/ ‘;_Ja.:NL;}'_i)A_AUﬂ}[_:éljiz-
i‘hi:&'; WWAY Ol & oylad OF &\_ﬁ e Jl
gy - ake

WA 5200l g Lidl ke alan

b gwo B dl3ay, pgo ads> 5 50 SUl, L Al f (g 5lwand
(ANNS) & 5urn omas LaSs Jio 5 el

0 o WP O Vg [ S-S [ RU PR P i N g
Ol sl el sk ) Gioen ol 8315« oarlid @Bl ] b2 1S (5 il 1 s o 0 2D

VWASYE Gaw AFRY/0/YY 55 0 VWA /A s

oS>

Je 35 0 GlediS dodg Jole e 8 S Sl Jeole Sl @B 4 J S e 2l gladl s
S s sl ls edge o pagr A e Jne Sl 5 o e 3 GOk e 2 e
SVl L s dey oo 5 4 Al Sl (g el Slsy b OF Slen 5 I 38 55 (a5 o 51 20 Sl
b gy sl sad s sl e w1y Y LBl 5 s L) Jow 85 OISl 055 ( S5k U 5 Ol 5o
ot Ul pslie (hassy al 53 I ol 5528 5 e slaass i Sl (nl s SaS s ) oiis s B
Syl o sl el Uy ned 5 oSS coladl b (520 05den oinl £ oty LT bl s a5
J5 ladle Sl 5 (s (S, o Sosby dos gailals Lansze Jol) ao 5 cpl CUls, Ol 2 S50 il
Voo sl ble 5l bl plil (512 s S g5led s (ANNS) o suas ae sais Jie 31 s Se e Ly
Gl e 5 s Casby s a3 ik sla e sailale Jau gt slansls oS (slacss sy A eslinad
Ol pl A3b o gue 3 giln s, oy td s ) glale o3 ol i b ge olie S 25 2 s S
Vo s il 6l (oo £Y0 L JLa ¥0) Laesls dmys & 55 5,8 o 5 53 1 Tode BAVY ladle Slej el
A3 0 5l a8 sldat L aSs S wole o gl 5 4, IS 4 4l s g (ol £A L JL £) 0l 3L s s
ol bt sl SV 30 5 e pUlS e (nl 4 313 0L e oSS g S S s A1k
By St (53955 SLay S Ll L aS sl DL e S 1 Jgene LT (sla sy 4 o Sl -
(3ls slmesls L St sla ke 5 /A0 Sl Stad o 18 Ol e s 0 e 00 VL
U llae :Sibe dla Dl o 0 S0la ) sdms (s 3) 4035 Shas sl Lt gl ol s 4 203 Y
el g BB candllae 5550 (549 ULy o i (Sl e @11 jyalie oS Wisks OLES 5 ((Sasad b s

(Sl (8 grn cwas G (pus B gail g, pser Sa s oLl (i i AdS slaeSl s

-Ja B L;ll—“"L‘*:‘ (‘_S)l_nﬂw cf;}au ‘_gl.éuT JLQ"‘ 4o JRe
Sl oasl s plil ke 4 ladiln g, Sl Cilite bl laasbesy, clél e 528 5
J':—”“"L.‘-'.’..)‘J}—U*“}“-’—“"L"" d)‘bj'mjé"}‘:)“‘u“\"l" J%Lﬁdi‘)\é‘)w)bﬁﬁé—wc&gﬁ‘ﬁ
L;)L"“\':"—“‘:’ éjl"""L;‘ )&JT \) (5““."."’}) dudl-.’.j" Q)_}J_..é 9 uT J)_:.as 60_53&.9 O AJLM U'-’-‘ REVSOUN

E-mail: Bromand416@yahoo.com 15 s 0k g5



\"\"C)l&wﬂ)’ & oyled OY ‘,é_l:'l Y Jl uuh._au dﬁ)uuﬁ K) L_Jl,qa daa

S e Y 98T UL 5 ) S a5
Al ilmand sy ey bds mls S &
Gladsd godas Sl 5 oUls, - SKL
o deme gl iy Laslie 3 o sias ae

23500 el
sl inssy Sl — b oledde e 5o
ol 4 S g0 Ol 5 Ol T 3 o s
ladis 3l eslial L (1440) 0L 5 5n
Sl SLr e 5 e s Glas
i salbtags sas i Sl slis ARMAX
Gl Ll 2 ) s S sl 2
Sl 5 o3yl ey (el 5 (S5 ladube
o=l 03 Faean mas (aaSd gladde &S L S
ool s e 5 BT s o s
laesos sladuss 3 ssliul L (1480) " 1 5
s Jds 5 o Sl Slamw laesls (o pas
T 03 e slams 5 Ul — Aok Al 8
Tl 5 e A se Sl |y ] S0
= ool @S e s g s Ceal (1437)
e slaaY ol 5 giledle 5 5586 5 UL,
5> Sl = ol e 4GS giled e o )
dom ol LOT s S ) 23 G S
o ge oSl 4 ae (g4 5 Slas &S Ll
Vs 5 Ol als Sy Uas s

- Jain
- Hsu
.
- Leaf
v .
= Collins

M - Smith & Eli
‘. Minns & Hall
'* _Dawson & Wilby

Contl gl laas s> 53 Olls,y - SHoL Al
Laaslss g, wlige 5 ol e oo 3 ol
Slaas = (S5l lelse sdss s 4 )l
SV 0 Laas s LS el S ]
= e ol Sl Sslie 5 ek (S
3 0Les a5l aS ol sl glaas = Ol el
s a5 4 dsas - (S ST (go s
Sy M (Y AYAY (2l 5 Slhs) &S s Jes
Ll e SOL Gedd J S 5 G DMl s
e o) Ol s an DUl (sl Al 3 5o
1990 e 5 s D) 38 3 b e 25
Al olmand gm0l sladis ()
sl slg iy O iy by Sy, - SL
ST Jslze sla iy sy boses &5 o
s Slald il o el Lal Sl 035 5l gl
) e san Gipa cilihe Gladie) 53 ax g
(Al o o 0T 51 o o gme e (slaeSos
a5 S )3 Oliie 5 Oldails (ol 4 55 5,550
Ol o 31 (Y AYAY (gl S 5 55,81
Sla iy ile KIS sLads 5l eslicul
- ol Al e s el (B O S
O35 o 8 5ok Sy w4 5 L) Sl
maas 3 dls el IS 5 e |y (Loadddl sla S
S Slodulid 5oLy glacs > ol gls
Slaasid gladde 550 o0 edalia oS 5 sladde

sl e Bl W50 esiae e

'_ Lorrai & Sechi
¥ - Artificial Intelligence
" - Artificial Neural Networks (ANNs)



