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No Author (year)
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1 Salem (2013)

2 Mayerle et al. (1991)

3 Vongvisessomjai et al. (2010)

4 Mayerle (1998)

5 AbGhani (1993)

6 Montes (2020)

-0.23
Ve 1.07(‘1}
gd (s -1) R

_ 14.4$V0.18Dg-r0.14 (d /R )70-43 10.18

gd (s -1)
Y a3 (d/R)
Jod (s -1) !
V, — 4.30C.0% (d_j—oes
gd (SG -1) "R
V, _ 3.08CV0.21Dg-ro.09 [d_j_om PR
gd (SG -1) R
V, Moy (d_jo.sgs 4,797,008
gd (SG -1) R

60 eoliiul axlllas ol o VONQVisessomyjai et al. (2010)
Jgaz 50 ooliwl 5,90 slaosls g ,Lel (sla jal )b a5 ol

sl s 51,1 (V)

Environment and Water Engineering

2 gy JESD g3l ae g 098 dae i jshatea
Mayerle osls acgome Loz 5 wwdo e sl U
(1988), May (1993), Ab Ghani (1993) and

Vol. 7, No. 1, 2021

Ol e 5 Cos ) Laes 4@)
6

\f. . )Lea A o)l.o..i‘ Y 0,99


bshahmorady@gmail.com
Typewritten text
75


\d

VEee o Ses g 5T LT

oalatuls jge (slaools (sl (5 kel slo el )y 4D =Y Jsu

Table 2 Summary of statistical parameters for the used data

Statistical parameter Frp A d/R Dgr (Mmm) Cv (ppm)

Maximum 13.52 0.050 0.4162 2155 0.0001568
Average 4.400 0.020 0.0671 65.10 0.0002830
Minimum 1.290 0.011 0.0052 5.00 0.0000002
Standard deviation 4.900 0.023 0.1006 88.26 0.0004320
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Table 3 Developing different input patterns to estimate
the Froude number

Input Parameters

Pattern T dR Dr o Output
P1 v v x v

p2 v v v x

P3 x v v v Fr
P4 v v v v
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Table 4 Architecture parameters of the ANN Model

Model Parameter Value
Number of network layers 2
Number of neurons in hidden layer 12
Transform function of hidden layer logsig
ANN . :
Transform function of output layer Purlin
Learning algorithm Levenberg-Marquardt
Iteration 2000
Population size 30
Maximum particles number 2000
Initial inertia weight (Wmin) 1
ANN-PSO Inertia weight damping ratio (Wdamp) 0.99
Cognitive acceleration (C1) 1
Social acceleration (C2) 2
Population size 25
Maximum number of generation in DE 2000
ANN-FA Lower Bound of scaling factor (beta_min) 0.2
Upper Bound of scaling factor (beta_max) 0.8
Crossover Probability (pCR) 0.1
Population size 30
Maximum number of generation in FA 2000
ANN-DE Light Absorption Coefficient (¥) 1
Attraction Coefficient Base Value ($0) 2
Mutation Coefficient () 0.2
ol Gipghy yo ad) Sy it glaJas g gSl gl s oLl sl jlae ol -0 oo
Table 5 Evaluation criteria of studied scenarios using different models
MAPE (m) RMSE (m) R?
Model Pattern train Test train test Train test
P1 0.23 0.27 1.30 1.42 0.74 0.72
% P2 0.18 0.22 0.96 1.00 0.80 0.79
< P3 0.17 0.22 0.98 1.10 0.79 0.77
P4 0.15 0.16 0.93 0.97 0.84 0.82
% P1 0.19 0.20 1.10 1.00 0.77 0.79
< P2 0.18 0.21 1.10 1.14 0.75 0.76
o P3 0.14 0.14 0.90 0.96 0.83 0.80
a P4 0.11 0.13 0.80 0.85 0.87 0.85
< P1 0.19 0.18 1.08 1.13 0.76 0.76
"Z-" P2 0.18 0.19 0.89 0.92 0.84 0.81
Z P3 0.15 0.16 0.85 0.88 0.86 0.84
< P4 0.10 0.12 0.70 0.76 0.90 0.91
] P1 0.20 0.21 1.12 1.15 0.78 0.75
2 P2 0.16 0.14 0.83 0.81 0.84 0.85
= P3 0.13 0.15 0.81 0.88 0.86 0.82
< P4 0.13 0.11 0.77 0.75 0.89 0.92
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Fig. 2 Values of measured and simulated data of different models for selected pattern test data
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Table 6 Value of error criteria for the results achieved by experimental equations and the selected model of machine
learning models

