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Objective: The objective of this study was to develop an integrated framework for
real-time monitoring and prediction of the median bed-sediment diameter (D50) in
rivers and to compare the performance of two deep learning architectures, Long
Short-Term Memory (LSTM) and Neural Basis Expansion Analysis for Time Series (N-
BEATS), in predicting sediment size. An additional objective was to quantify the
uncertainty of LSTM predictions using Monte Carlo (MC) dropout.

Method: High-frequency water-level time-series data were collected from the Roudak
Riverin Tehran using a custom-designed, low-cost ultrasonic stage sensor. The water-
level data were integrated with grain-size analysis results obtained from bed-
sediment samples collected during multiple field campaigns. Two deep learning
models, LSTM and N-BEATS, were developed and evaluated for predicting D50. In
addition, Monte Carlo dropout was applied to the LSTM model to assess the
uncertainty and confidence of its predictions.

Results: Both deep learning models demonstrated a strong capability to learn the
complex relationships between river hydraulic conditions and bed-sediment
characteristics. However, the N-BEATS model achieved superior predictive
performance, with an R? of 0.871 and an RMSE of 0.054, compared with an R? of 0.861
and an RMSE of 0.056 for the LSTM model. These results indicate that N-BEATS
provided more accurate and robust predictions of D50.

Conclusions: The study demonstrated that integrating low-cost real-time water-level
monitoring with advanced deep learning techniques provides a practical and cost-
effective approach for river sediment monitoring. The superior performance of N-
BEATS compared with LSTM highlights the potential of modern time-series
architectures for improving computational hydrology and supporting more effective
sediment and water-resources management.
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Introduction

The prohibitive cost and sparse deployment of traditional hydrological monitoring
systems present a significant barrier to effective water-resource management. To address
this persistent data gap, this study introduces and validates a comprehensive framework that
integrates a custom-developed, low-cost ultrasonic sensor (Masoudimoghaddam et al., 2025)
with advanced deep learning architectures for predicting a key hydromorphological
parameter: the median bed sediment diameter (D50). While deep learning, particularly Long
Short-Term Memory (LSTM) networks, has become a mainstay in hydrology, the performance
of modern, non-recurrent architectures such as N-BEATS on real-world, noisy data from low-
cost sensors remains underexplored. This research addresses this gap through three
contributions: (1) the validation of a complete "sensor-to-simulation" workflow, (2) the first
direct comparison of LSTM and N-BEATS for D50 prediction using field data, and (3) the
inclusion of uncertainty analysis to assess prediction reliability.

Method

The study was conducted on a reach of the Roudak River in Tehran, Iran. High-frequency
(15-minute interval) water-level data were collected using the custom-built ultrasonic sensor,
while ground-truth D50 values were obtained from physical sediment samples analyzed via
standard sieve analysis at Shahid Beheshti University. The raw water-level time series was
preprocessed to remove outliers using the interquartile range (IQR) method, followed by Min-
Max normalization of all variables. Two deep-learning models were developed: a stacked,
bidirectional LSTM with Monte Carlo (MC) Dropout for uncertainty quantification, and a
custom-implemented, non-recurrent N-BEATS model with stacked residual blocks. Both
models were trained using a 24-hour look-back window (96-time steps) to predict the
subsequent D50 value. Model performance was evaluated on a chronological holdout test set
(20% of data) using the coefficient of determination (R2), Root Mean Square Error (RMSE),
and Mean Absolute Error (MAE).

Results
The quantitative evaluation revealed a clear, though modest, performance advantage for

the N-BEATS model. It achieved a higher R? of 0.871 and a lower RMSE of 0.054 mm,
compared to the LSTM model's R? of 0.861 and RMSE of 0.056 mm. This consistent superiority
across the reported metrics underscores its robustness for D50 prediction.

Qualitative analysis provided deeper insights into the performance difference. The N-
BEATS model demonstrated a superior ability to track abrupt peaks and rapid fluctuations in
the D50 time series, indicating higher fidelity in capturing the system's complex, nonlinear
dynamics. This likely reflects its residual decomposition architecture, which hierarchically
decomposes the input signal. In contrast, the LSTM model's predictions were comparatively
smoother, though its primary strength emerged in uncertainty quantification. The LSTM
model adaptively widened its 95% confidence interval during periods of high hydrologic
volatility, correctly signaling lower confidence when the system was least predictable.

This highlights a crucial strategic trade-off for practical applications: N-BEATS delivers
superior point-prediction accuracy, making it the preferred tool for tasks requiring the most
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accurate numerical estimate. Conversely, the LSTM framework offers a robust system for
risk-aware decision-making by communicating predictive uncertainty. The choice between
them is therefore not merely technical but strategic, depending on the specific operational
goal.

In conclusion, this research validated an integrated, low-cost framework for the real-time
prediction of a complex sedimentological parameter (D50). By demonstrating the superior
accuracy of the modern N-BEATS architecture while also showcasing the invaluable risk-
assessment value of an uncertainty-aware LSTM model, this study provides a comprehensive
guide for future developments in computational hydrology. It demonstrates the feasibility of
creating affordable, intelligent, and scalable monitoring systems, establishing a new
benchmark for data-driven environmental management.

Conclusions

This research developed and validated an integrated framework for the real-time
prediction of median bed-sediment diameter (D50), addressing the critical challenge of data
scarcity in hydromorphological monitoring. By integrating a custom-built, low-cost ultrasonic
sensor with a comparative analysis of advanced deep learning models, this study identified
three key findings. First, the modern, non-recurrent N-BEATS architecture demonstrated
superior predictive accuracy (R2=0.871) compared to the standard recurrent LSTM model
(R2=0.861), proving its robustness in capturing the complex, nonlinear dynamics of sediment
transport. Second, the study highlighted a crucial strategic trade-off: while N-BEATS delivered
superior point-prediction accuracy, the LSTM model provided valuable uncertainty
guantification, enabling a framework for risk-aware decision-making. Third, and most
significantly, this work validated an end-to-end "sensor-to-simulation" pipeline, proving the
feasibility of developing affordable, intelligent, and scalable monitoring systems. In
conclusion, this research not only provides a practical and scalable solution for a persistent
engineering problem but also establishes modern deep learning architectures as powerful
tools that can redefine the future of computational hydrology and environmental
management.
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