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! Determination coefficient, R?

2 Root Mean Square Error, RMSE
3 Percent Relative Error, RE%

4 Nash-Sutcliffe Efficiency, NSE
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Evaluation Performance of Gene Expression Programming and Artificial
Neural Network Models in Estimation of Hydraulic Parameters in
Triangular Plan Sharp-Crested Weirs

Bahram Nourani!, Reza Norouzi?, Farzin Salmasi?, Hadi Arvanaghi*

Abstract

The purpose of this study is to provide an equation for prediction of discharge coefficient (Cq) for
triangular plan sharp-crested weirs. Using laboratory data, a regression equation was presented based
on h/p and a parameters with a reasonable accuracy. In addition, the performance of artificial neural
network (ANN), gene expression programming (GEP) models and regression models (MR-linear and
MR-nonlinear) in the estimation of the h/p was investigated. The stage-discharge relationship for
triangular sharp-crested weirs was investigated. The results were evaluated using statistical criteria R?,
RMSE, NSE and RE%. The values of the R?, RMSE, NSE and RE% were respectively, 0.998, 0.0076,
0.997 and 1.74% for ANN, 0.983, 0.0301, 0.998 and 6.86% for GEP, 0.986, 0.0196, 0.985 and 4.09%
for MR-linear and 0.987, 0.0197, 0.984 and 4.09% for MR-nonlinear. The results of statistical criteria
indicated the superiority of ANN as compared to other methods. In addition, results showed that based
on the angle of the triangular sharp-crested weirs, the Cq is increased from 1 to 8 % respect to the normal
sharp-crested weirs with identical width (suppressed weirs). In a situation where the head on the crest
of these weirs is low, they will show better performance.

Keywords: Triangular in plan sharp-crested weirs, Discharge coefficient, Stage-discharge, ANN,
GEP.
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Evaluation Performance of Gene Expression Programming and Artificial
Neural Network Models in Estimation of Hydraulic Parameters in
Triangular Plan Sharp-Crested Weirs

Bahram Nourani!, Reza Norouzi?, Farzin Salmasi?, Hadi Arvanaghi*

Introduction

Weirs are one of the most important hydraulic structures for flow control, water discharge measurement
and regulating of upstream water elevation in canals, irrigation networks and rivers. In linear weirs in
plan-view, the flow rate can be changed by modifying one or a combination of three factors: discharge
coefficient (Cg), length of weir and upstream water height (Oskuii, 2014). Many researchers have
conducted extensively in experimental and numerical studies to estimate the nonlinear weir discharge
coefficient (Hay and Taylor, 1970; Crookston and Tullis, 2012; Dabling and Tullis, 2017). Salmasi et
al. (2019) Calculated the Cq of weirs with a triangular shape in plan form by ANSYS FLUENT software.
Their results indicated that the triangular weirs in plan-view increase the Cq4 from 1 to 8% compared to
the suppressed weir. Shafiei et al. (2019) predicted the C4 of the nonlinear weirs in the plan-view using
a neuro-fuzzy-firefly algorithm. Results indicated that the ANFIS-FFA model is more accurate than the
ANN. Norouzi et al. (2019) assessed the Cq4 of nonlinear weirs in plan-view. They compared the
performance of ANNs and SVM methods in assessing the Cq4. The results indicated that the performance
of both techniques was acceptable, but the MLPNN model results were closer to the experimental results
than the SVM model.

Literature review showed that limited studies have been done with intelligent models for estimating the
Cq of triangular plan weirs. Therefore in the present study, using laboratory data of Kumar et al. (2011),
the performance of artificial neural network (ANN) and gene expression programming (GEP) intelligent
models as well as linear (MR-linear) and nonlinear (MR-nonlinear) regression methods is investigated
for triangular plan weirs.

Methodology
For a rectangular sharp-crested can be written:

2 3
Q= §Cd\/2_g L h2 1)

=) (&) o

L3 g3
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For a sharp-crested weirs with triangular shape in plan shown in Fig. 1, the stage-discharge relationship
can be expressed in the form of Eq. 5.

®h,Qp,LgupoB)=0 (5)

B
D >
A
'xh
VRS (OO
] |
| X=(L/2) Cosa | v ’ :P
| Y=(U2)Sina | ¥ f | : l

ou SN

Figure 1- Sharp-crested weirs with triangular shape in plan

By simplifying the effective parameters, Eq. 6 is obtained:

h (Ks L S ) ©)
—=w|—,=,Sina
P p P

In the present study, two intelligent models of artificial neural network model and gene expression
programming model have been used to estimate the amount of dimensionless parameter (h/P) using
three dimensionless parameters Ks/P, P/L and a. for this purpose, experimental data of Kumar et al.
(2011) were used. To achieve the program and the structure that can generalize the relationships between
the inputs and outputs of the model, it is necessary to train the program. For this purpose, several
structures were studied and input and output parameters were divided into two categories.

In both ANN and GEP models, the dimensionless parameters Ks/P, P/L and a were introduced as input
and the dimensionless parameter h/P, ie the ratio of water height to weir height, was introduced as output,
and also in both models, 75% of all available data (91 items) were used for the training course and 25%
of them (31 items) were used for the test course. In addition to the two intelligent models of ANN and
GEP, the statistical method of regression analysis, which provides a relationship between two or more
quantitative variables to estimate the dependent variable, was also used. SPSS (version 22) software was
used to create multiple linear and nonlinear regression models.
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Discussion and Conclusion
The performance of MR-linear and MR-nonlinear regression models in estimating the dimensionless
h/p parameter of the stage-discharge relationship were obtained as Egs. 7 and 8.

N

h k P
—=1.505 X (—) + 0.006 X a- 0.031 x (—) —0.031 (7
P D L

1.104 0.003

% 0023 & (f) (8)

h ks
— = 1.568 X (—)
P L

p
It should be noted that the ANN model in the Mathematica software with random selection method from
the total data (122 data) as test and training data with 25% (31 data) and 75%, respectively (91 data),
was performed. Evaluation of the results was performed using statistical criteria R2, RMSE, NSE and
RE%. The statistical criteria of R2, RMSE, NSE and RE% were 0.998, 0.0076, 0.997 and 1.74% for
ANN, 0.983, 0.0301, 0.998 and 6.86% for GEP, respectively. , 986, 0.096, 0.985 and 4.09% for MR-
linear and 0.987, 0.0971, 0.984 and 4.09% for MR-nonlinear. Statistical criteria show the superiority of
ANN over other methods. The values obtained from the models were compared with the relation of
Distefano and Ferro (2013) which gave good results. Data density diagrams and violin diagrams were
also extracted and it was observed that the scattering and probability distribution of the data with the
results of the ANN model with the experimental data of Kumar et al. (2011) has a good fit.
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