'Y e owas (LA Jua Gl esliiul U gwe B Wl g, e s ) 5 Sl G550 Aul b 5leans

(s s (G4t Jds 4 S il s Lol
L osSdee gailay) gad i sailis, sl
- i S Sl slaesl Sl e eyl S A sl
osliad U (Y00 0) 0LKan 5 Sga S o o
dya JLES (s Sk (L sl laesls )
0L oKasl VO s Slend SU ol 5 5 sles
Sladios 5l s mSe e b s AL S Sl gaikns
Ladie sl oS bl s o some ae laasld
3 1 andlae sype slaelSal el gla 2L
s L0l dylad e iy Ladis o
e = sles s ol el as sl s
sloml o yae e ga00 w5 o bl
B sz—;§°)—€'.’ L (o) Tl g s il e 0l
S sla s 5 ieae s glaesid i
Fsis s TS slaalbiag; sk ik
Cd Jsd BBl g en 0l (ileand 1) e

Lzl
Sheslizad b OVFA) O, aa 5 5500,18 55 Ol 5l s
ool DAl e e e gl
sdal s 4 gl Al Olpl e Slaes
Glaasls Js LB s 5 el LTS 51 S
Silwdde 55 OYAN) OLKa 5 sls) s as
- S l) sa ki sl b ol 2
S el o san eae 4S50 Sl (6o
LS (a4 e S 303 0L w0

Y. Hung

LA Bangkok
""- Wu & Chau
Yo Daning

V¢ .
= Lushui

(S yan g SLaaS s 3l esliiul L ((194A)
0L moim Sl b Sl — b sladae
3 ) DSl 5 o (50 5 52 il
Lo(Yor) " esSole 5 JLS 5 0 yas aly) (U e
— S sl (o san e (a2 ) eslizad
mad a3 Alabe Ol et sl b Sl
Cslie B1S g5 5 aler 5 ol lila L ﬁv‘ S
‘<v~~o>“m_<j S s S giludde Al e 5
Seshiedior Uw g gme lailroy, glaol >
S5 i Sl eslina Ly s e 8 T Kl
2 $S8d 5 (SNN) *s i o prme ae (s
LaoT s g iy (BNND ' rar o s
S sman gmas (4SS Jde a5 Al
e e eas $450S Jde Sl g (SNN)
L sSdes lasbiss, slaok = sla_us (ENN)
L (Y00 8) 0lLSan 5 JIs,lST aS o i
Rlie (o ime ae LSS Sl S
Ol skin 5 o slsas s 53 1) Copmy 5 Sl
Joe 51 Y0 0) O an 5" sl s S i
SLaOle iz (it 03 (Fmae (oae Glaasid
5050y SS Gaibia g sad e gl

A es asdllae | ab o> OTﬁ ook slad &5

' _ Amber & Mole

¥ - Tokar & Markus

T Jeong & Kim

= Daecheong

°- Single Neural Network

- Ensemble Neural Network
Y- Akhtar

Al Agarwal

- Ganges



\"\"C)l&wﬂ)’ & oyled OY ‘,é_l:'l Y Jl uuh._au dﬁ)uuﬁ K) L_Jl,qa daa

\YY

s $laas Jue oS sl OLiS sl 5 S s
Slabas Gl ol oSSl L5 o snan
25 bt 5 b O S5 ke 1 Ss Jlie
St 5 Sdudde 5 glabra g, GOk e i
Rl b A3l Sl — ALl sl
SUls,y s Bl VL iy Gl e 3
Ul ualie ol odd paw (ashy opl 5]
Sl Ll bl g, pl s G4
5 0 el b (5 re s oKl £ e
= A el el (2 Sheslit by el
sl sladlw Clls; s s 5 0f Sy, Ol e
laosls L OF Sloboes slast Ole 5 (S5l Juts
28 A Ll s o 3sse 3s

L S, s 3lse

Gl g5 3l aS aallas 3,50 5 01 se >
mibtasy slaas s ) D) swe B galiay, g
Gladsb s o ()l
Slas,e s B, A8 eV e LSl s
el 4 § 1 SYATYV LYV Y LSl e
OF Baome 5 s o 0 S TYWIA a5 ol
Loy g Sl Plas ol o ey LS YAY
WAV 5 EVAY OY&e Ll 5 4 o gl
a2 5 Jsb (ol gailas, Jsb e
MNEL e e o bl T S Jsb 5 ol
il e s ey LS TYTA 5 Ye/A AN/
WY 58 e wad i ood 5 ol gy,
Y600 by aVw oo Ja ste el Ao
by Sl AV o 2 Bl e 5 ek
el 00 351 s aSe e O piks YAV/EY

VE AT YN LS5 4B gars slaaal o

Gad s 3l o AN 23 Geote 3 YL
- oS Al romen WOT 15 3 ]
S dsldse gadde 5l i (o sas aae sla
L 3ok sul gad - Sy, slie A0l 5 s
Olsls S 3 mess oYU 33 Lol ladle s
35t S35, 0L (VYA O 5 Glas
U Frmas e el Sl eslind L)
e (OYAD) O S 5 LB a5 sl
e slaasid Sl esleul L 0,08 galay,
OYAD) OLLSan 5 (o5 K3 S i 5 5ae
- de o pl gas e Sl — ik e S
Lo LV 0o 5 n e 8500 5 Shas 55
— ol S s et g S e Sl eslind
G L ) st aalllas 5550 (sb - Uy,
iy 5 Stend o b 0T L3 gl 1)) e
IS 1 s Sleulows L Sla o SSls
— G Jie OYAY) Il 5 il s s g
Seslial Uy 1y slar0l yid 5 il g4 Uil
3 Sl s S ) s slaasd b,
Sao e Ul — ool a2 (YAY) OIS
Sl 2 ean e s8SE L1 03l 5
QYL O R (s (S8 45 bl 5o 5 0350
Al b (Olgy) Slee s 2 05,5 T4 sluss b
—ad s S by as e O S, — 5l
SrSe e b OYM) Sl 5 il LS o 55l
Gad s 33 (F e mas SLadSll ST
Sk, b 5 5 Gu by gaad =55 5D aslsl
1 OF s Ul (S5 4058550585 SIS
s SaaSd e 035 LISy 5 03503 s
OS5 Slallas pmls dlS a0 sinae



\YY e owas (LA Jua Gl esliiul U gwe B Wl g, e s ) 5 Sl G550 Aul b 5leans

AR ST RITHC RPNt P S ST RIS
_)—;‘,5"-25 (L;.\-\—v-.’ g:A—’j-k) ‘U;)L-’ s le.he_}\) ‘)\ {J ‘.L.::L»
Ses3> S 3 s 2 a5 St Sl s
el sl esliil (Yo V0= AVY ) Ll ¥4 gLl
U Leosls 054 355 50 (bl (o5 ol ol Js
) L§°)L"—": JLZ .\_,.ZLO_A OJLA) 5009 (ot
[y axllae :)j_»ﬁﬁitgwy bl i Sl e

