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Apresentacao

A segunda edicao do workshop cientifico do projeto do Centro de Ciéncia para o
Desenvolvimento em Agricultura Digital (Semear Digital) foi realizada nos dias 30 de junho
e 12 de julho de 2025, em Campinas (SP), com a presenga de mais de 120 membros das
sete instituicdes associadas, representantes das comunidades atendidas e parceiros, para
apresentacao de trabalhos e das agdes em andamento nos dez municipios alcangados
pela iniciativa.

O projeto Semear Digital foi aprovado na Fundacao de Amparo a Pesquisa do
Estado de Sao Paulo (Fapesp) sob lideranca da Embrapa Agricultura Digital, tendo como
foco a atuacdo em pesquisa, desenvolvimento e inovacdao em tecnologias emergentes
visando inserir pequenas e médias propriedades rurais no processo de transformacao
digital. As acdes do projeto sao realizadas por meio de seis eixos de atuagao e em dez
Distritos Agrotecnoldgicos (DATs), estabelecidos nas cinco regides do Pais.

Além da Embrapa, o Semear Digital tem a participacdao do Centro de Pesquisa e
Desenvolvimento em Telecomunica¢cdes (CPQD), Escola Superior de Agricultura "Luiz de
Queiroz" (Esalg/USP), Instituto Agronomico (IAC), Instituto de Economia Agricola (IEA),
Instituto Nacional de Telecomunicacdes (Inatel) e Universidade Federal de Lavras (UFLA).

Durante os dois dias de programacao do workshop cientifico, foi executada uma
rica agenda de discussao e encontros com o objetivo de promover a integracao entre os
membros do projeto e os convidados por meio de apresentacao de trabalhos
técnico-cientificos e de resultados nos eixos de atuagao do Semear Digital.

Pesquisadores, analistas e bolsistas do projeto apresentaram 65 trabalhos
técnico-cientificos, em sessdes oral e de posteres. A programacao incluiu ainda reunides
técnicas dos seis eixos de pesquisa e também do grupo de extensionistas dos DATs com a
equipe do programa Ater+ Digital, além da apresentacdao de empresas parceiras e de
startups. Houve, ainda, uma sessdao de rodada de startups, sendo que duas foram
selecionadas pelo projeto para desenvolver, em um periodo de um ano, solu¢des para

Anais do Il Workshop Cientifico - Pagina 8



digitaw

plataformas digitais de comercializacdo agropecuaria e solug¢es digitais voltadas a
embalagens, rastreabilidade, certificacdao e relacionamento com o consumidor final.

O evento recebeu os membros do Comité Cientifico Internacional (CCl) do projeto,
gue acompanharam a programacao e participaram de um painel que abordou as
perspectivas da transformacao digital no campo frente a emergéncia climatica global a
partir da tematica envolvendo coleta de dados e inteligéncia artificial (IA) aplicada a
agricultura.

Também estiveram presentes integrantes do Programa Cooperativo para o
Desenvolvimento Tecnoldgico Agroalimentar e Agroindustrial do Cone Sul (Procisur), que
participaram de reunides para discutir a implementacdao de DATs pilotos no Chile,
Argentina, Uruguai e Paraguai.

Os workshops do projeto se configuram como um espaco para divulgacdo de
resultados e troca de experiéncias, possibilitando que todos os membros possam
acompanhar o progresso alcancado em cada um dos DATs. Os trabalhos apresentados
representam os avancos obtidos em 2025. A cada ano constata-se que o projeto esta
amadurecendo, gerando impacto positivo significativo e entregando inovag¢ao para as
realidades locais, garantindo que a transformacao digital alcance os pequenos e médios
produtores rurais representados pela agricultura familiar, assentamentos, quilombolas e
populacgado ribeirinha, dentre outros segmentos.

