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Available online: handling (GSGMDH)". Initially, the variables affecting the discharge coefficient
April, 18,2023 are discerned and six different GSGMDH models are defined. After that, the
experimental data are divided into two sub-groups, meaning that 70% of the
experimental measurements are used for training and 30% for testing. Then, the
superior model is introduced through the analysis of all GSGMDH models. This
model estimates the discharge coefficient values with remarkable accuracy. For
Keywords: example, in the testing mode of the superior model, the correlation coefficient
Triangular side orifice, ' (R), Scatter Index (SI) and the Nash-Sutcliff proficiency coefficient (NSC) are
Discharge coefficient, calculated 0.999, 0.0008 and 0.999, respectively. Furthermore, the sensitivity
Generalized structure analysis of the input parameters reveals that the Froude number (F1) and the ratio
group method of data of the main channel width to the side orifice length (B/L) are the most effective
handling, Uncertainty input parameters. After that, the results yielded by the GSGMDH superior model
analysis are compared with the GMDH results to prove that the accuracy of the GSGMDH
model is higher.

1.  Introduction

Side orifices are generally installed on the sidewall of main channels for adjusting and measuring flow.
The flow in channels equipped by side orifice is considered as spatially variable flows with discharge
reduction. This type of hydraulic structures is widely used in irrigation networks, drainage systems,
transmission channels and water and wastewater treatment plants. It is worth noting that the most
important parameter of a side weir is the discharge coefficient which has a significant role in providing
an optimal and cost-saving design for passing the maximum amount of water through the side orifice.
Furthermore, depending on the application of the side orifice, this type of diversion structures are
installed in various shapes such as rectangular, square, circular and triangular on the sidewall of main
channels.
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2. Materials and Methods

The performance of the GMDH method in solving various nonlinear problems has been proved (Ebtehaj
et al. 2018; Azimi et al. 2018). However, this approach has limitations leading to the reduction of the
model performance in solving nonlinear complex problems. The use of the quadratic polynomial
structure, limiting the inputs of each neuron to 2, and most importantly, limiting the inputs of each
neuron to the use of adjacent layer neurons, are the major disadvantages of the classical GMDH method.
The existence of such limitations leads to poor performance along with the development of sophisticated
models for solving nonlinear problems. Hence, in order to overcome this issue, a generalized structure
of the GMDH method entitled "generalized structure of GMDH" is presented in this study. In addition
to considering quadratic and cubic polynomials, this method chooses the number of each neuron inputs
from two or three. Besides, this technigue has also the ability to take input neurons form non-adjacent
layers. The selection of the best model which in addition to the simplicity takes into account the
accuracy of the model is conducted by the AICc index.

3. Results

In this paper, the discharge coefficient of triangular side orifices placed inside rectangular channels was
simulated for the first time using a modern evolutionary approach named "generalized structure group
method of data handling (GSGMDH)". Compared to the classical GMDH technique, this model has a
better performance for simulating nonlinear and complex phenomena. Initially, six GSGMDH models
were developed by the input parameters and these models were trained by 70% of the experimental data
and tested by the remaining 30%. Examining the results obtained by the GSGMDH models revealed
that this method has a high ability in simulating the discharge coefficient of triangular side orifices so
that the values of RMSE, VAF and MAE for the testing mode of the superior model (GSGMDH3) were
approximated to be 0.0004, 99.975 and 0.0003, respectively. Besides, the GSGMDH3 model estimated
the objective function values using the ratio of the crest height to the orifice height (W/H), the ratio of
the main channel width to the orifice height (B/H), the ratio of the main channel width to the orifice
length (B/L) and the Froude number of the orifice upstream (F1). Subsequently, the GSGMDH and
GMDH models were compared and it was concluded that the former performs better.

4.  Discussion and Conclusion

The conduction of an uncertainty analysis proved that the performances of the GSGMDH3 model in
the training and testing modes are overestimated and underestimated, respectively. Then a formula was
proposed for GSGMDH3 which estimates the discharge coefficient of triangular side orifices.
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Estimation of Discharge Coefficient of Triangular Side Orifices
using Generalized Structure Group Method of Data Handling

Rahim Gerami Moghadam?, Behrouz Yaghoubi?, Ahmad Rajabi?, Saeid Shabanlou*, Mohammad Ali
Izadbakhsh®

Abstract

In the study, the discharge coefficient of triangular side orifices is modeled by a new evolutionary
algorithm entitled "generalized structure group method of data handling (GSGMDH)". Initially,
the variables affecting the discharge coefficient are discerned and six different GSGMDH models
are defined. After that, the experimental data are divided into two sub-groups, meaning that 70%
of the experimental measurements are used for training and 30% for testing. Then, the superior
model is introduced through the analysis of all GSGMDH models. This model estimates the
discharge coefficient values with remarkable accuracy. For example, in the testing mode of the
superior model, the correlation coefficient (R), Scatter Index (SI) and the Nash-Sutcliff
proficiency coefficient (NSC) are calculated 0.999, 0.0008 and 0.999, respectively. Furthermore,
the sensitivity analysis of the input parameters reveals that the Froude number (F1) and the ratio
of the main channel width to the side orifice length (B/L) are the most effective input parameters.
After that, the results yielded by the GSGMDH superior model are compared with the GMDH
results to prove that the accuracy of the GSGMDH model is higher.

Keywords: Triangular side orifice, Discharge coefficient, generalized structure group
method of data handling, Uncertainty analysis
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