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Soil moisture governs infiltration and runoff, evaporation, energy exchanges with 
the atmosphere, plant growth (food & energy), contamination 



Characterization of soil properties and dynamics is essential for optimal and sustainable 
management of soil and water resources in a growing demographic context 
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Towards precision irrigation 

Saving 5% of absolute moisture 

Saving of 500 m³ of water per ha 

« Between 1961 and 2009, irrigated 
areas increased from 139 to 301 millions 
ha, which represents an increase of 
117%. In 2009, these represented 20% of 
the global agricultural areas (300 millions 
on 1,5 billions ha), ensuring 40% of the 
global food production. » 

Source : Les chiffres clés de 2012, Alim'agri hors série n°26 – 
Ministère de l'Agriculture, de l'Agroalimentaire et de la Forêt 



To integrate ground-penetrating radar (GPR) and hyperspectral spectrometer (HS) on a close 
range remotely piloted aircraft system (RPAS) for improving digital soil sensing capabilities 

Comparison with spaceborne remote sensing 

WP6: Upscaling of soil moisture using Sentinel-1 radar products 

Data fusion 

WP5: Joint radar and hyperspectral data interpretation and fusion 

Data acquisition and data processing 

WP3: Full-wave GPR data inversion WP4: Spectrometer data processing 

Setup of the close range sensing platform 

WP1: GPR instrument design and control WP2: Spectrometer instrument design and control 

Project objectives 

FEDERAL SCIENCE POLICY 



Ground-penetrating radar (GPR) transmits electromagnetic waves into the ground 
and records the echoes coming from electromagnetic contrasts 
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Civil engineering 

Glaciology and Geology 

Archaeology 

(Mageroy, Belgium) 



Sand layer Clay layer 

Environment and agriculture 

(Cheval Blanc, Saint-Emilion, France) 



Link between soil physico-chemical properties and electromagnetic properties 

grains r5 

water r80 

air r=1 

• Dielectric permittivity  

• Electrical conductivity σ 
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Example in a vineyard in Saint-Emilion 



Our developments 

Non-destructive testing of soils and materials using full-wave modeling and inversion of GPR data 

System design 
Product 

Signal inversion 



Soil moisture mapping 

Casablanca (Chili) 



A new drone-borne GPR  surface and root-zone characterization 

• Drone X8 

• Handheld vector network analyzer 

• Home-made, 4 m length dipole antenna 30-42 MHz 

• Controlling Intel computer stick 

• Smartphone remote control 

• Transmitted power: 1 mW, weight: 900 gr 

FEDERAL SCIENCE POLICY 



Belgian drone 
legislation 



Numerical analyses: well-posedness of the inverse problem 

3 unknown parameters: height, permittivity and conductivity 



Radar antenna characterization over water 



Field validation 
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Thank you for your attention 


