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proper operation, and collection of water consumption data play a crucial role in
empowering network managers' decision-making, ensuring fair water distribution
and transmission, and ultimately achieving water conservation. Flap or hanging
gates are simple and inexpensive devices for both automatic control and flow
measurement. In this research, the laboratory results obtained from a rectangular
hinged gate structure, which is placed in a channel according to hydraulic and
geometric specifications and leads to flow rate measurement, were used to develop
machine learning models. To estimate the flow rate in this type of channel, models
including Group Method of Data Handling (GMDH), Support Vector Machines
(SVM), and Random Forest (RF) were employed. To this end, parameters such as
water depth, channel width, and gate width, length, thickness, and weight were
considered as input variables, and flow rate as the output (response) variable for
modeling. The results showed that the Root Mean Square Error (RMSE) values for
GMDH-, SVM-, and RF-based models were 0.024, 0.011, and 0.041, respectively,
and the Coefficient of Determination (R2) values were 0.981, 0.996, and 0.955,
respectively. A comparison between past research and the present results indicated
the superiority of the SVM-based model over the other developed models. Water
depth to channel width was identified as the most significant input data for the
developed models
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1) Introduction

Accurate flow rate measurement is essential for various applications in hydraulic engineering, including
water resource management, irrigation systems, and hydropower generation. Conventional methods for
flow rate measurement, such as weirs and flumes, often require complex installations and may not be
suitable for all situations. Flap gates, on the other hand, offer a simple and cost-effective solution for both
flow control and measurement. Machine learning has emerged as a powerful tool for modeling complex
relationships in various fields, including hydraulic engineering. Machine learning models can learn from
experimental data and make predictions without explicit knowledge of the underlying physical
relationships. In this study, we investigate the application of machine learning models for predicting the
flow rate in rectangular flap gates channels.

2)Materials and Methods

To evaluate the accuracy of the proposed equations for estimating the discharge coefficient of hanging
gates under free flow conditions, the experimental dataset of Gorgin and Vatankhah (2022), obtained in
the Hydraulic Laboratory of the Department of Irrigation Engineering at the University of Tehran, was
utilized for modeling purposes. The experimental results employed in this study were acquired in a flume
with a constant width of 0.25 m, a height of 0.5 m, and a length of 12 m for two channel bed slopes of S =
0.005 and horizontal (S = 0). Since the discharge passing through the hanging gate is related to the
geometrical characteristics of the channel and gate, as well as the hydraulic characteristics of the upstream
flow depth, seven dimensionless input parameters derived from dimensional analysis in accordance with
laboratory experiments were considered in this study for developing the GMDH, SVM, and RF models.

3)Results

Three machine learning models, namely Group Method of Data Handling (GMDH), Support Vector
Machines (SVM), and Random Forest (RF), were developed to predict the flow rate in rectangular flap
gates channels.To develop soft computing-based models, the collected data must first be divided into two
categories: training and validation. In this study, 80% of the data (550 samples) was allocated to the
training phase, while the remaining 20% (137 samples) was allocated to the validation of the developed
models. Since the collected data does not have a time series nature, the allocation of data to each of the
training and validation groups was done randomly. The results of the Random Forest model in the
training and validation phases are presented in Figures (4) and (5), respectively. The statistical indices of
the developed Random Forest model in the training phase are R2 = 0.967 and RMSE = 0.035, while in the
validation phase, they are R2 = 0.955 and RMSE = 0.041. Sensitivity analysis was performed to
investigate the impact of input parameters on the performance of the developed machine learning models.
The results of the sensitivity analysis revealed that the relative water depth and gate opening angle
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variables had the most significant influence on the estimation of flow rate, while the po and B
prameters had the least impact.

4)Discussion and Conclusion

This study investigated the application of soft computing models, including Support Vector Machines
(SVM), Group Method of Data Handling (GMDH), and Random Forest (RF), for flow rate prediction in
rectangular flap gates channels. The results demonstrated that all three developed soft computing models
outperformed the non-linear regression model proposed by Gorgin and Vatankhah (2022) in terms of
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accuracy in predicting flow rate in channels with hanging gates. The sensitivity analysis of the Random
Forest model revealed that the relative water depth to channel width ratio (H/B) was the most significant
parameter influencing flow rate prediction, accounting for 72% of the total contribution. The least

t

influential parameter was the gate thickness ratio (8), with a contribution of only 0.1%.Among the
developed machine learning models, the SVM model demonstrated the most accurate flow rate prediction
with R2 and RMSE values of 0.995 and 0.041, respectively, in the validation phase.

Conflict of Interest
Authors declared no conflict of interest.

5 _Six important references

1.

2.

3.

Gorgin, F., Vatankhah, A.R., 2022. Rectangular top-hinged plate as portable flow measuring
device. Water Supply 22, 8637—8658.

Mahmoudi, B., Farhoudi, J., 2019. Discharge estimation of flap gate installed in a circular
channel under free flow condition. Iran. Water Res. J. 13, 127-136.

Momeni, E., Nazir, R., Jahed Armaghani, D., Maizir, H., 2014. Prediction of pile bearing
capacity using a hybrid genetic algorithm-based ANN. Measurement 57, 122-131.
https://doi.org/10.1016/j.measurement.2014.08.007

Taylor, K.E., 2001. Summarizing multiple aspects of model performance in a single diagram.
J. Geophys. Res. Atmospheres 106, 7183—7192. https://doi.org/10.1029/2000JD900719
Zayeri, M., 2023. Discharge Prediction in Flumes with Trapezoidal Contraction by Machine
Learning  Techniques. Irrig. Drain. Struct. Eng. Res. 24, 55-70.
https://doi.org/10.22092/idser.2023.363054.1549

Zhang, Y., Chiew, F.H.S., Li, M., Post, D., 2018. Predicting Runoff Signatures Using
Regression and Hydrological Modeling Approaches. Water Resour. Res. 54, 7859-7878.
https://doi.org/10.1029/2018WR023325

Bahareh Behdarvandi , Mohammad Reza Zayeri * , Mehdi Ghomeshi, Mehdi Daryaee Performance of Support
Vector Machines, Random Forest, and GMDH Methods for Predicting Flow Rate from Rectangular Flap Gates


