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~~~ ~~ , ' ' 'i 1 r .. ~~ , r · · . Y·~ '"''~ ~~ '"'~....P-:1 c4-'' {JS . ' 

~J__,.....JI 

...,....._.. ,.,~ , u-i.JJ/,~IJ.Jll w_p.,J! )Sy ,~!J.Jll .t..,4f! W..P-:J ~ . r 

(,)ar;s,,,y 

.\.... 4.ib..i..J .:i.e\ ·.II )\ oW.. ~~ I~ J~ W w\ '' ~\..l.\ .)...)'" '-? " .. -s- .. .) Y'-" Y' 

~ . ..l.l:oo..J:i ~ ,:i..Jj\~1 '"3.-.'./1 t · .. < " wl '·--1\ o1\ . 
• _JJ • • C ~ ~y Y'-"Y"" UA 

•\:i . 4...1 w ' · .. < .~II 11\ " I~ l'lli I-~- I . ·.<- -'1 ~b.J\ .):!J UA ~...>'" I..S~ -s- . "&"'""" .).) ~ " 

w\j)lc J'__b · 1 Q......... o..l.J~ " · .. < ::1\ \1\ . ~b.JI ~\.:ij\ I~ UA .J " " M ~..)'"" " .. ' -s-

r-1~1 ~ t,fo. 0~1 ~.J ·'-$)\ o4-J .,r.~l ~jll\ ~ ;iJ\..lS ~~ 

~ ~\ 11\ ~I~ .o4Jl ~\ ~_,!\ uc ~ 'l ~~ w'l..l~ 
Adaptive Neuro Fuzzy ) ~ ~4..::. ~ ( tw.....l ~ _,.l:;u... ~ jj 

o4-J ~1~1 c'"3...'./l t~ ~_; .J:l..liJ ~ (Inferenece Systems; ANFIS 

1"~-' .~..ly.....ll ~yJI ~~ "~Y" 4.ihl... ~ .J~'J\ 0-a 1.$)\ 

~I (Rules) ..lel_,i\1 ~~ ~ .,r.4-..;..ll ~I ~ ~jli.JI ~_,hWI 

, )\ oW :i..Jj\~1 '"3.-.~'\ t · .. < " I~ ~ 1 \ --'1 '\:i · " '-? .. . c ll ~ ~ y -s- . U"' Y"' .):!J <::"""" _JJ 

Jl ..l -~'l ~ -'~' -11 ' './1 ~)\ · (Sugeno) · ~ · ~~ .J (.j ~ l.s'.J . UA ~ ( .JAl (" 

-;,..le~ (IF-Then) _,l-I~J .lei_,!_, (Membership functions) ~~~ 

~ - 1 ~' · 11 4...uts...\ '\:ill\ w.i..l..l • (MATLAB) i...J)\:jW\ · I..J)\ \..j · ·11 ~ " ' ~ •. . ~ " e;:-a Y." 

'~-'.J~\ (.)"'11 wL4! u.a ~~~~ c'"3.-.'ll t~ ~..; ~ -;,.J_,h.JI 

.oWl . _g ..l..l..l.:>...ll · .. < " ,w\ -~''1 · .. < " , -- '~ -'1 · .. < " , -· 1\.SJ\ • .. < " " <..,? •• ~y ../""' ~y ("~ ~y ("..J:!"""' ~y 

~ .~.b.l\ "l..ll ... ~-;1 .... ;1\ l...l:..=....JI 1-li.. (R2) ..l..l~l J...~ ~\ " ~ ~~ .) .J " (" 

.... •11 l...l:..=....J\ 1-li.. W . ~. vo ..l..l~l J_..t......J ~- - -'1 .t.uill wi1 ~ .) " .J , " -~ " . 

~ , ANFIS ~_,.J:;u... C:"' :i •. j):i..Jl_, .~_,hWI .J\..p.:;..\ wu~ /.Y,~VY 

:i..Jj\~1 '"3.-.'./1 t · .. < • • .. :·:11 ..l..l..UJI \..~ 11 \~')\ J!1:.:i 1~1 . c ~ ~.Y-1 ~ -.r- .) .. (" 

·1 '\:ill\ w.i..I.J ';u t:Wl :i..JjbJS.l\ l..l.J\ . . J).l:.. . 0 w.. 4..ilc . ..! U ~ •. .J .J • • • ~ (..)"iJ UA • • '-.? 

:i..Jj\~1 '"3.-.'./1 t · .. < ::1-;, ..li.JI .. ~1\ Ua.ill -·•11 · .... ·.11 l...l:..=....J\ . c . ~ ~..)'"" .) ~ .J " \-"" lJ:H ~ 

;iJ..l~ ~\~\ c'"3...'./l t~ ~.fo. ):Ulll ;iJb ~ /.' o,VM- 4 
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4.... -'"''- · .... ;1\ i.h:JI .dJ 1:Ww .. c:j .b. ,~~~ L..:.l\ \.l:o.,j'j\ ~ (.)A ~ C'" .) . ~ .r-J ~ .) 

~) 4-J.J:l'---' ~~ u-<>.Jil ~\¥\ ~ ANFIS 4...._,.1:.1a C:~-' .ANFIS 

~.}'I"~\ ~.} '1"~\.Sl\ ~.} '~-'.J~\ '->")U ~ w\.....1..;! 

~ ,~a.J\ ¥\~\ (~~~ t~ ~YJ o~\ ~ ~~~ ~YJ ,w\_)l:ll\ 

wl · oW... w\..i.a.l · .. < ::I\ \~ W · · • o \.....J\ ANFIS 4.... -1'-'- ~ .) • (.)A .. • ~../"' • ~ .):l ~I"~ 

()A(..$~\ J:,.b ufo o~\ ~ ~ ~\jll\ 0~ w\.....1..;! ui .b~ ''-:?_;:..\ 

~~ ui ~llil\ w ~~ ~ _, . 4.... _,.l;.l.J\ .J:l_,b:i _, "'~ ~ 4....~\ w~"' 1 _;ill 

1\:ilw ,~\ - .al\ · \~ J...u ,Q ..::.u\.S. 4.:.. .·.~ -1\ ANFIS 4.... -1'' - · o ii.J\ I..? ·-' • r-- (.)A . . • ..r ~ ~ (.)A .) 

l1...iS ~~~~ ~~~ t · .. < • ~ . .J '- -\~\ ·.<- -'1 . .uU I" _, . ( ~ ~.Y .):l I.,? "&-"' ~ (.)A ' 

·(.,?)\ o4o o)~J ~ ~~........ 

