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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-8): Comparing accuracy of test data classification for Cancer dataset in a simple ANFLS classifier

s AE.,J: b‘«:s); U:"}) e_\ﬁfgs.\.uu*b <80 u‘)an
ANKIS (%) Guslejl ools
PSO 95.42
GA 95.85
ACOR 95.71
DE 95.99
IPO 96.28

olojpe Jv}sni 9 Cugas &ilgi £95 Oyl pikat e (Gl iliro sl g, ;0 Cancer o180 dcgosmo Guigabub C80 )l jme :(A-Jgua)
(Table-9): Level of Cancer dataset classification accuracy in various methods to specify best types of
membership functions and train simultaneously

Cancer 0315 olKs 1y S5:9 ko Jab b 63\l (Jig, bawgi ool Bl Cuguas ailed (4 yigs
VLPSO VLGA VLACOR VLDE VLIPO
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/|’ gbellml
X9 psigmf paussmf gbellmf psigmf psigmf
(1) gauiadsb Cdo yl5a0 96.71 96.37 96.42 96.57 96.85

ANFIS oolus Wigddods s ;5 Bupa Liver o31das gozzo (sly holo)l oosls gavddiab 83 duns U :(Vo— Jgo)

(Table-10): Comparing accuracy of test data classification for Bupa dataset in a simple ANFIS classifier

«\.)M %{)3- 4.;'5) 9\-\;:«56‘.\}g45.¢’a B Q')".‘?"
ANFKIS (%0) Saslo3T ools
PSO 71.35
GA 68.24
ACOR 69.28
DL 68.99
PO 7143

S il &iloi E95 i Lt (Gl Alie 5B Ji9 )50 Bupa Liver solodc gomme (shiwadab <30 ylime i (V- Jogaz)

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

Bupa ool o2 55 sekio Job b 551800 by, Jawgl ool <l s gade il oy y3es
VLPSO VLGA VLACOR VLDL VLIPO
X1 psigmf ghellmf ghellmf psigmf psigmf
X2 psigmf gaussmt psigmt psigmf paussmf
X3 gbellm[ gbcllm( psigm[ psigm[ gbellm(
X4 pbellmf obellmf obellmf paussmf obellmf
X5 psigm/’ gbelhml’ gbellml’ gaussml’ gaussm[’
X6 psigmf gbellinf gaussmf gaussmf gaussmf
(1) Gdmahab <80 oyl juo 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 Sog

oS (Gaudinb 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 Caguas pulgi €95 oy ke Gymei (51 Blidee s g, ;0 Pima 61048 goaca (galsddab 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 L35 ko Job b (6 Bkl gy bowei ouds Ll Cogae pilgd (1 yiee
VLIPSO VLGA VLACOR VLDE VLIPO
X1 gbellm( psigml obellmfl 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 gaussm[ psigml psigml
) &5@41,]0 [Or-E QU:“ 78.23 78.07 78.26 78.13 78.26

ANFIS oolw disddud &y 43 Wine oolods gozxo (gl Ja..:\a}i Sroold gaiadib &30 amslio :(VF- Jguz)

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

b S )i 9y

s Gdiddab T8 4l

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

oloje Sigel g Caguas Blai £95 oy yity cymati 8y lise glbd by, 5 Wine edloasgeme usaish <Bo yl3a0 :(10- Jgux)

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

membership functions and train simultaneously

Wine ools ol Fins o Job b o)Ll (o9 ungi oud 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 abcllmf
X8 psigmf gbellmf psigmt psigmf’ gbellmft
X9 gbcllmf gaussmf psigmf gaussmf psigmf
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(Figurc-14): Best found membership functions via VLIPO for
X(c) specification of Iris datasct
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(Kigure-15): Best found membership functions via VLIPO for
X(d) specification of Iris datasel
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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
WET e Mo
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(Table-16): A sample of membership functions via IPO for Iris