https://doi.org/10.1029/2000JD900719

Ol 2l &1 5 6kl (waige (Shdgly oole sy
VP ¢yl . ot 3 by o louds .4 35l Jlus

S o o 30 GMDH g Jolai S5 (lasidy H1o g blo sla (g, 0 ) Slos

S5 Judasiwno 8 glaazm o 5 (4L 4>

FSUyd s 97 (ciod (gageo T (5 5 Lo yama (i lags oyl
IR IR IR IR R

AAC JRY VAL SRRV
cuuS>

(e ‘;’j J)..a.a L .‘09..!).0 Sleds| 6)516“"’7 9 LQJ )’1 ToPwo 6)L>ﬁa)¢ﬁ gQLgJ;.- 6;::5\&.3‘ cewlio 6L4be)’l.....o sl 9 cual
.»))‘O s_j u_‘%)_.a.o B &5}43)_.9 WLQJ o9 a_;| Jl.oa.i‘ 9 (':’)9" ) cdlas sd.i»_w L)‘).n.\.n 6‘)4 6;»59.».@4: u_:).\S ) L;M)Lw‘
onl o el ansugl b s gloazs 0 oyl (6 uSoslail yuiomen g 8045 S sl o)) g ool Slpagas ) e
L @lae JUK o ols j13 L a5 ISs Vo) (hdat s (gazm 0 03w 3l ool Cws 4y P aslesl ol 5l megs
3590 el (5,80l slo Jow dx vl Cga wainw Uy (20 Sl A e wais 5 (S 0 Slas is
osls 29,5 ganas ws Jol i sloJows 5l o JULS 5l egs ol jo a0 0,505 jalaie an . 3 )08 oolaz il
wol Gos i sla el )l 5l cga s s 5 solatl (RF) olas 5> 3 SVM) gl Jlop ormile (GMDH)
T e plaieds Ol (28 5 (699)9 Lo piie Glgieds dzn ;0 1)y g Sl S (Jsb (2ye mizen JUIS 5y
sl Jas sl RMSE) Uas il o (uKilos a0l ladio a5 ols las zuls o 48,5 a5 o (o5ldoe cga (Fl)
Joe 8,80ee 55505l Sl ol gl § SeedS Loy, b a 38 Glibiod (o dolie .ol Cowsas #1200 4 +/29F
6 ystin o o o dlaly 1) s 4 GMDH . Juwe 5525 () b 09y 4Bl aswgs sloJow plo 4 s SVM i
aQ s_:] G ol ul—MAJ s.,\.»_wLw} ]JL:—‘ GLU e \))..5 )‘).9 oola_wl Sy90 o..\.».:] x.:LO.».O.?u 3o \.\."9.160 L‘>->5)'> 95999

il (oo Getle (6 20k Sla e 4 (6399 Slo 0313 (n Smte Gloreds Az s (Sabil asly 5 JUU e

&0 &35 03Il iy Olawlono 5 )bl (GoaSius ¢ j 395 J 1S oyl 0T amys 1gudlS (sWdojlg

Olpl lgal Glaal ol e aupis oBiils (s ) oo 4 ol g 0aSils ‘LST‘—‘ Slrojls 09,5 )l ol IS (gaomiils !
bahare.bd7@gmail.com
M.Zayri@SCU.AC.ir )|l jlsal leal )l o aapd olKtils cumn jlasmo g o] (cwiige 0aStils ¢ ol (sloe;le 09,5 ¢ Loliwl ™

(Jy‘u.wo oMy)
Ghomeshi@sCu.ac.ir |l clgal jlgal ¢l o dugds olSiils com oo § ol (cwdige 008l T (sloojlu 09,5 bl ™
M.daryaee@sCu.ac.ir o), «jlsal loal o)) e auped olKils s jlasme g ol wiige 0aSitils ¢ o] (sloojlo 09,5 ¢ Lotsls



mailto:m.zayri@scu.ac.ir
mailto:Ghomeshi@scu.ac.ir
mailto:m.daryaee@scu.ac.ir

ol 2! O 5 6okl (owisgen (Lidgs (ool & pid
\f‘fgb’.«w} D g ol.q;;g. o ylou w.ba):b JLs

O Bl don o Sad jbas o &b oS s Aol
1, ! asllas Replogle and Wahlin (2003) oS
e e jo ag glo wls alaso L.a.dﬁ.’}g'sj dzu,0 (5,
azes ol Ll aisls slasl og so i ca [iSa;
s 099 g Az (355 G99 Omly b i
oo yhos &3z 8 Jasgs o ol 55,1 2l oz
Obyz Sy g i a0 (39 45 (Sloj 5 0 (o0
S ERg% g yiiay (6551 <l Gliee il yieS
By o 65,0 2l aS el ol 5l (Sl sai plox
3,5 a8 ( g 0 sloojlw 500 4 Ca s aiSul
Litrico et al. .ol yieS wiyls o3l opl b SLuSS
L assugl dzw o 5l gz (90 ca s 9,91 (2005)
L ol sty 58 anlllas 0,50 1) S Libal e alaie
4 00B 3)ly sla Kl wuly (Sl (g 5l ool
& 035 Sln |y Gew,S, OYolas a0 (Yo
osls slpi—ig 3l ol w, ol o gl
Sl sless, L Mahmoudi and Farhoudi (2019)
eSS jolaie &y paiioge Aolas g o)y (20 Aloee L
PEEVETRRELESN “5%91 a0 il gy Ol (20
sleslaial jo pd Gl lansgie a5 sl lis Ll o
O sl ol aisgl Az o (ol adly A2 g Y oles
N[NNIV PR3 aBugl dou 0 48 g oo, O/FF B F/TN

Moghtaderi and .c ! pxe a—0,0 #IAY s

ol (29 9,90 » sl anlllas ,o Valizadegan (2021)
Ol ol azyo 5l sl — oo abal ) 0,8 5l oolazl L
0,lg0 ol o &l 483593 sl JUIS slgl yo as
b g sladdlas (o .ol odgs oo, VY s
Ol—e 3,91 ,5latea, Ghaderinia et al. (2019)
Sleslaiwl Lo 88 5Lg, lopls sl JUE ,o —o
(_g);x_i.—l d.b_g‘) 43‘)| L ;(_g‘oﬁbm.g O‘}iﬁ—‘ loasy yo
é...lj)..h_ﬁ Ol_asion )| Gr_vl_a s ).,4.:.;\))9.,0 o)l_...:
e (_g‘d.ba‘) ] o)Lw u,_wm Slastin 9 L)l_’)_>
Loug slapls sla JUS o (5")’” ot a5l

e ol di pa—ads Ol 39008 (w4 4z L
S rSojladl o Lol sloas & cupas ;0 pee el)ly
2 oo sl Sl as a8l (e Ol (20 BB
Cagls ax yoie o] 5l el g ol o)lol O e ass
S oo Olyy0liS 0 Ol B yae 0 o9 b, o
9 L""}-.’.))-“ ).».L:) ub).> & 6)—:5 o)'|\.\.'>| ool 6&’)[3-:’[-“’
iz glgil g adl 5SS sle o jo by asg o
amino SO 1 asu gl slaass jo ol 4l anwgs il )l
el Jato g3L SO as wiloas JSas SH6 gl
J—ate JULS Gyl g0 y0 o8 K alads g0 au g5l (0l
Slg i 3l o ol S Joo Wlgi oo a0 0550
4750 059 095 05 b 59938l b 09 a9 5L 00l
g Gl L )5 S ol Ol Ol
azyo g oyly ol Hlad 5l il slag sz 0 oty o
Az o az e ook Cely g andly il
onl dioe SRl 5 ey o )ly ol JLtd iy
@ 0)9 009381 b 09— oo a0 ud b el b
Seels g b dion SR OT 2 )l 95 vty
Ol sloazm ) by sl o500 a3 ot dnm
JUl Corbll v g il Gl 42 4 g5
3903 0, O] 657 SIS 5 ond a3 5 a0 (03
(Yang et al., 2017)
2 islos] Gladllas (558 slaca bl a4y axgs L
S a0 55l ol Sgyue 0y9—o yo gs’ﬁfl‘ﬁf
Burt et .coul a8 35 & g0 Lis calisee bl jo ausegyl
Polabh w 8o Jus Gly !, Josal (2001)
5 az )l el (Sased Joe 5l 6 o b U]
05951 Gy | a0 99y 188 e «SzsS i
Sl eolai Wl Ll dzn j0 dr o )ly (g9 diiuiles o

1 Flap Gate



/A Ol 2l &1 5 6kl (waige (Shdgly oole sy
V¥ oy Lo §. Cuiiad g oloxsiy 6 ylosds o208 35l Jlw