''-"~' ~~ '<j)\ IIY.,.. ,4l\lll c~-.a'il e~ J:,S.). :d..p.~ uWS 

.ANFIS t.~ 

t..li.JI 

" .. ..st.;.J\ ~ _, wt.;...l\ ~u.J\ ~';~ WI _,l\ J_,~\ 0"' ~~ ~~ ~yJ\ A.Sk.J\ y,:w 

~ 4....~\ o~\ ()A /. ~ • ()A fol ~~ o~\ J$...:;.:l ~ 'o~_,~\ ~W\ ~)_,...]\ d~ 

A.!t.;...l\ Jbu...ll w_,_);. W::.:l (.,?)\ o4o ~_,.i ;i.....\.)~ ~~ u-&J .A.Sk.J'-! ~\.J)\ ~~_F.~\ 

. .ll~\ 1. ·'- "-JJ • ~ ~1\ ,~\~\ ~~~ . ~ d · .. <\ .. ,_ \ -~\ .. \ ~ (.)A • ~ . Y:l c.S""" _, • ( (.)A ~ .Y -.s-- '-(!-' J-l=" . . . 

~b.. .wl..AJ\ "'W\ · :i..J -~1\ . .J ~~~ -<\ ::1 0 'W... 4.:...WS, ~~ '-~\ 4.c\ ·.II 1<\..:i..J\ .Y -' U"' ·-""' <.r ( r -""' >" . . • - J.J t .J? u-> 

.4.c.JjW\ ~h.J\ ~\:lj\ ~ '-!1.... .)).! ~ \....... (.,?)\ "'1.... 4.:-._,L. ~.J~ o~yY, ~~ o~ o~ 

\~\ . W\..ll\ \ . ~~ ~ . .J)).:ll ,ow 0 b\ •. L 'h.uS.I\ . 1 .L <1\ ~~ I" uc . .) ~ .. _, I.,? • .) ' '-'->""' -.r. .. ~ . _, 
..>:!:!"- o~ ~ ~ (,?)\ o4o ~_,.i ~-''('~A· '(,?~~_, ~\) (.,?.)l ~~ ~~ o~\ 

:i..J~~~~~ ·("·'" ,. ·\ .1·-U) · ~\1 ... <· )l..)U 1<1\ · .. <:.~1\1·'-.. • _, I.JJY"' _, ~ -.r J:! ~ .Y _, ( -.r- ~ ../"' ~ 

r:~l....:ic\ ufi:l 4.c\.Jjll ~\.1.. (.S:l.AJ (,?)\ o~ (Ayers and Westcot, 1985) (FAO) 4.c.\.J)\_, 

:l....J:....W\ ~ .wl..ill\ · 1- 'W... •i:i · .U W ,0L.Jj .. <1\ . L __ ·:1\ :.< ·· 1-
.. _, • y>-l -.s-- ..Yo" • _):1-l (.)A . .. -.r. ~ . U:!"'""' ~ .ft'" .Y -.s--

~h:ll-.r.fi' ~_ill'-! 1:_;~ ~~ ~jll\ ~~(Rhodes etal, 1992) '~~" i"Wl ~ 

,~u.J\ ~_, .4.c.\.J)l ~~ ~ oy..Jl w~i 4:i.... :l....J:....WI ~.J~1_, ,~W\ o~\ 4..p_,.i 

Tchnobanoglous and) -.r.fil .J'+.JI Jill o~\ ~ o.J~ .u~ o'+Jl -.r.fil ~_jjl\ wyy 

• 0C ~ ¥1~\ C~~~ ~.} ~ ·e:!_,.Jl ~) ~ :i......:.h o.JH..~ U"Li:!J ' (Kreiti, 2002 

~YJ o'+Jl -.r.fi\ ~_jjl\ ~ ~_,§ ;ij)\.c ~UAJ .y.t........ .)~J 'o~\ ~ ~\iJ\ ~\_,...]\ JS 

~ oY:.'-1-o :Ub o'+Jl-.r.fil ~_ill\ ~_, .(Uwidia and Ukulu, 2013) 4-# ¥1~\ (~~~ 

~ oy..Jl -.r.fil ~_jjl\ ~ .l.oJ.U_, .(Total Dissolved Solides, TDS) (~)U .)Sll ~jll\ 

.,r._,l~\ ();!fi:l)l _;jjlu ~) ~~ .J'-1'-l\ o4o 4.:-._,L. o~yj ~ J_, ,4-:9 ())......~\ 4..p_,.i_, ~.} 

()A 4..! i"_fo 1...._, ~~ o~llil\ w~\ y,c ~~~ "'W\ ~) ~~~ o~\ 4..:-._,:Lo ~-' ,:i.ib.i.JJ 
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~ . -<~ )I oW.. 1~1 1- ~~ .:i...:... ..l .('1' • • £ ,..::..u..:;,) \.. " J)l.:.. )Lc)IJ ~~~~ . u_,..... '-? .. F' ~ .... . .J J .. ~..)'o"J C . , 

·(') JJ~,.) ~_,.. .JA w; ,~1~1 (~~~ t~J ~~I J.;....:.jlll ~ )..li.J 

~)I oy...l ~~I J.;....:.jlll ~ )..li.J ~ r,;)l oY,.. r-1~1 ~ \ua·;ll ~.J..l .(') JJ~ 