Luciana Alvim Santos Romani Silvia Maria Fonseca Silveira Massruha
Coordenadora do Il Workshop Pesquisadora Responsavel do
Cientifico do Semear Digital Semear Digital
Pesquisadora da Embrapa Presidente da Embrapa

Agricultura Digital
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1. Introduction

Hotspots of Traditional Agricultural Systems (TAS) are highly vulnerable to the loss
of cultural and agro-environmental values in the face of sociocultural adaptations by the
communities that maintain them (Solymosi, 2011; Tieskens et al., 2017). These are
enclaves of unique agricultural systems, shaped by the interaction and interdependence
of farming and extractivist activities with both tangible and intangible cultural elements
(Eidt; Udry, 2019). Today, traditional territories preserve practices and knowledge crucial
to achieving the global sustainable development goals of the 2030 Agenda (Nacgdes
Unidas Brasil, 2016). These territories hold rich agrobiodiversity and provide strategic
ecosystem services (Santiago et al., 2024).

The Lagoinha and Jacupiranga DATs are located in the Alto Paraiba and the Ribeira
Valley regions, areas with a significant presence of traditional communities. Their
socio-cultural heritage stems from the interaction and adaptation of indigenous,
Portuguese, and African elements, forming the basis of traditional culture in Sdo Paulo
State. (Santiago et al., 2024). When associated with intensive agricultural systems, the
detection of TAS requires meticulous work to distinguish small plots within mosaics that
may also include land uses linked to large-scale properties (Bermeo et al., 2014).
Moreover, complexities arise from the spatial heterogeneity of the systems themselves
(Jiang et al., 2022).

The landscape mosaic approach offers an alternative for overcoming these
challenges. It involves analyzing land use and land cover through spatial composition,
extracted using a moving window technique and weighted by local social, historical, and
economic factors (Messerli et al., 2009; Schmid et al., 2021). Diversification is a crucial
element in studies that historically characterized the landscapes of traditional populations
in Sao Paulo. Although these systems may partially reproduce features of their
surrounding landscapes, the diversification component stands out, particularly due to the
prevalence of polyculture (Muller, 1951). In this context, this article presents the results of
an exploratory analysis based on the mosaic approach. The objective is to identify Priority
Areas (PAs) within the DATs of Jacupiranga and Lagoinha with diversified land use and
land cover profile.
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2. Methods

This analysis uses 2023 land use and land cover data from the MapBiomas project
for the selected DATs, generated by automated classifiers based on the Landsat image
series (Souza Junior et al., 2020). Before the analysis, data were reclassified into eight
categories: NVC — Natural Vegetation Cover; PA — Pasture; TC — Temporary Crop; PC —
Perennial Crop; FP — Forest Plantation; MOU — Mosaic of Uses; NVA — Non-Vegetated
Area; and WA — Water. To assess land use diversity, a focal operation using a 5 x 5 km
moving window performed a neighborhood analysis by assigning each central pixel the
number of distinct land cover classes in its surroundings (Longley et al., 2015). This
procedure was carried out using the Focal Statistics tool in Variety mode, available in the
Spatial Analyst extension of ArcGIS.

3. Results and Discussion

The analysis identified six Priority Areas (PAs) with a diversified composition of land
cover classes, only one of which lies in Lagoinha (Figure 1). These areas do not correspond
directly to the moving window used in the analysis; instead, they represent clusters of
pixels that showed similar results regarding class variety within their surroundings. In this
case, the maximum observed variety reached eight classes. The composition and
proportion of classes within each PA (Table 1) reflect the historical land use and cover
patterns in the DATs. In Jacupiranga, the PAs are predominantly covered by natural
vegetation, particularly J3 (97.52%) and J4 (98.79%). In contrast, the PA in Lagoinha (L1) is
mainly characterized by pasture (65.55%). Temporary crops appear more frequently than
perennial crops (which remain below 0.5%) and are most notable in J5 (14.90%) and J1
(9.33%). Forest plantations (FP) play a minor role, with a slight increase only in J1 (2.76%).