03 7S 3 Ol iyls b e ghS 0/8 5\ /XYY
S S5 el VA0 andllas 350 (g4 5>
s oo andlle 55w aS 5 slaarll
aallae 3550 gad g U sl sl o Slien S
Lls o528 @ odled las - el wibes
e Ol bad g s Sl SLL T B el
i ol S bl 5K s Slab e
— ol Al a5 gilwdds sds s

addllas 3590 0l (S0 s bl pr Lol g 1) (0 ket S

S S Golwan s |y jre glaos 5 Jskels)e
L bk 535 e lls oS5 G b
SLa0s 5 53 1) mliom 3 Shas (2 50ae 05 5
La0s = (Y VAL (i ,3) Lys0s Je 4 ands
s GASd Sedoas SIS Al o S S5 S
LTSRS RUNE [FUSR g SRt T
Fis Gle gV LG s s A sV S
o 2la0s Ay Y o glals 5ol ol
Al bt e feate G Y Gla0s S
Laol L aS b juslie 5 W0js onl Sl iy gel

Uast oS opl B al i 150 (o) sl o o

S s §aaSd
e 3l ledd eslus Jde o e e slaaSS
ten s sl S, e ol il o Ol
bt e OS5 ladgl 3 sl LS LUl &S
sl A s e o bl e
(s gmn s SlaaSs s s 1) et
2 ot Sle s ek el (Sl wnl b b
cobl&“aj)ﬁ.f;\) JJ;L;G)‘J:Q ealaa! S0 e.\.'uj
s eas A (Sos osle 4 (Y YAY
e a0 5 ola S cied o el b

SLs (Bl e w5 G b Sl S e 0L



\"\"C)l&wﬂ)’ & oyled OY ‘,é_l:'l Y Jl uuh._au dﬁ)uuﬁ K) L_Jl,qa daa

\Ye

(Bds ol L 5SS (6,515 Ol (s S0L
Dy 2550 SIS alg 53 35 e o Ll
Al el | Uast Olie 0 508 45 3,8 o0 3
SaSd S b a4 (FAYAY O 5 5 S
SrF e S 05 8 53 w0 o geas ae Sla
aoazr s ballis pl 53 Lpd o el 55 e 5
23 Pty G e O e laaSd 5 )8
Laol Vb kB 5 63 0aen sl bl iy
Ul s Sl bass el e 2

RGSUO P WA P30
5 5 Ol i b Vior Oty 4SS
350 2k Sodozmy blw > Gl sl
L0 5 55 ilisee Cllad ol 5,8 oo 13 esliza
Sl laass g ol 2 LS e 15 eslinal 5 e
s Glags sy Jlasl g 2505 Y SO
Slagal & s 2 saY S5 Ol Y S
i) 355 a eslial dylad e 1) 1 ekt
AV O e pme (4S5 (VVPAL
il e S e Sl B Y S e aS plels S
s A e gy 25 Slaen s 4 s el Jled
2248 plbee S il e S g Gl
Slao, S 5 S0y s 5355 g0V
3 s e dias Fb slels s (s sy
Ol ks gy TOlgy sle0s s e Ol Y
Sl s L Ysmme et 3,8 nl a5l

Sliws 5 035 Osl S ialS b5l g 5l as “lax

2 -Sensory

3 - Responding

4 - Hidden

5 -Back Propagation

laizs 2 JEl Glp e 5 (S Bl o
- o3l S e ol 555l sbanY 4 Y e
P A Ul e S e S e il Sl
ol 534S 5, S o lal glalad 5 et (S 5K
2l (¥ 5) Sy S 5 31 5 Wi
GaSs SO Y sesled S s ol eds S
JSE l s el sl esly OLES eslu Jlis e
a5 S e Sl bb 0y Wisss,5 P

(T OYAY O 5 55,81 il o s &

[ R e

F!’j(- a’

T oees TWITWY

J/

a=HfWnp +b)

3lu Hls (s G40 Y osled IS
o ol pshie 4 5 Lo ol Gl 2 a8 s
S 49) 5ok 05 e Sl g s
Coles ag o)l i (Gl ol (5L g':‘:’)}gl
L sladss ;i Al b (5,550 056 (K3
o oSl ebl o s gl st
Sl Sl oS alasss 3 @slin sla S
(odsS ilasl la S ol ol oslinal oS
Wi A (098Y il s 5l 54 e GO
0313 (5 s 53 ay i llas 5 slal) Gl S
st spus s amal el (Osesl 5 L35 500)
G O o il 5 gl G s baesls Ao s
o) ass sy opl oo anll 48) Ais S e il

Aol p b (el 0is S 4 56l O o Laesls

1 -Sanchesz & Sienencio



\Yo

e s SASE da Sl ealinul b gs B Aila g, g g e 5 03 Ul AL sl B soleand

05 s 2 S8 Sl (14 g (s Ol)
osly bl b 5 ¥ gooled gl IS5 s Ve

ol 0l

S5 plonil ol bty ST OT (5L
eV 05 ey SaaSd el ol sl OF

Lodaz S S a5 atle @V oslaw ol Ll s

Input Hidden Layer Output Layer
N7 N 7
al
w4
;
2 4+x1 4 3Ix
/N J

aL = tansig (TWwip: +bu)

az =purelin (LWz.a: +b2)

B b b s sl 5 Kl Ol Ll b Y O fm p Sl ¥ o)l JSS

QY-\% 0‘9]}'?»}.; 64&:—5’: 23 69\.@.&9‘&3

andllas 550 4S5 2 53 Sl - AL e
Sl 5 s (o Sasby (AL des glaesls
@L:J ol ol aala ol (Yo e=14VY ) JJL Y4
Aol Laesls ol 035 bolaas ecens 0L 05
Clale ulide 55 5 S0 gla bl o Lol 3 pas
el S e Sl oKT el s
oS oS Do S5 e ) Sl b AL
Rt &S sl olis sl @L:J A eale ol
mamd 3 il 0L b as e bl (Shees
35,53 (5 gman omas LA Sl eslinal b g5le
I Lol a4 s lilind (o o &y oo a0 Laesls

A Laosls 55,5 505 Sl 4 das e als

33,8 o b b golad IS5 )3 45 £ S0les
o g o2 4 e Vi O3 e 4
Yl sl bl WYSS O i 4SS
slaay s G335 s s
o sl ¥ Glagr s 7 Aisde ol Sl
Ot s e JSCAS ) e Y (S50
e S (63555 esd SN (s A Ll p S
28l ol o s Y Gla s A 5 Lol s |
St S g5 Vol dias o IS0 | oS
oaia OF (25501 e 5 5l Ja 55 (s
AYA e 31 B 6 VYT ATAE zlgie) 555