dataset
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(Figure-12): Best found membership functions via VLIPO for
X(a) specification of Iris dataset
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(Figure-13): Best found membership functions via VLIPO for
X(b) specification of Iris dataset
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(Figurc-21): Convergence of MSE value for Wine datasct for
ANFIS classifier through Heuristic methods with variable
lengths
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(Diagram-1): Comparing accuracy of test data classification for
Iris dataset in a simple ANFIS classifier
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(Diagram-2);: Comparing accuracy of test data classification for
Tris dataset in ANFIS class through innovative methods with
various lengths
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(Figure-22): Convergence of MSE value for Bupa data set lor
simple ANFIS classificr
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(Figure-23): Convergence of MSE value for Bupa dataset for
ANFTS classifier through Heuristic methods with variable
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(Figure-24): Convergence of MSE value for Pima data set for
simple ANFIS classifier

Data Pima
0.41 ——VLIPO
~===VLDE
VLPSO
0.405 [~ = o = = VLGA
Yoo [ VLACOR

g
w04
=
o -
5 ~s--,
@ 0.395 '
c .
@
o
=

[} 50 100 150 200 250 300 350 400 450  50(
Epoch

6‘;4 Pima oé|.>4.:,.»qu ,.5',.3 MSE ,lude d};ﬁ :(TO—JS.&)
yeita 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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(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

Cancer dataset in ANFIS class 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 ANLE1S 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

Sogen (1) 5 (A) Jsoz @l () Jlogad yo
i 5l aS jebrlen g canl sad sols plii sl lie
w‘ )|J)9J'-ﬁ AN]—TS o.)l_.u J._._;A_S_Ja x_i’” Y] w.d

Q';.ilaj sleools sandals &8s awslas

Bllpa':] Liver sols 4cgome L‘:‘J?

72 71/35 71/43
71
70 69/28 ¢g/99
69 68/24
68
; I"
66
GA  ACOR IPO

B ANFIS sl 2y A

Sy siulosl glaosls (gaisaib CBd duuwlio 1Y - yla go3)
ANFIS ool wisadiub 30 Bupa Liver osldds goxo

(Diagram-7): Comparing accuracy of test data classification for
Bupa dataset in a simple ANFIS classificr

Y ela ¥ o)l VAN Jlo



http://dx.doi.org/10.29252/jsdp.16.4.113
https://jsdp.rcisp.ac.ir/article-1-834-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.16.4.113 ]

&3

23ie Jobo by 5 )l sy

-

d9el 9 Shb »d

M2 QW

ANFIS slaasudh ai

sy uﬁv‘Lo)T sWosls gusvainb Cds dwslin :(1Y— ;15 903)
sl L ANTIS solw wiuddnd GO 0 Pima 621048 goxa
e Jglo s 501 by by o g2
(Diagram-12): Comparing accuracy of test data classification

for Pima dataset in 2 simple ANFIS with through innovative
methods with various lengths

aods (\Y) 3 \Y) Jg-\? Gt’u ay) )‘éj.o.? 5

Ll 0l ools olis Sl e

Slp ohaley] @lrosly somaib Eds dwlie

Wine cols A gana

97/5 97/14
97 96/63
96/5 96/07
96 95/51
95/5 94/92
95
94/5
94 ||I
93/5
PSO GA ACOR DE IPO

B ANFIS s 2k 4isla

S Giolejl slrools gusuaiab B du lio :(1Y - Hlog03)
ANFIS solw algaisb yo wine ooloac goxo

(Diagram-13): Comparing accuracy of test data classification
for Wine datasct in a simple ANFIS classiticr