Since the 1950s, extractivist and agropastoral practices within Traditional
Agricultural Systems (TAS) have undergone intense socioeconomic transformation
(Santiago, 2019). These shifts disrupted a subsistence-based economy centered on family
farming and surplus exchange, historically linked to major urban markets. The emergence
of a new urban-industrial rationality, supported by politics and science promoted the
“overcoming” of traditional systems, triggered a dual process: exclusion—via devaluation
of traditional products and loss of surplus markets—and subordinate inclusion into the
dominant economic regime (Santiago, 2019). In Alto Paraiba, one major consequence was
the intensification of cattle ranching, which converted former TAS and crop areas into
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pasture. While present since the 19th century, ranching became dominant after the
1940s, driven by urban demand and new leaseholders (Shirley, 1977). In Lagoinha, the
impact is clear: by 2023, pastures occupied an estimated 69% of the
municipality—around 13,450 ha (Souza Junior et al.,, 2020). In the Ribeira Valley, the
process involved changes in land structure, infrastructure, and environmental regulation
(Martines et al.,, 2023). This enabled banana monoculture, led by non-traditional
producers, to expand and cause significant environmental and sociocultural impacts on
TAS (Eidt; Udry, 2019). By 2017, roughly 44% of Jacupirangas’ farms cultivated bananas,
covering about 3,300 hectares (IBGE, 2017).
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Table 1. LULC class distribution (%) in Priority Areas identified.

Priority Areas Total Area (ha) NVC PA C C FP MOU NVA WA
1 2014.50 58.27 8.44 9.33 0.40 2.76 20.70 0.07 0.03
J2 919.19 65.80 9.67 6.32 0.37 0.88 16.78 0.07 0.11
13 45.74 97.52 0.00 2.48 0.00 0.00 0.00 0.00 0.00
14 255.31 98.79 0.00 0.00 0.00 0.00 1.21 0.00 0.00
J5 1619.61 46.71 18.56 14.90 0.02 0.02 17.20 1.48 1.13
L1 1731.59 17.16 65.55 0.98 0.03 1.79 1290 1.59 0.00

The dominance of banana cultivation in Jacupiranga appears underestimated in the
MapBiomas data. Other classes, such as Mosaic of Uses (MOU), notably present in areas
J1, J2, and J5 (Table 1), also suffer from imprecise classification (Souza Junior et al., 2020),
highlighting inherent limitations of orbital data. Despite this, the spatial resolution of the
Landsat series aligns with the 5 x 5 km moving window used in the analysis and is widely
applied in studies of TAS dynamics due to its temporal frequency (Schmid et al., 2021;
Jiang et al., 2022). Still, physical, environmental, and agricultural factors often affect the
spectral response of crops, limiting the accurate identification of crop types (Begué et al.,
2018). The moving window derives from models of shifting cultivation in tropical regions
(Schmid et al., 2021), a practice still pertinent in TAS areas of Sdao Paulo. National
literature also proposes alternative methodological approaches using buffer zones, such
as 100 m and 1 km to capture direct and indirect influence (Martines et al., 2023), or 20
km to represent kinship-based traditional networks (Santiago et al., 2024). However,
these efforts are based on previously mapped traditional territories. The identified
Priority Areas (PAs) may be refined through complementary parameters proposed by
Solymosi (2011), enabling the identification of additional areas characterized by high class
diversity (greater than five classes). These findings underscore the challenges of territorial
planning in contexts shaped by ongoing socioeconomic adaptation. Any economic or
technical strategies aimed at rural development in these regions must align with the
principles that define TAS, ensuring that planning frameworks foster the inclusion and
continuity of traditional communities (Santiago, 2019; Santiago et al., 2024).
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Creation of a gala apple fruit image database for Brazil

Alessandra Soares Sessi’, Alessandro Fernando Machado Franco®, Eduardo Carvalho da
Silva’, Lucas de Ross Marchioretto®, Jovania Menezes Dias®, Silvio Andre Meirelles Alves®®,
Luciano Gebler'!