.+~1~1 (~~~ t~J 

~I~YI cs1:. ~I 4.Jol wl.,.)l .)t;.....ll 

~~~ 

(Slight to Moderate) :u.;;.... .)) ¥ (None) ~JJ Y 
(Severe) 

•4-Jl .,r.~l ~jill 
> 3.0 0.7-3.0 < 0.7 dS/m 

(EC) 

~1:,)1 c)L.,YI t>'i'-" 
> 2000 450-2000 < 450 mg/L 

(TDS) 

Ayers and Westcot (1985):.J~I 

.,WI ~ ~1~1 (~~~ jf.y U:H :ij)WI ~jll ~~'jl '-'..):.11 ~ r-I~J ~J 

:>..l-?.- ~llc .y. U:l~ r.;i U:H (Correlation) .1.4J.J~I J.!b.:i ~ ~ ·~~~ J.;....:.jlll J 

.Sanjay (1993) ;;,...1.J..l ~ ,La :ijh1.,.) oy...ll .)~~~I ~jlll uc :>fo oy...ll 

·.<- · . (GaJ·endran 2011) ~ ·-·:II wli\..ull ~..l h.o ..l,jc 4.......:.L:.. :;..l..lia 1~"1 ~W · -<·: ~ J I ..... ~ "' " J " .) .l r U_,..... J 

.,WI ,_) ~1~1 (~~~ jf.y U:H ~~)I :ij)l,jl ..l~ ~I ~I )~~~ ~IY. 

,.) ..l..l.UJI ~I )~~~ r-1~1 ~ w; .(Uwidia and Ukulu, 2013 ) .U <.,?1~1 J.;....:.jlliJ 

:O..l_?.o u....:.:.; <.SY..i ~44 ~llc ~..li:i.l oy..Jl ~~I ~li..JI U:H :ij)WI ~j_.,j 

.(Mekparyup eta!., 2013)o4JI 

wl&i . _g ~~ ll.....::.ll .. ts~l ... L 1~1 ·.< -· ,~~"1 ... Ln :lJL....:::.~w 
•• <..,? J ~ c,j..)""' F' ~ .. f '-'~ ' .J 

oW.. .~~~I li..JI · :ij)WI .:i...:...W ~I ~L,.II 4..J.c,\..ih.::,~l ~I w~l 
.. ($' .. .. ~ UH . ~- ~J .. ... . 

:;.lS....JI ~~I w4kJI ~ .)1 u~ ~I ~I ~6..!1 F'_,lc ~~ y. ~\..ih.::,~l .. ts~l J ·<.5)1 

La II ~~I wLJ.-..ll o~ ~ " • · , .. <~~~~ .U..... La... .,\iii · •.11 Jb,.ll 1. · .. ~~1 r..s-, .. .. . Y ~ IY'J ~ .J '-?~ ~ ro.J9:l -r 
.,lS~I r-1c jS ~J . :;.lS....JI JSL:.:..JI ~ ~ ~6..!1 :; .J..l! .y. -l:1Ji ~_,.....l:.. w~ .y. 4-:ljl ~ 

. .. \...b:i.ll ~I ... L Nl "--'-'-"6..!1 :; -<1~ . _g ~WI L~ ~ ~ . j \..ih.::,~l UH 01 J . c,j..)""'J t...r· . ~ <..,? r ~ .. .. <..,? ~ 

) ~I 0.1_;-b uc rUU....~I JJ.., ~I w~UU....~I tlyi .,I.»JJ 4-91~1 JlfoiJ lA~llc 

.('1' • • '\ ,~1 ¥) .,l_fo....~l 0.1_;-b 0C ) :U.Jti.JI 0.1_;-b UC 

:O..l..l.:..o 4-fill J-""""_,ll :;~ ~_). ~~~ ~I J Bauer eta/. (1996) __r.Gc\ ..lS J 

~ ~ '-?~1 r..?..lfolll ~I .y. u.&..l~ .(fuzzy data)~~) '~ wla~ .y. 

~_). ~ <.,?1~1 ~~ u}-9 '~,/wli~J (Algorithms) J:JI wY,..j).P-J :us...:..JJ ~ 
, .. ~ -11 .. ,.·:11 d~ \ ·.<l...JI .. ,.·:11 d~ :;.lS....JI ~w · .. ~II .1:.•11 .:i...:...i.w .. ·:II .. c-:n · \ ~ ~ J (..}-' J!:"""' .... ..):!"' r- . . ~ '-r' J ~ (.5.,? 



1100 

.foll l:.o~ '(Samarkandi, 1995) ~¥J:ill ~y)l ~~ ~.J ~ 1.... o.)~ _;li.J 

~ (') JS.,.:;. . ..! :i..:......:a w....JI ~L,_II · -<~ d .L~ .o .. .:.11 ul....-'--11 · • "\.lll • . . <.r Y' ..r. . ~ ~J'"""' -"""""" _j ..fr"""' _j ~ (.)"' (s-"" 

~ .~,.a\~1 .fi...1 ~' King (2000) .:l.....\.J.).J Gassoumi (2000) .:l.....\.J.) ~ o~~ d ..... \.J.) 

.('1' • • '1" 'L.ufti.J (.jj~) ~~I~~ 

(Fuuy Rule Base) 4.~ "'',1!1 

(Crisp values) ~~ .;. 

(Gassoumi, 2000) ~t.,....431 ~~ c.J.I..fii ..::.lp .( 1) JS.J. 

~ .,r.~l ~I U:!fo d_,.k;.. King (2000) .J Gassoumi {2000) ut:h..I..,JI u-:J.J 

~I~)\ u)l;..~l J.!_,.:o.J ~ ~.J' (fuzzification) ~I~:~ u\.:1=- o~ 

(fuzzy rule ~~I ~\_,ill o~\.! ~,(fuzzy sets)~~ u~~ .)1 (crisp input values) 

(fuzzy N~;tl l.:!l ·- -11 • ,..u6. · \.h.ill u)l;..~ · ~)l.JI .lJ~ 1 - ·• • "'' , base) <.,?". ~ ~ . ..?-" _j ~ i..J:!-! - ~ ("I:! r.r _j 

o.)~ ~.):...: ~\.h.ill u)l;..~ LJ.4 ~\.h.ill u~y.... (tw....l uc J_,l......JI .JA>.J inference engine) 

.)~\ 1 •L....tJI ~ ,_,_II II~--~~~~\' ·1 ,~~~ · ·1- ~~~ o~\.il \iJ:. 
_j c.r ~ ~. -~ - ~_j -·. (..):!JJ--- . 

-~4 LJ.4 ~)\ o.J_,.....JI .)J u~~l J.!~ ~.J (defuzzifcation) 

.,r.~l ~I d~.J ~~;/\ ~I u~l d~ U:H ~ (j_,....i 4-':l .J 

Neuro Fuzzy ) ~ .,r.~ ~ ~U:..i (j_,..ul\ I~ ~ ' •1; . . ;;li.J ~I Jjt....... J,:.. ~ 

~I d.S .. ~I .:a...J:.,j\ · :iJ -<~- ~ .:a...J:.,j1 ul.... -1"' -11 .illJ - -~ .(Adaptive System -- . (.)"' ~ -· ~ ~ -
~'·- -11 .:a...J:.,j)q o~ • u'·ll . w....JI ~L~.11 1~ W\.ill 1 ~h..;.JI .:a...J:.,j\'1 .:i..lc~:/1 ~ (.)"' ""e-' _j ..r.. ~ c.s- (.j •. . _j -

<b.:i 'il\ ~h..;.JI .:a...J:.,j\'1 . ··-·.Its .:i..lc~;/1 ~I .:a...J:.,j\'1 ·1.......a.:.. · JS J~l . ..a. '-.? r.r -- . _j r-- - -- (.).::1.1 (.)"' <,?-

' w....J\ ~L'- 1\ .:a...J:.,j\' \' .L~ .:a...J:.,j\'1 o~ '" 1.... o.)~ .. •.1\ .. <~~~~ uWl...c. l.L~ . .i ..r. . ~ ~_J-=' ..):LI'U (.j~ ~ - ~ I..F' 

.).laS ~~:II ~I u~l u)Lat...... ~) ~.)c. 4J;/.ill J-,::w.:i ~ ~ 

-(~'1' • • i'.J.JY") ~I J,..t......) ~\ ~ dJ~I 
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4..i.....:.J ,wl..iJ.JI o~~ :i....IC.~'il ~~ ~~ ~ t.J....;,.,!I · --'1 ll:..ill ~ . .J . - -· . . - r.,r. . ~ f' - .J 

~- ·-- 11 Jl ~ ~ oL...... wi.J.J:. ~ wb. · u)G.~ ~~.L t.J....;,.,!I ··-·'1 \...l:...ill :l......l.t:. _ _,............ .J . . .J . ~.J ~ ~. c.,r-- f' 

~~ 4..c..l::...l\rl u.o 0.1~ ~j_,...u .!ll1\_,. (Fuzzy Ruels) ~~~ ~l_,ili.J(Membershipe) 

(Mamdani and Assilian~ .} ~.J.J L..S 'r..F-~1 Mamadani ~~~l.. <:j_,...u 1.....4. '~~~ 

.(Tagaki and Sugeno, 1985) .} ~.J.J L..S' Tagaki-Sugeno ~ -~\.:i <:j_,...u_,' 1975) 

_, Memon eta!. (2009) 4......1.;~ ~~ w~l -=..w~l ~~ d ..... l.;.lll ~1 0-o.J 

j#..fo. ):Wll ~~'il ~~ w~l r-1~1 ~ ~ Mageshkumar eta!. (2012) 

.~ u)G.~ 0-o oy.JI w~.} (Total dissolved solids; TDS) ~ljjl ~~ ~I_,.JI ~4J 

! oWl o~ ~~ (4.Jj\....uS. Uc.) d ·- ·-··::11 . .J t.J.....;,JI ·:'-' -11 ~ ·l ·.< ·· .J - _p,. --- ~ .J:!'LIA!~ o..r~· '-"""'"""'" f' ,u ~.J 
,4.Jjl...!..uS..II I.A. Uc. · .. < - I~ l~lli ~ ~1..-...... . oWl wllic u.u.......:i . .J ~ ·1 ·.<.. • • • ~ ~y ~ . .) 1..)'1 • - • '-,? f' • u ~ 

..u:.. ..i I . " ~b 4.iJ -L. . ·--·'I L ·--. 4.Jjl...!..uS..II li.JI . ~ ·.<.. ~ • .J r.J <: Y..t ... -~ ~ ~ ~ .. .. • ~ ~ ~ ~.J 