9

s gl e

S Sl ooliissl b S5 Jelatns (2925 sl 4z 50 5
Joe &5 sous olis Qlﬂ s Ay sdoen  owac
Sb1 b,z ssSI o b wly e 428l axwgs CNN
A ) Gy R (s i ol b 1) sl ol 0]
sle 4 oz BB b g 08 il Jo
« Kartal et al. (2024) oo zalS |, SL—wl=e
JS—iH slon ) 5l 6y5ee (20 Syl (o
s b5 SVM (gla Jos 5l solial b bt e
sl oyl 5l eolaiuwl b solpiing (6 g (20 dlolas LT
(@Y1) oVl Ol Bos a3 (Sabib Co s
(b oI (Sl bye & 52y 595 2l w0 S
sae «(b/B) JUS 28 4 s (Sl (558 Sass
G 3w g0 g050e alold cos g (FI1) cewsYl 09,8
Sllae gl o sy (Sl L (da) azy,o YU
Sadee Hlis oo 0 OIAF s90> (MAPE)
a5 a0 o0 G mdge Ao 2 (S)90 (i
araiBogl slo Az ;o 5l 6 0 Gl Sy us aslllae
Mo ol a9 5ol ki
ol st5em (53 i 5 ol 428, plni IS 2]
SRyl Sz Getle (6 T3k sl gy el ool
o adly 4z 535 90 Ol > 55508 (23 Soliday Ll
) lizie awain la el )b 3529 b poe (ol o
Llg, &l 5 ogde U o0gr yidon axlllae vie)ls o5l
2 8399 e sl o (ch e BB
g da Gaiod (nl )3 oS obs)) ganse 2
(GMDH) leosls 25,5 gamdiws p s slo oo
Sz w)s8l s SVM) (g jlop e—ile Joe
33510 Sz o3l msiaali by 5o RF) (ol
oy ISt bt b gloazs )0 50 Gl (20

L gy 9 dlge

aise gl 4z yo b by (8 s S 0jlul JUIS

3551550 eolgi iy Y¥olee el Sl jskate 4y
Sl olz bl 5o asusl glaaz ;s sl (@0
Gorgin and ol X__islae;l slaosls acgazs

slaools 51 oslawl b odsl caws @y alayly o asl,l Lyl
QLST s ol ey (eols (5 YOY) Gmli_:,.iLoﬂ
ahl) bwgs (=0 99l bz Lawgie wad oo LS
Lo, o Oeo 40 ao )0 YIF o] Cws 4
Sl 31 o S bl &g 40 ds 0 d g a3 &l il
Odpomly iz sl ol peizen w0 (L cz)
amiio gly oals &l Luly, glla s at iy g bawgl
Sl )5 3500 SO loreas | o5l ol eylgl (Sloplo s
slpiiog Slopls pud JU )0 08 (5,5 ojlasl bl o
Rabiee Moghadam et al. sl a sl ;o .aSoges
s s b 5 Sy s oz 4 (2018)
wslby ol w Sog S gl oo i 2ol
as ol ylis b asy 10 (g5, bl el wlisle;]
a_ols pals 50 g az,0 FO 5l i agly 5l eolaul
Celiaz ;o CwVhdzg ami o Lagu,o J& 5
Sgdos el sl 20 30 Ol zlaw Slleg ials
©ooe Pl J> 50 ol SUlg5 sols ple p3| drsgs
Slolyd Slallas o ailfois bas o sle piie Loy
sle oo g p 5 Sllors ( pls job 4y .ol oo says
2 opsie wizr lod g i o eile 5 xS0k
o e 255 A Sy b 5 Of (wiige Sliiss
(Ebtehaj et al., 2015; Yaseen, 2021; Zayeri, oS
Yaseen | aslle ,o 2023; Zhang et al., 2018)
b ellad slog o 6y (20 b (o) 2 4 (2023)
obl mbs azls y pile 6,500 lo Jow 5l oolasl
O oigS SYeb aladl> Juw sl eolaiwl b asass las
o, (Sl Jlade Jlos L (BI-LSTM) ad b o
sl 5S> g (MAPE = 2.245) Gllae slas
@ S (Ziimw Ll dl> o 0 (WI = 0.861) galss
0d9ei (Jy iy (295 4 1) (23 o2 ld Jue L
2O w2 Glime ez 4 Salmasi et al. (2022) .ol
S50 sl Jae jleslaiwl b oe—iS slog ) o
ol pll gl sl lasiy Jlop udils (oponas
s £ o 3 s 0l il o ans e
NSE =0.954 , RMSE=0.029 ) s Ll sla sl &L
Yanet .coolosg Koo Jow 5l 5 oal,l5 (MAE=0.024

Gr3E (20 b sy 2 4 s anlllas yo al. (2023)



ol <96l WIS (R ool A il
VB ¥ i a3 oloxiy 0o o0 3 JLu

Ol (M adaly o o am g af b a8 S L

ol 03
Q=¢[h’B:b,S;t;Lig;M,0] \)
(
Q = (H’B’S’L’t—, MS’QJ Y)
.’ng B B B B pB (

P Bulagiliny oS ye) pliyr (20 Q ol o a8

S b S (he) StV by Goe D (20) ol
s § caihygl domio Gl teJobo L o o,e b o JULS
2585wl e aiSugl amio Suilh gl 0 5 U5
&olel Slas e wl sais ools ylis o (V) JSi
oabasl,l (V) Jgoz o o.x_.SLg)ST@? A ey sleosls

el el e

09,5 g 0um o8 _isle;l o as” Vatankhah (2022)
i iy Sy ol S (5] i
& G5 oslal JUK 51 ples aus )5 el (g5l Jow
oas ool s @l Sl o abugl a0 b b >
50 Gzl o sala s e 2B iole)l gl .ol
VW sk g e /0 glis)) e +IVO Cali (20 b (ool
(5=0) 28l 4 $=0.005 JULS &S oo 90 sl 2o
a3l o Ol 0 & bl jlcdndy oo
Slascin g aom 0 5 JU cwain Slasin 4 a5y
5% 90rll el L e (b CendVl Goe (S j0ee
3 SVM GMDH (sl Jow axwgi sl p ,ol> aslllas
S (V) alal) )3 a9 6999 yulb cuda RF
N @li_.u“ujl Sladoy b glas golal 2JUT 51 ool

J

g 5o

B

&0 2 9o (Sgyoad g owiid b el )b (0 g gl gy b by (20 625 03Il JUL 31 slouds (A1 :()) S

5 Sluolxo G Juo sZoww jlisl g (higel al po 30 subiodls Lamass odls shwogi ool :(1) Jaus

s 6 h bt

B B B

L

8

pb®

M Q

&

L™ al> o




Ol 2l &1 5 6kl (waige (Shdgly oole sy
VP ¢yl . ot 3 by o louds .4 35l Jlus

A

AW “[e 20 Al “[eY <IN «[+YA4 RN oS
RN A AT <IN\ </ ¥ \VIY V/EYA Ald Ain -
ofe e Y AAZARN DARYN AGE R AJERR AR <IYY'F u“j‘L"“’ o9
ooy Y./-qY ARA ARA RN Al NARES AR )LﬁMg_él)Qu.l