Abstract

The development of artificial intelligence systems, especially through techniques such as
deep learning, has demonstrated high performance in the analysis and classification of
complex data. In the context of fruit growing, the use of image databases has been useful
for recognizing patterns of fruit presence in orchards, leading to the construction of
models that allow the quantification of production by fruit counting. However, the
construction of high-quality databases, containing images associated with physical
variables such as weight, height, diameter and visual characteristics (color, texture and
shape), is essential to optimize these predictive models. In the case of apples, this
information allows the identification of phenotypic patterns, supporting activities such as
fruit classification, quality monitoring and improvement of production processes, in
addition to improving harvest logistics. However, the construction of an image database,
especially aimed at scientific or technological applications, involves several technical,
logistical and operational challenges that must be carefully considered to ensure the
quality, integrity and applicability of the collection. The objective of the work was to
structure a labeled image bank, containing information on diameter, height and weight of
the fruits associated with photos of three different faces of fruits, aiming at future
obtaining predictive models of productivity for harvesting based on weight and diameter
of fruits and not only fruit count.

*>Scholarship holder at Embrapa Grape & Wine, ORCID: 0009-0006-7724-4339. Email: alessandrasessi07 @gmail.com
® Scholarship holder at Instituto Federal do Rio Grande do Sul. Campus Vacaria, ORCID: 0009-0001-0075-0771. Email:
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1. Introduction

Apple production is one of the main fruit-growing activities in southern Brazil, with
the Maxi Gala cultivar being widely cultivated due to its adaptability and commercial
quality. Currently, Santa Catarina and Rio Grande do Sul states are the largest Brazilian
producers of apple fruits. The cultivars that have become established in Brazil are clones
that belong to the Gala and Fuji groups. The phenotypic characterization of fruits plays an
essential role in evaluating the agronomic performance of different cultivation systems
and in supporting genetic improvement.

Detailed analyses of the physical and morphological characteristics of the fruits
become indispensable for understanding the behavior and adequate management of the
cultivar in different environments and management conditions. However, there is
currently a lack of image databases with apple fruits characteristic of Brazil, and their
construction and availability are necessary for advances in the area of computer vision
applied to production monitoring and predictability (Pereira, 2021). Therefore, the
standardization of assessments, combined with the use of technologies such as
professional cameras and digital measurement tools, contributes to the generation of
reliable and comparable data between studies.

The development of predictive models of fruits for harvesting has been a major
advance in the use of computer vision and deep learning models, but they are restricted
to counting fruits or, when they are highlighted on the plant, to the creation of a
geometric figure with a known radius that counts the fruit as a unit (Hauagge, 2008). The
integration of morphometric data with digital images allows the accurate estimation of
physical parameters of fruits, optimizing harvest planning and storage logistics (Gottschall
et al., 2018).

The present research aimed to create an image database by documenting
phenotypic characteristics of fruits of the Maxi Gala cultivar, originating from two
different orchards. By systematically collecting and organizing physical data (weight,
height and width of fruits) and images, we aim to provide a solid basis for future studies,
including applications in pattern recognition using computer vision and artificial
intelligence techniques. The approach adopted reinforces the importance of integrating
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traditional analysis methods with technological innovations, expanding the scope and
accuracy of assessments in temperate fruit growing.

2. Methods

The study is based on fruits obtained from two orchards of the Maxi Gala cultivar,
planted in September 2011, named “Fitotecnia” and “Gerenciamento”, at the Temperate
Climate Fruit Experimental Station of Embrapa Uva e Vinho, in Vacaria—RS (one of the ten
Agrotechnological Districts of the Semear Digital Project (Semear Digital, 2025)). Data
collection was conducted on a sample set of 92 plants distributed in a regular grid, aiming
to ensure the representativeness of phenotypic variability. All fruits present on each of
the plants were harvested manually at the physiological maturity stage, identified based
on visual criteria and technical parameters, on February 11, 2025. After harvest, the fruits
were stored in perforated polyethylene bags duly identified with the code of each plant of
origin. The samples were stored under controlled refrigeration conditions, at a
temperature of +0.4°C, until the time of the evaluations and photographic records.

Evaluations took place between February and April. Initially, the fruits were
numbered individually and subjected to height and diameter measurement with an Insize
digital caliper. Subsequently, each apple was weighed individually using a Shimadzu
precision scale. Data collection was performed manually, with records in physical format
(sheets of paper) that are later digitized into .XLSX files, using OCR (Optical Character
Recognition) technology with the support of artificial intelligence technologies, in order to
feed the labeled dataset, to be constructed in SQL language, the final product of this
work, as suggested in Memon et al. (2020).