~~~ ~~ '-'-_):. f'~ o~~ .. .::..A .... I.;~ .!\l1\_, .(Water Quality Index) oy.JI o~_p,. J!l~ 

Altunkaynak eta!., 2005; Lermontov eta!., ) ~ ~ ) oy.JI o~~ _;,u:JI ~ .} 

2009; Nasr, eta!., ?012; Priya, 2013; Khambete and Christian, 2014). 

~ wll4: u.- ~ljjl c)L..\11 t~ j#..J Y-~ <:j_,...u Y-_,1.:; 4......1.;.lll u.- u~l _, 

.:u& ~~ .a...u......c . \:ili....l :l...... -'~'- 1~w .. -. . -· <: _,...,....... f' . 

~~~ ~_, 4.....1.;~1 6 ts.. 

L.....,l.;~ 0-o .;~1 '\ 0-o oy.JI J.!h:j wll4: r-1~1 ~ ~~ ~_;b w~l 

w~ :i.:1.... hi ~ ,d ...... 4£ll 0-o y...1 ~~ Jt...s:i...'i_, (AI-Sulaiman,2012) w.:..~ ~\...... 

w4-JI t~ uM ~~~ ~Li.JI ~ ~_, I.SY...i .;~1 u.o ".' i .J:lt... ~ J)G. o4a 

.b.~ ti:i ~1_, .d..:~_,.......ll ~yJI :i.Sk.J~ '"~..?- U.Sb..o.; o~_p,..JA .;~'11 o~ .~ 'o 
_;..A· • _)1_,.,... _HI~ uc tl1i.;'il_, ,.,;~ 46° 08' J_,b .b._, JW 25° 08' ~JC 

· .~.II · :u...£11 oW :i..t....... ~~ · .<~ " w~l i:..J JJ! "1.!~ ' • o.l.J w';ll ~ •. IY' .J ~ IY' - .. .. UJ-'"' t.r"' - . ~ .J . .. ~ 

..l:.i:.. • A' I ( .~1 ' o) 4.......... :i.iJ::...i 4..&:i...~ d -=..w~l .4J ·.~ .11 ~·-II oWl :UI 'I L i .J c-:- ../"' I " •' • ' ~ ~ • ~ " .), U';'" 

H · · · . .J 4.Jjl...!..uS..II ~l..:.:i.ll u 1 .oWl LL- J,........ 11 o >I.J.. w~l 1~' • .w~l u_,.......c o..r • - .. - .. fi' _, . U:!-""-1 (.5'", .1"" . .. U""' ~ -

" )=.ll \iJ.. ~ u)lh:ill o~ .~1 J,.I_,.JI >\.:; · ... ~ ~11 "th::..\11 ~ .d..cl.... 
"' . • • -. ..);!J uc ~ <..r' . . 

'(u~l.} "~) ~ljjl ~~ ~I_,.JI t~ )#..)'(PH) ~.J.J~I U"\11 ~_, ,~4£ll 

~.l:>...ll .)#._;_, (ppm u~l .; "~) r-~1 j#..J '(u~l .; "~) r-~ts..ll .)#._; 

.J:!:!t......ll ~ :l......~l wl..l~l ~-' .(-:,~1 .; "~) wljilll .)#._;_, (u~l .; "~) 

~li.JI j#.lyl '-,?.J4-JI ul_;.:o...i'il_, .h..jl.JI ,~\11 .l:o...ll_, ,~~\11 .l:o...ll Jl,o ~1......::...:..';1 
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.L·: . _g 1. -1~1 "w\...il.ull 0 1t, . ('1') J ~ . ...! ~ LJ.......... :i......tiJI ~I :i...Uh.,All 
~>=' '-r "&""" ~ -· .J . 'F .JA - - - - -

. 4.i& ~h..;,. ~ . t:i.ri.....l ~ ·"' · I ~w :i...Uijjl )l. \'I t · .. < " .l9:ll . ~ . - -· · ... ( _,..,...... r- . . r ~ ...J:!""Y ~ ( y>J 

P.l_,:il ~.J~I ulyoJlii.J .b.._,:WI ,~\fl J..:JI.J ,~~\11 J..:JI ~~~ wl.i~l .('1') J.J~ 

• WL........ :l......tiJI ~I 4...U6..611 \.WI - - --- ~ 
(..i"\11 P..Y P..Y P..Y P..Y r)l.\rlt~ .)~1 

. ~I ~.J.)- ~\Sll (" ~I dfoll ~J..:JI ~ljjl ,j~)'l 

(" ~ 

(---) .)~.?. .)~.?. .)~.?. .)~.?. u~l.) ~.?. 

·~I () - ·~I () .. ·~I () - ·~I () -
7.10 550 400 43 2.21 1660 

7.43 540 390 26 0.11 1805 

7.22 290 120 6 0.06 778 

7.25 460 303 25 0.79 1414 

7.74 690 310 44 0.07 2225 

7.99 350 200 12 0.08 907 

7.87 520 255 28 0.08 1566 

7.91 480 250 42 0.05 1404 

7.95 640 370 55 0.12 2150 

7.29 190 150 13 0.11 894 

7.62 415 260 34 0.12 1522 

7.87 520 255 28 0.08 1566 

7.89 500 253 35 0.06 1395 

7.62 415 260 34 0.12 1522 

7.58 303 205 24 0.11 671 

7.10 190 120 6 0.05 671 J9i. 

P..J 
7.99 690 400 55 2.21 2225 ,fi.f 

j#.y 

7.62 458 265 30 0.28 1432 .b.. _,:WI 

.,r.L....:..ll 

0.30 134 81 13 0.56 460 ulyoJlii 

~.Jy...JI 
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tLs.. ~~ ~ l:i..llwl t..t.:.L l.li.l....La ~,~ ~~~ ~ ~.< ~ ~w ~ ~· . ~· I! .y-- ~ • • c ~~ J:""..>J • 

~l.l! .} ~~l.....il\ ~l.l! .J ~.)~\ u)4h:lll (MathWorks, 2010) MATLAB ~Uy, !'"~\ 

(Tagaki and Sugeno,) Sugeno ~ ~~~ t~ u.o ~ ~~ ~ ~\:W...I :i...._,hi... 

~. u)b~l ~ .('1') ~ LaS ,..u.\.J C~.J u)b~ ~ ~ ~~~ t4J4 1985 

• ) · • · -1\ ~I • I ·•· ·.11 · .. < • .ll.l::JI · .. < • -.. ·· "- -'1 · .. < • .. 1\.Sl\ · .. < • ~ ~.J.J""*' <Y' .J w ~ ~Y.J • ~Y.J \'"~ ~Y.J \'"-'='""'"' ~y 

J#. _; y. :1.... _,l:w.ll u.o cy;JI .J (~ ~49 ~ ~ :1.... _,.l;.Wl u)b.lAS ~u.JI o~ ~~~ 

~u.J:I-! o.)Y."_,.JI ·;;Fuzzy Tool" '0\.)~ ~l.u....)'l ~ ~.J .(TDS) ~\ill ~I .)\_,.JI t~ 
1 .1.·;1\ u\Jl.ul .:i~ •• ~ J...c. • .:i.JI.lll\ . .J ..:U:.. .d .L~ o~ J"..J..:.. · . ~- -'11 · .<-:t ,MATLAB .J r- .. . -::r ("'¥. .. . '-r .. y:=o U"' ~ Y""' (.).!_,...... 

,~tiJI u4-.ft..JI.J u)b~l J"..J..:.. u.o .r.~l ~I 1'"\.MI ~.J (training) '-:-!:!PI 

) . .jl~'.J ~uy,11 ~ Al ~ .(~"" •• q .J.JY-" .)J tY."".J' ~ ,~, w~ ~fl.J 
~~_,..ill\ .} u4-.ft..JI.J <.:.J)b~\ .:i.!l..;..).J '(Tagaki and Sugeno, 1985) ~ ~~~ 