Slawlie &jgoa (VF) Jguo mba (1Y) Jages 4o

REOWH PRV K o

sy osle )fl slaosly sandids 3y awslia
Wing ssls 4c goona

og/s  98/3 98/29 98/31 98/31

98/2

98
57/8 97/73
97/6 .
97/4

VLPSO VLGA VLACOR VLDE VLIPO

H ANFIS 2 4ub

Y uﬁ{hﬂ oold guludiab B0 duns o :(1F- o g03)
S )%l s g 2 b I ANFIS aiuds 50 Wine sdlodc gooxs
e Jobo b
(Diagram-14): Comparing accuracy of test data classification

for Wine dataset in ANFIS class through innovative methods
with various lengths

FY o2le F ol WWAA JLo

&

Sypets (V1) g O00) Jgaz s () jhges o

Ll ead ools flad glaanslds

L,»‘*'-f.la)'] Sloosls gandile o8 danlic

Pima ools LETPS ] 5\)3

78 . 7747 77/68
77 76/56 76/3
! | -
75
PSO GA ACOR DE

B ANFIS o2l 2 4ila

Sy slosl slaools guisaiids b b lin (Ve — )15 40d)
ANFIS oolw alyadsb jo Pima soloac goxo

(Diagram-10): Comparing accuracy of test data classification
for Pima dataset in a simple ANFIS classifier

OLi laglie ©)p0a (VF) Jsaz @l (V1) Hlages )
awl 00 0le

silejl cbosly gouail cds anslac

Pima ools acgesw 5l

78/3 78/23 78/26 78/26
;g;% 78/07 78/13
78
77/9
O RN
\\\?(j A\’e N \\\’Q 40

HANFIS % 48k

' olesT eols gaaiinb SB35 duwlio (11— 13 g0i)
&)l b g, 31,k 3| ANFIS adub ;o Pima oolods oo
3% Job b

(Diagram-11): Comparing accuracy of test data classification
lor Pima dataset in ANFIS class through innovative methods
with various lengths

4 o O yge0do ay) deq @L‘_S (\ \))‘.:5.03 3

el 00 ools UL"“

iales! slaesls (sanainb SBs dulie

Pima ools acsazme ¢l

797823 ;8707 78/26 73/13 78/26

77/4
: 76/SI II I I I

P50 GA  VIGA  ACOR DE VLDE IPO VLIPO
VLPSO VLACOR

B ANFIS o3t dii 43k B ANFIS L 43k


http://dx.doi.org/10.29252/jsdp.16.4.113
https://jsdp.rcisp.ac.ir/article-1-834-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.16.4.113 ]

Qudab ailebe o Ko hb slaig, A S 554
el 00,5 &51,| ANFIS
gy 3l eolatul ol Sas 4 oo Cudgame K
w2598 Lawsr ANEIS aipai b siedse o aigs >b
Slayiably 4 (Sl @S dgame ) paie Job 5,15
sl @y TR 4 Hoam, ez lapisSll ads)
slacons J,m8 b g ) laem ;o0 5l el ool

SIS0 e 2l o ] sl sl ]85 jsliiea; SaS

DJ.L_{‘ ,‘_glbui..ﬁjj: Ly ‘53.“‘5: Uf—‘ bj...o J.Lgd.a.:.!o _)Sé_auu.»

28 )3 (s 90 Wl g0

6- References P d

[11C. C. C. Lee, “Fuzzy logic in control systems:
fuzzy logic controller. TI,” TEEE Trans. Syst. Man.
Cyberm., vol. 20, no. 2, pp. 404—418, 1990.

[2] T. J. Ross, “Fuzzy logic with FEngineering
Applications: Third Lidition”, vol, 222, New Dclhi:
Tata McGraw-ITill Publishing Company limited,
2010.

[3]1S.-H. Zahiri, “Swarm Intelligence and Fuzzy
Systems (Computer Scicnce, Technology and App-
lications): Scycd-ITamid Zahiri:March 1, 2011,
2010.

4] A. Klose and R. Kruse, “Enabling neuro-fuzzy
classification to lcarn from partially labcled data,”
in 2002 TEEE World Congress on Computational
Intelli-gence. 2002 IEEE International Conference
on Fuzzy Systems. FUZZ-IEEE’02. Proceedings
(Cat. No.02CH-37291), vol. 1, pp. 803-808, 2011.