. - . Mayerle
) ) ANN- Montes Vongvisessomjai  Ab Ghani
Parameter ANN-FA  ANN-DE PSO ANN (2020) etal. (2010) (1993) (itggll.)
R? 0.89 0.89 0.90 0.83 0.79 0.75 0.78 0.77
RMSE 0.70 0.74 0.73 0.93 1.36 1.61 2.36 3.16
MAPE 0.10 0.14 0.12 0.16 0.20 0.22 0.50 0.44

Environment and Water Engineering

Vol. 7, No. 1, 2021


bshahmorady@gmail.com
Typewritten text
82


Coy JESI 5l e

23 10 20 18 -
v=13819x - 04627 o |[y=15810% - 0.4627 13 ||[y=1.3810x - 0.4627 15 Y= 13815 - 04627
20 48 8 16 A
“ 7 e
215 =l TR z
g ‘K E10 3
E = = 2
510 5 4 g 8 3]
3 6
5 2 4 e . -
Mavyerle at al. 1 2 Vongvisessomjai
(1991) etal (2010)
0 0 0
0 3 10 15 0 3 10 15 0 3 10 15
Measured Measured Measured Measured
14 14 14 14
y= 158107 - 0.4627 y=13819% - 0.4627 y= 13818 - 04627 = 158105 - 0.3627
12 2 /A 12 12
10 10 10 10
= = -l =
ER 2 ER: - 8
E E; E E
56 5 ¢ 5 ¢ 5 ¢
4 4 4 4
2
: : ANN-PSO 2 ANN-FA ANN-DE
o 0 0 0 - )
0 3 10 15 0 3 10 13 0 3 10 15 0 j 10 15
Measured Measured Measured Measured
Oy yS 5 a4 s oud g jlwads 9 0ad (5,5 03ll polie slp b Joe anslio - ¥ Ss
Fig. 3. Comparison of models for measured and simulated values regarding to regression line
() (all)
c { =
S . Rl
E= % =}
] —-—
= %, =
o =]
T
2 09 =
k-] 4 T ANN-DE
£ L \ c
a / ' ."h"'er et alt i\ 095 g 0.95
|‘ ‘, ./,'//'f'/'/’/'/’/‘ gl r o \\
11117, /(b/Gl{ani_ 2 R 5 e \\
s s /& ol = \
i A % _._.—\099 0.99
B Dl
/,5_ s | l\
£ ' 4 1 1
1 2Macsured 3 4 5 obervation 2.5

75 OYolee (©) (pwile (5, S0L slo Jow (@) condipmm i Hol Jloges -F S
Fig. 4. Plotted Taylor diagrams, by (a) machine learning models, (f) experimental equations

Sz ol sl ol 5l as o Jaw aw Ll szl +/9)
Copo Og oddosldivl ceac 4SS oo <J"’)9‘°T Sonte
BECISE T URTLS I CIRYL VARK PRSP IRV S PR VRS TR COWON

Environment and Water Engineering

(o pd (Mol 5 eble 5253k sladas 5o Ll
& by (Fhan oy eSSl

Sz 5o ol ke oS cwl egias gmas oSS slaools

Ol i 3 Sy Lanee

Vol. 7, No. 1, 2021

0

\f. . )Lea A o)Lo...‘L Y 0,99


bshahmorady@gmail.com
Typewritten text
83


AY

V¥ "4u)lio.®5)b‘l)‘

oS s s )5 eoliial sl Jloges 3 R MAE RMSE
Ohizel 5o ealituls;ge slapts oSl canlio o Shae 5l i
9,8 3¢ (e CBd AxTyd g (Fokas oras 4D
B olse r plgioe |y pol gl mls 5o Cales,s s S
55 o Ll

