sttt [ e d ]

SB g of cblis gl pingsy 4 pul

YAV (oo 0 5lowd (oo 9 Comny M

http://jwsc.gau.ac.ir
DOI: 10.22069/jwsc.2018.12334.2691

fonondd S 3 g 3 3 0Ll b Ghawilo SadilSd g y gt £ 8 (St

b 0 530 (3355 9 ol 5 9 g’
Oloi3 oKty (T (slassle ptign A1 i IS (6 gl (Ol s ol&kils ol pmnikign 03,5 Liils|

AV/0/YA t B sy GJU CAVNY el s @JU
B S
05 S 355 0 SO 4;L>~>))J:.MU>_A;>@L5L¢J.<.:4{M‘5LA@\M\; &_?)L?.om.l_ijzm_z(a)é Bda g aulw
5 Ol e s sl e 53 5 s G5 S0 st 3 peiies 0 5 s 35 4 0L S -
SlS Ol e 5 wlbtsgy Jl— g3 Slole & 0T Sl s b o e Jdsn sas G
P17 B PR g W FURCOU PPN U SCHOUN B IR oS+ T W) 0 COP S P PO S CION:
S35 5 el sladie 5 esg i O oSl SVl et lakiltn gy e 03 (58 IS s il
(ol Blos Jlos 3 i (Sl Ol peay o sime 55a Slagtgw Sl eslinal o3 0l A lay e SIS
Glawle Glatilsg) i g3 Olsn O Sl oslizal L oS sl L5y me ( iashy ol Gl .ol anil 5 2.8

Ssed St 2L Cas L,

L;QJLA-? )‘)JGA.: Lhob\b LLAG.S\.S L;J..S\ﬁ JALS)JI@.: @t.: QJJJT k;..wbm LS\JJ cﬂL?- JAJ}.}. L Lﬂu:ﬂj)j )‘jﬂ
o3l 0N els &S (Aoys Y0) Osesl 5 AKa LT esls VIV Lels oS (Moys Vo) el ide 0 4

JM.{)JML:JJJ:.:M)J QJA)TJ\;QLSL;MJ\) LSJ)J{MQ})J W}A uiv_}) ,b.l.iv.:.“j_?ﬁ,.m‘ JAK..L.;LA)T

S35 5 =y (Random Tree) s (Random Forest) duﬁ)ﬂ‘ Sleslead b culg 5o 5 dd wu suS IS

Mduob\b LSJ)ﬁQJMJ)kgn.{)jjiijlA .,\.J.<.:\ ‘Q‘.’.\)o\} Lﬁ")’d 6[.&0,2_5)&%.«,\.1:); cbu‘ LAob\b

L3 S 1 O el

£ (RMSE) L Sla o :Sle 5o Solal slaslae 5l eslizul L osdel e = ol el
v.:.i)‘)i.” aS sl QL.:.J c:h'.: RGOV RN fbu‘ (ROC Area) Lf"M J‘l) Co-los 9 (CCI) CAM Ls.l.‘.:i:.wb
ROC=+/aY RMSE=:/\V (s 5 CCI=/A0 (g bl slaslns b aKilesT slaesls (¢l » (Random Forest)

slaosls (gl p oS ds jasiie o5 sla by, @L:.} o b J,.<3_: S Ol 3 Shas o e s

m.karbasi@znu.ac.ir 4315 Jyine ©

¥yo



IYAY (0) o ko (Y0) s S g O Chlin s yidgss 4y i

U‘i);U’:M" 6\)\5 JAK..L.»LA)TLSLAoJ\) LS\J" Lﬂbj&.g}w) CJ‘)J .]a_.ujl,a)k_;t.w (o uu..ajo c&_:bujatwul:zn

Gladde 5035 356k i p 3wt 5 S3ledde 53 ) Slwbe ladde 52 sl cal 53 1 S 4o
S3dain Jol s (ailta gy s p b (6,5 IS5 53 8 0l 5l Vsl anils 6 g 3, SKhas 5 lama 53 o ||
S 0T 51l 23508 A 5 ol pds Sl sy onl et OF by Coale LIsa eamen 5 Al Sts
55 s Coale 5l o o s 5 Sl S Wiy SBa il L Gl osae Jisr sl