S e ol e A auS oS &S0k (Y



\"\"C)l&wﬂ)’ & oyled OY ‘,é_l:'l Y Jl uuh._au dﬁ)uuﬁ K) L_Jl,qa daa

AR}

—osls olsal 3 e .28 S 13 eslanal 550 S
Sl ot s 5 aS0S s 2 5 G sl
Olgy slaaY 5 by slad oS e 6 Ll
5 =il e bl slie (S 4 1SS sl
lap S 5l eslinal b oS g0l o Shes b
SV 5 0lgy 05,5 S LIl canl 5550l
5 05 3l S B 0T I3 L s o s 00
G b Sl el Sl o Sl e 3l aalsl 1SS
Slrosls iy (Siod 2 5 S S5 U]
doss 5 (Uhsgal sdo o 53) (ms 5 53003
3 Oasl 5550 4K (O gasl sl 4 3) L
sl SOy e 05 5 sl e slis 5 S
A3 0 3l xS glast 5 Siecen Jlde o 5L
3 e St G0y Bl Doy aia b oy
S oo w5 55 5 B30l Gla bl slie oSS
So s gl Ol et sl oo
oty S8 B2k nnil i g 454
IYVY) LS 5m 5 s Sk 3b s S sl
=l psler SOl R LS b Ry slias ((YAT
God So il o 4 a5 bl sl Lee
U ol ods o el (Al ¥O) e iy (g,Le]
2555 L Olsm aS a8 b gl S 0 S
Cllss 5 o e pmd usby L sla ol
0 51 S sl L1y s sladle o3 (13 sladla
sskie 4 aSE VY b 5l e S 55l Ao
S e Glalit b s g 5 3550
VY Slesliiad b el (gla el bl 51 0g 2
2 s S Clsal e @4 5 b ) Sl

2 _Epoch

das e als | Sl Cds 5 o bt e
sl zelil) 4 25,5 gloedls 55 03V I
—03l3 03 505 3kl LG5 S skl ((oslixal 5 40
Wil g piie Loz 3lie B sz s o3lrl piean L
I [ e R
w3l Sl oo Gl s i e el Ol el
S Al e sl 5oy slmesls 3 (U
AVAS LSS 5 S mest) 35—t Ol 23 S50

(P8 1999 1, 5l6 5 b s LA

N, :0.8{m‘}+0.1
.Xmax - Xmin

ssbie X s Jlo s plie tN (G35 galayl
JERESED, TR NI RR, CR
oS O35 o5 Sna Ll (Bl slie
)l el 4 4l la s A sl 2ol
el Laesls Sl rasi 53 A8 S e
e Bleds Jbe 3 v /8 5 0 /) e G sakal,
Fgean gmas SaaSl Sl eslinal L dlale UL,
Slasssss o S plal baesls 5l LS55
Cin ) wlabe 5k o st sl e Jol o508
b e e Osbe) allale > byt
alabe gles v g (Ao )s) wlabe s Cusb,
(ragden) Slals e Lo gia 5 (31,5 5l s0r53)
S b a2 5 ([ laobes o
A Sle pl 3y S 3 g el ladle s wlabs
QOAVY = YoV 0) 5y > ge g5lal (goy53 I T4
Sl 8o Gle £Y0) JLu YO sy OF ds s 555
0ol g o 53 0 lile BL Golo £A) Jlu £ 5 a2

31_ Sajikumar; Thandaveswara



VYV e owas (LA Jua Gl esliiul U gwe B Wl g, e s ) 5 Sl G550 Aul b 5leans

WSt s bl sladle Gl L 5 VL oS

Sk e ol
YL (Koo i baols sles 3 ol s
RCUW [ P R W WP P P N PR T A PRV
by sl Gy 50 (Stoman o Jili
ol o Loy o +/AA 0T JiSTa= 5 +/AF L L5l ole @
S Sl ged aSd iigal 5l a5l ey el 55
5 il glaesls sl Sl i asy, S
(0 goslad JS2) L3 F 5 S e Sd s
b e by e clies st lsges ol 5
(e abed st g Laesls bl oo 5hasl 550,
Ll (B 5 (63508 H e 53 Il m) Sl
(Ao L) aly 2315 Lot o e 40 Lol 58
G35 355l 5 Jle a3l Sl sl 5s s
0335 sr Slmesls) 3 dal st WS Gla s >
5 S 0 ool S (ol 0l Jbo 5 15 505
ol 53 sl Cows u.<.:.~mo.m e Bl
ot S s e 0Lz 1y sl s s
L isdole a by e a3sel sl o s St
Loo/AY L sl el 4o by e OF Bl 5 +/8A

.Q LSE)LQ*:JJJ;.') Sl ¥ /000 LgLE;-cEw

Sl o Sles S8 Ganmlie 5 oLl sl oy
Slaa=ls 51y, du iy 00 Cte amae §
Lot Sla e 0loe spdiome ¢ (RY) s g
ib 5 (MAE) Uss 3 llae - Sle J (RMSE)
Sl Mk i A5 425 o T (R) S
(MAE) 5 RMSE) 5 cul S& 4l R) 5 RY)
Al A S35

oy mls

S eaSimd am $2505 Sl e g et 52
5 3l Sl n S S5 5 (Steses il
2058 eslial (Laole) LaaSs alad (gols 5,50
el sl 1Y Gosled Jgd s Wl zl s
e el Bl Shpl T ale Gl dasle alos 55
Jlw alale 3 5 e o oo o ok Lo s
ol el sl QLS Ko pl i-1H2+. . Hien
sdosl s w0 Ol b s p s et 5 aw L I
el 53 OV sl 55 4SS Shse pd Sl
@labe oL v ge sla pite L ULy, oo dlasle
sl i Cush) buse wilale 55 bt
55 3l 0l VU Ses labe slos a5
ool g s ;’\i dlw CUly, waly
s Cmisby o gte lale 5 baugie ailale
st pll b Oles Slale Les law e 5 alale
OF 31 Uy, 551 (sl 5 313 0L 1y San