Uy ol ;9 FA 4 DE PSO LS5 slap, ol -
Seue (0L dga> B 1) ANN Juw cds aiiily os5a
4 o (905 9 JeB B @ls lapt Sl ool asisy
PE S RPEOW P SELt- L PR SO SERE S SRR Cudhd KIS VR V-
IRV 4

ANN-FA jsls jlages 5 s b)) slajlore ull 2 =Y
sse (gt lp iz sladse ol Jse o Foelie
A bl og,8

Sogods | gt C80 60y sl Joe 5l eolatul -V
A2 o il 8l oz OV olae 4y S (6 S e

Sl S i e Ol (95,5 sl el )y plos oS5 -F
OSee 8> o S L 1) 99,8 das e wlg e oS 005

ool (e
Lol 4 ow wd

Gisb 3l Jotmn otingi Bk 3l cCnlgs 0 s Wools

e Jloy) BB !

References

Ab Ghani, A. (1993). Sediment Transport in
Sewers. PhD Thesis, University of Newcastle
upon Tyne, UK.

Arumugam, M. S, Rao, M. V. C. and
Chandramohan, A. (2008). A new and
improved version of particle swarm

optimization algorithm with global-local best
parameters. Knowl. Inf. Syst., 16(3), 331-357.

Environment and Water Engineering

ol )l VID o § 5t leae Oyl a5 ANN-DE
M 35 ;5 5 w0 4 Se35 e Sl 50k o Joe
Jogas g 4385 &go sla b cpl 5l aiian Lls 1, Y/YO
ANN- s ANN-FA (g0 50 Joo <85 4l (I oo 5k
g Aliwd 00 (5 S0l polie 4 bo,lae o 5 SGo 5 PSO
Joe o enslic ANN-PSO s ANN-FA Las ol i 5

idlioe 99,8 30 (i Sux

e sy S85 ol; B ksl Sho mli Gl
03950l yisle (6 S0l Gl Jdo g (o, SYolao b 0g,8 vus
oolaiwl b g 00,5 cad olgrinn 2,50 SYoles jleolatnl Ko
sJos 5 Loias gmac a0 Wb 650L slo Jow
Dged g 6 SYL s b I, polde Qly’sn QT Gy
) sl i ol Sl oS oL ol als opdec,
Jsoz @ls Jolog )0 &5 1z adlioe (0) Jguzr )3 392 9e
slpis ANN-DE 3 ANN-FA Lo o (p scwsbo 5550
Cd (G 2 5o oo ol 80 BB g2 g0p b s
G303l iyl a2 aes o lid g cnl 3l S 4
WA I8 55 5 39,8 dae Jlade Su i H 2V

& o5 4o ¥

dilj ) 09,8 sae ke (st jsliien ;S Slaghy 5
dw sl aalsl jo g egias gmas aSD o o 5l g, Jla]
s ANN s o590l > FA 3 DE PSO LS5 o ,51
i A Sl etz b eslil (T s sguge
oS 5 o2l a5 035 Cy Dgr AR A sla el )l 39,8 53¢
ol 00905 e 4y (699,5 lgredy il slagXl g
) slaslons 51 legse 5 oSl ) 5 el sl

Bong, C. H. J. (2013). Self-cleansing Urban Drain
Using Sediment Flushing Gate Based on
Incipient Motion. Ph.D. Thesis. Universiti
Sains Malaysia.

Bong, C. H. J., Lau, T. L., Ab Ghani, A. and Chan,
N. W. (2016). Sediment deposit thickness and
its effect on critical velocity for incipient
motion. Water Sci. Technol. 74(8), 1876-1884.

Butler, D., May, R. and Ackers, J. (2003). Self-
cleansing sewer design based on sediment

Vol. 7, No. 1, 2021

-\_IIL"‘ gn;uu_';.]ﬂ.n_?f_ﬂf L-?t]


bshahmorady@gmail.com
Typewritten text
84


AD

Coy JESI 5l e

transport principles. J. Hydraul. Eng., ASCE,
129(4), 276-282.

