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Open Channel Visual Flow Measurement Method Based on
Lightweight Dense Optical Flow
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(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid Areas, Minisiry of Education,
Northwest A&F University, Yangling, Shaanxi 712100, China
2. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
3. Shijiazhuang Hufu Engineering Co. , Lid. , Shijiazhuang 050031, China)

Abstract; A lightweight visual monitoring method based on an improved dense optical flow algorithm was
proposed to address the limitations of existing machine vision methods for open-channel flow
measurement, including high computational complexity, demanding hardware requirements, and limited
robustness to environmental interference. A sparse grid sampling strategy was adopted to reduce data
dimensionality while preserving essential texture information, thereby lowering the computational cost of
optical flow estimation. Meanwhile, an intelligent region-of-interest extraction method based on vertical
integral projection and topological constraints was developed. By incorporating an inner-side priority
strategy, automatic detection and subpixel fitting of the true water surface boundary were achieved, which
improved the accuracy of water surface localization and the robustness of the method under complex
environmental conditions. To validate the proposed method, an open-channel visual flow monitoring
system was established, and a dataset with flow velocities ranging from 0. 18 m/s to 0.60 m/s and
discharge rates ranging from 0. 0139 m*/s to 0. 044 4 m*/s was constructed. Experimental results showed
that the proposed method achieved a mean relative error of 3.44% , an R” of 0.9359, and an RMSE of
0.016 5 m/s in flow velocity measurement. In discharge measurement, the overall measurement error was

3.42% , the R® reached 0.987 4, and the RMSE was 0.001 1 m’/s. The results demonstrated that the
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proposed method can effectively reduce algorithmic complexity while maintaining high measurement

accuracy, indicating good real-time performance and strong potential for engineering applications. The

proposed method can provide a feasible solution for non-contact, low-cost, and all-weather monitoring of

open-channel flow and offer a practical reference for the lightweight deployment of classical dense optical

flow algorithms on edge devices.

Key words: open-channel flow; lightweight algorithm; dense optical flow; machine vision; non-contact

flow measurement
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