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Soft Computing Application to Amplify Discharge Coefficient Prediction in
Side Rectangular Weirs

Mehdi Fuladipanah™, Mahdi Majedi Asl?

Abstract

It’s valuable to predict accurately the discharge coefficient due to its direct role in the determination of
the weirs passing capacity. This study was carried out using intelligent GEP and SVM algorithms based
on laboratory datasets to simulate the discharge coefficient of the rectangular side weir installed in a
rectangular (the first scenario) and a trapezoidal main channel (the second scenario). The most effective
parameters were determined as upstream Froud number (Fr1), upstream flow depth (hi or yo), weir
height (P or W), side weir length (L), main canal width (b), sidewall slope (Z). Dimensionless

parameters were extracted as (Fry, % hi, hi) and (Fry, Z, yﬂ) for the first and the second scenarios,
1 1 o

respectively. The outputs of the two algorithms were compared with experimental and regression
equations using statistical indices as root mean square error (RMSE), deterministic coefficient (R?),
relative error (RE), and standardized developed discrepancy ratio (Zpor). The values of (RMSE, R?,
RE, Zppr) during the test phase for the first scenario for GEP and SVM were calculated as (0.036, 0.962,
7.76, 5.48) and (0.037, 0.952, 9.6, 3.8) and those of the superior regression model were (0.040, 0.912,
4527, 2.439), respectively. The corresponding values in the second scenario for GEP, SVM and
regression model were obtained (0.068, 0.992, 3.1, 1.14), (0.043, 0.934, 10.3, 0.71) and (0.068, 0.818,
11.9, 0.511), respectively. The results showed the superiority of intelligent algorithm over classical
regression, and also the GEP to the SVM.
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Abstract

It’s valuable to predict accurately the discharge coefficient due to its direct
role in the determination of the weirs passing capacity. This study was
carried out using intelligent GEP and SVM algorithms based on
laboratory datasets to simulate the discharge coefficient of the rectangular
side weir installed in a rectangular (the first scenario) and a trapezoidal
main channel (the second scenario). The most effective parameters were
determined as upstream Froud number (Fr1), upstream flow depth (hs or
Yo), Weir height (P or W), side weir length (L), main canal width (b)

sidewall slope (Z). Dimensionless parameters were extracted as (Frl, b b

—) and (Fry, Z, )for the first and the second scenarios, respectively. The

outputs of the two algorithms were compared with experimental and
regression equations using statistical indices as root mean square error
(RMSE), deterministic coefficient (R?), relative error (RE), and
standardized developed discrepancy ratio (Zppr). The values of (RMSE,
R2?, RE, Zppr) during the test phase for the first scenario for GEP and SVM
were calculated as (0.036, 0.962, 7.76, 5.48) and (0.037, 0.952, 9.6, 3.8)
and those of the superior regression model were (0.040, 0.912, 4.527,
2.439), respectively. The corresponding values in the second scenario for
GEP, SVM and regression model were obtained (0.068, 0.992, 3.1, 1.14),
(0.043, 0.934, 10.3, 0.71) and (0.068, 0.818, 11.9, 0.511), respectively.
The results showed the superiority of intelligent algorithm over classical
regression, and also the GEP to the SVM.

1. Introduction

Iranian Journal of Irrigation and Water Engineering

As a main part of water distribution system in irrigation canals, side weirs play a significant role in
emergency systems of hydraulic structures, too. Their various geometry characteristics besides
hydraulic conditions of flowing water effect the performance of side weirs. As an index of weir's
function, discharge coefficient, Cq, displays the efficiency of the side weirs. The value of Cq is a
combination of independent variables that can be written as
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Cd=F(Fr1,%,%,£,\y,SO) (1) where Fry is upstream Froud number, L is the
width of side weir, b is channel width, P is the height of side weir, h; water depth at the upstream of the
weir, y is the angle of flow diversion, and S, is canal slope. Various experimental and empirical
relationships have been developed by researchers to predict the Cq4 such as Nandesamoorthy et al.
(1972), Ranga Raju et al. (1979), Swamee (1994), Borghei et al. (1999), Emiroglu et al. (2011) and
Keshavarzi and Ball (2014). Because of estimation error of traditional relationships, utilization of
artificial intelligence (Al) technique have been developed recently. Support vector machine (SVM) and
gene expression program (GEP) are two data-based Al algorithms of ample applications to extract
hidden and complex relationships between dependent and independent variables. Emiroglu and Kisi
(2013), Azamathulla et al. (2016), Roshangar et al. (2016), Azimi et al. (2017), Norouzi et al. (2019)
and Daneshfaraz et al. (2020) have proposed utilization of Als to predict various hydraulic parameters.
In this research work, the values of Cq4 have been predicted using intelligent approaches (SVM and
GEP) with gathered experimental data at rectangular and trapezoidal straight canal. Ultimately, a
comparison between traditional and two data-driven algorithms.