B s pane sl Bl LS s A3 S eslizad

23 =Determination Coefficient
24 -Root Mean Square Error
25 -Mean Absolute Error

26 -Correlation Coefficient



WAY Ol o oyled OF (gl YE Jlu o Jaso (s 0,000 5 5 Ll oo \YA

CUlsy ot S YA O e (5603 (6l At 25 ael sla sl ) gosled i

)
) V) P G
- S 5
9, é } 3 . 4 ¢ Ak
i 3 » 9 :}‘ \7? Oley saY é ‘;:,jy-\
2 Y ‘I . 4, 2 X
v = \ < 2 ) Y ) >
\?& 2 R ,. o A, U 0
1| y 3 3 -
fdi A7AN VAV ARy \ Yo Ko 0L K S YooY wl3
ol i V/AA +/a0) W/eeo g R K S S O A s
ol dl Y/A <AV o/evo Yoo Yo K S 1 ol
ol i $/80 +/4Y0 AR A Y K S Ko 0L V-0 Josst
i Y/ A +/AV1 AR s Vs K Sy Ko 0L 4 -
ol i +/00 /A0 f/aeo D =Yos S O [y R3]
i \/EY +/AA AR D Vs K 0L K S A ads3
fdi Y/vV VALY AR 0 Vs K 0L K S -t e ST
e YIVY /AEA AN Yo =Yos Ko O Y-A ool
i Y/4¢ +/AV1 AR A Vs K S Y Iy
el Jl £/ A /20 AR 0 Y K S Ko 0L Y-1 el
i YA LAY AR Voo oV K S 0 olas
Best Linear Fit: A = (0.873) T + (0.0404)
0.9
,© O Data Points
Ak e Best Linear Fit Al b s
== A=T
0.7
<
5 06
c
=]
14
< 05
Q
IS
£ 04
7
w
0.3
0.2 JasT o393
0.1
0 0.2 0.4 0.6 0.8 1
b adalie lily, ol sdalie Uly,

J{J}i;j;jobqbﬁfLM &J}Quejjyiddrfwwﬂo daJL«iJSJ

LSQY B b_,ji (8399 64{90\{0-\& 03 p JlSqquxg b-’f’f:"’ﬂ: &5&:"“:’ RrE skl 6°JL""':JS‘§



Y4 e owas (LA Jua Gl esliiul U gwe B Wl g, e s ) 5 Sl G550 Aul b 5leans

J}jalﬁ@byﬂf}ﬁ\ juLHL;qVwaCUY‘p;dLﬁL;qu);Q)f\“J}\dLﬁ

a3 055V (82559 GuY 0 L odd 03 58 4 g Vkar O G4 (p Fchad LSl Y gosled IS

WY o sl i ol 53 O e iSTas
A S (b a8 Ol U5 ) WS
S 55l gleesls sluas 51 xin Sl gla el
S G S s g esls T A s ol
Olgn Y 53 055 S L lgy slads 5 oslias oS
8L welsl (05 10) 035 3l ST 5 gy
L S o)~ Sl oS e gie 55k o
Lo, SIS 4 s oS (VL e
el L Y ane 315 5L (628 (sla0rs 5 sles
S esle sl b aSld Sl 4 (52505 Db
O T P G P Ty RTLTSTRVND
23l e kS 50 5L 55 Ll ool
b e 055 3 L i o 3050 SLaASE
Y 52 055 Y dsh s 55 050 Lasls el
Jsl Olgy s 53 033 W L Ol (p 2S5 03 Olgn
ol 3 (Y osled Jodr) cnl ST ols 4 by e
Jds a pelas 5 oSl (o obe b o
S Olgn sV L asis (olly) S ol s
“— l—:’“Lﬂ Sk 3 Js ol 0L o 5 Ses
L5 Olgn ¥ SO Lol sy wble s s

B Y pss Oy samd 5o 05 0 Jyl Olgy
sboam by ooy 5 ) 5 Oley gaY S e
Jossl

e 0 IM ) SISl S 0 g e 5
TSNS N T PR RO e
= STl s Sl el sslinl S
S il 55 S 2, SN (Sl s oS 5
45 S (Pl Gl il ool 03 ST )
B S s el 3 0 S Al (gleaaS
23 s o S O3y o 03 05 Sl L2
X = . (FAYAY (o 5 Sls0) 5,8 e Lk
X [I7 I+ ] " +e

SesSi T as 4SS ol XiBss ekl 3
Hoeosd Bl Ll aS oSl gl las o Sle
Sspe 5 A e RS T, isel dul b aS Cansds
S i =TS w) Sl s iledl gllas
a5 iigel sl e 53 iy (Koo M5 o
i 03 Ll 5 5 Ol s e 3
A (a8 5 (Soeon g 5 VL o Shos
sl b )5S0 s e S5l 0l Y 53 035
2,8



\"\"C)l&wﬂ)’ & oyled OY ‘,é_l:'l Y Jl uuh._au dﬁ)uuﬁ K) L_Jl,qa daa

Cgr s Y o (V) et S e
(2L o) bl e eslinad Sy, it
Gl Sl OLE03 5 358 2 5 O3 o o8
Glaxt 1SS sl slie b baasls s 5 i el
S e @\)3) Olgy by 5 g, 5 sl (s
oS S 035 s (s (pl 53 ek Sl
V oslemd Jads 3 (ole) a3 VY (gl o =W

sl 0L 03551
Blas a5 el 0T S Y oled Jsdr slaesls
LoYooA s Y od e bt wolo as by o o
VoA Jooslole & by e ot Slas 5 Ao/t
Lo op,Scha s 5 oo g Sl Loy 078 L
s do,s v /00 gl o SSle b Bs5 ele 4 by e
oS 5 oy £ glast Sl U sl ole
GVl SLa LYV b by e o SOl
LaaSd gl IS 80be el Lo sy Y/Y
ol b glaaSs .l oy YL
L o YAV Ol Sl U Ly Ol dedl s
Ol e 45 555k 4 dulad 3,50 a3l (slaesls
A8 s bl s el 3500 claesls  Sieen
o pd S s 53 el 3552 slaesls b 4 odems
osbOba (4 5 A go)lad sla |K3) dnlS s s
Jibe lacss 4 0k 3,51 5 Llyy 33 5 o sdalis oS
Sl as cnl STnp il Sl 4 s«
- G wa 3)lse iy s edd syl 5 Sl

.,\j.ajf

o Gl s el sl S gadsl sl sl
Vo sl S o)~ ST (;w,_ij\ &y ole
Sadsl ke b5 Olgy Y 53 055 ¢l 2 LIS
s S8 B 5 gt v/0r0 bl Sl gl
Sl ia u,._ml:‘t_éq,_vl.:\_yg,_el.i wlsl Ve 51 S
oGS s 3 aS GlaSis s s st
LSS Olge 1SS 0T Ay o o y3 0 5 sllas
Sipsi 534S W S e olbnl 4Kl O gl v
bq;jou)b)(ﬁb\wwﬂbwcﬁb-
gelas sbe s by e 51 ST sl o iy 5 ST
Jodr) Sl ooy Sl 3) 50 Ca 4 IS Ve L