[5]II. Ishibuchi, T. Nakashima, and T. Murala,
“Perfor-mance evaluation of fuzzy classifier
systems for multi-dimensional pattern
classification problems,” IEEE Trans. Syst. Man
Cybern. Part B, vol. 29, no. 5, pp. 601-618, 1999.

[6] R.Yuhui Shi, Ebecrhart, and Ch.Yaobin |,
“Implementation of evolutionary fuzzy systems,”
IEEE Trans, Fuzzy Syst., vol. 7, no. 2, pp. 109—
119, Apr. 1999.

[71M. Setnes and II. Roubos, “GA-fuzzy modeling
and classification: complexity and performance,”
IEEL Trans. Fuzzy Syst., vol. 8, no. 5, pp. 509—
522, 2000.

[8] Ching-Hung Wang, Tzung-Pei Hong, and Shian-
Shyong Tseng, “Integrating fuzzy knowledge by
genetic algo-rithms,” [EEE Trans. Evol. Comput.,
vol. 2, no. 4, pp. 138 149, 1998.

[9] Z. Xing, Y. Hou, Z. Tong, and L. Jia, “Construction
of Fuzzy Classification System Based on Multi-
objective  Genetic  Algorithm,” in  Sixth
International Conference on Intelligent Systems

Glaglin & jaods (VD) Jaaz zuls (VF) Jloges o

] 0dds osls UL.L.:

Sy k::A.;.Lej.l sleools sandals &0 dwslis

Wine osls aegoe

29 98/3 98/29  98/31 98/31

— 97/73 —
o BB
97 B 96/6 =

96/0 _ B
% = 95/5 i
95 94/4 | =
-
94
93 I I
9

PSO  VIPSO GA  VIGA ACOR VLACOR DE  VIDE IPD  VLIPO
BANFIS edbu 2 ail @ ANFIS o3 4ik
Sy oiulojl glaosls gassaiids oo Ay lio :(10- 15 90d)
aib b ANFIS ool asainb Sy 0 Wine soloas gazxa
i Job b 6,151 g bawvgi o>y
(Diagram-15): Comparing accuracy of test data classitication

for Wine datasct in a simple ANFIS with through innovative
methods with various lengths

Sygods (V0) 5 (VF) Jouo bl (V0) Sloges jo

ol o saly Las gl e
RGN EH P A EYOT 8 eadpl) g lie
R e leiy gy VL Es 5 i o Shes Tk
anail able o jine Jsb b1 Glap,sNl
Q4 o oolbasgere iy ,a 0 il o ANFIS
i Jsbo b Sl by ;o8 (sies skt ()
Wlows ol 58 2l ANFIS wiaib ailols s Slos 8gag ;o
249 b oS (o0 Joe 20 500 ety 4 S 25
Al o (sdlgiiuy g, &5 CiS Gl e sl umda @l
3l o0 il s o8 JE 2L Lo 90 0

& S domi =0
Sidnw b ln aedsn (Bg) o e Gl g
‘J?‘A L: 6;‘.&;.}‘ élﬁpﬁ);ﬂ 3 (5.2.:;.:..@ ANFIS .\Lid..a.rja
a5 -J.b.)tjn UL.Z.J \5)]919 al:} Lol 0l \)Leru...:) ):..;.:.n
5[&&5) Ja...;;S ANFIS ».\aAd.A.\L .&,lo..fbgk 3 g \5>\/.b
e3> bl jsetae ooldesaze gl yaste Job b oS

slacle alie zay o 50,5 Jol> 1) Lasucals)

FY olo F 5, \WAA JLlo



http://dx.doi.org/10.29252/jsdp.16.4.113
https://jsdp.rcisp.ac.ir/article-1-834-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.16.4.113 ]

&3

23ie Jobo by 5 )l sy

-

d9el 9 Shb »d

.-'.‘Q"b

38
Y
&z
=
r4
-

Autom. Solt Comput., vol. 23, no. 2, pp. 227
234,2017.