. h..::.ll · ~ --'' l....lJ ~~ • • ~WI antis UW:. ~~~~ ~m ~-: • . ~~ ~ . ~ ~ Y""' . ~.) (.).IJ.J..>l ~ ~ .) 

:UtJI o - -'w .:i.J.llli:lll .:i...l~l · o~u .·~ .... -:11 ·.< .. .. .)~ ••• ... ~ ~~(..)-""':!.) 

If x1 is A1 and x2 is A4 ....... ,and Xm is Am then y= f{x1,X2, ..... ,xm) ...........•......... (1) 

:~ 

. ~~ ..:jill' ' J. •-r A1,A2, .... Am 

. .J. k k k uw......ll · .<-: l..~ ,<.:.J)b~l d ... _q ~ ~\.) 1 .:i.:l!~ W l..l y '-r l/2, ... m UJ-W .J ...):!'I-I-Or.,r. .J .• , .J 

Y ufo t...~ .J ~ ~.JI u.o .r.~ ~ ~~~ ~ ~~_,..ill\ u}S '~ ~.JL..:J " ~jt....J\ 

: I. laS·· -<~ l..~ 1 I )'1 .:i.J:i ·'I · .) .l::JI o . .':< c.,r:: UJ-W . ~ I..S".J . J' U"' .J .ff"" 

· y=· ko+k1XJ+k2X2+ ...... +kmXm ................... : ...... ; .................................. (2) 

J~ r-:i:i ~\) '-:-I:!.J~\ ~.J . .).J)rl .:i..,U_)I 0.o ~~~~.)c.~ lli}S 

~.l::o.J ~.J ·'-:-I:!.J~I uU~ :k~ !'"\~\ J:!_). ,:;c. hk2, ... km ~.J)rl uw......ll .)c. 

J~l Al.J .ltJ ~~I ~I.J (TDS_____ll) ~I ~I ~ th:..ll (Threshold) ~..u. 4 
~_)..J (back propagation ) ._...iliJI .JWW":/1 ~_):. 1'"1~1 J:!_). ,:;c. uw......ll o~ .)c. 

..l::...l:h.JI ~I ~ fo_):.ll 0.1~ ~ ~I.J (least mean squares) 1.5~\ uk_:yJI 

,fo_):.ll 0.o JS 41y. .)c. Jy.=Jl ..l::...l:h.JI ~I ~_):. !'"\~\ Al lii.J (hybrid learning) 

Js.l ~ .)c. .JJi...ll Al ~I ~ J"..J..:...J Jang eta/. (1997) .)J tY."".JI ~ ~P.J 

Al ,~.l::JI ~~ u.o y,S1 ll..:J1 I~ u\S 1~}9 ,(~ti...ll u4-.ft..JI.J u~~l) u\J4,JI u.o ~.JJ 
(TDS_____ll) ~I ~\ ~ ll..:JI ~ l..~ ~\ ~ ~LeJJ Al.J , uw......ll ~ ~.l::o.J 

. .:i.J.l::J\ .:i...uil\ . J9\ 1 . 1 I . • i..w.J\ .:i...uil\ • .. U"' "'&" ~ • • .J 

(L) 4 . ;.,g.;,; .,s; ulli t:!J Jl...:i (Fuzzy sets) ~~ u~ ~ .)J J;..~ JS ~ ~ .J 

~b Lw..l t~ ~lli ~L.JI ullill •• • ~ .(VH) I~ ~ (H) .:i......i:i (M) .:i.h... • .) • ~ . . ~ ~ .J . .)A.J .)A.J .J-IA.J 
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~I A..:~l Jl_,~ 1..:-1:!~ ~ ,u\..i~l ~ ~U.. (Membership) ~_,..ac. ~ 
~~\ A..\1.:! _,(Gaussian Membership) ~..r.JI ~~~ A..\1.:! _,(Triangular Membership) 

· ~ ubci _;11 ~ ~~ ~~~ A..\1.:! d ~-' ~tull 0-o.J '(Trapezoidal) u~l ~ 
,r, . .-:.:. -'1 . \tl =ll· ·--'1 Jl ~ :u \i... 1....1.1 ~\ ~ ~\..iii th:.. ,~, •.. :•.1\ ~~ ~ • ' 'tul\ ~ ...s ~ _ _,_....... -' . .) . .. .) - U" -' Y.""'"' - (.)A ~ 

.Aboukarima eta/. (2007) ~~.J~ ~ r.~~ d.~ ~U.. ~I A..:~l Jl_,~ J ~ 
r.).~l ~~\ d .. c~l_, u~.l.oll...s~l \~_, ,u\..i~l 0-o ..SolA 4-l ~~ .a..c~ ~-' 
)#._;_,, u~l ~ ~_p,. i~ ·-' ~ • y. (ca) 1"~\..S.ll )#..} ..solA uiS._, .(f) ~ ~-':! 
~ ~_?... oo-i y. (NH3) d.foll )#._;_, 'U~\ ~ ~_?... t • ·-''I' • y. (Mg) 1"~1 
(pH) ~-'.J~I U"~l )#._;_, u~l ~ ~_p,. 'I' I 'I'' -·I· o y. (Fe) ~~~ )#._;_, u~l 

·u~l ~ ~_p,. '1"\''l'o-iV' y. ~~~~ r.))...r.~l t~ )#._;_, V 1 ~~-v~' •Y. 

pHI><:><k . ..... .... 
Ca :X: X: ~ .......... :""Q .... TOS 

1\fg ><>< r-------- ---------
.......... (SUI)eliO) 

NH3 ><X: r---~-- ~~' .... 
Fe :><X: r ........ 

f{u) 

TDS 



t 

\ 

~ n u u u n u n n 
klpul YlliiDit "pH" 

Ol 0.4 0.6 01 1 1.2 u 1.6 u 2 t.2 

- ..... "Ft' 
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·~~~~ c~ .. .:~, e.JA+O J:!SJi 4l.&ll ~ [j_,...i vA ~~~ ..::..~~~J ~~ rJ.1.t.ll .(r) J1.!. 

.(Triangular) ~~ ~ ~,.WWI ~\J ~ 
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~I.J ' Hybrid .hl:l.::....JI ~.J..ull .J4J.:..I f.l.J ,~~~ •. ::.A..i~ ~.J f-1 ' anfis UW. ..,! 
£) tii..:..~l ~t..il.u ~>\..c.~l • · ,(d .:~ '•) '-1.1 ~ o U:....JI ~I~ '"I " '-1.1 ..ull .) . ... ~ (JA.J .J.J . .. .) .) " ~ ~ . .. .) 

J,..ly.JI .:i.lc:..J '1' • ~ i (nodes) ~I .:i.lc:. ulS.J .)!Lll ..,! :i...._,.l::>.l.JI .d...i.:~ .J~~ (~t..i~l U.o (.Jj 

-~t..i~ (I.J) .:i.lc:..J i '1'. £ ~I d~l .:i.lc:..J i • ~I yj:. J,..ly.JI .:i.lc:..J i' ££ ~I 

~.J • , • n'., <)fl ~.J..u11 ~ ~'-ltl1 tJ...:.. ubcl ~L.._,l.....JI <)~.J ·<:.JJ '' ~.J..uJI 

~\.c. ~I ..l.lc:. ·~ ~ J.,...l:.. r:.;c o .J4c ~~I .lC I _,ill ..l.lc:. .J . ( £) ~ ..,! ~ _,... ~.J..ull 

t~ fo.jll ~I ~I u1 ~.J ·~~ o.lc:.\.9 ','1'£ l.j.J~ £x£x£x£x£ l.j1 ~~I 

,(o) tc:-" . .J · I ,!>, L..S ,'-1.1 ..ull 4..6. . -.! t. · t..w..J1 _,;;II I~ \:oW~ ~1~1 )J.}·'I ~ '-r c-'""" .J .T" • •• .) .)A '-r '-8-1 • r::- -r- . . c ' ;t 
. ' (.S.J~ ~~I J,..l.....o ~ 

