload 135 o X(b) specification of Iris dataset gf
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&3

2o Jobo by )l sy

-

d9el 9 Shb yd
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ANFIS saSub 4

Cancer soldacgone gl MSE jlade ol o (18- JSC5)

o Jgb b 5 1500 la b b ANFIS wigadibs (gl
(Figure-19): Convergence of MSE valuc for Cancer dataset for
ANTFIS classifier through Ilcuristic mcthods with variable
lIengths

&5 Wine 00104c om0 (515 MSTE jlado ol )5 e (Yo JSC2)
ANFTS sl aisaisls

(Figure-20): Convergence of MSE value for Wine data set for
simple ANFIS classifier

&'y Wine 0oloas gosmo gl MSE Hladio 1,5 o (Y1 J5C0)
e Job b ol sl g b ANFIS wiyaid

(Figurc-21): Convergence of MSE value for Wine datasct for
ANFIS classifier through Heuristic methods with variable
lengths

FY ool F 6L WWAA JLlu

&l Iris oolsacgazxo gl MSE Hlado ol Son (V8- JK3)
ANFIS oobes diuainds

(Figurc-16): Convergence of MSE value for Iris
data set for simple ANFIS classifier

&l iris oolsacgamo g1y MSE Hlade ol 5o (V- JSCi)
o Job U ()64l (& 59, b ANFIS wiuaiinds
(Figure-17): Convergence of MSE value for Iris dataset (or
ANFIS classificr through Heuristic methods
with variable lengths

S W0 Gl V) L QOY) slo S5 canlin L

LY Jas.’).n 6)l5 6[.@4*».05 l) Q‘M 9 J}a.&a (52.3'5..49
sleail ples ;0 Wl cplocunl Sug )0 yolic SGSS
el it sloas sbsjl Ldoay a5 ons 1,50 suii g jlwducds

RGO PR Q")‘)f AQ}AS 504 151 Ji..u

Cancer o3l34cg0x0 51y MSE jlade (! S :(VA- )
ANFIS ool wyaisd ol

(Figure-18): Convergence of MSE value for Cancer data sct for
simple ANFIS classificr


http://jsdp.rcisp.ac.ir/article-1-834-fa.html
http://www.SId.ir

Downloaded from jsdp.rcisp.ac.ir at 11:09 +0430 on Sunday May 31st 2020

el s o0l les SaSs b slamulie O jg0as g 00l
5ol wsS Cugas Al g5 ANFIS oolw sandb (o
IPO (6,5l g,y 45 ol aseto mils jsboas (V) ylogei
s g,y plw 4 Cuws ANFISoole aaile o590l 5l

sl 00,5 Jes s S0

A

L;iliLn;.“ Seols ganadl &3> anclie

Shy?
Iris  osls acgame
97 96/67
96/5 =
95/97 96 96 =
96 E— | ] | ]
os/5 B 9533 BN B
.
| |
) I =
94/5
PSO  GA ACOR DE  IPO

B ANFIS st 23y 4sads

Sy oalojl (sools (guisaiab Ea8d duws lio (- 1o g0i)
ANFIS oslw wovaid ;0 Irisodldds gosxo

(Diagram-1): Comparing accuracy of test data classification for
Iris dataset in a simple ANFILS classifier

S sl slaools gunaid B3 anglis

[ris osle PRI

98/8 98/67
98/6 %
98/4 B
98/2 93 98 98 98

98
97/6

o) ¥ & < o
&Q"’ & &L & &

K\
B ANFIS obad
Sl Galojl ols gasdib & duws lio (Y- 1o gai)

GOl gle gy 32,k I ANFIS adnb o Iris eoldacgoome

riie Job b
(Diagram-2);: Comparing accuracy of test data classification for
Tris dataset in ANFIS class through innovative methods with
various lengths

EB8Y A io = V) Jgo= @L.., ) Jages jo
) Iris odlsdegama sl Liale)l slaosls sl
e Jsbo b o Sl sla b, 3,0 51 aS ANFIS aail

Sope O Giisel s casae pls Sboe s Sl sl

Bupa Liverodloas gose gl MSE jludo (o 5o :(YY- J5C%)
ANFIS oolw vivalld 5l p

(Figure-22): Convergence of MSE value for Bupa data set lor
simple ANFIS classificr

Bupa Liverosloas goxs gl p MSE lado ol Fo (VY- JSC)
rxio Job bt 5 5l slofig) b ANFTS wisail (o

(Figure-23): Convergence of MSE value for Bupa dataset for
ANFITS classifier through Heuristic methods with variable
lengths

Pima Liveroolodas gosxo gl MSE lado 1,502 (V- JCo)
ANFTS oolw wvainb gl

(Figure-24): Convergence of MSE value for Pima data set for
simple ANFIS classifier

!y Pima ooldac gozxo gl MSE ludo ol Sa (Y- &)
yeia Jobo y 551521 (sla b, U ANFIS wizadish

(Figure-25): Convergence of MSE value for Pima dataset for
ANFIS classifier through Heuristic methods with variable
lengths
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U‘;—")'}f )LSJ )Lg o0 6‘}) G PRV u..f).T ool &}1...‘
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(Diagram-4): Comparing accuracy of test data classification for
Cancer dataset in a simple ANFIS classifier
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(Diagram-5): Comparing accuracy of test data classification for

J i Cancer dataset in ANFIS class through innovative methods
U with various lengths
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(Diagram-3): Comparing accuracy of test data classification for

Iris datasct in a simple ANFIS with through innovative
methods with various lengths
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(Diagram-8): Comparing accuracy of test data classification for
Bupa dataset in ANFIS class through innovative methods with
various lengths
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(Diagram-9): Comparing accuracy of test data classification for

Bupa Liver dataset in a simple ANL1S with threugh innovative
methods with various lengths
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(Diagram-6): Comparing accuracy of test data classification for
Cancer datasct in a simple ANFIS with through innovative
mcthods with various lengths
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(Diagram-7): Comparing accuracy of test data classification for
Bupa dataset in a simple ANFIS classificr
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(Diagram-12): Comparing accuracy of test data classification

for Pima dataset in 2 simple ANFIS with through innovative
methods with various lengths
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(Diagram-13): Comparing accuracy of test data classification
for Wine datasct in a simple ANFIS classiticr
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(Diagram-14): Comparing accuracy of test data classification

d " for Wine dataset in ANFIS class through innovative methods
L with various lengths
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(Diagram-10): Comparing accuracy of test data classification
for Pima dataset in a simple ANFIS classifier
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(Diagram-11): Comparing accuracy of test data classification
lor Pima dataset in ANFIS class through innovative methods
with various lengths
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