E3ean Sosh e b Slale Sladlts g eanal S Gt AL (slae Sl

aslie 5 oLl 4 (Y010) 0L 5 O Aol

S S5 SVslae 5 Ol s cpdle lade S JEE Con 3 Blee (p S 31 S
ey Ll ey awds So f gl 3okl Cl Ay, e e JSG sbml e
Jhe e 3 See Sl Wadds acglie dusls oo 5 ol IS 30 ey IS ane s
Col 5 o3p Samw Sy SVslas 55, » SVM) Jst Qb ;@MUT 5 e el fele
() 355 e e o gl Sle hals () b Obr i GO0 5
e bl syl e (Y010) OLKan 5 (osls s Su e Glapp anda G Saie
s i gladde 51l L wlesy, 5 0k e s caslie syl Gl ose
@l sy Olbaiy Ly il 5 e seas V) ol O Bl
S0l s i b iy 53 ol Sl el Ol VAV E dlo 53 SlS o il s p 8
Sl bl ezl VU pslie s acylie ot ol 5 ok Slalas OF 51 ey 5 0
&l (RBF) JJ;S L (SVM) Jus e b}m S cabys (Y44 Jﬂ (YY) el el (’b‘d
il i sl & Cond i b i absS ol S dbtag, s Ol
(ANN) Jt & cos (SVM) Joke e A Llors Jool> Vb by Lolss js albstsg,

e gl Silaand 5 s > VL LUl grome &S Al (884) Ohlker 5 205

(VO 3l e J cweslie plp e Coslie ool Caeglie
é}))\\)ﬁm@juﬁdlj&cﬁbéy)‘w‘

¥



s 30 g0 (305 9 (il )5 Dgramo

5 skl S 5l e S e s skl Shs
Solon uild Sty a oS ol pl Oss sl
Shls a8 5l Ol ys asgazme j3 1) (615 i sal

(0) col il 25 &5
OAVD) Oswsslmy 5 Fsmew 228 s Sy)
sladls bain ale s Llie 3 1, 0L > oyu8
6l &AK,QLA)'T f}b Slaesls (gl sy
5 LAY wsls &1 ol ses &g 4 JUIS
S5 3de 5l by e ffé (47 il

[\l - . S A Fr = \'4
C,HJUJU”)J)LJ”J‘JM)‘U_WJ r_E

Dy o)s by dmi bl by i JL oS >~

(ON) 553 0 asia T &S = jlis byl s
Sladds 5 Lals, anglie ) glate 15 bl glapasls
oole (bl laslas I ey dyge il
S F5 L 2 (RMSE) Lt Sle s
ROC Area) jow 3 <>les 5 (CCD

N _P.\2
RMSE = 2= 0P

oolie O ezl sl S N Ol s &S

.,\{.sjf oslaiul

")

Cilises gla sy 5l gaslp polis By Slaslis
oS K o e sl slre e

S ol (CCD groarws gL CEs s
LQ.,\.‘.MI..«J d_i\)lS o Ls\j" Lf':)) (ROC) )‘-’j’“

Byhe bl otk

4- Root Mean Squared Error
5- Correctly Classified Instances

Yyv

3590 5 ladlas O ST oS sls OLLS dt.,e 0y

Slap b mobn Sl s D53 b ) eslizal
3l e rlq;,l Slawle baalsg,y 5o
SESS 28y gl Gaa b Lol asn g0
(Random Tree) 5 (Random Forest) (slas ;S

