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This study investigates the effectiveness of combining image processing techniques and
machine learning methods to estimate the Manning roughness coefficient in furrow irrigation
during the advance and storage phases. For this purpose, various input discharge values,
irrigation cycles, phases, and soil texture types were considered. Images of the furrow surface
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EXTENDED ABSTRACT

Introduction

Efficient water management in furrow irrigation is significantly influenced by various parameters, such
as soil texture, furrow geometry, slope, and especially Manning's roughness coefficient. Accurate estimation
of this coefficient is essential for simulating water flow. However, its temporal and spatial variability presents
challenges, as it is influenced by factors like water infiltration into the soil, changes in soil composition, and
the presence of vegetation. Traditional methods often estimate roughness with limited accuracy, overlooking
these temporal and spatial variations and assuming the coefficient remains constant during irrigation. Such
assumptions can lead to significant errors in flow simulation in surface irrigation. In this study, we propose an
integrated approach that combines image processing and machine learning methods to provide accurate and

rapid estimation of Manning's roughness coefficient in both the advance and storage stages.

Materials and Methods

In this study, we developed an algorithm that combines image processing technigues and machine
learning methods, including Logistic Regression (LR), Linear Discriminant Analysis (LDA), k-Nearest
Neighbor (KNN), Decision Tree (CART), Random Forest (RF), Support Vector Machine (SVM), and
Multilayer Perceptron (MLP), to estimate the Manning roughness coefficient in furrow irrigation. This
algorithm is specifically designed for the advance and storage phases of irrigation in bare furrows. The
accuracy of Manning roughness coefficient estimation was evaluated using the developed algorithm under
three scenarios: (i) using image data alone, (ii) using only field data, and (iii) combining both image and field

data.

To achieve this, six different inflow rates were tested across two categories, low and high flow, with
average flow rates of 0.27 and 0.53 L/s, respectively. Additional parameters included three irrigation events
(first to third), two irrigation phases (advance and storage), two irrigation intervals (5 and 10 days), and two
soil textures. Images of the furrow surface were taken from a height of 100 cm above the soil under controlled
lighting conditions before and after each irrigation event. The Manning roughness coefficient was determined

for the advance and storage phases using the SIPAR_ID model and Manning equation, respectively.

Results and Discussion

In the first step, Manning’s roughness coefficient values were determined for the advance and storage
phases, yielding accurate results that supported their use in the algorithm. In terms of numerical accuracy, the
model’s R? values for the advance phase ranged between 0.91 and 1.0, with a mean of 0.995, indicating strong
predictive power. The root mean square error (RMSE) for this phase was between 0.2 and 2.6 minutes, with
an average of 0.36 minutes, while the relative error (RE) remained consistently low, below 4.24%. For the
storage phase, Manning’s roughness coefficient values averaged 0.073 in field E and 0.041 in field F,
demonstrating a decline in roughness as successive irrigation events smoothed the soil surface. These results,
which aligned with physical observations, confirmed the high accuracy of the initial estimates and justified

their use in the developed algorithm. Following this validation, the performance of the algorithm was evaluated

under three scenarios. The hybrid approach that integrated both image and field data outperformed the other
two scenarios, achieving the highest accuracy in estimating Manning’s roughness coefficient. Using only
image data resulted in lower accuracy, with Random Forest achieving an accuracy of 60%, recall of 60%, and
precision of 55%, underscoring the necessity of combining data sources. In the hybrid scenario, Random Forest
provided the best classification results, achieving a precision of 95%, recall of 96%, and F1-score of 95%. The
CART model also showed competitive performance, with accuracy and precision metrics closely following
those of Random Forest. These findings indicate that the combined approach of image and field data provides
amore reliable and precise estimation of Manning’s roughness coefficient across different irrigation conditions

and phases.

Conclusion

This study introduces a novel method for estimating the Manning roughness coefficient in furrow
irrigation systems by combining image processing and machine learning techniques. This approach provides
a more efficient and precise solution, particularly in furrows without vegetation. Future work should include
additional parameters, such as lighting conditions, image angles, as well as various hydraulic and field
conditions, to refine the algorithm and enhance its applicability under diverse real-world situations. This
research advances the development of automated, precise estimation methods for improved irrigation
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management and water use efficiency.
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