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Abstract This research proposes an integrated framework for efficient and accurate moni-
toring of agricultural landscapes and semi-natural ecosystems, aiming to support biodiversity
conservation in agriculture and urban areas. Traditional methods of biodiversity monitor-
ing often lack cost-effectiveness and accuracy, particularly in complex environments. The
proposed framework combines remote sensing (UAVs, satellite imagery) and deep learning
techniques to address these challenges. Four key studies compose the framework: a plant
species classification method achieving 99% accuracy, a preprocessing pipeline to enhance
UAV image quality, a U-Net model to map vineyard ground cover diversity, and the intro-
duction of the LICAI dataset for large-scale land cover mapping. The results demonstrate
improved accuracy, efficiency, and scalability, offering tools for smart viticulture, biodiversity
conservation, and sustainable land management. This research highlights the potential of
data-driven approaches in agroecosystem management and provides a roadmap for future
applications.
Keywords: sustainability, satellite images, accuracy, plant classification

1. Introduction

Sustainable agricultural practices are essential for ensuring global food security and promot-
ing environmental sustainability. Effective management of agroecosystems requires a com-
prehensive understanding of biodiversity and land cover dynamics, which guides informed
decisions regarding resource allocation, pest control, and overall ecosystem health. However,
current approaches to agricultural and semi-natural urban areas monitoring and assessment
suffer from several limitations. Existing methods often rely on publicly available datasets,
which may include information not fully aligned with specific research needs, emphasize the
development of robust predictive models. Furthermore, UAV-based imagery, while offering
high-resolution data, is susceptible to issues such as reduced spatial resolution at high alti-
tudes, image degradation due to camera limitations, and shadowing effects, impacting the
accuracy of subsequent analyses. In the wine- sector, the critical role of groundcover bio-
diversity is often under-characterized due to the lack of efficient and accurate methods for
assessing its spatial distribution and composition. Finally, large-scale land cover mapping
using satellite imagery is constrained by the limitations of traditional classification methods
when dealing with high-resolution data and the high costs associated with creating special-
ized datasets. These limitations collectively hinder the development of precise, data-driven
approaches to agricultural and semi-natural urban management, limiting the potential for
improving biodiversity and ecological transition. This research aims to address these chal-
lenges by developing and validating methodologies for accurate plant species identification,
plant community mapping, and comprehensive land cover classification using advanced re-
mote sensing (satellite and UAV) technologies and deep learning techniques.
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2. Case study

UAV-collected RGB images
This study addresses a challenge in plant species classification using UAV-collected RGB im-
ages. Building upon previous works, it aims to enhance classification accuracy by leveraging
transfer learning models, specifically EfficientNetV2, to classify plant species in heteroge-
neous areas. While earlier studies utilized image datasets from homogeneous regions, this
research focuses on gathering data from diverse plant species, aiming to improve classification
in mixed-cultivated environments. The study demonstrates that EfficientNetV2, pre-trained
on ImageNet, achieved the highest classification accuracy of 99.2%, outperforming other
pre-trained models like MobileNetV2, Xception, DenseNet121, InceptionV3, and ResNet50.
EfficientNetV2’s superior performance is attributed to its composite scaling approach, which
optimizes both depth and width parameters for better accuracy while maintaining computa-
tional efficiency. Unlike other models, such as ResNet50, which suffered from issues like van-
ishing gradients and longer training times, EfficientNetV2 strikes a balance between depth,
width, and resolution, ensuring robust performance. This study also highlights the benefits
of transfer learning, which allows for efficient classification even with smaller datasets, as
seen in the use of only 1374 images for seven plant species. Additionally, the study em-
ployed a color indicator material during UAV flights to assist in object-based classification
and mapping (Figure 1).

Figure 1: The entire area represents a single captured image taken by the drone from a height of
30 meters. The yellow paper serves as a color indicator. The color indicator helps to determine the
plant species for the training samples based on physically collected information on the type of plant
species near the color indicator.

This helped distinguish plant species on orthophotos, although some misclassifications
still occurred, suggesting room for further refinement. The research emphasizes the im-
portance of UAV imagery and transfer learning for plant species classification in diverse
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environments, contributing to biodiversity studies and promoting more efficient plant iden-
tification methods. The study recommends collecting UAV images across different seasons
to improve classification accuracy and better understand plant characteristics under varying
conditions.