~~~~~~~ 

~M <)4-JI <) ¥1jll c::i..~l t~ J#.fo. .J,Wll ANFIS t.._,J;.W (~1) ~.;.l:ill .r\ha ~ .( t) J1.!, 

.(~.;.l:i ..::.I.;JJ I • ~ •. • l"t I • '\ llwl .;l.ll.) ~l:l4 .>"'~~ J#.lji ~ 

• AnfisEditor: 

File Edit 

.o4-JI <) ¥1jl\ c::i..~\ t~ J#.jillf.:o 4J;w1 ..::.L.\haJIJ ~J:ill ..::.L.\ha U:!-1 ~\ .(o) J1.!. 

(4WI ..::.L.\haJI ~ C.W ~ c,AJ lf.:o 4J;w1 ..::.L.\haJI L..i c,A 4W1 ~.;J:ill ..::.L.\ha) 
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,.IJ'JI ~~~~ ~1&.. 

~1_, ~I ~I i.J:H (Mean Relative Error; MRE) % ~I tb.l1 ..b...._,::w ~~~ 

:.tJ\.lll.lj)l.JI · 4.J~ ·.C. ,~_I.!.LII c:-1..)1 _,.;;-;t L. WlJI - (.)'" . ~_, _,........... r.e- "&:' • 

MRE =_!_x L (y -YJ·························· .. ······························· .. ·······(3) . n Y 

:~ 

.¥1jjl c_))...YI t~ ~jil ~I ~I~ y 

¥1jjl c_))...YI t~ ~jil ~ l:w.JI ~I ~ y 
~ _t .....i 1~1 • ~ _!!.. ·11 Ul:..l ..)jc. 1!.u:.. , Ul:..'JI .:l..c. . ...9 ,,::.Jl.iw.JI ..).le. . _. n ~ r ...- ~ ~ _,........... .J . • .J. ~ .., •. ..,-- _, 

·Y:uJ:ill ~ 

~Ll..liJ eJUlll 
- LL • 1 ,~1 ~I o1\ . ...9 \.lll .. !.~ -'1 ~I ~I .. !.':.1\ • ~)l.JI ~ ·- ·1 U:!-""'-1 (.j,;.;. .) ..,-- ~ ~ J ~ (..):!-1 ...;-w 

~)1.::. IO!!LiA 01-~)IJ J_,~l W.. J .(Y') J_,~ ~_,.JI Ja\.jJJ'jl J,o~ y~ J Ja\.jJ.J'JI 

~! J,-_;; ~~ o1\ ,¥1jjl c_))...YI t~ jp._;_, ~J.J~I rJMYI U:H (r=0.245) 4;.._,.. 

t~ j#._;_, ~J.J~I rJMYI U:H 4;.._,.. ~ 1_,~_, ~ 'Heydarl eta!. (2013) 

Shivasharanappa eta!. ~1 ~J J,-ji ~~ o1\ w1 L.tS ,(r=0.455) ~ljjl c_))...YI 

¥1jjl c_))...YI t~ jp._;_, ~J.J~I rJMYI U:H 4;.._,.. ~ 1_,~_, ~ ,(2012) 

~J.J~I rJMYI U:H ~I.... ~ Gajendran (2011) ~J ~I o1\ ~J .(r=0.353) 

~_,i 4;.._,.. ~ IO!!LiA w1 ~ ("') J_,~ W..J .(r=-0.1198) ¥1jjl c_))...YI t~ ~,;_, 

~! J,-_;; ~~ o1\_, ,¥1jjl c_))...YI t~ jp._;_, ~~ts..ll j#..) U:H (r=0.929) 

c_))...YI t~ j#._;_, ~~ts..ll j#..) U:H ~_,.. 4.!)1.::. 1_,~_, ~ 'Heydari eta!. (2013) 