[24] D. Karaboga and E. Kaya, “Adaptive network

based fuzzy inference system (ANFIS) training
approaches: a comprehensive survey,” Artil.
Intell. Rev., pp. 1-31, Jan. 2018,

[25] M. II. Mozallari, II. Abdy, and S. II. Zahiri,

“IPO: An inclined planes system optimization
algorithm,” Comput. Informatics, vol. 35, no. 1,
pp- 222-240, 2016.

[26] J. Kennedy and R. Ebcerhart, “Particlc swarm

optimization,”  Neural = Networks,  1995.
Proceedings., 1ELEL Int. Conf., vol. 4, pp. 1942—
1948, 1995.

[27] T. Béck, Lvolutionary algorithms in thcory and

practice : evolution sirategies, evolutionary pro-
gramming, genetic algorithms. Oxford Uni-
versity Press, 1996.

28] R. Chelouah and P. Siarry, “A Continuous

Genetic Algorithm Designed lor the Global
Optimization of Multimodal Functions,” /.
Heuristics, vol. 6, no. 2, pp. 191-213, 2000.

|29] K. Storn, R.; Price, “Differential evolution - a

simple and cfficient hcuristic for global opti-
mization over continuous spaces,” J. Glob. Op-
tim. 11 - 1223 731-752.

[30] K. Socha and M. Dorigo, “Ant colony opti-

mization for continuous domains,” Eur. J. Oper.
Res., vol. 185, no. 3, pp. 1155 1173, 2008.

17 K. sugun. S.Lswari, P.N.Raghunath, “Ductility

perlo-rmance ol HyFRC,” Am. J. Appl. Sci., vol.
5,n0. 9, pp. 1257-1262, 2008.

[32] K. Bachc and M. Lichman, “UCI Machinc

[33] R.

[Learning Repository,” University of California
[rvine School of Information, vol. 2008, no. 14/8.
2013,

A. FISIIER, “TIIE USE OF MULTIPLE
MEA-SUREMENTS IN TAXONOMIC PROB-
LEMS,”™ Ann. Lugen., vol. 7, no. 2, pp. 179188,
1936.

Wbl dnwgs plgs odliso g6 Lo le o 15 [YF]

;\\“W Laools 9 QSM.C d‘“)‘b)" ;JL‘:' Lgl.bJL.i:_A

[34] A.

VE-0: (¥) Vo

Golgouneh  and  B.  Tarvirdizadeh,
“Development of'a Mcchatronics System to Real-
Time Stress Detection Based on Physiological
Signals,” Signal Data Proccss., vol. 15, no. 3,
2018.

P PRI WP SUSPSN ORI FERN T PO S A
3 Lo sled Cypae @l okt (T Sl

&

FY ool F6Ld WWAA JLlu

Design and Applications, , vol. 2, 2006, pp. 1029—

1034.

[10] C.Rania and S. N. Docpa, “PSe with mutation for

»

fuzzy classificr design,” in Procedia Computer
Sci-ence, 2010, vol. 2, pp. 307-313.

[11] C. C. Chen, “Design of PSO-bascd fuzzy

classification systems,” Tamkang J. Sci. Eng.,
vol. 9, no. 1, pp. 63—70, 2006.

[12] H. Alipour, E. K. Asl, M. Esmaeili, and M.

Nourhosseini, “ACO-FCR: Applying ACO-
Based Algorithms to Induct FCR,” vol. I, 2008.

[13] S.-H. Zahiri and S.-A. Seyedin, “Using Mulli-

Objective  Particle  Swarm  Optimization for
Designing Novel Classifiers.” Springer, Berlin,
Heidelberg, pp. 65-92, 2009.

|14] J. S. R. Jang, “ANFIS: Adaptive-Network-Based

[15

Fuzzy Inference System,” IEEF Trans. Syst. Man
Cybern., vol. 23, no. 3, pp. 665 685, 1993.

