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Research and Development

« Biotechnology » Cryopreservation

« Cancerology « Materials

« Environment and suistainable development  Communication and IT
« Biomedical engineering « Nanotechnologies




Introduction

Soil moisture governs: infiltration and runoff, evaporation, energy exchanges with
atmosphere, plant growth (food & energy production), contamination
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Human activities, but also natural processes, lead to soil degradation worldwide:
erosion, compaction, pollution, desertification, sealing, salinization, nutrient depletion
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Soil and Trouble

WHEN PEOPLE INTENSIVELY TILL FIELDS
and cloar-cut forests, they can damage or de:
stroy topsall that took centuries to acourma
Late. Just how vulnecable soils are depends on
underlying condithons. Mismanaged solls in
windswept lands can easily turn into desert,
for example. and saline soils can become
salt-encrusted wastelands

This map shows the main barriers to pro-
ductive farming, along with erosion risk, de-
rived from climatic and sod conditions, Over-
Laid &5 cross-hatching are regions reported to
be highly or very highly degraded acceeding to
a global suvey of soll experts published in
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from observations to optimal and sustainable soil and water management

Observation: soil characterization and monitoring
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- Inaccessibility
- High variability

Bridging the scale gaps
between observations,
modeling, and
management

full rasge of scenarion
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Soil moisture determination . _Loc:al scale

Fleld scale

Advantages: Geophysical methods ——— ——
AT (ground-penetrating radar)
Disadvantages:
- Laborious (intrusive) l 7 1
- Local characterization : "
Advantages: '
(100 -500 cm?) g Remote sensing

- Non-invasive
Real-time mapping
- Root zone characterization
Disadvantages:
- Complex data processing
- Cost of equipment

- Shallow characterization (airborne, spaceborne)

(5-20 cm)

Advantages:

- Large scale characterization
Disadvantages:

- Shallow characterization (0-5 cm)
- Availability of remote sensing data
- Accuracy limitations



Example of soil moisture variability at the 1 m? scale
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Ground-penetrating radar (GPR) basic principles

Electromagnetic contrasts

= Reflection, transmission
€3, 03, M3

GPR operates by transmitting microwave electromagnetic energy down into the
ground through an antenna. The transmitted energy is reflected from various
electromagnetic interfaces. An antenna then receives the reflected signal.



Ground-penetrating radar
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Subsurface imaging principles

GPR
Antenna

Surface

Subgrade

Stacking
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Management of city infrastructures: project control, monitoring and maintenance

Roads, underground pipes and cables

Buried tanks

Tunnels Bridge decks

Asphalt
Overlay
Thickness

Concrete

Cover Deteriorated
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Archeology
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Forensics
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Evolution of GPR research in the world
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The latest 20 years are displayed. The latest 20 years are displayed.
View a graph with all years. View a graph with all years.
Results found: 3532
Sum of the Times Cited [?]: 42770
Sum of Times Cited without self-citations [?] : 24440
Citing Articles [?]: 18744
Citing Articles without self-citations [?] : 15827
Average Citations per ltem [?] : 12.11
h-index [?]: 72




ts per country (300)
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GPR for determining soil permittivity and water content

Resorting to advanced GPR data processing is necessary to maximize
information retrieval capabilities and accurate estimates

ouvain Technelogy Tronsler Office

Patent PCT/EP2012/055416 (WO 2012/130847 Al)

« Method and device for characterization of physical properties of a target volume
by electromagnetic inspection »

by Sébastien Lambot, Université catholique de Louvain, Belgium
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Configuration
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High-resolution, real-time mapping of soil moisture

SEVENTH FRAMEWORK
PROGRAMME

Handheld system Automated platforms
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High-resolution, real-time mapping of soil moisture




Field-scale applications

Test site in Bologna (Italy)

SWC by GPR 27/06/2011
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Comparison between three radar configurations

Field condition: 4 days evaporation after
a precipitation event.

All GPR approaches show
relatively similar soil
moisture patterns within the
field. The differences could
be explained by different
characterization scales.

Soil moisture

! High : 0,530

- Low : 0,057

200 300
I\ ters




» Ground penetrating radar is useful in many fields

* Intrinsic GPR electromagnetic models have been developed

* Full-wave inverse modeling permits non-invasive soil characterization
and real-time mapping of soil moisture

» Adaptation to specific application contexts

* Integration with soil-plant-atmosphere models and management tools

— Precision agriculture
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Gracias por su atencion!