(\ Lgo)w
LSL}Q:-)‘J_E.ALMmJ_J_}SJJJ-\JA)‘w
S8 s 3y pe (Laesls (g, Sesll c3s) /v e
oL LaaSs iy Sepl g ar s L s S
5, Shas 2/000 6l_la;'-\_gjgfﬁjj_5—¢;)\)5b\_»
D Ol a ol plo cbinls QLS 555 51 (6 g
2ol S 51 ey 3 S Ol s gl g
éﬂ@uj“@ﬁﬁ-MMeMd%jrfﬁw
};\;v_/a;)l_idbdj_:@_jb_ﬁ.a;é.li;;a;u;ﬂl
Sl Laa i 5l pan 5o a0 s Shae o at
oslaol Lao] 95 a3l }QJJ@)JJ Lol 5SS
el E R ARTIE A5 e Sms p-::')@ S e b



YN e owas (LA Jua Gl esliiul U gwe B Wl g, e s ) 5 Sl G550 Aul b 5leans

s s LaSS 53 Ao s i p e Ol Y (ge led J g

§.",AL5U4>'-&_~<L_« Yol Yaeq AREVN Yooy
ATAR V/A /Y YYY Y/o1 w5l
V/AA AL £/Y4 \YY \AK 4,
Y/A+ Ay YNt /AN Y ool
g/80 7\ £/V0 o/tr \ay ool
Y/oA /84 AR YA £/8v -
+/00 /00 Y/ /0 /et o595
V/EY A7AN /48 /ey A7AL) as3
YYV A /40 A o/+V ol
VY /e £/0A o/ VY ool
/AL Y/ Y/AY Yo YV S|
/0 A £/6) /0 £/YV £/ ol
Y/ Y/AV £/av VA /AY ol
Y/ Y/ Y/AO Y/4¥ YAV (R )

el a0

1200

o 5591 (20

100.0

(xSn 50 (o) 520

(Yeye-¥eeV)olo

de-‘ﬁ PO uy}i 64'1"}‘ @L’b/\ 6°JL"":'JS‘:‘

140

120 7 y =0.966x - 1.6748

R?=0.9972
100 1

(aSe yo ciglao)o s 359130

80

60

40 +

20

0] T T T T T T 1
o 20 40 60 80 100 120 140

(S y2o aalae)ond cunlive (oo

5 Rl oS (G4 J.\.alge..\.iajﬂﬁjﬂl}y\sb)wd_x.ﬂjfjddsb.a:‘\ sooled S

S pan s (54805 3 Shas oyl Y o led g
R R2 E MAE MSE RMSE b
+/244 +/49A YAV YA a4/t Y/ A P s (4SS




\"\"C)l&wﬂ)’ & oyled OY ‘,é_l:'l Y Jl uuh._au dﬁ)uuﬁ K) L_Jl,qa daa

'Yy

SLas 1 sliss O3l s S 5550 15 Ul
Bl Jios a8 0ls 0L 5 Oley s s il
Olgy s 2 05 = ¥ odsl Olgs Y 55 055
Olgy Y L3 s 5afwr SSI5L S e 1l o5
ol s 1y s i S Ve
Con ) 03 Faan et GSE e n
Olgy Y o 05 £ LYY U5 0 Je S
SuY S e wU Y e Olgy &Y 53 055 8 sl
—Soe il oS s s ) s Oley
Jhs S 5l OLES ey o) S A3l o S5
s Sl G ar S L pas ae 4SS
a7 (3 e iy 9 oS (peelie B
35 el Jike Ol g6 4 Wl po el anlllas 350
i odl sladlo s ad s 5l Ul 3,50
oot sliels Jaows slags o sanl p planil skt
sl G pl Gaas o 53 3 Sl S 0]
R 03 e s SR Sla e
Pl 5 b SIS 55 5 ool pole b
i 4SSl 53 s e ol 1 s (3L
slaasloss, o3 2 fhe Jolye ploe S0 dagts

LS I e 5l slans

dl:.a
‘JALMDA-G L@l}l{ ‘_)_BL» Jaes gLa.'\.ﬁ) SJ\JJ.QJ c)}:!‘}.:S\

Jie T Y Ry s Lo ia (V\YAY)
‘((Q_Jb\})_ L;JJJL' J_AJ"\JB BEl HEC-HMS
o8zl Ol ) S pds il S e g
S 5LS a COYAY) gl S 415 1gn 5 50,5
cdlj_a& WJ‘”’@" A_FL‘ oj_<,'5 J:J}‘ c((dlﬂt..sl;'-J})

A —VW‘%PWaKJJ\J

OLES 50 (7 sosled Jodr) a5 Shae b5
Gae Sl et Sl o Sle 5 S 5l
FIAL sl don oSl 5 e
S5 he aam e olie cpl Ll YAV 5 YA
Sl /484 5 /AN L ol 0 aSKd  Stees
)‘J@MU)J&&M)JM%R‘\S
du)wj_ésdw\pwj}l{;w\wf
CUlss 5 Ao dsd LB = o 5 S0 o450
JSi) cnl Sosy a8l palie 4 el 5,80 0
f\;b 64.{‘..3 S cls )L@Jﬂ\ Q‘}:L;a ¢<q do‘)w

Sl g5l 3 Shae lyls 0l

S S 4o
B Gt ) (£ geas e gl
a2l 5 el o Jails s S el
4 2B Bl el iy o s edd b e
Sodmdy il e Lasdo s ilawand 5 Ll
ol glaas = s O 5l ol Cbly, 5 Sk
S B bt 5 5O it
CUl ot S S e 03 L
=3 ol e 3 Gy s SaS s
Sl e K s s Ll (e s s oS
D o s Sl s B e
(ol 4 3l 0L Saen ol il 238
L1y Sed (508 el 5 (Sed 2y
la e Sl ostiul 56 oy ajls Sy, Ol
xte 0L Jue a8 s 0L Jde (63555 4 seldS!
aslale CULs, oo cailale 5oL lawsie ol
5 aSlale s b wlale ol Sogb;y v g
LS | il o Je o 55035 cailale slos Lo se
ole YU S 5 a3 0 51 xS gl



'y e owas (LA Jua Gl esliiul U gwe B Wl g, e s ) 5 Sl G550 Aul b 5leans

Oy U grn me a5l el
58 e o830 Ol S gsn il a8

Wllw (g0 0 b Slde ) tdams o 0l LS
Slesleral b 5oL de s 2 A ((YTAO)
s Glaasls 5,8l sl
b el o 0, RS atin o e
00-88 o Ol jes

5 4320 VAN oo  Glag ¢ e (5
SSP P s rar eSS Jes
@yl i) r—*‘-*—w’ Uil J)}Tﬂ 2°
Sl ar glaiass 4 i d(asbel 85 5 505
YT = 88 e O oyled Olg oKl b

Slwddn) (OYAY) Ol wlS ¢ sl thm5 ¢ Sl 5
s s g Sheslizal b by, = 2ok
smas S gla i, L Of amlie 5 3L
Ol mas i (o ¢, S8 gz w5
N = A as &g oKl

cosly dlou tdamms A ¢ G o0 ¢ s (S 5
L= (6 S OFAT) 3L dases Lazay O 1S
Sheslinal b sy, ks 5 00 &y Ul - 2oL
3 e (S o e SS A od S
£0) = EVY Las Y eled ¥ Al bl

OV (ol gl S s ¢ i iy
3 ol o2l LDl Jome o (slags
IAV (Slbts sl

Agarwal, A., Rall, R. K., Upadhyay, A. (2009).
Forecasting of Runoff and Sediment Yield
Using Artificial Neural Networks. Vol.l
No.5.