Chen, X. Y. and Chau, K. W. (2016). A hybrid
double feedforward neural network for
suspended sediment load estimation. Water
Resour Manag., 30(7), 2179-2194.

Chau, K. W. (2006). Particle swarm optimization
training algorithm for ANNs in stage prediction
of Shing Mun River. J. Hydrol., 329(3-4), 363-
367.

Delleur, J. W. (2001). New results and research
needs on sediment movement in urban
drainage.  J. Water Resour. Plan.  Manag.,
127(3), 186-193.

Eberhart, R. and Kennedy, J. (1995). Particle
swarm optimization. In Proceedings of the
IEEE international conference on neural
networks (Vol. 4, pp. 1942-1948). Citeseer.

El-Zaemey, A. K. S. (1991). Sediment Transport
Over Deposited Beds in Sewers. PhD Thesis,
University of Newcastle upon Tyne, UK.

Garoosi Nejhad, A. and Bozorg Hadad, O. (2011).
Optimal operation of the tank using algorithm
implementation Optimization of firefly. Fifth
Iranian  Water  Resources  Management
Conference, Shahid Beheshti University, Iran
[In Persian].

Haykin, S. (1999). Neural network a
comprehensive foundation. Prentice-Hall, New
Jersey.

Hosseini-Moghari, S. and Banihabib, M. (2014).
Optimizing operation of reservoir for
agricultural water supply using firefly
algorithm. J. Soil Water Conserv., 3(4), 17-31
[In Persian].

Kennedy, J. and Eberhart, R. (1995). Particle
Swarm Optimization. Proceedings of IEEE
International Conference on Neural Networks.
IV. pp. 1942-1948.

Kisi, O. and Shiri, J. (2012). River suspended
sediment estimation by climatic variables
implication: Comparative study among soft

Environment and Water Engineering

computing techniques. Comput. Geosci., 43,
73-82.

Lippman, R. (1987). An introduction to computing
with neural nets. IEEE ASSP Mag., 4(2), 4-22.

May, R. (1993). Sediment Transport in Pipes and
Sewers with Deposited Beds. Report SR 320,
HR Wallingford, Oxfordshire, UK.

Mayerle, R., Nalluri, C. and Novak, P. (1991).
Sediment transport in rigid bed conveyances. J.
Hydraul. Res., 29(4), 475-495.

Mayerle, R. (1988). Sediment Transport in Rigid
Boundary Channels. PhD thesis, University of
Newcastle upon Tyne, Newcastle upon Tyne,
UK.

Mehra, P. and Wah, B. W. (1990). Artificial neural
networks: concepts and theory. IEEE Computer
Society Press.

Montes, C., Vanegas, S., Kapelan Z., Berardi, L.
and Saldarriaga, J. (2020). Non-deposition self-
cleansing models for large  sewer
pipes. Water Sci. Technol., 81(3), 606-621.

Novak, P. and Nalluri, C. (1975). Sediment
transport in smooth fixed bed channels. J.
Hydraul. Div., 101(9), 1139-1154.

Olyaie, E., Banejad, H., Chau, K. W. and Melesse,
A. M. (2015). A comparison of various artificial
intelligence  approaches performance for
estimating suspended sediment load of river
systems: a case study in United States. Environ.
Monit. Assess., 87(4), 189.

Ota, J. J. and Perrusquia, G. S. (2013). Particle
velocity and sediment transport at the limit of
deposition in Sewers. Water Sci.
Technol., 67(5), 959-967.

Piotrowski, A. P. and Napiorkowski, J. J. (2011).
Optimizing neural networks for river flow
forecasting—Evolutionary Computation
methods versus the Levenberg—Marquardt
approach. J. Hydrol., 407(1-4), 12-27.

