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Abstract: In the present work, the use of optical cameras for turbidity measurements is tested on
the Bode River in Germany, which is one of the best-instrumented catchments in Central Germany
with a long-term time series on water quantity and quality. Four trap cameras have been installed on
monitored cross-sections with the aim to explore the potential of RGB indices for the description of
water turbidity. A description of the experimental setup and some preliminary results are introduced.
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1. Introduction

Water security is facing critical challenges due to the concomitant impact of global
warming, population growth, and pollution. In the context of water quality (WQ) moni-
toring, water turbidity represents a key factor controlling for water quality assessment. In
fact, it is the main transport factor for many other pollutants. Turbidity detection assumes
great significance for the management of artificial reservoirs, water management, and
environmental protection of aquatic ecosystems. Therefore, spatiotemporal monitoring of
turbidity is essential in water resource management. Traditional monitoring techniques are
time-consuming, expensive, influenced by human errors and instrumental limitations, and
often discontinuous in space and time. Remote sensing techniques have been widely used
to measure the qualitative parameters of waterbodies (i.e., turbidity, suspended sediments,
coloured dissolved organic matter—CDOM, chlorophyll-a, and pollutants), measuring the
reflectance at different wavelengths of the water body [1,2]. The presence of dissolved
inorganic materials in water changes the peak of visible reflectance to shift from the green
region, for clearer water, toward the red region of the spectrum for cloudy water [3].
Therefore, the ratio between the red and green band has been considered in this study, as
shown in the literature [4-6]. Recently, the normalized difference turbidity index, derived
from RGB imagery, has also been explored to provide qualitative measurements of water
turbidity on large rivers such as the Ganga River [7]. The study aims to investigate the
potential of optical cameras in river quality monitoring of small water bodies that cannot
be seen by satellites.

2. Bode River Field Campaign

As part of the Harmonious COST Action (https:/ /www.costharmonious.eu/ (accessed
on 24 May 2022)), a field campaign along the Bode River basin was carried out in Febru-
ary 2022 at the Helmholtz Research Centre (UFZ) in Magdeburg (Germany). The Bode
catchment is one of the meteorologically and hydrologically best-instrumented catchments
in Central Germany, with a long-term time series on water quantity and quality [8,9].
RGB trail cameras have been installed in four monitoring stations, as shown in Figure 1.
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The choice of the stations has followed these criteria: visibility of the river cross-section,
variability of the parameter to be monitored (turbidity in our case), and point of installation
of the cameras.
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Figure 1. TERENO spans an Earth observation network (a) across Germany that extends from the
North German lowlands to the Bavarian Alps, including the Bode catchment (b). The red markers
(c) show the four most suitable UFZ monitoring stations within the Bode catchment for the on-site
installation of the RGB camera.

Stafsfurt station is located on the Bode catchment outlet, Meisdorf station is located
upstream between the wooded area and the lowland, and the other two stations of Haus-
neindorf and Gross Germensleben are between the first two. As regards the on-site instal-
lation of the cameras, it has been decided to place the cameras along the riverbank and
fix them on metal poles (Figure 2a). Moreover, radiometric calibration panels (Figure 2b)
have been installed within the camera field of view. Radiometric calibration is essential
to obtain real measurement data from spectral images, as it converts the digital value of
each image pixel into a unit of scene reflectance that can be directly used in quantitative
remote sensing analysis [10]. The cameras have been positioned with an angle « of 90°
with respect to the plane of the Sun’s motion, and are inclined at an angle 3 between 30°
and 45° [11] toward the water surface (Figure 3). Finally, the time-lapse has been set at
regular intervals of 30 min and the observation interval has been fixed from 6 AM to 9 PM
to maximize the battery lifetime.

Figure 2. Installation of the camera (a) and the radiometric calibration panel (b) circled in red on the
site of Meisdorf station.
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Figure 3. River cross-sections of Meisdorf (a) and Hausneindorf (b) monitoring stations and camera

scheme of installation (c).

3. Preliminary Results on Water Surface Turbidity Monitoring with Camera

Preliminary tests highlighted interesting similarities between the chromatic variation
of the water surface captured by the RGB camera and the real data continuously monitored
by the optical sensors of the UFZ monitoring stations (Table 1).

Table 1. Table of UFZ sensor measurements of mean, minimum, and maximum values of river
sections” water level and water turbidity for each monitoring station, performed during February
and March 2022. The turbidity measurements considered have been obtained using the scattered
light method.

Monitorin Mean Min Max Mean Min Max

Stations & Turbidity = Turbidity  Turbidity Water Water Water
(NTU) (NTU) (NTU) Level (cm) Level (cm) Level (cm)

Meisdorf 29.8 49 1063.1 48.0 29.0 101.0

Hausneindorf 18.7 0.9 1319.4 114.6 89.0 181.6

Staf3furt 47.7 44 1663.6 181.9 110.9 259.1

Gross 10.6 2.3 76.1 158.2 96.6 240.7

The ratio between the red and green band has been considered to evaluate the camera
turbidity index within the selected image area of interest of the water surface (Figure 4).
Even though the images need to be enhanced, the calibration carried out using the radio-
metric panel installed on-site allows us to easily identify an initial correlation between the
data measured by the sensor and those from the camera. On-site tests with the camera
are still on-going and camera time-lapses are being recorded. This will allow us to acquire
a significant set of data to understand how to optimize the characteristics of the camera
prototype and how to proceed with the implementation of an image-processing algorithm
for an effective estimate of turbidity using camera spectral indexes.
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Figure 4. Two frames of the camera time-lapse recorded from 16 to 17 February 2022, on the site of
Meisdorf station. Turbidity indexes within the images’ area of interest have been evaluated as the
ratio between red and green band reflectance.

4. Conclusions

This work wants to take a step forward in exploring the potential of camera systems
installed on rivers. The advantage of using cameras is to greatly increase the spatial and
temporal resolution of observations. The low cost and the scalability of that technology
may help to intensify the number of monitored points along rivers and tributaries, making
the monitoring of the hydrological response possible with a level of detail never reached
before. Moreover, the forthcoming works will focus on the application of remote sensing-
based methods combined with machine learning (ML), producing extraordinary innovation.
From this perspective, digital cameras represent the ideal tool that can be easily installed in
any location and provide a large amount of data.
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