For the photographic record, the fruits were arranged at a regular distance of 50
cm from the camera lens, with a white background. Each fruit was photographed from
three different angles, aiming to capture relevant morphological characteristics. The
equipment used was a professional Cannon camera, calibrated to ensure uniformity in
image resolution and quality. Special care was taken with the resolution and pixelation of
the images, which is a critical aspect for artificial intelligence applications, since
low-resolution or excessively pixelated images can compromise the ability of algorithms
to recognize subtle patterns.

For future tests to validate the database, a Yolo V5 neural network will be used in
simulated applications, seeking to analyze the images and correctly identify their
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dimensions and correlate them with weight. In order to obtain a more accurate result, the
information in the table will be related to the images and the neural network will be
trained with a sample of at least 2,000 lines from the database. (Terven et al., 2023).

3. Results and Discussion

The data obtained from the laboratory work, recorded manually in a text table, and
later converted to a table in an .XLSX file that will be converted into the database as a
dataset labeled in SQL language, is being ordered in each line with the information
recorded in the following manner: fruit number, orchard from which it was extracted,
plant number, fruit diameter measured in millimeters (mm), fruit height measured in
millimeters (mm), weight measured in grams (g) and three more columns containing links
to address the images captured from three different angles of each fruit (Figure 1).
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Figure 1. Necessary steps and scheme for creating an image bank of Gala apple fruits in
Brazil. Column 1 - Fruit number; Columns 2 and 3 - identification of the orchard and the
number of the sample tree; Columns 4 and 5 - Diameter and height of the fruit (mm™);
Column 6 - Weight (g?); Columns 7, 8 and 9 - Photos of different faces of the fruit, always
taking one of them with the greatest height and the greatest diameter.

Photos: Luciano Gebler.

B

To create this database, more than 21,000 photos were taken, with each set of 3
images making up a row of the database, resulting in approximately 7,000 entries. Once
this stage is complete, the database will be tested for resilience and robustness, verifying
the consistency in the extraction of information. It was decided to use an application with
YOLO V5, given its worldwide use and recognition in working with images (Terven et al.,
2023), carrying out tests with samples. The objective will be to correlate the area of the
fruits with weight and volume, allowing more accurate assessments at harvest time and
more detailed planning in the logistics of use and movement of bins and in the allocation
of people. Once the success of the application is confirmed, the database is expected to
be made available for use by the Semear Digital project (Semear Digital, 2025), in order to
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produce new applications, mainly related to harvest logistics and advances in computer
vision of agricultural machinery.

4. Conclusion

Creation of a database of labeled images associated with phenotypic information
on fruits of the Maxi Gala cultivar represents a significant advance in the development of
solutions based on artificial intelligence in temperate fruit growing. By bringing together
high-quality images and physical data such as fruit weight, height and diameter, the study
will provide a robust basis for training and validating predictive models such as deep
learning, capable of making more accurate productivity estimates, overcoming the
limitations of traditional methods, based solely on visual counting, in addition to potential
new technological tools aimed at the efficient management of agricultural production.
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Integration of the SAR and optical sensors of the Sentinel
constellation for land use classification in Lagoinha (SP)

Ana Carolina Vidal do Nascimento®?, Glauber José de Castro Gava®3, Isabella Clerici De
Maria®*, Luciana Alvim Romani®> Jener Fernando Leite De Moraes*®

Abstract

Information on land use and coverage is necessary to assist in the management process
and assertive decision-making. Thus, the present study aimed to evaluate the fusion of
Sentinel-1 (S1) and Sentinel-2 (S2) data in the mapping of land use and coverage of the
municipality of Lagoinha (SP) using the Random Forest method. Three scenarios were
tested for classification: data from (S1), (S2) and fusion of (S2+S1). To evaluate the
accuracy of the classification, high-resolution images from Google Earth and S2 software
were used. The overall accuracy of the classification from the combination of S2+S1 data
was 94%, and the Kappa index was equal to 0.9. For the isolated images of S2 and S1,
overall accuracies of 80% and 50% and Kappas index of 0.71 and 0.50 were obtained,
respectively. The fusion of S1+S2 data showed high accuracy in mapping.

