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A few words about our laboratory

Earth Observation

+ Advanced analytics
algorithms

- Open-source geospatial

data management and
analysis software

Development of
integrated sensing systems

« Industry 4.0 and Agri-
food sector tools
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H2020 BACCHUS:

Develop a smart robotic
system for automated
harvesting in agriculture
with specific emphasis in
optimal harvesting of
grapes based on XAl
techniques and
hyperspectral imagery
datain real field
conditions

H2020 Soil4Africa:
provide an open-
access soil information
system with a set of
key indicators and
underpinning data,
accompanied by a
methodology for soil
monitoring across the
African continent.

&

H2020 DIONE: An
integrated EO-based
toolbox for
modernising CAP area-
based compliance
checks and assessing
respective
environmental impact,
focusing on fusion of in
situ and spaceborne
sensing systems for
<oil

ongoing projects EU and national research and innovation
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e-shape

H2020 e-shape: cloud-
based contributions to
Earth Observation in
support of GEOGLAM,
and CAP farming
advisors with soil-crop
related services.

Infrared spectroscopy

Soil data sharing and analytics

Food ingredient analytics

Ecological modelling

Monitoring applications in
agricultural resource management

Monitoring and reporting
applications in environmental

goll-s
ST
N élm‘ll\‘\:}‘:\ \"\\

ESA WORLDSOILS:
Develop an operational
Soil Monitoring
System to provide
spatial explicit soil
indicators at global
scale, exploiting space-
based EO
data leveraging XAl
techniques

management (e.g., carbon cycle)
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Al4SOILHEALTH

Horizon Europe
Al4SoilHealth:
co-design and
maintain an open
access European-
wide digital
infrastructure,
compiled using
state-of-the-art Al
methods combined

H2020EIFFEL:
Revealing the role of
GEOSS as the default

digital portal for

building climate
change adaptation &
mitigation applications

Laboratory of Remote Sensing,

Spectroscopy and GIS

Research
team
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Publications
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researchers with journal
multidisciplinary scientific
background publications (2017-
2024)
Funding received
(2017-2024)
|| ~50% in size during
the pandemic
Network R&D facilities
?
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Regional champion
laboratory in

State of the art
research facilities in
spectral collection
and analysis



Transparency and trust in organic food supply chain & GI products.

THEROS overarching objective is to develop a digital
toolkit for the modernization of the certification process
of organic and PGI products as well as for the detection
of fraud in food products.
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- I ) TH ERQS will assess the enV|ron.men'FaI impact through
the direct monitoring of key soil variables and through

carbon sequestration models with the synergistic use of

in-situ and Remote Sensing.
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THEROS pilot activities

Pilot 2: Greece |,

Pilot Scope

Pilot demonstration
for organic farming
certification

Use of THEROS innovations ——

Earth observation services, MEMS photonic systems,
Green accountability tool, Dynamic Digital Product
Passport, Blockchain traceability tool, Verification

engine, Data management and harmonisation platforn
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Farming practices monitoring

Chemometrics (1% phase) learned frontier
41 o training observations
Development of an analytical library with soil e new regular observations
. . new abnormal observations
chemical analysis . : "

Standard classification method (2"? phase)

Creation of a database of reference data (spectral
library) using Vis-Nir spectroscopy on organic and 4
non-organic soils

Farmers, Control bodies, certification
‘ bodies and authorities

A o

16,

e~ Organic Farming
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Why soil spectroscopy?

Reliable, fast and non-destructive method for
qguantifying various soil characteristics

Different parts of the electromagnetic spectrum
provide information about different soil properties

in-situ spectra are affected by ambient factors
(shadows, roughness, soil moisture or vegetation)

Instrumentation can be expensive and must be used
by experienced operators = advent of MEMS
reduced costs and simplified procedures
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=
Methodologw \/

Field visit Analysis
Sampling methodology — dense distribution of e Determination of Soil Organic Carbon content (Dry
randomly selected sampling locations Combustion) and Clay content (Hydrometer method)
Soil preparation for spectral measurement * Development of Soil Spectral Library (Sample ID,
(Removal of stones, vegetation, crust or other reflectance, SOC %, Clay %, Organic/Non-Organic
materials) labeling
* Modeling

