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Abstract

Groynes are essential hydraulic structures in river engineering and water
resources management, employed to regulate, diversion and direct water flow
while mitigating riverbank erosion. The design and optimization of these
structures necessitate a comprehensive understanding of their hydraulic and
geometric behavior across varying flow conditions. This research examines the
efficacy of three machine learning models (MLMs)—Artificial Neural Network
(ANN), Support Vector Machine (SVM), and Gene Expression Programming
(GEP)—in simulating the diverted discharge in a channel within a physical model
incorporating L-shaped and T-shaped groynes. A total of 96 experimental data
points were utilized, considering three independent input variables: Froude
number (Fr), relative length of grpyne (L/B), and angle of the water intake
channel (o). The models' performance was assessed using three evaluation
metrics: RMSE, MAE, and R2. The results, while confirming the potential of all
three MLMs for simulating diverted discharge, indicated that the GEP model with
a three-gene structure exhibited superior accuracy compared to the other two
models for both types of groynes. The values of RMSE, MAE, and R? during the
training and testing phases for the L-shaped groyne were 0.9325, 0.9878, 1.2536
and 0.9836, 0.4102, 0.6325, respectively, and for the T-shaped groyne were
0.9025, 1.2534, 1.8502 and 0.9873, 0.3337, 0.4972, respectively. The second and
third ranks were attributed to the MLP 3-8-1 and SVM models, respectively.

1) Introduction

Groynes are crucial hydraulic structures for controlling water flow, protecting shorelines, and
improving water intake efficiency. A thorough understanding of their design and post-construction
challenges is essential for optimizing river water extraction. Esmailnejad (2012) studied the hydraulics
of inlet flow to the Hamidiyeh diversion dam using a micro model. Keshavarz and Hakimzadeh (2007)
explored flow patterns around groynes with different slopes, focusing on shear stresses in the riverbed.
Manadizadeh (2012) examined groyne impact on flow within the Dehkhoda intake. Studies by Kumar
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et al. (2018) and Mall et al. (2023) found that T-shaped groynes are more effective and economical than
other configurations in reducing scouring and flow interference.

While many studies have explored groynes' impact on flow patterns, none have simulated discharge
diversion by intake canals affected by groyne installation. To address this gap, forthcoming research
will use three MLMs—SVM, ANN, and GEP—to analyze discharge diversion effects of L-shaped and
T-shaped groynes on a laboratory scale.

2) Materials and Methods

In this study, SVM, GEP and ANN have been employed to simulate the impact of the groyne’s relative
length, intake canal angle, and Froud number on the diverted discharge. This analysis is conducted for
two types of groynes: T-shaped and L-shaped. A total of 96 laboratory data have been used. The models
utilized in this research were evaluated to identify the most optimal performance during both the training
and testing phases, with the aim of determining the best tuning parameters for each model. To facilitate
this process, performance evaluation criteria were employed, namely: (1) Root Mean Square Error
(RMSE), (2) Mean Absolute Error (MAE), and (3) Coefficient of Determination (R?).

3) Results

The ANN model, specifically the Multi-Layer Perceptron (MLP) 3-8-1 configuration, showed the
highest accuracy, with RMSE, MAE, and R? values of 0.8966, 1.949, and 1.8633 during training for the
L-shaped groyne, and 0.9559, 0.4802, and 0.7696 during testing. The T-shaped groyne had
corresponding values of 0.8303, 1.4463, and 2.894 during training, and 0.9661, 0.4059, and 0.7079
during testing. For the SVM model, the Radial Basis Function (RBF) kernel was identified as the most
accurate, with optimal tuning parameters of C =40, £ = 0.15, and y = 0.5, determined through trial and
error. The GEP model, using a three-gene structure, also performed well. For the L-shaped groyne, it
achieved RMSE, MAE, and R? values of 0.9325, 0.9878, and 1.2536 during training, and 0.9836,
0.4102, and 0.6325 during testing. For the T-shaped groyne, these values were 0.9025, 1.2534, and
1.8502 during training, and 0.9873, 0.3337, and 0.4972 during testing,.

4) Discussion and Conclusion
This research compares the performance of three machine learning models—ANN, SVM, and GEP—
in simulating flow diversion through an intake canal with L-shaped and T-shaped groynes. Using data
from 48 laboratory datasets, the models were evaluated using RMSE, MAE, and R? metrics. The GEP
model, with a three-gene structure, outperformed the others, showing superior accuracy for both groyne
types. The ANN (MLP 3-8-1) and SVM models followed in performance.
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