AW </-YY <IN “[eY <IN «[+YA4 LRR R oS
RN AN «|ANY Al o/ ¥ \VIY \V/ISYA DAArd Ain
ofe e Y fY/f ARy < [OVY «[-YA VR4 <IYAQ <IYYY u“j‘L"“’ ! =
ooy Y./0)-. <IYYY <IYYY RN AR ARR EARYA )Lﬁmd‘)zjl

sl )il g aYoinr oo as ae gloas S
3wl oo soolai_wl (glos i w8 b 4y Sy 00e
Sl 255102 4 Olgi o gy ol SRS ke
sJS_..u 6:![.‘? OJ...JULL): M_...uéu,.:l.\. ‘J.L 4..\.LL d‘flo‘
el aiile ly> g ySosladl sloosl—w oo oo
(Mahmoudi and Farhoudi, sge3 0, il lay,, w
o= 55 ca8ly 0 2019; Parsaie et al., 2019)
b Sz lol og—dgo 00 )5 Vb (Suzmn b (s é
6,855 00l 8- ,5 g0lsS (glalazam 5l cola Ll
Sy aly G byl ) phm— 2 (255
19584 ,8 5065 0u s A w8 Glabozaiz Ll i

2,5 olo (F) aal) O jgody !

m m m

47050 SVl 0l > Goe (A ioloj] adlllas o

CE b i alais G 5l eolaiwl b JUS (655 50 L yo
A g Az ;0 CewdVl (g A alold o e L ¢/
=Sby 3,9 5l Olas 0l (615 ojlail 8y 00 el
a5 Wod oo el Gl 455 4 (gogas O jgo 4y WIS
JUS G 51 5 e o & Al o 3T il sl o]
JUB 53959 5l 570 A alols p3 Dlxins 285 0 1)
yo o O Hlad 4y a8l soV¥ed ale S LNud —al
s97ee 2 O o Blyzmil aggly o oolisl Yol jeome Glgicas
0 GyeS oslail s Sl eolaiwl b ol g (s0g0s
P iolos] slaosls (5w FAY Sloss £g0mme,d 0
3,00 (S=2/++0 &lplzI¥YAF 5. S=0 sl 1> TAY)
2 e B Jde da gl jslaieds (28,5 )8 sl
0065l anz slrosls laml aS el a3Y p 5 Slowle
HB g i (milel 5 gl as 50 &
Joe i Coro Cqa BT pl 0 a5 Cul S
5o @B sl Sl o)y 5l e eolii il 550 sl
9 Loy9e! Al e 4y (Aiges OO ) Waools oo o Ae colys
sleJow orw liel 4 (6903 VYY) Bl an o Ve
Sl cpl 4 azgi b o b ools ar—asks aldly axwg

=a,+ ) ax. + a., X. X+ -
Y =4 = ,Z_;JZ_;‘ L 1 05,008 Sloj (6w ol 00t s gl aem (slaosls
\l -
iii v) e yliel g g0l (slrog S 5l G a4y cosly olais]
A, X X X +... S e e el e
i<l j=1k=1 T 28,5 pladl (Bolad &j500s

s X =(XpXpuXy) of e s

Sl a5 o A= (B,

0, See loola_wl b ol o
6‘4.1.0.?..\.;_? S5 ;QY..\.;_? 09y 3 (gr—as ‘_gL&vAS.?_.i}

& 39wl 963959

Sl sbpi—ion 6999 bl @9y 2 ln 93 4z

Lodls 29,5 (gvdiwd Jow

Oedsl GMDH) Laosls g F (somar s vy 55
| > g (Ivakhnenko, 1971) sSeslg)l L b
Jow . S adl )l Y Sozs ol o Libei o

Ay g oo «535,5 sloary sl )ls oS! solp iy



ol 2! O 5 6okl (owisgen (Lidgs (ool & pid
\f‘fgb’.«w} D g ol.q;;g. o ylou w.ba):b JLs

5l el slocaS 5 ol GMDH asi__o el
2500l am 2 e sl (sog,0 oyl
9 el rd s Slajpe Plas ) sl esliinl b (595
P50 NgB oo dwlie by o sllas Jlade 5 ()95 o
ganadeb (S sl 5 slegs oleil gln 4y

D o oalainl () alayly yo 55 L

1 i=n

2
E= HZ(yObserved(i) ~ Yeredicted ) )
i1

by 510 9 il Joo

S350k pias SO (SVM) Ly jlop opniile

ol 5148 el e (g5lusdinge (65585 sl 2 )8
5 03,5 oolaiwl g ,txlu slas g3lwaiasS ol il
Joe SO jo e biee (IS A Sler SO Ay s
Bg— 00 yaesd (X) J_ca_....c (_ng).:.i.'Z.a )‘ 6‘“5—“’.“"
(P9 )S , o ;o wibe a5 c il cpl 0 5,8
&) C\.Ja.:‘) Ry — 4.:.\))9) ‘SBL_Ao‘ )LLQ.A a_i.\. ag)Lc‘uf

y =f (x)+noise *)

S Sl F ol p8 595 Iy (ol g9290 cnlnle

08SE SVM aS |, sasaz 5)lge croro & gody wilgly
&lgs JIE-SVM g 10 08 o i Sawl 00,55 4y x5
Silwdinte 3 Slio gilulia jshaie 4 (S)5) slaws
oolainl g 5 Slasliv saools (o 39250 Jolgd
b e Siyaeln gy I V-SVYM Jaw 5o Lol g o0
Sgdeo  odliul (o  lbas el sl
€ Jow adlas pl o (Roushangar et al., 2017)
S90Sy Blaws )3 ol 03,08 057 JJs 4 SVM
5 Sygeds s b (Jow ol gl 00,3 colal

D9 oo Ly

P90 4z hlozaiz SG a5 o5 e ol (izen
st laaS s 5 Slas o o
Gh9) ) B, B9 S 9elsS labezain JSis
Sl (g iy 83 s gy 93 LSl L dnslie
095 2 50 eadplal Slewle GMDH 25,631 0 15

el (9%

g oo (ol Jdo i g dbe sldools O g oy
Yoz oy, sl 45t S, B ;s GMDH 5L,
098 22 S—b oo Sl (i i slogyg s golass
Sle o oy BLI ol (59559 90 )l JBlos
Alg oo bt b st slalezair G Ojeon

D98 s Ol (F) alayl ) &0 a5 sl

2
y =0 (X, X,) =8, +aX, +a,X, +aX, .
+a,X,° +aX X,

il s s glalezazz ol s 85 1 8

Loy (silwoe gz (F) abal 5l (waigee Slalllan
JelSs ol olool s GMDH a2 5501 1355 o oolicil
5 e gt ol laasTpd o o a5 conl ablianss
Oedel yoadle cdleo 4 o 0 5 sla g ol
sl (95,9 o ully oS 5wy Loy gy
Jrate (LB 5y slagygy 4 lap] pgs 0¥ 50 5 Wig b e
S 9 it L AT S oy s il iy b
slas wilgi oo a5 > )15 sla Lo sl ol
2 05 o0 Dyg—o S bl ) 055 e 50 S92 ge
50 50 4z sleslalezuis slel gl y GMDH Jow
$39)9 Syl 2ligs slocaS 5 (Jol aY slogys
P sl)ls GMDH asis slass 51 .aigds o 48,5 Jlai o
L ple Jol aa¥ slogys i olass ool (595,92l
sleary slogygy wlyi sl peizes ol L =(§)
By o S sleysy 2bss sloeaS 5 (Sl
o9 GMDH Juse K00 )lisay wig s go 185 )l
oS 5 D )ygots &5 Sl oy gl 4Vaiz glaaSis
Sy dgd ool 90 4z lalezais SV olrs aiws

1 Noise



(A Ol 2l &1 5 6kl (waige (Shdgly oole sy

\0
VPV b j cid g oloxy o)l .0 30 JLw
Al sl e
Input Support Kernel 1 B
Vrr]echtjor Vectors Funsgtni%n Output E ||03||2 + C2%:1(§i + é1+) (V)

L]