Key words: Remote Sensing; Sensor Fusion; Radar; Machine Learning; Land Use.

1. Introduction

The Sentinel-1 (S1) and Sentinel-2 (S2) satellites, launched by the European Space
Agency (ESA), have improved the way in which land use and land cover monitoring and
classifications are carried out (Gomez, 2017). Sentinel-1 has an active SAR (Synthetic
Aperture Radar) sensor, which is useful for monitoring areas of dense vegetation in
adverse weather conditions (Tavares et al., 2019). Sentinel-2 is equipped with a passive
optical sensor with 13 multispectral bands, which performs planned analyses of
vegetation types and their phenological and physiological conditions (Gava et al., 2024).
Several studies have shown that the fusion of multispectral images from S2 with the

12 Scholarship holder at Agronomic Institute. ORCID: 0009-0008-0244-8956. Email: anacavinagro@outlook.com.
3 Agronomic Institute (IAC). ORCID: 0000-0002-3194-5432. Email: glauber.castro@sp.gov.br.

14 Agronomic Institute (IAC). ORCID: 0000-0001-8093-1697. Email: isabella.maria@sp.gov.br.

!> Embrapa Digital Agriculture. ORCID: 0000-0002-7386-3515. Email: luciana.romani@embrapa.br.

16 Agronomic Institute (IAC). ORCID: 0000-0003-1112-4204. Email: jener.moraes@sp.gov.br
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vertical-vertical (VV) and vertical-horizontal (VH) polarization bands, transformed into
backscatter coefficients in decibels (dB) from S1, increased the accuracy of land use and
land cover classifications (Steinhausen et al., 2018; Tavares et al., 2019). By combining the
data from S1 and S2, it was possible to reduce ambiguity or error in classification, since
the complementary information from S1 allowed greater differentiation of classes that
presented similar spectral characteristics. For example, shadow areas in optical images
were better identified in SAR images, allowing for more accurate classification (Tavares et
al., 2019). The study of land use and land cover mapping in the Chennai Basin, India,
carried out by (Steinhausen et al., 2018) found an overall accuracy of 92% when the
images from S1 were combined with S2. Based on the above, the objectives of the
present study were to classify and map land use and land cover, using the Random Forest
(RF) algorithm in a manner: a) independent; and b) merging the data from the sensors
onboard the S1 and S2 satellites, with subsequent evaluation of the accuracy of the
products generated.

2. Methods

2.1.Study area

The study area is formed by the municipality of Lagoinha, State of Sdao Paulo,
whose central coordinates are latitude 23205’ S and longitude 45212’ W. This municipality
has an area of 25,546 hectares (Figure 1).
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Figure 1. Location of the study area, municipality of Lagoinha (SP) and, RGB composition.
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2.2.Data acquisition

The area of interest was constituted by the intersection of SAR (Sentinel-1) and
optical (Sentinel-2) images. These images were acquired from ESA's Copernicus portal
available at: (https://dataspace.copernicus.eu). The selection of Sentinel 1 and 2 images
was based on cloud cover of less than 1% for the S2 images and the smallest date
difference for the S1 images. Considering the lowest cloud cover rate, a Sentinel-2A image
of level L2A was selected on May 5, 2024 with 0% clouds. The acquired S2 image had 13
spectral bands with spatial resolutions from 10 to 60 meters. The Sentinel-1A scene used
was the Interferometric Wide Level 1 Single Look Complex, from May 1, 2024. This S1A
image is C-band with two polarizations (VV and VH) and a spatial resolution of 5 x 20
meters. The high-resolution image mosaic, used to calculate the global accuracy and
validate the classification, was accessed through the Google Earth software and the S2A

image, updated on May 5, 2024.