Safari, M. J. S., Ebtehaj, I., Bonkdari, H. and Es-
haghi, M. S. (2019). Sediment transport
modeling in rigid boundary open channels

Vol. 7, No. 1, 2021

Sl g 5 Cons ) Jayee 1@
6

AR )L@ A o)Lo...‘L Y 0,9


bshahmorady@gmail.com
Typewritten text
85


AF

VEee o Ses g 5T LT

using generalize structure of group method of
data handling. J. Hydrol., 577, 125-142.

Safari, M. J. S. and Danandeh Mehr, A. (2018).
Multigene genetic programming for sediment
transport modeling in sewers at non-deposition
with deposited bed condition. Int. J. Sediment
Res., 33(3), 262-270.

Salem, A. M. (2013). The effects of the sediment
bed thickness on the incipient motion of
particles in a rigid rectangular channel.
Seventeenth International Water Technology
Conference (IWTCL17), Istanbul, Turkey.

Storn, R. and Price, K. (1997). Differential
Evolution — A Simple and Efficient Heuristic
for global Optimization over Continuous
Spaces. J. Global Optim., 11, 341-359.

Vongvisessomjai, N., Tingsanchali, T. and Babel,
M. S. (2010). Non-deposition design criteria for
sewers with part-full flow. Urban Water J.,
7(1), 61-77.

Environment and Water Engineering

Yang, X-S. (2010). Firefly algorithm, stochastic
test functions and design optimization. Int. J.
Bio-Inspired Comput., 2(2), 78-84.

Zhang, Y. (2006). Towards piecewise-linear
primal neural networks for optimization and
redundant robotics. In: Proceedings of IEEE
International Conference on Networking,
Sensing and Control, pp. 374-379. IEEE
Computer Society Press, Los Alamitos.

Zhu Y. M., Lu X. X. and Zhou Y. (2007).
Suspended sediment flux modeling with
artificial neural network: An example of the
Long Chuanjiang River in the Upper Yangtze
Catchment, China. Geomorph., 84(1), 111-125.

L]

Vol. 7, No. 1, 2021

llf' ® -\.L!__' .\l :\JI.IL-....I ."Ir ‘}Jﬂ":‘


bshahmorady@gmail.com
Typewritten text
86


AY sy JUiS 5l o

Research Paper

Development of a Hybrid ANN-evolutionary Algorithms Models to Predict the
Froude Number in Open Channel Flows in Modeling of Sediment Transport

Naser Arya Azar!, Sami Ghordoyee Milan? and Nazila Kardan®*

M. Sc., Department of Water Engineering, Faculty of Agriculture, University of Tabriz, Tabriz, Iran
2M. Sc., Department of Irrigation and Drainage Engineering, Aburaihan Campus, University of Tehran,
Tehran, Iran

$Assist. Professor, Department of Civil Engineering, Azarabaijan Shahid Madani University, Tabriz, Iran

*Corresponding author: n.kardan@azaruniv.ac.ir

Received: September 14, 2020 Revised: November 10, 2020 Accepted: November 16, 2020

Abstract

In water engineering, estimating Froude number’s value is very important. The applying of
machine learning models has received much attention because it does not require system building
information. For this purpose, in the present study, the artificial neural network (ANN) model was
used. To improve the ANN results, evolutionary algorithms including Particle Swarm Algorithm
(PSO), Firefly Algorithm (FA) and Differential Evolution Algorithm (DE) have been used to
predict the amount of Froude number. The parameters affecting the prediction of Froude number
were A, d / R, Dgr, Cv that combined, and different input patterns have been developed as input to
the models. The results showed that the model involving all the affecting input parameters has the
highest accuracy in predicting the Froude number. The proposed evolutionary algorithms
significantly improved the accuracy of the ANN model. Among the algorithms, FA and PSO
algorithms had good accuracy in most evaluation criteria. In general, the applying of evolutionary
algorithms improved the accuracy of the ANN model by 0.89 m, 0.07 m and 0.1. The results of
machine learning models were also significantly different from the experimental equations and
indicated the high accuracy of machine learning models. Therefore, it is recommended to use them
instead of using experimental equations in estimating the value of the Froude number.

Key words: ANN Hybrid Model; ANN; Froude Number; Sediment Transport.
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