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CYBERSENSORS

High Frequency Monitoring System for Integrated Water Resources Management of

Rivers

he hydrological and geochemical processes that take place in the Mediterranean basins occur at vary-
ing spatial and temporal scales. Temporary river hydrographs are flashy and exhibit characteristic re-
sponse times ranging from minutes to hours such as experienced during first flush and storm events.
When high rainfall intensities fall upon crusted soil after long periods without precipitation, first flush floods
occur which transfer large quantities of sediments and pollutants. The transfer of this materialis shortin du-
ration, it occurs unannounced and under adverse weather conditions, and do not allow us the opportunity
to study the factors that control such phenomena. The pollution passes and we are not there to measure it.

YBERSENSORS projects we developed as an integrated, data collection and in-situ processing system,
with adaptive/high frequency sampling capabilities without downgrading in the quality of the data

collected while maintaining energy efficiency and reliability.

Fluid (River Flow) Motion Field Estimation: Statistical
Analysis

e Extraction of the River Surface velocity vector field
during a flash flood event.

e Discharge calculation during the event.
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Feature Analysis for River Floating Tracers Detection

e Estimation of sediment yield, transport and depo-
sition during a flood event.

Blod Tracking: 1 color per-
blob-object (Local Motion)

Blod Tracking: 1 color per-
blob-object category
(Global Motion)

Optical Monitoring Subsystem

Results from the image/video processing meth-
odology of extracting surface river flow veloci-
ty for the calculation of the flood event discharge
and duration.

he table below displays the results from our

methodology compared with the measure-
ments taken with a Doppler device. Our method-
ology gave an estimation of 0.6476m/sec, which
has a very small and acceptable deviation com-
pared with the Doppler device’s recorded flow
velocity of 0.6567m/sec.

m/sec K-means | K-means | K-NN EM Naive
(Euc) (Cos) Bayes
1 0.6920 0.7996 0.5318 0.5318 0.6476
2 0.6568 0.6270 0.6728 0.5819 0.6476
3 0.6920 0.6270 0.7521 0.6476 0.6476
4 0.7990 0.7330 0.8055 0.5318 0.6476
5 0.6748 0.8604 0.7521 0.5819 0.6476
SucNum | 8/10 6/10 6/10 7/10 10/10
AvDev 0.0555 0.0853 0.1009 0.0869 0.0091

INNOVATION

CyberSensors is focused on the implementation of an integrated
autonomous system incorporating new methodologies and sen-
sors (optical, non-intrusive sensors) for monitoring hydrological
parameters along with the capability of in-situ processing of the
collected data.

Monitoring complex environmental systems (such as floods in
ephemeral rivers), with conventional sensors is not always a reli-
able method for recording all the occurring processes.

For this reason, we employed optical sensors for estimating the
river flow velocity vectors thus calculating the river discharge,
and also for estimating the concentration of suspended solids.

SENSORS

Using optical (non-intrusive) sensors for quality analysis, chemical
content and the presence of sediment and river flow.

IN-SITU DATA PROCESSING

ue to the use of optical sensors, the CyberSensors system is capa-
ble of processing data in the field while maintaining high energy
efficiency.

MODELING

U sing models along with field measurements for prediction and visu-
alization of information for sediment from the sensors.
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TEMPORARY RIVERS

fter long droughts, intense rainfalls cause floods (first flood)
that result in the transport of large amounts of sediment and
pollutants.

he transfer of this material is short in duration and occurs

under adverse weather conditions. For this reason, we have
developed the appropriate tools and methodologies for “captur-
ing” this pollution.

HOW IT WORKS

Il nodes in the wireless sensor network communicate
Awith the Control Unit, which is the coordinator, ini-
tializing and controlling the nodes. The nodes collect
and forward all measurements to the Control Unit for further

processing which in turn, sends the processed results at a re-
mote database.

WaterQual node

The node of the physico-chemical parameters is used for
monitoring and recording of physical (supply, particulates,
temperature) and chemical (conductivity, dissolved oxygen,
nitrate, pH,) quality of the river and consists of sensors based
on the principles of electrochemistry.

Camera node

It consists of an optical sensor which with the use of image/
video processing algorithms determines the velocity vectors
and the river discharge along with the distribution of sedi-
ment through the analysis of the color characteristics of the
image that illustrates the surface flow of the river.

SedTrap node

The sediment measuring node allows the collection of sam-
ples of suspended solids in proportion to the river flow and
allows calculating the benefit of the mass of solids in the
whole hydrograph.
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Physicochemical Sensor Subsystem
3 nodes, for monitoring and recording the physi-
cal (discharge , suspended solids, temperature) and
chemical (conductivity, dissolved oxygen, nitrate, pH,
heavy metals) quality river using electrochemical sen-
sors.

Video Processing Subsystem
2 nodes, for determining the three-dimensional ve-
locity field of the river, the river flow and distribution
of the sediment using optical sensors.

Kevtpiki Movasa EAéyxou {Control Unit)-Gateway

Suspended Solids Measuring System
(Sediment Trap)

he system measures the river water level and when

it passes a threshold level (start of a hydrological
phenomenon) in combination with measuring the tur-
bidity, it starts pumping.

he water passes through a filter (0.2 microns) and

retains the solids. The pumping time is proportion-
al to the river flow. This way we are performing flow
weighted sampling of solids.

CyberSensor Technical Features
| | conolumt | cameranode | SedTrapnode | waterqualnode |

Hardware

XBee-ZB-Pro
3G/GPRS

Sensors Interfaces

SDI-12 {multi-drop
serial iff) w.

SDI-12 {multi-drop serial
iff) w. multiparameter

[ Hardware |
Intel Atom 2640 Intel Atom 2530 ATmegal281 ATmega1281
@1.0GHz (32bit) @1.6GHz (32bit)  @14MHz {8bit) @14MHz (8bit)
Emerson Matrox Libelium Libelium
NITX-300 Series Iris GT Waspmote Waspmote
22min
16GB 8GB 268 2GB
- Optical {Color Water Level, EC, Baro Pressure, Wat.
“ 1280x960 22 fps Turbidity Temp, DO, Water Level,
CCD sensor) Turbidity, NO,, pH
[Power |
[ npur ] 12v 28V 12v 12v
802.11b/g (Wifl)  802.11b/g (Wifi) XBee-ZB-Pro XBee-ZB-Pro

turbidity sensor

probe