Akbarpour, M., Rahnama, M.B., Barani, GA.
(2003). Comparison of artificial neural
networks and HEC-HMS model in runoff-
rainfall process. The 4th hydraulic
conference, Iran, Shiraz University, pp. 1-8.

Akbarpour, M., Shokrollahi, A. (2004). The use
of artificial neural networks in estimation of
runoff. The Ith national congress on civil
engineering, Sanati-Sharif University, pp. 1-
7.

(Gl s 65 ame (il (s e (Sl
- Al 3 (OTAY) (G
5 (ANN) o pae e 2 L SUL,
G s ab g 53 HEC-HMS Jue U aelie
gb—e s U_La) Sl 5 Of 4o wos LS
VY = AL Gao Y ol XY A ($55liS

sl Ll 55550 COYA) el s ¢
S5 Jae Sleslinal b fos )l Oliw el 3STas
S sl OLL (o san e slaasis
Gien o3 (Mo diagr slaialy 4 |
sl

e 1 OTAQ) ails LSS 65 samen (G it
o Frman omae el el b 5k
(gl adlane 3550 fw g pde 55 ot
el e 0 S ol VL as s
R AN T W PR HR WS

o2 15,8 (S 9 s (adge £ e (2l
=ddee) (VYA ¢y dasee (Oldgo sl
Slaas s 5 0 sl sl o Gl 5L
e $aaSid Sl eslinal b s gl do il
Bl 5 GOS0 g p ke dme w(o e
YO—Y¥4 Lav ) i) e anb

lany ¢ ¢ ol il edsle (3 e Olesl i
Dl 0l et YA 3ldases
s g 4SSl ealil Lo A
Sl S n il S e (ANN)
2 S el JKisls

i S 3 S COTAE) Blocaes 5
G me o)y 55 4o, 0L 2 e e o
oS bl Aol lagh Cj_la g((oJ)iJ
Ol (g adlaie O olgwr &S 3 Sl

TP BN SICHENVPNE [ SN BN
L 08 albtsg, smte) (OYAT) Sl



\"\YC)\:M)' & oyled OY ‘,é_l:'l Y Jl uuh._au d){)uuﬁ K) L_Jl,qa daa

\\x3

Minns, A.W., Hall, M.J. (1996). Artificial
neural network as rainfall — runoff models.

Hydrological Science Journal. 4Y(1), 399-

417.

Nasiri, A., Yamani, M. (2009). Analyze of
geomorphologic artificial neural networks in
estimation of direct runoff (Jajroud basin,
Amame sub basin), Physical geography
research, Tehran University, No. 68, pp. 33-
44,

Niroumand, H., Bozorgnia, A. (1993). Time
series. University of Payam-nour, Pages.
286p.

Noori, M., Mirhosseini, S.M., Zeynalzadeh, K.,
Rahnama, M, B. (2007). New pattern of
Halil-Rood river basin's  rainfall-runoff by
using of hybrid neural wavelet network
model. Geology magazine, Issue 2, No. 2.
pp- 472-451.

Nourani, V., Salehi, K. (2008). Modelling of
runoff-rainfall by phasic neural networks
and comparison with phasic neural networks
method, The fourh  congress of
reconstruction engineering, Tehran
University, pp. 1-8.

Rezaei, A., Mahdavi, M., Caro, L., Feyznia, S.,
Mahdian, M. (2007). Regional Peak Flows
Modeling of Sefid rood Dam’s Sub Basins
Using Artificial Neural Network, J. of
science and technology of agriculture and
natural resources. Issue 11, No. 1, pp.25-39.

Sanchesz, E., Sienencio, L.C. (1992). Artificial
Neural Networks. First edition. New York.

Sajikumar, N., Thandaveswara, B.S. (1999). A
non-linear rainfall-runoff model using an
artificial neural network. Journal of
Hydrology 216,pp. 32-55.

Shadman Motlagh, A., Ebrahimi, H., Rahnama,
M.B. (2007). Prediction of runoff in Sefid-
roud River by artificial neural networks
(ANN), The 6th conference on hydraulic,
Iran, University of Shahrekord.

Sharifi, M.B. (2005). Application of neural
networks in prediction of runoff in Kardeh
watershed, A plan research, The Khorasan's
water company.

Smith, J., Eli, RN. (1995). Neural network
models of rainfall-runoff process. Journal of
water Resources Planning and Management.
121(6), 499-508.

Tokar, A.S., Markus, M. (2000). Precipition-
Runoff modeling using artificiall neural
networks and conceptual models. J, Hydrol,
Eng, 5(2), 156-160.

Akhtar, M. K., Corzo, G. A., van Andel, S. J,,
Jonoski, A. (2009). River flow forecasting
with artificial neural networks using satellite
observed precipitation pre-processed with
flow length and travel time information:
case study of the Ganges river basin,
Hydrology and Earth System Sciences, vol.
13, pp. 1607-1618.

Dawson, W., Wilby, R. (1998). An artificial
neural network approach to rainfall-runoff
modeling. Hydrological Sciences Journal,
Volume, Issue 1, pp. 47-66.

Ghalkhani, H., Yazdandost, F., Moshfegh, M.Z.
(2007). Prediction of runoff in Karoun River
by artificial neural networks. The 6th
conference on hydraulic, Iran, University of
Shaherkord.

Hosseini, S.A. (2009). Estimation and analysis
of Maximum temperatures in Ardebil
municipality by artificial neural networks.
M.A Thesis, University of Mohaghegh
Ardabili, Supervisor: Salahi, Bromand.

Hsu, K., Gupta, H.V,. Sorooshian, S. (1995).
Artificial neural network modeling of the
rainfall process. Water Resour, Rest 31(10),
2517-2330.

