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Context and ObjectivesContext and Objectives

Context
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Context
– Need from the French public institution involved in the Earth 

Science field 
• Automatic Water quality monitoringCliquez pour modifier les styles du 
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• Automatic Water quality monitoring 

Current application limitations
d t l i i l d l diDeuxième niveau
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– data loggers requiring manual downloading 
– No « real time » sampling (e.g. monthly)

Quatrième niveau
Ci iè i

Objectives
– Design of a  remote sensor network :

• Autonomous low cost sensorsCinquième niveauAutonomous low cost sensors
• Central receiver in a urban area (radio frequency interference)
• Emitter/Receiver range >10 km
• Daily sampling
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Daily sampling 
• free Band (no fees)
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Sensor network characteristicsSensor network characteristics
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RF transmission
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RFI monitoring in the 433MHz bandRFI monitoring in the 433MHz band
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Frequency (MHz)

Results
– High RFI occupancy
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g p y

– 95% RFI < 1s
– Average duration ΔT: 30 ms
– Average bandwidth ΔF: ~1,3 kHz
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– Low activity during the night



Our approach : selective 
acquisition and off-line processing

A t
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Real time

Antenna array
Specifications
– Short data frame (<100ms)Cliquez pour modifier les styles du 
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Transmission Detector

Real time
processing– Daily transmission

Don’t need a continuous receptionDeuxième niveau
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Storage (Hard Disk)
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Concept
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RFI spatial filtering Off-line
processing

– Selective acquisition by 
detecting sensor transmission

– Data waveform storage
Cinquième niveau5 Demodulation and 

synchronization

– Antenna array for spatial 
processing
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Antenna array model

Hypothesis

Antenna array model

Si l
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Hypothesis
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Cyclostationary detector (1)Cyclostationary detector (1)
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Cyclostationary detector (2)Cyclostationary detector (2)
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• With α =αs ,asymptotically : 
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– Frobenius norm 
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Simulations (1)( )
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• No transmission: H0 

• Transmission:       H1
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Simulations (2)Simulations (2)

Scenario 1 : 1 RFI + calibrated noise Scenario 2 : no RFI + uncalibrated noise
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Scenario 1 : 1 RFI + calibrated noise Scenario 2 : no RFI + uncalibrated noise
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– In practice, TF < Tλ

Cyclostationary detectors are
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– Cyclostationary detectors are 
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Filtrage spatial

Objectifs

Filtrage spatial

Cliquez pour modifier les styles du

Objectifs 
– Focaliser le réseau
– Annuler les brouilleurs

Simulations
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Méthode de Capon
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Conclusions and perspectives (1)Conclusions and perspectives (1)
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Cyclic approach is robust against RFI 
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Sensor emitter and relay station have 

been designed
Deuxième niveau
Troisième niveauPractical tests with simple receiver 

Quatrième niveau
Ci iè i

p
(no spatial processing) have shown 
that long range transmission are very 
difficult due to RFI
Cinquième niveau12

Next step : implementation of the 
proposed approach
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