Bias b

Ol )10 2 oitle Juo yls L (V) S5

sl sl o el i s K (x,%,) bl
wlad o s e rohu l Gl glol b oloyeile
39 o oolaiwl galize o )5 51 plasiy oy ile
Sllezdiz 5 swsS pgd a0 e il Wil le &S
sl b b s (RBF) ol (sS Ji)S a Ygone
&b alail, (Zayeri, 2023) wi)ls (s e 0,5 es Lo i

P5d o Ol OF) abl, & j500 RBFE L5 5

20

Xi —Y;

K (x, y)=exp[—2 ’J 3p)

‘;abas' Ko Jow
6)‘-:—*”-.‘ 6‘)-.‘ ‘) Godads (RF) ‘590@ J-i*> J&“‘
29O r:L:u‘ ‘;YL\ [ l._L daosls 4L gm0 )|
)I oolaz_wl l.: oww U?""“’Jf) J_Ja_» LELEJM J)‘L>
ools ;o 09z g0 ey Sledbl 3l e o ollia 4 oo
S e 5l bl wl oy i &lgn U oS o ool
ool TS SuSS 3l as 0 (g el Ll slo o
)oﬁwlwwﬁw.&?)‘lwf;d.\iu@
us)_w aosls )‘ ;.)).._».u‘ Sg 4494) (R U—‘ ol
ol Bolai jgb 4y o0 0 cSlw o505l
ools 51 By 5,0yl QS oo &S -8 (699,9 Sl puitin
oola_w I‘S.:;‘J)'yJ slazls 0 LSSl i el S

Ccudgize 4y dogi b &S il p3Y jeShe gld &

20,5 Jalas pj
yi — ({o,%) +b) <e+¢ oy
(o, x)+b)—b<e+¢& Q)
& & =0 ()

00l CytS hem 3 lade SO C o Lalgy ol jo aS

A ates oldyaie £ g £ wnl o o p @ il
S aisS (o0 et |) e (295 b 9 YU 358
S &g & il oo 3l e e O g0 aesls
Ol aold 2STas b g Uas g |y baools oS aigy mlas
Olety slajlo) o5sel blas 0 5S35 5 anio
X eR" 9955 )l 9 [Xi’yi] Oygos |y gl blis
FB b Ojgoa ool a5 Sl o g 09l oy a5

S
y= f(x)=sign|zi:yiai<xi,x>+bj o))

digad ail (53 Vi g Aolae (9> Y ol o oS

ul.w.: X:(X]_JXZ!K an) )\oﬁ el Xi ‘SM,.:LQ)T
XilizllleIN LSL“)L)):‘ 9 59959 osls ;i) oD
B s O jgoa ool I o Loz, slayls
Iy basgad o 3lo, Gin Jleel b ol oo cails S8
s (O 4 O)) abaly Sl ol )30 5VL LA @
-Jele.@

\Y)

y = f(x)=sign[>", y.a K(xx)+b] :

2 Bagging



ol 2! O 5 6okl (owisgen (Lidgs (ool & pid
\f‘fgb’.«w} D g ol.q;;g. o ylou w.ba):b JLs

O

(o)

Shalie oo polis Oi (V0) s (VF) o alasly o

Oeile Gi od ot 20 polie Pyl
b 20 polie 1Sl P (Shalie oo polie
polde cowl 53 4y o3Y aiiis Slaslic olaai N g ouls
o 4y o35 RMSE polie 3 S ooy R
30 Al e g 0, Sles g o CB0 base il
Joged 51 o o)Ll bl claisbs, 2 ogde canllias oyl
505 e 0,Skae b3l skaie 4 (Taylor, 2001) L3
i B3| gline s yloged oyl el 00 oolil
i ol Jlpna ol o K aaras b
ks Jloges joceul lgiwl (RMSD) "ol 1o (SKileo
5 Ao (Nt (led) 0 pld o Djg—o 93 41 aS
)l (G (Ko [l L) 0l @) 5 (Coe
opld Elad )0ty (Snrod o b polie 09 oo
@l opls &ja oy Jlne Bl polie 5 T usd (s,
RMSD ,olis g opls 350 an c s 55 pelloamite

& o a4 Co s 55 pdlasee s o plo & ygouy
6‘ oaslie o ool g,u.s_‘iyo el alags W gls o S
OF Sadye 5 a2 oo (Lts T Jlone Sl ol 1,
0 (Nimrod 5 g RMSD jlade 1535 0 aalss
S g o ol Ay g b aslie 1o (gl cnal i
Gl g cnl )o 2Lyl gy eonlplis g salss
Q»L.MJ‘ PP Oy Lngod‘é w.xﬁyo PL O ygo
odsliv glaesls b QT M oo g RMSD Slade
P 3 95550 ey 0503 53, O] e Sl 5
& o abaii ar Jloges (59, o] (Sl Cange 4T (gl ool

3 a5 Ko leools I S @S Jls o wbeb
Ol gt o oolinl 550 S e (g3l Jute
Sl add ol 50 98,91 o0 s (6 s Ol o
S g auS oo 5 olazel a8 (60459 sloosls o Sy
oS 2 R0 sgm R e N o (it
Lo ysio oy o 5l 99— 0 Ol 3 0 U RF Juw jo
oolaiwl b ysio slrdcgazma s 510 50 puenis blis b
5 sladesore 5| (Bolai )5 ody 45 WS s
LRF Joo jo 1l ais 8 o0 ool (6999 slo e
Jlo lgrean) ol olows a4 o il gy g, 5l eolaiul
aJgl slecolsacsoms I LN slodiges (a5 pe Voo e
Dy so pll (IS Gl b olyom (5,10 diged (599
Ol baosls 5l poucSy Sgu> (5 S aiged w8 (b o
Oeend sl Loodls (nl 5 (s pSassed 3l gyl aiges
ool Lo o)l Loyl iz 5 pen sloicie
Ll 5l s pSaiged 5 g5 o a2 5 Jla5 ) (355 o0
S @l Dy iged B (S9) 2 e Sy oed jg0
Al by oe b e 0oly b WS pre—al CS 0
Joo i M plod (o 3l aslls o 0 Coy0 co b
Sl ol el (gly st M Bolay O jg—0dy
oS b Rl MM S o 5, Sl (6l 05 o0
oo sloiiy M= VM b ply oy adS (gl 5
a iolosl slosols cs o ples el 5l o ol
69959 ,10, sl s ;o slawi 4y g oad B xe S 0
ol @SSl b nlioe s 4 (295 S5
& ORI o by Joo ol (2o oz
Cemhdoac aioly g Lo Sa o yolis Lo 29,5 (o020
a olal Koz (yge )55 S0 by, D9 oo dilixe
slaed ba sl ;o Slaal i sloay aF ol8is o5
s Ghgy o a0 b lmoutiS iy

(Siasar and Honar, 2019) ¢l sl IS

Uil byl

150,85 oolatwl 7y s

3 Root Mean Square Deviation



Q h
. = 0.979*— -0.187
IN# \/g? B 60<0£ 80

s o )| ol iz Jow 5l Jols sl 4o
b s o s R Jon s 4] Sl s
LA b At Gaiod nl o 438, ) la e
2 obas SR Jae anwgs anld )0 5 slayialily
GMDH Jus ;o .l by (09 9,90 5 g 65w
s (0) 5 (F) JSob )0 09800 0mad (Shg (rmod 3
2 imsliel g Goigel Jolye jo (Bolai JSiz Jo
S ol 00 mensy Slaalive pyolis lis
a0 50 00 00ld dxwy Solay K> Jow k!
sl >, 5 3 RMSE=+/-¥d RZ=-/A5Y il
o RMSE=+/+ ¥\ R%=+/200 ;| & )le i el
39 0o oolaiwl powal Cs 0 VY sl () S Bilkao
00,5 solaiwl aisu gl az 10 5l (6 g (20 Hlade 35l
0235 R (el 8 e py 550 5l > 0l b
RIESSRI WU ] DO PR KV RV JGIUINE| U i KU P WE 9%
O] gl (i iy Sl (o0 Jol AL Al oo
39 el S50 Jdo (e uli ddged gl e
oad ools Lis (V) IS o RF Jow (ouiw Lol al> o

1.00

0.75

Test R?