Hung, N. Q., Babel, M. S., Weesakul, S.,
Tripathi, N. K. (2009). An artificial neural
network model for rainfall forecasting in
Bangkok, Thailand, Hydrology and Earth
System Sciences, vol. 13, pp. 1413-1425.

Jain, A.K., Mao, J., Mohiuddin, K.M. (1996).
Artificial neural networks: atutorial. I EEE,
31-44.

Jahangir, A., Raeini, M., Ziyae Ahmadi, M.
(2008). Comparison of artificial neural
networks (ANN) simulation of rainfall-
runoff process with HEC-HMS model in
Kardeh watershed. Soil and water magazine
(Agricultural science and industries),
Vol.22, No. 2, pp.72-84.

Jeong, D, 1., Kim, Y, O, (2005). Rainfall-runoff
models using artificial neural networks for
ensemble  stream  flow  prediction,
Hydrological. Processes, vol. 19, pp. 3819—
3835.

Karamouz, M., Ramezani, F., Razavi, S.
(2006). Long-term prediction of rainfall by
aerology signals: Application of artificial
neural networks, the 7th international
congress on civil engineering, pp.49-55.

Lorrai, M., Sechi, H.M. (1995). Neural nets for
modeling rainfall-runoff transformation.
Watercourses management. Vol.9, 299-313.



1.¥
Litgldd
whagly - pale
WhaAs 15200 9 LBl Az alan

Geography and Environmental Planning Journal
24" Year, Vol. 52, No.4, Winter 2014

ISSN (Online): 2252-0848

ISSN (Print): 2008-5354

http://uijs.ui.ac.ir/gep

Simulation of Runoff- runoff presses in Southern sub-basin
of Gharesou by artificial neural networks model (ANNs)

B. Salahi, T. Sarmasti

Received: November 22, 2011/ Accepted: August 12, 2012, 31-34 P

Extended Abstract

1- Introduction

Flooding behavior of rivers of Iran,
lack of water and necessity of surface
water controlling detect the importance
of river’s behavior simulating and
modeling. In this way we can have a
long term plan for proper and
reasonable operating from potential of
rivers. Rain —Runoff water simulation
is main step for managing of basins.
This process is one of the complicated
nonlinear phenomenons in water
engineering. Most of calculation and
designing in water engineering need a
proper evaluation of quantity and
quality of running water that comes
from a determined rain. There are
common and various methods for
evaluating of  basin’s  runoff.
Nowadays, using of Artificial Neural
Networks (ANN) in various branch of
hydrology engineering is acceptance
because this method is capable with
good accuracy simulate and predict the
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nonlinear functions. This research tries
to predict runoff in southern sub-basin
of Gharasoo river in Ardabil province
by Artificial Neural Networks (ANNs).
This research based on 5 climatic
parameters (2007-2010) that affects
runoff. These data is obtained from
Hydrometric station that located in the
end of this basin.

2- Methodology

Artificial Neural Networks (ANNs) is
a simple model from human’s brain
that with a special mathematic
structure in each system is able to
clarify the process and nonlinear
relation between inputs and outputs.
These networks during teaching
process are teached and are used for
feature predicting. For best designing
of ANN model in this research to
predict runoff in basin under study,
first correlation of humidity average,
rain average, monthly temperature
average and evaporation average with
the flow of basin is obtained. Then
effective  parameter with  more
correlation for multi-layer perceptron
network is selected. Data matrix with
following input and output is made.
Inputs: monthly rain average (mm),
monthly rain average (million m3),
monthly relative humidity average
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(percent) and monthly temperature
average (c) Outputs: Predicting
monthly runoff in next year’s. From
existing 39 year statistical period, 90
percent of them is used for net teaching
and other 10 percent for test step is
used. After selecting input and output
data of net and defining net structure
(stimulator  function, number of
neurons ,hidden layers ,number of
cycle, amount of  educational
parameters) Net teaching by program
teaching algorithm, first with one
hidden neuron is began and with
increasing that up to all neuron number
is continuing. After each teaching, net
is tested via regression analyzing and
correlation coefficient between input
and output data (in teaching step) and
error percent (in test step). Basis of
neuron numbers and cycles was
maximum correlation and errors less
than 5 percent. By detected number of
hidden optimum neurons and cycles, to
reach an optimum network several
times the value of teaching parameters
and the number of hidden layers is
changing. For this reason network is
designed in a way that by entering last
years information (rain, relative
humidity, temperature, evaporation,
runoff) is able to predict next year’s
flow with error less than 5 percent.
After designing of 12 various networks
for predicting of basin flow, various
structure of percepetron is selected to
reach an optimum network. For
evaluating of ANN function, amount
of R2, RMSE, MAE and R are used

3- Discussion

The result of this research show that in
all months there is a high correlation
(more than 93%) between runoff and
average of rain, humidity, temperature,
evaporation and monthly flow.
Minimum correlation coefficient in
teaching step belongs to April (93%)
and Maximum belongs to Jun (98%).

For this research, Marcoart-Levenberg
algorithm is the best algorithm because
of more correlation in Teaching step
and lower error in test step. For
defining proper number of hidden
neurons, maximum number of neurons
for all 12 networks is 10 neurons. In
the selected network, most of neuron
number belongs to January withl0
neuron in the first- layer and 2neuron
in the second hidden Ilayer and
minimum of them is related to October
with 3neuron in the first hidden layer.
For defining hidden layer number,
some of the networks (except
February, March, May, July, October
and December) with one hidden layer
have a good result and some other with
2 hidden layers have a good result. The
primary number of teaching cycles of
network for each month in Marcoart-
Lonberg algorithm first with 10 cycle
for each neuron in hidden layer and
with initial error value (=0.005) starts
and maximum up to 700 continuing
and in the end network with minimum
cycle (10 cycle) in July and maximum
cycle (700 cycle) in December reached
to its goal.

4- Result

The result of this research show that
one model with 5 parameter
including(monthly  rain  average,
monthly runoff average, monthly
relative humidity average, monthly
evaporation average and monthly
temperature average) is the best ANN
for predicting the flow of river because
with error less than 5 percent and high
correlation can predict the runoff level.
Number examination of various neuron
in hidden layers show that one model
with 4 neuron in the first hidden layer
and 3neuron in second hidden layer
sigmoid tangent stimulator function in
the first hidden layer and 10 cycle, has
best accuracy. The best ANN model in
this research is one perceptron model
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with 3 layers and 4neuron in the first
hidden layer and 4 neuron in the
second hidden layer a 2 hidden layer
stimulator function an one output and
Marcoart-Lonberg teaching algorithm.
The result of this research show that
ANN model with low error and proper
capability for predicting of basin rivers
flow is a good model for evaluating of
this parameter in future.

Keywords: Artificial Neural
Networks, Prediction, Runoff,
Simulation, Southern sub-basin of
Gharesou
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