~ 'Shivasharanappa et a!. (2012) ~1 ~J J,-ji ~I o1\_, ,(r=0.347) ¥1jjl 

~~ ~_, .(r=0.102) ¥1jjl c_))...YI t~ jp._;_, ~~ts..ll ~.) U:H 4;.._,.. ~ 1_,~_, 

· .. < " -- 'ts..ll · .. < " · ~ ~ .l:o. • G . d (2011) 1 • •11 -1 - • t~ ~YJ ~~ ~Y U:!-1 •• -"" • J ~ a]en ran '+.!-', u--J-1 

_ U:H (r=0.812) ~_,i ~-"" 4.!)1.::. IO!!LiA w1 ~ ("') J_,~ w.-_, .(r=0.8227) ¥1jjl c_))...YI 

Heydari eta!. (2013) ~J J,-ji ~I o1\_, ,¥\jjl c_))...YI t~ ~,;_, ~~I j#..) 

wlts '(r=0.4) ¥1jjl c_))...YI t~ ~,;_, ~~~ ~,; U:H ~-"" 4.!)1.::. 1_,~_, ~' 
U:H ~-"" 4.!)1.::. 1_,~_, ~ 'Shivasharanappa eta!. (2012) ~~ ~J J,-ji ~I o.1\ 

Gaiendran 1
- ·

11 -1 ·~I ·· .(r=O 204) ~ljjl ))...YI t · .. < • -- .. :!. - 11 -...< • ~ '+.!-', u->J-1 · • c.,)"&--J ' · C ~ ~YJ ~~ ~y 

~ljjl ))...YI t · .. < • ..... :!. - 11 · .. < - · ~ 4.!)1.::. .l:o. •• ~ (2011) · C ~ ~YJ ~~ ~y Ul-! ··-"" .J _ 

.(r=0.8691) 
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~All uljllll f' ~I f'~ts.ll U""il 

. ~I ~.J.)-

1 · ~I \II ~.J.)- U" 

1 0.345 f'~ts.ll 

1 0.807 -0.019 f' ~I 

1 0.738 0.805 0.332 uljllll 

1 0.236 0.500 0.181 -0.587 ~All 

0.133 0.813 0.812 0.929 0.245 c)l..."il t~ J#.y 
~1~1 

t~ Jf.Y.J uljllll j#._jj 0:H (r=0.813) ~_,.. ~ ..!lliA u1 ~ ('") J.J~ 0->.J 

0:H ~_,.. ~ I.J~.J ~ 'Heydari eta/. (2013) 4-:!ll J,....jl ~I O~.J ,~1~1 c)l..."il 

,_ ·11 1 - - ~I o~ ,(r=O 249) ~~~~ )l..."il t :.c: - wl -~''1 · .. c: -~. u---_JJ • - .J . . ( ~ ..ft'" y .J J= ..ft'" y 

t~ Jf._jj.J uljllll j#._jj 0:H ~_,.. ~ I.J~.J ~ 'Mekparyup eta!. (2013) ~~ 

~ ~.J ~ Gajendran (2011) 4-:!l) J,....jl ~I ~.J .(r=0.064) ~1~1 c)l..."il 

J..- - ~11 ~I Lot .(r=0.3871) ~1~1 )l..."il t · .. c: ' wl -~''1 · .. < ' · ~ .J-1 -.r . - . ( ~ ..ft'" y .J J= ..ft'" y U:H .. _,.. 

Jf._jj.J uljllll j#._jj W:H =4JL.... ~ I.J~.J ~ 'Shivasharanappa et a!. (2012) YJ 
0:H (r=0.133) ~_,.. ~~ ..!lliA ui ~ (r) J.J~ 0->.J .(r=-0.13) ~1~1 c)L."il t~ 

Gajendran (2011) 4-:!1) J,.-jl ~I ~.J .~1~1 c)l..."il t~ J#._jj.J ~All j#._jj 

u&-.J ,(r=0.0693) ~~~~ c)l..."il t~ Jf.Y.J ~All J#._jj 0:H ~_,.. .ti~ ~.J ~ · 

~All j#._jj 0:H =4JL.... ~ I.J~.J ~ 'Heydari eta/. (2013) 4-:!ll J,.-jl ~I o~ 

Mekparyup eta!. (2013) 4-:!l) J,.-_jj ~I ~I.J .(r=-0.287) ~1~1 c)l..."il t~ J#._jj.J 

,(r=-0.173) ~~~~ c)l..."il t~ Jf.Y.J ~All J#._jj 0:H ~ ~4U .u~ uc o)~c. 
·, 

Jf._jj.J ~All j#._jj 0:H =4JL.... ~4U ~ I.J~.J Shivasharanappa eta!. (2012) ul l..o.S. 

.(r=-0.263) ~1~1 c)l...Yt t~ . 
t~ j#._jj ~ w.J_,.b ~I.J ANFIS ~~ C" :l..i.JI.i....ll u":».Jil.J ~I.J..lll o~ ~ 

~ ,.l~l 'L..:..II l..),:,.j'JI ~ .L 1~1 ', ·i ~~ lie. · .. <1 • · ~1~1 )l..."il - -.r- .) . ..;- r- rw i.j...,.. - - - ~ ..ft'" Y (.)"' . c 
. Abyaneh (2014) <~..o~l ~ 'o4JI o.l~ ~lie. 4i...i ~ J.!b.,::JI <.J.o t_,.ill I~ Jlo ~ 

~I ~I -li_,..JI.J o4JI o)..Y"- 4.J.l <.J.o (BOD) i.j_,pJI ~"il ~ ~I ~ 

multi-) -l~l ~I )~'il ~ ~'-1..>?-J ~ ,~WI :L..I.J..lll ..,S.J .o4JI ~ ~I wtil...JI.J 

~-ll...JI Ults.J ,ANFIS ~~ ..>.!# ~ ~~~ ~I wu~ (linear regression; MLR 

: ~ 1.....5; ~WI 
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TDS= 2631.341- 347.487pH+ 1.868 ca+ 1.342 Mg+ 11.291 NOr 255.291 Fe 

~ = 0.968 ............ (2) 

<>'"JI \~\... 'U~\ ~ ~>fio.l4 2 ~.J.:U..ll...JI ~ ¥~1 ~l.W\ djfoy ~ 

..l~l ~~ )..l.:l..l'il ~~.J4l.J ANFIS ~_,l;.W\ "'l..li 1":!#i ~1 CJA.J .d~.J u.J~ ~.J.J~\ 

. ___g ~ -' ulil.u.ll o~ , 'u:l:..";l\ ~lil..l \~1 • ,~\.lll ))...."JI t · .. c::: • ..li:i . ...! ....,----- f' , •. .J .) . •. f' rw . c: ~ ..r.-Y ..>:! ....-

0.!--1 (MRE,%) ~I tb.:JI .b.ji..o yb ~ ,..l..l.a.WI ~~ )..l.:l..l";il ~~_,..,.l ..>:!# ) ":--:!.J..lll\ 

f'\~4 4 ~ /.'1','\V'I' -,A ANFIS ;i....~ f'\~4 4 -:..uts.J 4u.J1 ~~.J ~LWl ~\ 

ANFIS ~~ J_,i:i ~.J:! \...... ' /.' 0 I v""' --,A (2 :U..llAA) ..l..l.a.WI ~\ )..l.:l..l";il :U..llAA 

( i) ~ ~J:!.J .~\.lll c:))...."JI t~ j#.fo. ~~ ~ ..l..l.a.W\ ~~ )..l.:l..l'il ~~_,..,.l ~ 

~lil.u.l\ ..l.:l..l ~ ,~l.ll\ ))...."JI t ~.c::: •• ... :·:no _,__,\ ANFIS ~ -"-'-' ~'i\ ~l.ll..l .. . .. . c ~ ~~ ~ .).J-""'W ~ .) • .. 