1 S. Kar, S. Das, and P. K. Ghosh, “Applications of

neuro [uzzy systems: A briel review and [ulure
outline,” Appl. Soft Comput. J., vol. 15, pp. 243
259, 2014.

[16] A. Z. Zangench, M. Mansouri, M. Teshnchlab,

and A. K. Sedigh, “Training ANFIS system with
DE algorithm,” in The Fourth International
Workshop on Advanced Computational Intell-
igenee, 2011, pp. 308 314.

[17] M. Nasiri and K. Facz, “Extracting fetal clectro-

cardiogram signal using ANFIS trained by
genetic algorithm,” in 2012 International Con-
ference on Bio-medical Engineering, ICoBE
2012, 2012, pp. 197-202.

[18] A. Sarkheyli, A. M. Zain, and S. Sharif, “Robust

optimization of ANFIS bascd on a new modified
GA.” Ncurocomputing, vol. 166, no. October, pp.
357-366, 2015.

[19] D.P. Rini, S. M. Shamsuddin, and S. S. Yuhaniz,

“Particle swarm optimization for ANFIS inter-
pretability and accuracy,” Solt Comput., vol. 20,
no. 1, pp. 251 262, Jan. 2016.

[20] D. Karaboga and E. Kaya, “An adaptive and

[21] K.

hybrid artificial bee colony algorithm (aABC) for
ANFIS training,” Appl. Soft Comput., vol. 49,
pp- 423-436,2016.

Thangavel and A. Kaja Mohideen,
“Mammogram Classification Using ANFIS with
Ant Colony Optimization Based Learning,” Spri-
nger Singapore, 2016, pp. 141 152,

[22] E. Ghasemi, IT. Kalhori, and R. Bagherpour, “A

new hybrid ANFIS-PSO modecl for prediction of
peak particle velocity duc to bench blasting,”
Eng. Comput., vol. 32, no. 4, pp. 607-614, 2016.

3] H. Marzi, A. Haj Darwish, and H. Helfawi,

“Training ANFIS Using the Fnhanced Bees
Algorithm and Least Squares Estimation,” Intell.


http://dx.doi.org/10.29252/jsdp.16.4.113
https://jsdp.rcisp.ac.ir/article-1-834-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.16.4.113 ]

leosls 9 ﬂS‘)LC u“)lbf 6‘4...._&.)...9 6me,,_:_.u
YEY-IYD: (V) Y25V YAA

[35] I. Mohcbbi, M. Moradi, and B. Salami,
“Proposcd Fcaturc Sclection for Dynamic
Thermal Management in Multicore Systems,”
Signal Data Process., vol. 16, no. 1, 2019.

Jrard B opme (Glakw
3 S SIlann, e adl eebis)lS
ol VAPl e aim e oKl
S ot Ll e 5 550 Gloaie
Sty (bl Gilednte slalls,
slopi sl oy Slalre (rox Shsa Siledng
Lol gotizme Do a2k 5 ) loase
5l O jle flagl aslill) Jlas
Soltany.Mahboob@gmail.com

Sl (Flos g ame A
a0 ab)l ol 5y Wbl )5

SRl 3l S Sl G gwiige B 50

0,5 Ll O o yde a5 gy pls o

Iy 053 1Sy S0 VWAY Jlo yo oLl

Mpien g9 8 oAl 50 g i8Il 3 (cwdige a2 50
B 03y plad slivl ol by gy il slal 4
Qi o oSl SgunalS g (5 st 0aSCiily Sisg 2SI
Silwtinge bty olaal ade 050 ladie; Wiiws
iy Sllne (roz P98 Siluding Slagy, (el
el JUSs Sl 5 el (53 oS anets

5l Sl ©)e plesl aslill) gl

shzahiri@yahoo.com

FY by F 6L 1A Jle



http://dx.doi.org/10.29252/jsdp.16.4.113
https://jsdp.rcisp.ac.ir/article-1-834-en.html
http://www.tcpdf.org