0.25

O 2 4 & 8 10 12 14

S sl
2 RF sl 50 paoai e 50 Jow ial3sl il :(9) g
(s i Al po 33 (93 391 33 3l e

Ol 2l &1 5 6kl (waige (Shdgly oole sy
VP ¢yl . ot 3 by o louds .4 35l Jlus

WY

S5l et |y o0 ppolie (5 2ol il 5Sa0

anr eyl (alBtalesl s ol Helaie 4

S5l alize 5Ly il (o Boe A Zd (0
A55ked ol oy o0l s (V) JSi o assu gl asu jo
920 Ol o Goe RIFIL 095 (o0 ovalive a5
5 Mgy cpl wl adl o8l asy o Saiil aygl;
olyor dy a0 Ar U oo Sl ayely oogasee ez
Sl o ools Las (V) Jgaz jo o g )5 Loy,
S a—53l axgly ol O SRl b 398 Joor b Gllas
O3 il aes U 68 (o (29 e wiSgl a0

Sl Al

0.8 -
o | [
80
I
60
06 50
40
30
20
10
©
oD o4 £
0.2 W
fv.f """ 0O o0—25 —
“,a" A 25— a5 aem
V 55— =
0 Pid
4
0.2 0.4 0.6 0.8 10
h
B

Gos b 4ty ol Az 30 3l (5ygm (20 Oyt (Y) S
Cilio (Sadilb gbls) 9 (o Bl

S b3l gbley lil (29 (S e ) Lulgy (V) Jgu

sy gl a4z 5

R? o e T

azm 0

0<0£ 25

<IN \/gE

Q _ osga+l.
- 0.583+*-0062 25< Q£ 45

<IYY

O

h
. = 0.815*—-0.128
V¥ \/g? B 45<0£ 60




ol 2! O 5 6okl (owisgen (Lidgs (ool & pid
VP ¥ oyl ) et 3 0l 6 ko . a2 35 Jluw

Y

0.8 0.8
- O - o
®
0.7 0.7 [¢)
] o of
0.6 | o B85
: o 0.6 o0® o
J o ] i o 9
°
0.5 O 054 2
o ()
8 o [o] -8 N (o]
> 0.4 o/ o > 0.4 o o0
& _ % (<5} 00 (o]
-8 0.3+ Q @®, ° 8 ] o
7 . o O 0.34 o& 8
0.2 ° 0.24
0.14 0.1—-
o~—T—T—T T T T T 0 .ol ———TTT 1T
0 01 02 03 04 05 06 07 08 0 01 02 03 04 05 06 07 0.8

Predicted Q

Predicted Q
syl Al o 5 o 0018 dxwgi RF Jowo ol :(8) Jsi

da)g.cT Al o 50 ol 0318 drwgi RF Juo gu b «(F) Jsis

h/B<0.5128 h/B>=0.5128
0.11039 0.46133
h/B<0.3 h/B<0.7312 h/B>=0.7312
0.0517 0.41083 0.6054
teta<22.5 teta>=22.5 teta>=48.5 h/B<0.608 | h/B>=0.608 || h/B<0.8272 | | h/B>=0.8272
0.0254 0.08017 0.26251 035174 | 0.45989 0.56625 0.68726
h/B<0.1552 h/B>=0.1552 h/B<0.244 || h/B>=0.244 | |h/B<0.3708| h/B>=0.3708||h/B<0.4464| h/B>=0.4464 teta<71 | teta>=71
0.01893 0.04325 0.06713 0.09996 0.14193 0.20361 0.2137 0.28691 0.65716 | 0.73992
h/B<0.1084 | h/B>=0.1084 | h/B<0.1836 | | h/B>=0.1836
0.01262 0.0257 0.03546 0.05182

Oby 29 93313 St RF Juo 33 osatd &30 (9 yikg i 2(V) JSoo

N
00,
k=1 ik jk
Ri=" s 0
DINEHILH
. b O il T s aS $99,9 siie 2 2lzle Loly (oo (V) alal) ;o (SBao
S . s 500 ol T s
ST 952909 BB xR U o li O ‘,5»,,0603)96@ R Nt 5 . lCJ.:L\.

0 0 (e gpmnS diald g, 31 d(VF) adayl) L gillas
(Momeni et al., 2014)..,,

L oolo Camwlue Judxs

iy (8999 yeie o y3U ols LS slp

O RijHlade ol g0 b ools acgazs JS olaxi =N
SV polie a5 050 o anlis Sy 5 00 e 50
) Bae g 63955 slayally (m yus8 alaily sasms (L
Jz Jow 9 (V) alaly ol oV S0 5o ams o0 lis
5 et 2l Gos (o it a5 aas (oo Lt ol



Sl gl g

w|=

UJ|U

W~

w|r

M

mﬁ
1580 tisiey 33 GMDH Jao ol il :(3) S

(20

J=lye ;0 GMDH Jus ol (V) 5 (Vo) JS—i
s (Sloaliie polie lie yo i liel 5 (bjsa]
005 axasgs GMDH s (5,lo sla sl msl ot
RMSE= +/-vY ;| & le Jolosl ad> o ;0 oo
VY 5o le i liel al> oy 9 R?= < /A
el R?Z= ¢ /AAY RMSE=
ool ce s an Yolas V) L (VY) Ly, 5o
2 szar @ Ol ol o sle Y clagss
OY) Ui yo .l oo ool Lz GMDH Jae
oS 5 (V) abaly (o sllas Gl gl St
ol b Billas . cwl ool ool i 5 908 20 5
Uas wo)0 £0 LGMDH Joe (golpains alal, «loges
A Ao 5k 5l lere Syl il a s 0dgazme )
s olwlie J5 5l Juols mls (V) o 0 a5 a8 8
o eals ylas (VV) adal, 5l Jol> GMDH  Jow Lilas

Ol 2l &1 5 6kl (waige (Shdgly oole sy ¥
VP ¢yl . ot 3 by o louds .4 35l Jlus

t M ol a ey -
= s reblg b it aom e Sanil 4l
B " pb

S Olyee 3,910 ,0 GMDH Jos s Skee caslsl ;o

drwgs oo olos sl e85 18 w050 (b >
Gl 00l ooly ylid () S 40 oads ooy

S — (19) ),
RF Ju.
90
_M 60
/B? [
30

w|r

b b
B B
IR o & (5999 ciliee bradlge 3T e 1(A) JSb

iy gl azm 50 31 §ygme (10 (St O (Holai

GMDH Jae ,bsla wsis o oanlie a5 jgb Lo
aY 09 95 90 shilo aS ol Hlan Y S Glls
WY 095 90 slaclyxr Lgte a5 (95 Sy 55 (295
5O Ogb oo oanline a5 45T Jlow 0,10 3929 ol |3
¥ GMDH Jus 5l eosl oo v ol L5l