_, all ~I -·•'1 · :i....l.lW\ ~~~ • ,~..a~ 11 1.. L.u.J\ ~li' .. 'l · ~ ~ ~~ r--- .J • 1- ():H .. ... ~.) ~.J (,S", "t":' • ":!+' v- . .) .. 

u1 ~ ,(V) JS,..:. CJA.J .(V) ~.}~.JAy. ~' ~l.lll c))...."JI t~ jfoft ~ 4,ilJI 

~-"-'· · ~\.ll\ ))...."JI t ~.c::: ::t L. L.u.J\ _,41\ ~I _,lill · (R2) ~..l.=o.lll ·1 lAA W ,_... v- . c ~ ..r."jM "t":' • 1- .J .. 1- ():H .. '-Jo"' .. 

rJ -,A.J .. , ~' oA -,A ('1' :U..llAA) ~~ )..la..i~l ~t... .JA 4 ~, ., ~ • Vo ~ ANFIS 

, ~ ~~ ~l.lll c":)....'il t~ :fi-fo. ~~ ..,;. ~.)=all .JA r.;l rl~l ~ l.ll ~~-u~ 

.~1 "'\~} ~ Jil tki. ~ ANFIS ;i....~ ul .J~\ ~ 
.-------.,.,.,.,._.,..,.,.., 

~LI't:H) .).Wll o~ ANFIS ~_,J:U. u,.. ~ l;1:i...l1 ~LI"\;;JIJ ~~ .;4A"il ~LI't:H U:H 4..bla.ll .(i) ~ 

""' ¥1~1 c:::li . ..'JI e~ J:ISJi.l ~ l;1:i...ll ~u'4,al\ ~..ol ""' ¥1~1 c:::ll.o~l e~ J:ISJi &l ~ .;4A"il 

(~ ~LI"\;;JI 



1109 

TDS= 2631.341- 347.487pH+ 1.868 Ca+ 1.342 Mg+ 11.291 NOT 255.291 Fe 

K= 0.968 ...... ... .. . (2) 

<Y'~\ l.l ... -e.L.. 'U~\ ~ ~>..);J4 2 ~.J.:U..li.....JI ~ ~~\ Y-"'\..i..ll d.J:!Sy ~ . 
..l~l ~I )..l.:o..l':il C~_,....i.J ANFIS ~_,l;w.ll ~>l..li ~ J;,.i 0--.J .d~.J u.J~ ~.J.J~\ 

. ..........! ~_I wuW\ o~ , \...U.:..':il wUW.! \~\ - ,~\~\ )L..~\ t · .. < - ..li:i . ...! ~ f' \ ... .J .) . -· f' ~ . c ~ ...):!-"y ~ '-.? 

0:!----! (MRE,%) ~\ i..bJI .h...jl.o yl....:.. ~ ,..l..l.lLWI ~\ )..l.:o..l':il C~_,....i ~_,.b:l) ~ .. , .. l,u..l:ill 

I~I.J ~ \......w /. '\' '\ V '\' . ..A ANFIS ~ · 1'' · I~I.J ~ ..:..ui.S t.w.J\ -.81\ .a.....t:WI - .iii\ f' • • "' I ....,- ~f' • • .J • r;:-.J r::-

ANFIS ~_,l;.1. ,_;_,a:; ~.J:! 1......., /.' o,VA'\ -r/' (2 :U..ll....a) ..l..l.lLWI ~\ )..l.:o..l':i\ :U..ll....a 

( i) ~ · .~\~\ )L..~\ t · .. < " • .. :·:11 . ...! ..l..l.lLWI 1....:..1\ l..l.:o..l';il ~ · I~ ~.J:!.J . c ~ ...):!-".)J-1 ~ '-.? ..,...-- .) c .JAl c.s-

wUW\ ..l.:o..l-::.wo. ,~\~\ )L..~\ t · .. < " ...,.,, o .L.11 ANFIS ~- 1'-'· 1 \...U.:..':il wUW.! ... . .. . c ~ ...):!-".)J-1 ~ .)~ ~ .) • .. . 

_. iii\ ~I ... 81\ · :i...ul.u.ll :U)l...ll - , 1.... .l:.. 11 1 •• t.w.J\ wul.u.ll · ~ U::w .a..J..ill ~ .J .. r::- U:!-1 •. .. . ~.) ~.J (J", '"e-1 • ... (j'l • .) .. 

ui ~ ,(V) ~ 0A.J .(V) ~ ~ ~.JA .JA L..S ' ~~~~ C)L..~I t~ .J:!SJil'+l ~~ 
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Abstract 

There are numerical indicators indicating the suitability of 
water for agriculture irrigation. These indicators focus on total 
dissolved salts {TDS) as the crops can be grown are dependent on 
such indicator. However, it has impact on crop productivity. The 
laboratory analysis is usually used in TDS determenation or TDS 
can be determined through empirical equations by measuring the 
electrical conductivity of the irrigation water. On the other hand, 
the empirical equations did not reflect the actual situation of the 
used water. So, in this study, an Adaptive Neuro Fuzzy Inference 
System {ANFIS) was employed to estimate the concentration of 
total dissolved salts of irrigation water. Howevere, the water 
samples were collected from wells located in Huraimla 
Governorate, Saudi Arabia. ANFIS Sugeno model was used to 
formulate the system. The inputs to the ANFIS were pH, calcium, 
magnesium, nitrate and iron concentrations and the output was 
TDS concentration. The possibility of the developed system to 
estimate the concentration of TDS was proven through comparing 

with results from multiple linear regression model. The mean 

relative error between actual TDS and estimated TDS was 2.972% 
for testing data set when using ANFIS in prediction. While, by 
using multiple linear regression model in prediction of TDS, the 
mean relative error was -1'5. 782% for testing data set between 
•actual TDS and estimated TDS. Thus it is possible to use ANFIS to 
estimate the concentration of total dissolved salts and it can be 
used as a management tool for water irrigation purposes. 

Keywords: ANFIS, total dissolved salts, irrigation water 
quality. 