2.1 Image preprocessing techniques

This study examines the effects of various image preprocessing techniques on plant species
classification using UAV imagery. The focus is on creating a pipeline that integrates mul-
tiple preprocessing steps, including ESRGAN for enhancing image resolution, CLAHE for
improving contrast, and white balancing for correcting color imbalances. These steps were
shown to significantly enhance the quality of the images and, in turn, improve the per-
formance of the classification models. The SVM classifier achieved an accuracy of 97.88%
when the images were preprocessed with ESRGAN and white balancing, demonstrating the
value of these techniques in enhancing classification outcomes. In addition to individual
preprocessing steps, the study explored the use of a hybrid model that combines VGG-16
for feature extraction with classifiers like SVM. This hybrid approach demonstrated supe-
rior performance compared to using VGG-16 alone, showing better accuracy, precision, and
efficiency. The hybrid model was particularly notable for its memory efficiency and fast
processing times, making it highly suitable for real-time applications in environments with
limited computational resources, such as agricultural monitoring. This study underscores
the importance of preprocessing techniques in improving the accuracy of plant species clas-
sification from UAV imagery, highlighting how the combination of resolution enhancement,
contrast adjustment, and color correction can enhance classifier performance. The hybrid
model approach also emphasizes the potential for improving classification systems by lever-
aging both deep learning and traditional machine learning classifiers. The findings suggest
that such methods could be widely applicable in real-time, resource-constrained agricultural
environments, where fast, efficient, and accurate plant species identification is crucial. The
research also calls for further exploration of these techniques with a wider range of datasets
and environmental conditions to assess their generalizability and effectiveness in various
settings.

2.2 Deep learning techniques

This study focuses on the use of deep learning techniques for identifying vineyard inter-
row groundcovers, aiming to create a comprehensive groundcover map to support soil and
cover crop management in viticulture. The research is conducted on a 2-hectare vineyard in
the Franciacorta wine-growing area, with the aim of distinguishing between nine classes of
groundcover, including two main categories (vine and soil) and seven cover crop communi-
ties: graminoids, composite plants, mustards, legumes, Polygonaceae, Plantaginaceae, and
other forbs. These plant groups are important for providing various ecosystem services such
as improving soil structure, nitrogen fixation, and limiting soil erosion. To achieve this, 24
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RGB images collected from a UAV at an 8-meter height were used to train and test five
different artificial intelligence models based on the UNet architecture, which is known for
its effectiveness in pixel-wise classification tasks. The study demonstrates that integrating
advanced DL techniques, such as semantic segmentation with backbone architectures, sig-
nificantly improves accuracy. Backbone networks like EfficientNet, ResNet, InceptionV3,
and DenseNet enhanced the UNet model’s performance by capturing hierarchical features
and spatial relationships within the images. The best-performing model, UNet with an
EfficientNet backbone, achieved an accuracy of 85.4% and a precision of 84.97% (Table 1).

Backbone Accuracy Precision Recall F1 score Mean IOU Jaccard score

ResNet 80.0 79.8 79.3 72.1 50.5 63.1
EfficientNet B0 85.4 84.97 75.9 85.4 59.8 73.0
Inception V3 82.9 82.3 82.6 82.8 53.8 66.4
DenseNet 3 83.6 83.9 83.4 83.7 52.1 65.1
Without Backbone 78.0 77.9 77.8 78.5 48.9 61.2

Table 1: Performance Metrics of UNet Semantic Segmentation Models with and without Different
Backbone Architectures

The results of this study highlight the potential of deep learning models to improve
groundcover classification in vineyards, providing valuable insights for vineyard manage-
ment practices, such as understanding the spatial distribution and ecological roles of differ-
ent groundcover types. This research represents a pioneering application of deep learning in
vineyard agroecosystems, addressing challenges like monitoring vineyard biodiversity. How-
ever, some limitations were noted, such as class imbalance in the dataset, which may lead to
biased predictions, especially with unseen data. To overcome this, future research should fo-
cus on expanding the dataset to include a broader variety of vineyard types, soil conditions,
and geographic locations. The study also suggests that while the deep learnign model works
well with high-resolution images, further development is needed to make it operational on
larger surfaces with lower-resolution images, which would reduce costs and time for UAV
image acquisition. This sets the stage for future advancements in vineyard groundcover
classification, enabling large-scale, cost-effective monitoring of vineyard ecosystems.