(23S el e Sl st 00

g, 9 dlge

53 ekl 5590 glaesls teslawl 3,40 (glaesls
() ol (VAAY)) Ll slaesls ol hagsy
SASy el 5 e mls O55] Casa (gl
5 Sl i 3 4 ol gbay Lacsls lacsls
Ly Laesls deoys Yo g doys Ve ol S oS Ogej]
S o S LA e Ll el
ARle 5l sl 5 el w S e sladd
St 0P et e (WEKA) (¢sSesls
Ladde alad 55 $3555 sla el s S eslinad
awslis gl Qjﬂﬂ oo slaesls 5y s wliae
S i Jod= el ol oslizul el CL“’
Sbrosls gl 1, OF (bl (gla el )b 5 oslizal 5 5
s o O O3l 5 iy gel

gl= &« RF) b5, o3 ) (RF) sla Ko
Ghoark C s Ol L s (c s KU
ol slaesls D,w& oo ol s Nss e M
Olse Lo a8 W god oolinal oy o sl s
Ly o skl (OOB) dew 51 O, sladi gl
Llodzs eslizul 3 gl L3 ek ges opl O
3 onl b 5 K8 e 13 eslinal 5,50 Oga3l 3
Q)AL s el 5 S o sliel 4
& RT) pslas s TRT) sl <5

K) L u.(.u Ol 53 a0 oz 5 Bslad o s

1- Random Forest
2- Out Of Bag
3- Random Tree



IYAY (0) o ko (Y0) s S g O Chlin s yidgss 4y i

woslial 350 s 53 (639,5 sla el (gade palie - Jgd

Table 1. Numerical values of input parameters in used models.
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Table 2. Input parameters in used models.
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Table 3. Performance of Decision Tree method for predicting bed forms with different inputs for laboratory data.
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Table 4. The values for the bed forms in the Decision Tree method for laboratory data.
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Table 5. The performance of different computational methods to predicting bed forms for laboratory data.
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Table 6. Sensitivity Analysis of Input Parameters on Random Forest Model.
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Abstract

Background and Objectives: The bed forms or in the other word, bed irregularities are structures
that form due to stream flow and they have direct impact on roughness and flow resistance in sand
bed rivers. Bed forms have different shapes and forms in sand bed rivers. Since river discharge and
flow velocity are totally affected by roughness, accurate prediction of the shape of the bed is of great
importance. Due to the influence of different parameters in the formation of the river bed form, it is
difficult to determine the governing equations and the mathematical models with sufficient precise.
Today, the use of artificial intelligence systems has expanded as a new way of analyzing water
resources issues. The objective of this research is to introduce a method that can be used to predict
the shape of the river bed with high precision.

Materials and Methods: In the present study, in order to obtain better results and to reduce the
dispersion of data, the data were randomly divided into two parts of the training (70%) including
1647 laboratory data and test (30%) containing 560 laboratory data. The decision trees were coded
on the data of the test section in the WEKA programming environment and finally calibration was
performed on the data by using Random Forest and Random Tree algorithms. Then, the
experimental methods of Van Rijn, Engelund and Hansen and Simons and Richardson were
implemented on test data.

Results: Evaluation of the results were done using root mean square error (RMSE), Correctly
Classified Instances and Roc area under curve. The results showed that the best performance reached
by Random Forest algorithm for experimental data with statistical criteria of CCI=85 (%),
RMSE=0.17, ROC=0.97. On the other hand, by examining the results of empirical methods, it was
determined that for laboratory data, van Rijn method has better performance with the results of
CCI=64 (%), RMSE=1.07. Among different environmental variables of discharge, width, depth,
slope of the channel, average diameter of sediment particles and temperature for laboratory data
were the most important parameters in predicting bed forms.

Conclusion: In this research, the superiority of soft computing models was evident compared to the
empirical methods in modeling and prediction of the bed form and the models performed in the
VKA environment were better. Basically, because of the formation of the river bed form is depended
on several factors and also because of its complex nature, the prediction of this phenomenon is very
difficult and sometimes with high errors. Since artificial intelligence methods are used to analyze
issues that do not explicitly describe the nature of the problem, so many of the issues of bed form
can be solved with these methods.

Keywords: Artificial intelligence, Bed form, Decision tree, Prediction, Sand rivers
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