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Investigate of Learning Machines Performance in Estimation of Circular
Bottom Intake Discharge Coefficient

Ali Miroorollahi!, "Hojat Karami?, Saeed Farzin®, Mojtaba Ameri*

ABSTRACT

By the development of technology and the advancement of technology, many intelligent methods have
emerged for estimating the discharge coefficient of different hydraulic structures. One of the structures
used in power plants is bottom intake structure. The task of this structure is to transfer the flow to the
collecting channel. The advantages of these structures are their stability against dynamic and static
loads due to their low level alignment. In the present study, four intelligent algorithms capable of
extreme learning machine (ELM), general regression neural networks (GRNN), multivariate adaptive
regression spline (MARS) and M5 tree model have been evaluated in modeling of discharge coefficient
of bottom intake. The modeling results showed that the ELM algorithm is more accurate than the other
algorithms in both training (70% of data) and test (30% of data) periods. In addition, R? coefficient for
the mentioned algorithm was up to 3.74% higher than the other algorithms used. Also the DDR
criterion and modeling error histogram showed the superiority of the ELM algorithm. Finally, the
computational speed of the algorithms used was compared, which ELM algorithm was 2.557 times
faster than the other algorithms. Therefore, the ELM algorithm has high potential for modeling the
discharge coefficient in overflows due to its good accuracy and high speed.

KEY WORDS: Intelligent Algorithms, Extreme Learning Machine, Circular Bottom Intake,
Discharge Coefficient, Circular Orifice
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Abstract

By the development of technology and advancement of technology, many
intelligent methods for estimating the discharge coefficient of various
hydraulic structures have emerged. One of the structures used in
hydropower plants is the bottom intakes structure. The task of this
structure is to transfer flow to the collection channel. In the present study,
four powerful intelligent extreme learning machine (ELM) algorithms,
general regression neural networks (GRNN), multivariate adaptive
regression spline model (MARS) and M5 tree model have been evaluated
in modeling the bottom intake discharge coefficient. The modeling results
showed that the ELM algorithm in both training (70% of data) and test
(30% of data) is more accurate than the other algorithms studied. So that
the coefficient R? for the mentioned algorithm was up to 3.74% higher
than the other algorithms used. DDR and histogram of modeling error also
showed the superiority of ELM algorithm.

Ali Miroorollahi, "Hojat Karami, Saeed Farzin, Mojtaba Ameri

Investigate of Learning Machines Performance in Estimation of Circular Bottom Intake Discharge


mailto:alimirnurollahi@semnan.ac.ir
mailto:hkarami@semnan.ac.ir
mailto:m_ameri@iau-shahrood.ac.ir
mailto:hkarami@semnan.ac.ir

Iranian Journal of Irrigation and Water Engineering _ 40

1. Introduction
Due to the shallow flow and limited conditions for the construction of lateral intake, in Mountain Rivers

with steep slopes and coarse-grained sediments, the most suitable intake is the bottom intake (Bouvard,
1992). In some cases where the water level downstream of the prismatic canals has increased, the
bottom intake can be used as an energy dissipator. Another advantage of this type of intake compared
to other intakes is resistance to static and dynamic loads due to its location at the bottom of the canal
(Viparelli, 1963) and (Orth et al., 1954). Using genetic programming method, Zahiri obtained relation
for arc overflow coefficient (Zahiri, 2014).

2. Materials and Methods

In the experiments performed to obtain the discharge coefficient, 54 experiments were performed. In
order to investigate the factors affecting this parameter, the longitudinal slope of the perforated plate
(S), the ratio of the perforated plate opening area (A), the number of orifice (N) and the Froude number
of perforated plate (Frl) were investigated. Parameters A, S, N and Frl are considered as input, and Cd
as output. Also in the present study, 70% of the data were selected for training and 30% of the data were
selected for testing. Also, the data selection was random. For more detailed study, ELM, MARS, GRNN
algorithms and M5 tree decision model have been used.

The extreme learning machine method was first introduced by (Huang et al., 2006), which as a powerful
and simple learning algorithm consists of only one hidden layer (Feng et al., 2016). Multivariate
adaptive regression splineis a nonlinear model used to predict numerical results. One of the advantages
of this method is the non-linear relation between predictor and predictor variables. The general
regression neural network was introduced by (Watson, 1964) and (Nadaraya, 1964) in order to create a
general regression model (linear or nonlinear). This method, like ANN, does not require a repetitive
training process The M5 is a subset of training machines related to model construction or revision in a
large number of test specimens that estimate common problems such as missing data and noise
(Quinlan, 1992). This model was first introduced by Quinella.

3. Results

In the training period, the minimum value of MAE criterion with the value of 0.046 is related to M5
algorithm. But the ELM algorithm based on RMSE and NSE criteria (0.058 and 0.974 for RMSE and
NSE, respectively) has the best results. Therefore, the ELM algorithm has the best results in the training
period. Based on the results of the test period in the ELM algorithm with values of 0.060, 0.080 and
0.960, respectively, for MAE, RMSE and NSE have the best results. MARS, GRNN and M5 algorithms
are also in the next ranks after ELM in terms of accuracy. In the training period, the DDR scatter for
the ELM algorithm around number one is less than other algorithms. Also, the DDR scatter period test
for all four algorithms is slightly higher than the training period. The training period error histogram for
the ELM algorithm is closer to zero than the other algorithms examined. However, the difference in
training results is negligible and all four algorithms are well trained. By examining the error histogram
in the test period, it can be seen that the most accurate results are related to the ELM algorithm.

4. Discussion and Conclusion
In the present study, the bottom intake discharge coefficient was modeled using four parameters of
perforated plate longitude slope, opening area ratio, number of orifice and Froude number and using
four new algorithms ELM, GRNN, MARS and M5. The modeling results based on MAE, RMSE, NSE
and R2 criteria showed the superiority of ELM in both training and testing period. Also, the DDR
criterion and the error histogram showed the superiority of the ELM algorithm.
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