2.3. Processing flowchart

The methodological procedures, briefly described in Figure 2, follow six steps,
namely: a) data acquisition; b) pre-processing of the S1 and S2 images; c) integration of
the SAR and optical sensors; d) classification of the training polygons; e) supervised
classification using the Randon Forest algorithm; and f) assessment of the overall
accuracy of the generated product. For the processing and integration of the S1 and S2
images, the Sentinel Application Platform (SNAP 11) software was used, employing the
methodology described in (Tavares et al., 2019).

\

Polygon classification and
training
SAR Pre-processing

Sentinel -1
(SAR)
. - | Radar vegelation
Clipping and zooming |nlu/ i

Sentinel - 2
(Otico)
the target raster
Land cover classification
(Randon Forest)

Figure 2. Flowchart of data processing steps.
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In the integration (fusion) processing of the S1 and S2 images, the following sequence of
operations was used for the S1 raster: a) Subset; b) Radiometric Calibration; c) Conversion
to dB scale; and d) Range Doppler Terrain Correction (Figure 2). Finally, the SNAP 11
Collocation algorithm was applied. This last procedure created a stack between the input
bands, in which the pixel values of a product (Slave) of S2 are resampled to the
geographic raster of the second product (Master) of S1.

2.4. Definition of training classes
In this study, four land use and land cover classes were considered (Figure 3).

S1(R:VV; S2 (R:B4: G:| SI+S2 (R: VV;
Class G:VH: B8:B:B2) G:B8; B: B2)

Forest

Agriculture
(pasture)

Exposed Soil

Body of water

Figure 3. Land use classes and their RGB composition
of satellites S1 (SAR) and S2 (optical).

2.5. Classification, accuracy assessment and Kappa index

After the acquisition, pre-processing and integration of the S1 and S2 data (Figure
2), the images produced were exported to the QGIS Desktop software, where the
categorization and training (machine learning) stage was performed for 50 polygons from
each of the four classes, totaling 200 training areas. Subsequently, the following Python
libraries were installed: Remotior Sensus; GDAL; OGR; Numpy; SciPy and Matplotlib on
the computer for the correct execution of the supervised classification by Randon Forest
with 700 trees, using the Semi Automatic Classification Plugin algorithm according to the
protocol described by Congedo (2023). The Randon Forest classification was performed
on the stacked images with 10 x 10 m spatial resolution, in three different combinations,
namely: a) only the S1A data (with the bands: VV; VH and VV-VH); and b) data from S2A
(with bands: B2; B3; B4; B5; B6; B8; B9; B11 and B12) and the fusion of S1A and S2A (with

Anais do Il Workshop Cientifico - Pagina 29



digitaw

bands: VV; VH; VV-VH; B2; B3; B4; B5; B6; B8; B9; B11 and B12). The calculation of the
global accuracy and the confusion matrix of the classification maps produced were
performed using the Accuracy Assessment of Thematic Maps (AcATaMa) algorithm,
according to the protocol described in Llano (2024). To determine the models for
assessing the global accuracy and the confusion matrix, 1,621 points were generated in
stratified random sampling of each class, being 538 points for forest, 955 points for
agriculture, 64 points for exposed soil and 64 points for water bodies, within the classified
images. These points were validated using Google Earth software images and the RGB
image from S2A updated on May 5, 2024 as reference. The Kappa index of each map was
determined using the results of the confusion matrices from the three classification
evaluations produced, according to the methodology in Cohen (1960).

3. Results and Discussion

The maps of land use and coverage classes (forest, agriculture, exposed soil and
hydrography) in the municipality of Lagoinha classified with S1 (SAR), S2 (optical) and
S1+S2 are presented in Figure 4.
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Figure 4. Map of classified image combinations S1 (SAR), S2 (optical) and S1+S2.

Visually, the classifications with the lowest incidence of noise were verified by the
maps of S2 + S1 and S2, originating from the integrated information from Sentinel-2A and
Sentinel-1A and from the independent data from Sentinel-2A, respectively. The S1 map
with independent Sentinel-1A data presented a lot of noise throughout its image, not

Anais do Il Workshop Cientifico - Pagina 30



digital™

separating the forest and agricultural classes well. This fact probably reduced the accuracy
of this map when compared to the S2 + S1 and S2 maps. The classification which
integrates the data from S2 + S1 presented a good separation and identification of the use
and coverage classes, highlighting the contrast for the water bodies (Figure 4).