_Q s
JoB® =

hiB (0 S sla e 4y 5 addho 90 opl 45 039y Juaio
D S0 s (00 e (i 50 69959
A o s Ol e 2Slee iy Jlade canl S LLS

Oles aY ;0 Y2 5 Y1 Jb g0 4y Ladd

ol 0355 [+ YE pgd Y o5 o[- TV Ll ol



ol 2! O 5 6okl (owisgen (Lidgs (ool & pid
VP ¥ oyl ) et 3 0l 6 ko . a2 35 Jluw

10

01 -0.05 0 005 0.1 015 02
() s

sy gl azmy3 3l (5yame (29 oo

0.8

0.8
0.7 , 1
o O
06 r , 1
. 04
0.5 B 0.5
o <
O
g 0.4 o N g il
Z © i
8 03 1 O 1
0.2 1 i
0.1 1 i
0 O.El. 0‘.2 0‘.3 0‘.4 0‘.5 0‘.6 0‘.7 0.8 0 0.1 0.2 0.3 0.4 05 0.6 0.7
Predicted Q Predicted Q

Al o 55 o 0018 axwgi GMDH Juo gu s :(1Y) S

Q.
&

Y, = -0.0455 +3.2355" S+ 0.3813" g+

(s ylis |

h

0.0162" S* + 0.5043" (%)2+11.8829' S’ —

al> o 55 odud 0018 axwgi GMDH Juo gl (1) Jis

W=

ohigel

=-0.0057 +0.446x Y, +0.4803x Y, - 3.3644x Y7 -3.0463% Y7 +6.5861x Y, x Y,

L ) L L
Y, = 0.1137 - 0.0120x § + 0.0086x — +1.3645x 10" * x (g)" - 0.0919 x (=)° + 0.01x (q) x (=)
B B B

0.8

0.6

E 0.4
=)

0.2

(o4

(\Y)

—_— Sl

3
GMDH

100 200

300

Slaalie

400 500

600

oo (g a0 Il gl o po aiskssl azms 33 51 3908 (29 Ol3ee Sttt 39 GMDH Juow gl (1) S

700



Ol 2l &1 5 6kl (waige (Shdgly oole sy
VP ¥ cylias . i 3 0l 0 ylons .o 35l Jlw

\id

Gamma

ul.‘.)_'> = o)jTﬁ S SVM J..\.a o)SJ.o.c Cered
0.0280

0.0263 é"y SVM J"\"’ d"""y )5"9*‘4’ “"5)'? )‘)5 [P 0)9"'
0.0245 03l ‘59).8.0 6L°’u°9)9°‘5*°w)°45691wg}’;
0.0228
0.0210 (Y‘) Jﬁ“\> )O ob‘d 00— UL‘) E.’L».’ 9 KR ) J.:‘
0.0193 . . e |
00175 b slayell b (elad (usS @b a5 s oo Lt
Eﬁliﬁ 2l Cost) Uas )l g+ /Y Ll (Gamma) Il
' Joe olgieds cwl oo os,gl (VF) JSi )0 a5 V- L
'2 " '4 " '6 " '8 " 1'0 50yl K0 e Jaw plas a4y Gl (6 50 80 oo
e Cd 2y @l aglio & cod i 4 (0F) 5 (00) S

SVM amma ¢ COSt el yiwlyb &l gt :(VF B
Jae g 9 COST slo iyl @l (1) Jioi GrSoildl iy oo s Jdie 1o SVM Jas 5l oul

O 9 Olyan 29t 29 52 sl ol 4133y _oias il 5 bigal Al s 40 00
al> 1o 0 00 00ls dxgs SVM Jow (6 kel sl asLi
al> o 1o 5 R2= < [AAFRMSE= «/+ 1 - 5l & Le bjg0]
R2= /335 3 RMSE= +/+ 1) jl &jlee i Ll
30 p—ole (5550l sl Jow o, Slae 4 _slas ol
SVM Jaw 5 Slas aps oo olaid (29 Gl (st
s YL (R?) s <o 2 LRF Jow g GMDH

L] 059

SVM Jso 3 i plgisas ilites @il oy 22 1Y) g

Je b et Cost Gamma Training RMSE RMSETESt 2
Model 1 e S \ /Y oY VTN /aaY
Model 2 elad owsS \ oY YARE: Y eA G JAAA
Model 3 Sl o D o/t oY AR RYLLR |
Model 4 Sl (owgS Ve A VARK ARR VAR B
Model 5 b K - /oYY XYY /ava
Model 6 b Y - /ey J/eYY  ./4vA
Model 7 b \ - /oYY XYY /ava




ol 2! O 5 6okl (owisgen (Lidgs (ool & pid
VP ¥ oyl ) et 3 0l 6 ko . a2 35 Jluw

v

08 08
o ]
0.7 1 0.7 1 0
0.6 06
g 051 9 054
) 3
e 044 s 04
Q %] i
wn Qo
-8 034 O 03
02- 0.2 1
0.1 0.1
(U D s A L L A L e
0 01 02 03 04 05 06 07 08 0 01 02 03 04 05 06 07 08
Predicted Q Predicted Q
Al po 53 oud 0315 azwgd SVM Juo gulis :(18) i 9390 Ao po 35 0 0315 dzwgi SVM Juo s :(10) S
(F y e |
Jow o, Slas 59 oo oanlive a5 jobyled 00,5 0d 0018 dxngy slo Joo o Slae gy swoy 0 Sy
(Y+) kly, gRF s GMDH o g0 ;2 4 cees SVM b e g )5, Alolae 90 anlde 4 (Bado ol o
&z o abl a4 (o5 5 Sed5 5 S RMSD L(YY) 4 5 (xS S dags o &1 (V) 5 (V+) Laily, ;5 o0 )
=9 20 Ol (i 50 F 380 s Slasline ,o (Gorgin and Vatankhah, 2022) olg—s Ly
sl 0393 dizygl aze o Oz b az 0 5l eg a5l 6ysee (20 Ol ot

V) IS 50 Lol mls 6l sk ol Sk wdydy

1.82-8S —0.13-408 -0.12-23.3S -0.1 Y .
Q =(o.547_3es)[ﬂj [R) (Lj [Lj T
9B° B B B B

1.67-235 013345 20.00-22.25
AR
= (0.3 —30S )(Hj (B) (t_j (P152+14 )
JgB?® B B

B

°%




Y Reference
@ =

Eq (21)

. SVM

GMDH

. Random Forest

Ol 2l &1 5 6kl (waige (Shdgly oole sy
VP ¢yl . ot 3 by o louds .4 35l Jlus

A

660

Il | ! Il Lo el Il | L Il
0.10 012 0.14 016 018 020 022 024 026 0.28
Standard deviation

bl arwei s Juo o Slos ol ol SUo (1Y) J&

d>ye 5 R%= .RFRMSE= +/0)- b
S (29 Oliee 35902 40 (65 388 e (2w jLel]
O9es S @Lu e ol aidls 4;;:'9.5] Az 0 gl
Sk sl srl O R L s plas s
ol 3 5 ean] Slidm Slalllas a5 sl duel sl o0
03gaze polie (gly 0hg A ¢ Fuu iy CBS Sguga b Liul,
St S5 o3l 33 st b S S L a2 Ol YL

b 3 yate Jao sla il

ojlail sla JUIS 10 by (08 oot (i opl o
sladae 5l oolanl b azugl a0 b ol (20 625
RF s GMDH SVM (lajue Jols py @bl
dslie ;0 a5 ol (yLis B ol S 8,5 (g5leJoe