2.3 Land cover mapping

In this study, we address key challenges in land cover mapping in agricultural areas by ap-
plying advanced deep learning techniques, particularly semantic segmentation, to satellite
imagery. Our work contributes significantly by introducing a new land cover dataset distin-
guishing among seven distinct classes: grasslands, arable lands, herb-dominated habitats,
hedgerows, vineyards, tree-dominated man-made habitats, and Olea europea groves. This
dataset fills a critical gap in the existing literature, providing a comprehensive resource for
land cover classification in agriculture. A major issue in land cover mapping, as highlighted
in previous studies, is the difficulty of distinguishing between classes with similar spectral sig-
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natures, class heterogeneity, and limited generalizability of traditional mapping techniques.
Moreover, creating specialized datasets for semantic segmentation has been hindered by the
high costs associated with data collection and manual annotation. Our study overcomes
these challenges by demonstrating the effectiveness of deep learning models, such as UNet,
SegNet, and DeepLabV3, for accurately mapping land cover types using satellite imagery.
By integrating pre-trained feature extraction networks (backbones) into these models, we
observed a significant improvement in segmentation performance. This advancement high-
lights the importance of leveraging deep learning methods to enhance land cover mapping
accuracy. These models not only provide scalable and efficient solutions for environmental
monitoring and land management but also offer valuable insights into ecosystem health and
biodiversity conservation. Our results clearly show that DeepLabv3, when coupled with a
backbone, outperforms UNet and SegNet in terms of segmentation accuracy, precision, recall,
and other performance metrics. Specifically, DeepLabv3 achieved an accuracy of 0.763, a
precision of 0.761, a recall of 0.763, an F1 score of 0.756, a Jaccard coefficient (IoU) of 0.626,
and a Mean IoU of 0.520. These results can be attributed to the architecture of DeepLabv3,
which incorporates atrous spatial pyramid pooling (ASPP) and robust backbone networks
to improve multi-scale context aggregation and handle complex spatial patterns more ef-
fectively. Additionally, among the backbones evaluated, EfficientNetB0 demonstrated the
highest performance across most metrics, including accuracy, precision, recall, F1 score,
mean IoU, and Jaccard coefficient. EfficientNetB0’s superior performance is due to its effi-
cient computational resource use, balanced scaling of depth, width, and resolution, and its
ability to extract detailed features. While DenseNet and InceptionV3 also performed well,
EfficientNetB0’s architectural optimizations led to higher segmentation accuracy and more
reliable metrics. In comparison, ResNet34, though robust, lagged behind due to less efficient
scaling and feature extraction capabilities. This study demonstrates the potential of using
deep learning models with advanced backbones for accurate land cover mapping, offering a
more reliable tool for agricultural and environmental monitoring.

3. Conclusion

This research integrates the findings of four distinct yet interconnected studies, creating a
single framework for applying advanced remote sensing technologies, such as satellite and
UAV, and deep learning to improve the management of agricultural and semi-natural ur-
ban ecosystems. The central contribution is the development and rigorous validation of
new methodologies for precise plant species identification, plant community mapping, and
comprehensive land cover classification. These methodologies directly address significant
limitations inherent in existing approaches, offering valuable tools to promote sustainable
agricultural and semi-natural ecosystem practices. Results obtained suggests several promis-
ing future research directions, including testing the developed methods across diverse geo-
graphical regions, plant species, and environmental conditions. Expanding datasets and
incorporating multispectral or hyperspectral imagery could improve classification accuracy.
Additionally, integrating LiDAR data for three-dimensional plant canopy characterization,
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as well as weather, soil, and agricultural management data, would enhance model predic-
tions. Temporal data is essential for capturing plant community dynamics over time. Further
advancements in deep learning architectures, transfer learning, and self-supervised learning
approaches are needed for better performance. The exploration of explainable AI (XAI)
techniques could increase model transparency. Additionally, creating user-friendly tools and
cloud-based platforms for data analysis will ensure these technologies are accessible to farm-
ers. These advancements will improve precision agriculture, biodiversity conservation, and
food security.
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