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A Novel Approach for Manning’s Roughne8§ Coefficient Estimation in Furrow
Irrigation Phases Using dgage Procef@ing and Machine Learning

Astract
This study investigates the ef‘tlveness of co blnlng yli80e processing techniques and machine learning methods to estimate
the Manning roughness coefficientgig furrow ir ring the advance and storage phases. For this purpose, various input
discharge values, |rr‘i‘cycles s, and soiltexture types were considered. Images of the furrow surface were captured
before and after each |rwtlon he roughness coefficient in the advance and storage phases was estimated using the

The results sho
very low accuracy, as S
that the algorithm, wj

rithm, when using either images or field data separately, could not be properly trained and had
eatures were only accessible from images and others from field data. The results also revealed
ombining images with certain field data such as flow cross-section and discharge, performed very
well in est L anning roughness coefficient during both the advance and storage phases. In this scenario, the Random
Forest and@ methods, with precision, recall, and F1-score values of 95%, 96%, and 95% respectively, outperformed
other machin ning methods in estimating the Manning roughness coefficient.

Finally, it was suggested that similar studies be conducted considering other factors affecting roughness under different
conditions, and that the algorithm be retrained accordingly to improve its performance and comprehensiveness.

Keywords: Manning roughness coefficient, furrow irrigation, image processing, machine learning, advance phase, storage phase.
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Extended Abstract
Title: A Novel Approach for Manning’s Roughness Coefficient Estimation in Furrow Irrigation Phases Using
Image Processing and Machine Learning

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 compaosition, 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 techniques

to estimate the Manning roughness coefficient in furrow irrigation. Thi i y 088igned for the
advance and storage phases of irrigation in bare furrows. The accur i HWBss coefficient
estimation was evaluated using the developed algorithm under three scenarf@g (i) using ini@lge data alone, (ii)

To achieve this, six different inflow rates were tested acrog/
rates of 0.27 and 0.53 L/s, respectively. Additional Si
irrigation phases (advance and storage), two irrigatio
the furrow surface were taken from a height of 100 cm ab
and after each irrigation event. The Manning roughnes

e irrigation events (first to third), two
days), and two soil textures. Images of

determined for the advance and storage phases,
yielding accurate results that supported their u alg m. In terms of numerical accuracy, the model’s R?
values for the advance phase ranged begween 0.9 d 1.0, with a mean of 0.995, indicating strong predictive
power. The root mean squgge error (RM hase was between 0.2 and 2.6 minutes, with an average of
0.36 minutes, while the relatiygerror (R
Manning’s roughn&‘efﬁcient
in roughness as succe®®ive iMmgati
observations, confirmed t

algorithm. Fo ing t

hybrid approach th
highest accuracy i

rated both image and field data outperformed the other two scenarios, achieving the
imating Manning’s roughness coefficient. Using only image data resulted in lower
accuracy i R m Forest achieving an accuracy of 60%, recall of 60%, and precision of 55%, underscoring
the necesombining data sources. In the hybrid scenario, Random Forest provided the best classification
results, ach g a precision of 95%, recall of 96%, and F1l-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 a more 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 management and water use

efficiency.
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