2. Materials and Methods

In this research, the values of Cq have been estimated using traditional and Als algorithms (SVM and GEP)
in two scenarios: (1) an installed side weir in a rectangular section canal using datasets of Emiroglou et
al. (2011); (2) an installed side weir in a trapezoidal section of two side slope using dataset of Keshavarzi
and Ball (2014). At the first scenario, the flume width was 0.5 m, discharge was 10 to 150 Lit/s, weir
length was 0.15 to 1.5 m, weir height was 0 to 0.122 m and Froud number varied from 0.08 to 0.92.
The second scenario relates to a trapezoidal section of weir height 0.04 to 0.2 m, of weir length 0.15 to
0.2 m, of Froud number 0.08 to 0.8, of discharge 2 to 12.9 Lit/s and of side slope 1 and 1.5. The number
of datasets for the first and second scenarios were 136 and 46, respectively. Four statistical indices
including RMSE, R?, RE and Zppr(max) Were applied to compare results. Two training and testing phases
were performed for SVM and GEP algorithms to determine and satisfy setting parameters. These two
phases were performed using a share of available experimental datasets. For the first scenario, the
following equation was suggested by Emiroglou et al. (2011) to predict Cg:

Cd:F(Frl 7%1 % 7%) (2)

The values of variables mentioned at Eq. (2) were used as input of SVM and GEP algorithms. After
training phase of SVM and GEP, the most optimum values of (R%2,RE,RMSE,Zppr(max)) for testing phase
were obtained (0.9518,9.6,0.0371,3.78) and (0.9822,7.76,0.0364,5.48) for SVM and GEP, respectively.
The assessment indices were highly expressive of GEP superiority. A comparison was performed
between GEP and traditional equations to estimate the values of Cq4. A distinct priority of GEP was
determined. For the second scenario the following equation was proposed by Keshavarzi and Ball
(2014) to predict Cq:

Cd:F(Frl 5 yy aZ) (3)
The corresponding values of (R?RE,RMSE,Zpprmax)) for the testing phase of SVM and GEP were
(0.9339,10.3,0.0427,0.71) and (0.9916,3.1,0.0676,1.14), respectively. These values proved the
preference of GEP algorithm than SVM. The same result was obtained between the comparison of GEP
and regression traditional equation.

3. Results

Simulation of Cq for a side weir was performed in the present work using SVM and GEP algorithms
and classical regression equations. The side weir was installed in two straight canals of section
rectangular and trapezoidal. Dimensionless parameters were extracted using dimensional analysis as
inputs of models and equations. Four assessment criteria were used to compare the precise of outputs.
Ultimately, the values of (RMSE,R?RE,Zpprmax)) Were used to determine the superior model and
(STDEV,Mean,Min,Max) were applied at significant level of 95% to determine superior model's
precise. The results show that GEP has transcendent performance than SVM and traditional regression
equations. The correlation coefficient between measured and predicted values of Cq4 for GEP algorithm
during testing phase were 0.95 and 0.984 for rectangular and trapezoidal, respectively.
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4.  Discussion and Conclusion

The combination of hydraulic and geometry paramters are used to estimate the values of Cq in traditional
regression equations. Given that these type of equations have different level of error percent, in this
paper the ability of Als approaches were tested to predict Cq. The results illustrated and proved the
precisely estimattion of C4 using GEP and SVM algorithms as Als models.
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