Gorgin zls lawgs ool a3l as 18 g )5, Jow b
pr Slwlxe o Jaw sles and Vatankhah (2022)

30 5 38 o Slee ols ddlas o a8l arwgs
1) axsugl azm,o b JUIS 50 (o8 ol 8l sila o
5 olar K Jow lsle gwyp e oo olid
30 Jeso gle alil g a5 0l lid Lol udos
h - -
Ol 2 NS 556 adlie (0 5eS 5 203 VY lie
t -
L (5) o sl az)s Sl e 90 Smite
GrSol sl Jae lo 3l 009 sy o/0 ) Jlaiae

yLﬂ; lJ. Q.““ .x’: )“5)'3 WLQ JM ‘Odﬂb O—,‘*‘*’LA



1

ol 2T 5 @kl (owiia (Slid g3y (oole &1 2l ((A’)

VPV ol ) .ol g oloxiy o Lol .0 30 Jlw

SIS ol
alagh B > jleal plpex awd WKL oyl 5 Siagh cisbe Jb cales I akey
Sgde 0y Guins oyl plosl 4 (SCU.WH1403.43525)

&b

Burt, C.M., Angold, R., Lehmkuhl, M., Styles, S., 2001. Flap Gate Design for Automatic Upstream Canal
Water Level Control. J. Irrig. Drain. Eng. 127, 84-91. https://doi.org/10.1061/(ASCE)0733-
9437(2001)127:2(84)

Ebtehaj, 1., Bonakdari, H., Zaji, A.H., Azimi, H., Sharifi, A., 2015. Gene expression programming to predict
the discharge coefficient in rectangular side weirs. Appl. Soft Comput. 35, 618-628.
https://doi.org/10.1016/j.asoc.2015.07.003

Ghaderinia, H., Seyedzadeh, A., Vatankhah, A., 2019. Discharge Estimation in Semicircular Canals using
Flap Plate. Iran. J. Soil Water Res. 50, 1183-1191.
https://doi.org/10.22059/ijswr.2018.261828.667965

Gorgin, F., Vatankhah, A.R., 2022. Rectangular top-hinged plate as portable flow measuring device. Water
Supply 22, 8637-8658.

Ivakhnenko, A.G., 1971. Polynomial Theory of Complex Systems. IEEE Trans. Syst. Man Cybern. SMC-1,
364-378. https://doi.org/10.1109/TSMC.1971.4308320

J. A. Replogle, B. T. Wahlin, 2003. HEAD LOSS CHARACTERISTICS OF FLAP GATES AT THE ENDS
OF DRAIN PIPES. Trans. ASAE 46. https://doi.org/10.13031/2013.13970

Kartal, V., Emin Emiroglu, M., Katipoglu, O.M., 2024. Modeling of discharge capacity of H-weir using
experiments, bio-inspired optimization and data preprocess based on SVM. Int. J. Environ. Sci.
Technol. https://doi.org/10.1007/s13762-024-05494-y

Litrico, X., Belaud, G., Baume, J.P., Ribot-Bruno, J., 2005. Hydraulic modelling of an automatic upstream
water level control gate. J. Irrig. Drain. Eng. 131, 176-189. https://doi.org/10.1016/(ASE)0733-
9437(2005)131:2(176)

Mahmoudi, B., Farhoudi, J., 2019. Discharge estimation of flap gate installed in a circular channel under free
flow condition. Iran. Water Res. J. 13, 127-136.

Moghtaderi, A., Valizadegan, E., 2021. Investigation of the Hydraulic Characteristics of Flap Gates at the
End of Trapezoidal Channels. JWSS - Isfahan Univ. Technol. 25, 107-118.
https://doi.org/10.47176/jwss.25.2.42921

Momeni, E., Nazir, R., Jahed Armaghani, D., Maizir, H., 2014. Prediction of pile bearing capacity using a
hybrid genetic algorithm-based ANN. Measurement 57, 122-131.
https://doi.org/10.1016/j.measurement.2014.08.007

Parsaie, A., Haghiabi, A.H., Emamgholizadeh, S., Azamathulla, H.M., 2019. Prediction of discharge
coefficient of combined weir-gate using ANN, ANFIS and SVM. Int. J. Hydrol. Sci. Technol. 9,
412. https://doi.org/10.1504/1JHST.2019.102422

Rabiee Moghadam, A., Khodashenas, S., Ziaie, A.N., 2018. Hydraulic study and Design of modified flap
gate to automate the water level control in canals. Iran. J. Irrig. Drain. 12, 335-343.

Roushangar, K., Saghebian, S.M., Mouaze, D., 2017. Predicting characteristics of dune bedforms using PSO-
LSSVM. Int. J. Sediment Res. 32, 515-526. https://doi.org/10.1016/j.ijsrc.2017.09.005

Salmasi, F., Shadkani, S., Abraham, J., Malekzadeh, F., 2022. Experimental Investigation for Determination
of Discharge Coefficients for Inclined Slide Gates and Comparison with Data-Driven Models. Iran.
J. Sci. Technol. Trans. Civ. Eng. 46, 2495-2509. https://doi.org/10.1007/s40996-022-00850-9

Siasar, H., Honar, T., 2019. Application of Support vector machine, CHAID and Random forest models, in
estimated daily Reference evapotranspiration in northern Sistan and Baluchestan province. Iran. J.
Irrig. Drain. 13, 378-388.

Taylor, K.E., 2001. Summarizing multiple aspects of model performance in a single diagram. J. Geophys.
Res. Atmospheres 106, 7183-7192. https://doi.org/10.1029/2000JD900719

Valipour, M., 2013. INCREASING IRRIGATION EFFICIENCY BY MANAGEMENT STRATEGIES:
CUTBACK AND SURGE IRRIGATION 8.



Ol 2l &1 5 6kl (waige (Shdgly oole sy
VP ¢yl . ot 3 by o louds .4 35l Jlus

Yo

s gl e

Yan, X., Wang, Y., Fan, B., Mohammadian, A., Liu, J., Zhu, Z., 2023. Data-driven modeling of sluice gate
flows wusing a convolutional neural network. J. Hydroinformatics 25, 1629-1647.
https://doi.org/10.2166/hydro.2023.200

Yang, L., Peng, T., Zheng, L., Wang, X., 2017. Experimental study on characteristics of discharge coefficient
of hydraulic flap gate. TF2F}5 5-52K Adv. Eng. Sci. 49, 54-59.

Yaseen, Z.M., 2021. An insight into machine learning models era in simulating soil, water bodies and
adsorption heavy metals: Review, challenges and solutions. Chemosphere 277, 130126.
https://doi.org/10.1016/j.chemosphere.2021.130126

Yaseen, Z.M., Alawi, O.A., Alshammari, A.M., Alsuwaiyan, A., Oyedeji, M.O., Oudah, A.Y., 2023.
Development of Advanced Data-Intelligence Models for Radial Gate Discharge Coefficient
Prediction: Modeling Different Flow Scenarios. Water Resour. Manag. 37, 5677-5705.
https://doi.org/10.1007/s11269-023-03624-8

Zayeri, M., 2023. Discharge Prediction in Flumes with Trapezoidal Contraction by Machine Learning
Techniques. Irrig. Drain. Struct. Eng. Res. 24, 55-70.
https://doi.org/10.22092/idser.2023.363054.1549

Zhang, Y., Chiew, F.H.S., Li, M., Post, D., 2018. Predicting Runoff Signatures Using Regression and
Hydrological Modeling  Approaches.  Water  Resour. Res. 54,  7859-7878.
https://doi.org/10.1029/2018WR023325



