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Abstract

management, UAV and Machine learning technologies.

NGRDI: Normalized Green-Red Difference Index.

Precision viticulture and the use of monitoring systems for the management of spatial and temporal variability in recent decades has been
the research topic that has led to the emergence of new high tech production segments that have been able to accompany the transformation
of agricultural machines. The results of the research have enabled the design and introduction of autonomous vehicles (drones) and intelligent
sensors, suitable for proximal and remote sensing and for use in the sustainable management of the vineyard. At the same time, there are still
difficulties in market deployment of these technologies due to high costs and difficult integration with ordinary agronomic techniques. The
object of this mini-review is to present the innovative technologies applied in precision viticulture considering several key words: vineyard

Keywords: Vineyard management, UAV and Machine learning technologies

Abbreviations: UAV: Unmanned Aerial Vehicle; PV: Precision Viticulture; ExG: Excess Green Index; CIVE: Colour Index of Vegetation Extraction;

Introduction

In general, assessment of spatial variability of crop
physiological variables is a prerequisite for the application of
precision viticulture techniques. Monitoring the vineyard with
“traditional methods” require high labour demanding, high
time-consuming and in some cases had a low accuracy. In the
context of vineyard and wine process management, several
studies show the importance of the use of Unmanned Aerial
Vehicle (UAV) and Artificial Intelligence as novel tools used for
vineyard management, early pest detection, estimate the growth
stage and the potential quality of vine grapes. Unmanned Aerial
Vehicle equipped with RGB and NIR camera are commonly
use in precision Viticulture (PV). These techniques are used
for obtain colour index-based approaches such us Normalised
Difference Index (NDI), Excess Green Index (ExG), Excess Red
Index (ExR), colour Index of Vegetation Extraction (CIVE), Excess
Green minus Excess Red Index (ExGR), Normalised Green-Red
Difference Index (NGRDI), Vegetative Index (VEG) or combined
indices such us Modified Excess Green Index (MExG). These
indices are often use in order to segment the green vegetation
regions in agriculture remote sensing images. Vegetative indices,
color estimation, shape and size analyses are features for which
image analysis provides an objective and reliable tool. Machine
vision has many potential applications in viticulture, as a rapid
and practical method to estimate canopy features in the field.

In viticulture, cluster morphology and berry size are two key
parameters, which not only impact the cluster architecture
and compactness (leading to looser or tighter clusters), but
are also considered as indicators of grape and wine quality
[1,2]. Recently, the acquisition of high resolution RGB images
of the canopy from UAV joint to Structure from Motion (SfM)
technique has proved to be an effective tool for estimating plant
architecture through the computation of a Digital Surface Model
(DSM) [3-5]. Machine Learning (ML) techniques combined with
machine vision technology has been widely used and studied
in agriculture to identify and detect plants (crops & weeds),
which proposed to Berenstein et al. [6] that proposed a method
of grape and foliage detection by specific algorithms for an
autonomous selective vineyard sprayer. It has shown a potential
for success in a number of case studies in robotic weed control
systems despite some serious challenges. Slaughter et al. [7]
developing image-processing methods as guidance for machine
vision, working in different fields and environments (under
controlled and uncontrolled conditions). After many decades of
study, machine vision has improved the quality management of
weed control systems [8,9]. Different algorithms and techniques
i.e. unsupervised fuzzy clustering algorithms, mean-shift-based
learning procedure, convolutional neural network, Deep Neural
Networks, [10] are proposed for detection and classification of
weed plant. Machine vision technology, guided by ML, also been
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applied in other aspect of the viticulture, such as grading fruits,
Liu et al. [11] proposed a computer vision system for early stage
grape yield estimation based on shoot detection. Ivorra E et
al. [12] identified grape cluster yield components based on 3D
descriptors. Cubero et al. [13] propose a method for detection
and size assessment of grapevine berries by pedicel/peduncle
evolution and Roscher et al. [14], using conditional random
fields present an automated image analysis framework for
high-throughput determination of grapevine berry sizes. For
precision harvest through computer vision and image-based
color analysis Pothen & Nuske [15] proposed an automated
approach for evaluating color development to grade and
predict the color development of grape clusters in the vineyard.
Using this approach, the authors generate spatial maps of the
vineyard showing the current and predicted distribution of color
development [16-20].

Conclusion

In conclusion, UAV, computer vision techniques and
artificial intelligence are technologies that a large number of
researchers had applied in the evaluation of crop physiological
variables and in the analysis of temporal e spatial variability.
The demand of new technologies in viticulture increase year by
year, the application of this new perspective in the agricultural
field is mature. The high number of scientific work, national
and international congress, specific conference and workshop
dedicate to the introduction of the new management of the
vineyard by application of Precision Viticulture demonstrate the
validity of the methodologies applied and utilized in viticulture.
Utilizing the technologies a new challenge started for to the
viticulture the possibility to apply the new paradigm proposed
by the Precision agriculture, do the right thing, at the right time
in the right place.
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