Direct spectral measurement of topsoil . _
— Spectra preprocessing (Smoothening, SG

Soil sample collection for chemical anlyls - filtering, Normalization)

— Train-Test split (random split)
— Modeling (ensemble method for classification)
— Modeling assessment (Accuracy, F-score)




Pilot area

Conventional orange s AN
One organic and two conventional farming orchards orchards (12 hectares) '

located to Agrinio, Region of Western Greece ’;/’/ :
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The portable spectrometer

* NeoSpectra-Scanner portable NIR handheld
spectrometer

* emmdiameter of collected light

* Wavelength range 1250 - 2500 nm
* 16nm resolution

* Wireless connectivity
* |IP65 ingress protection
e 178 X91 X62 mm

* 1kg weight




Spectral analysis

/ ?EGIQ/A Mean =+ std of spectra
e Captured the reflectance from 120 spectral signatures
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* Small variability in reflectance
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Spectral reflectance for

different SOC levels

o * Classified soil samples in three classes with “low”, “"medium”,
0670421 "high” SOC content — (based on tertiles separation)
= (0.92, 1.15]
— e Glight differences in albedo at the median spectral
o reflectance of each group
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Spectral reflectance for

different Clay levels

* Classified soil samples in three classes with “low”,
"medium”, "high” Clay content — (based on tertiles
separation)

-~ (10.0, 13.0]
— (13.0, 14.0]

23.42 -

_ * Not clear differences in albedo, but mostly in specific
19.47 - spectral regions
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Spectral reflectance based on Organic

or Conventional practices

Farming_Practice
—— Organic

25.0

22.5 Conventional
S * Classified soil samples in two classes
£ “organic”, “conventional”
9 15.0
s » Slight differences in albedo, evidence that
10.0 conventional are brighter than organic
" * No differences in spectral regions, meaning
that it is hard to identify compounds that are
002 prohibited by organic farming (e.g.
o 00 herbicides, pesticides) — thus we will try to
E 0.00 /\ e~ ~— . —— classify based on the effect of their usage to
5 oo \ the Soil, and cross-correlations of them
E -0.02
—-0.03
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Classification Results

L T

SOC (low/medium/high) 0.75 0.71
Clay (low/medium/high)  0.79 0.76
Organic/Conventional 0.76 0.78

We used the ensemble method: Classifers used

* Trained different classifiers e Random Forest
* K-Nearest Neighbour

e Each voted for the class each data point .
* Decision Tree

belongs e Support Vector Machines
* The final classification was assigned by * Gradient Boost
majority voting * Logistic Regression

* Naive Bayes

* Model assessment was performed over an . Multi-layer Perceptron classifier

independent test set (20%)



SPECTaA
Remarks and future work

Low-cost MEMS sensors can provide information for SOC and Clay content with

NIR spectra

It is not sensor-restricted — there are plenty of market ready solutions

A unified protocol .for soil
spectroscopy (in-situ or

More soil properties except SOC or Clay can be assessed (i.e. Nutrient Content) labor‘atof\é) “?:Sééié’c?s
developed -

standards and protocols for soil

N
Difficult to estimated within-field variability when the range of SOC and Clay spectroscopy works towards this

direction

contents are small

It is useful for identifying “"hot” and “cold” regions within a single parcel, i.e.

regions with lower SOC content and suggest different treatment I E E E SA

Classification can provide insights for discriminating organic and conventional STANDARDS

farms — Way larger database needed ASSOCIATION




Next steps
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LAB

* Expand the library with more measurements from the same and different field

« Compare with laboratory spectra

Automate the procedure of analyzing soil spectra

* Develop a mobile app that operates the spectrometer and transmits the data
to a database

* Perform server-side modelling for real-time analysis

Simplify the measuring pipeline

Transit to crowdsourcing era — Many spectrometers used by many farmers to
substitute (to some extend) chemical analysis
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