The results of the global accuracy and Kappa indexes, calculated for the maps produced
(Figure 4), indicated that the classification that used only SAR data (map S1) obtained the
lowest accuracy and Kappa index (Table 1). The classification that used only optical images
(map S2) achieved significantly higher accuracy and Kappa when compared to the
classification of map S1. The classification that used the integration of SAR and optical
data (S14S2) achieved the highest global accuracy and Kappa index (Table 1). Other
studies obtained results similar to those of this research (Steinhausen et al., 2018; Tavares
et al., 2019).

Table 1. Overall accuracy values of the Kappa index of the Randon Forest classification
and Kappa quality ranking

Maps Overall accuracy (%) Index Kappa Quality Kappa
S1+S2 94 0.90 Excellent
S2 80 0.71 Very good
s1 50 0.25 Reasonable

4. Conclusion

The results demonstrated that the integration between SAR and optical data from
the S1 and S2 satellites increased the accuracy of the characterization mapping of the
Earth's surface, indicating great potential for this technique. The same technique will be
applied to map the Jacupiranga and the Alto Alegre DATs. The land use and land cover
map generated with greater accuracy for Lagoinha and, for the other DATs, will be the
basis for monitoring agricultural crops.
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Since labeling geospatial data is costly, many geospatial foundation models use
self-supervised learning techniques (e.g., contrastive learning, masked autoencoders) to
learn useful representations from unlabeled data. Once trained, they can be fine-tuned or
used as feature extractors for a wide range of downstream geospatial tasks like land cover
classification, change detection, disaster monitoring and crop mapping, among other
examples, therefore enabling a faster and more efficient analysis of Earth observation
data at scale, especially useful when annotated data is scarce.

In this study we are interested in the application of geospatial foundation models
to the satellite-based monitoring of agricultural properties. In order to avoid a costly
regular deep learning model training, we want to investigate if geospatial foundation
models, as they are, with no extra training, are able to process scenes of different
management situations and produce distinguishable embeddings in each case. No other
work exploring the applications of foundation models specifically to agricultural property
management was found; nevertheless, applications in agriculture are trending (Yin et al.,
2025).

2. Methods

Our case study considered a property located in the Guia Lopes da Laguna
agrotechnological district (Figure 1, taken from Google Maps and edited by the authors).
During the last decade, the area was mainly used for the traditional pasture system,
however, after partnering with Semear Digital and Rede ILPF the owner is now interested
in the development of an integrated livestock-forest system (Bussoni et al., 2019).
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Figure 1. High definition satellite image of property (red polygon).

Series of images (256x256 pixels, RGB channels) from the Sentinel-2 mission
(Sentinel-2, 2025) were collected, considering two distinct situations:
® scenario A: regular pasture management, from early 2023 up until early 2025,
with an approximately 3-month separation between images (Figure 2, with
images collected from the Sentinel-2 catalog and edited by the authors);
® scenario B: preparation for livestock-forest system, from October 2025, with
shorter time windows separation, from roughly a week to a month (Figure 3,
with images collected from the Sentinel-2 catalog and edited by the authors).
Both series were processed with the Clay Foundation Model (Radiant Earth, 2025).
Each image was fed to the model, resulting in 768-dimensional embeddings. The
embeddings were processed with the principal component analysis (Hotelling, 1933); 2
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components from each embedding were kept; the series for both scenarios were plotted

0

in the plane (Figure 4).

2023/01/08 - 13:58:23 2023/04/03 - 13:58:25 2023/07/02 - 13:58:31

2023/10/10 - 13:58:25 2024/01/08 - 13:58:22 2024/04/22 - 13:58:26

2024/07/16 - 13:58:27 2024/10/14 - 13:58:25 2025/01/12 - 13:58:23

Figure 2. Sentinel-2 images for scenario A.
Color frames refer to embeddings in Figure 4A.
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Figure 3. Sentinel-2 images for scenario B.
Color frames refer to embeddings in Figure 4B.
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