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The TORRENTS computer vision system uses stereoscopic imaging for 3D reconstruction for remote stream gauging. The system was tested in various 
settings with high robustness and accuracy in estimating surface velocity and discharge of streams. The results show successful extraction of discharge 
and stage information from images, even in sub-optimal weather conditions. 

Because of climate change, efficient water management and 
reliable prediction of water-related hazards have become critical. 
Still, current methods rely on expensive, invasive structures (e.g., 
installation of concrete weirs) and base their predictions on 
extrapolated models with high uncertainty (>20% error rate). 
Although research made substantial progress in alternate 
streamflow monitoring techniques, it has failed to achieve 
widespread adoption.  

Recent advancements in computer vision have led experimental 
hydrology research to explore optical streamflow monitoring 
methods. They provide significant advantages to traditional 
methods, such as upfront and maintenance costs and ease of 
deployment in remote, hostile environments. However, their 
reliability still suffers from the variability of environmental 
conditions and their dependence on empirically measured data, 
which has slowed down their wider acceptance. 

 
Figure 1: Setup used in the project. Two synchronized infrared cameras 
provide the data in all environmental conditions, with the help of a 
powerful infrared illuminator. An additional color camera complements 
the system, for easy monitoring, and everything is powered by solar 
panels and is connected via 4G. 

CSEM collaborated with Precidata to expand the scope of current 
techniques and tackle the limitations found in state-of-the-art 
monocular methods. These limitations include challenges in 
GRPs calibration and the inability to react to changes in the 
geometry of the environment. The collaboration resulted in a 
comprehensive stereo vision system and an image processing 
pipeline for non-contact and non-invasive monitoring of 
streamflow in mountain streams. Thanks to an automated 3D 
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reconstruction of the installation site, the water level, water 
surface velocity, and discharge rate can be extracted with 
minimal prerequisite knowledge about the site. 

An extensive review of the existing methods for surface velocity 
estimation using manual in-situ measurements allowed us to 
identify the OTV algorithm [ 1 ] as the optimal solution, 
outperforming the other techniques in terms of mean absolute 
error (MAE) and robustness to setup and environmental 
variations.  

 
Figure 2: Discharge analysis example on la Dranse de Bagnes. The 
circles represent the keypoints detected (blue for the water keypoints 
and green for the ground), inside the region of interest (green lines). The 
velocity (in red) is measured along the river width. 

The system has recently won a challenge from BlueArk [2] and 
was selected for field testing in the municipality of Le Châble (VS), 
where most of the data has been acquired in challenging 
conditions (snow, rain, sun, etc.). The discharge computation 
was then validated against the measurements of an official 
monitoring station. The results have shown that the proposed 
system matches the reference values on average, within a 10% 
error margin, corresponding to a MAE of 0.061 m/s.  

The demonstrated effectiveness of this work motivates further 
development to further improve its reliability in various 
environmental conditions. To this end, the elaborated setup 
(Figure 1) enables the collection of large amounts of data to 
capture environmental variability. A follow-up project has started, 
with the goal to overcome the remaining challenges towards a 
well-deserved modernization of our hydrological measurement 
network. 

[2]  https://www.blueark-challenge.ch/ 

36 CSEM Scientific and Technical Report 2023

https://www.blueark-challenge.ch/

	DIGITALIZATION TECHNOLOGIES
	An Autonomous Stereoimaging System for the Monitoring of Mountain Streams Discharge




