Artificial Intelligence to Identify Olive-Tree Cultivars
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Abstract. The exponential advance in artificial intelligence techniques makes it possible to
apply them to previously thought to be impossible sectors. In this work, a different approach is
presented to identify the different varieties of olive trees present in the olive groves of Portugal.
Using its leaves and deep learning algorithms necessary for its classification, the proposed system
can perform a reliable, low-cost, and real-time identification of the olive trees.
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1 Introduction

The production of olives, whether for olive oil or table olives, is a growing business,
according to the Observatory of Economic Complexity (OEC), in 2020, approximately
1.23 billion dollars were handled in world trade, with Portugal being the third largest
exporter with approximately 6.9% of the total amount [1].

In Portugal, olive growing is an activity of high economic, social and environmental
importance. There are 361 483 hectares of olive groves in the country, in about 118
450 farms [12]. The olive tree is distributed from north to south of the country, with
particular incidence in the interior regions, with Alentejo, Tras-os-Montes, Beira Interior
and Ribatejo e Oeste being the main producing regions. In the last campaign (2021),
provisional data from the National Statistics Institute point to a record harvest with
an expected oil production of 2 25 million hectoliters [13]. This production is obtained
through the various olive-tree cultivars present in our country, whether autochthonous
or not. These blends of varieties are often beneficial as they each have unique chemical,
physical and flavor characteristics [10,18] that are commonly used either to improve the
scason or date of harvest through the selection of varieties with different maturation
periods, or to ensure a more harmonious composition of the oil from an organoleptic
point of view.

In this way, and highlighting the notorious chemical and physical differences of the
different olive-tree cultivars, it is extremely important for the olive oil producer to carry
out a reliable and rapid identification of the varieties present in their olive groves. In this
sense, a bibliographic research was carried out on the various identification techniques
applied over time. Two terms, “Olive identification cultivars” or “Olive variety iden-
tification” were searched in two of the best-known databases (Web of Science (WOS)
and Scopus). The research resulted in 914 and 534 documents in the WOS and Scopus
databases, respectively, after their collection, the R software was used, combined with
the bibliometrix tool [2], where trends and research techniques were analyzed as well
as the main keyword groupings.



Through the results obtained, it was possible to perceive that most of the tech-
niques applied for the identification of varicties consist of genetic analysis, techniques
such as random amplified polymorphic DNA (RAPD), molecular markers, microsatel-
lites, chemometrics and DNA Fingerprints [3-5,7, 8, 20]. Techniques that have high
reliability of responses, but are somewhat time-consuming processes that do not allow
us to identify them on the spot, with the need to collect samples to analyze in the lab-
oratory and with a relevant associated cost when one considers that in the same olive
grove there can be dozens of different species. Other techniques related to identifica-
tion through artificial vision have also been studied and implemented with encouraging
hit rates [6,17,21]. On the other hand, these techniques always use the tree’s fruit to
proceed with its classification, thus being restricted to a specific time of the year to
proceed with its identification.

Analyzing the problems that arise from the techniques presented above, the focus of
this work is to ensure a form of identification on the spot, with minimal impact on the
tree, and that can be carried out at any season of the year. In this way and analyzing
what is being done in other cultures, the solution presented involves the use of artificial
intelligence algorithms to identify the leaves of the tree. This is a solution that solves
practically all the problems shown above, guarantees an instant classification without
having to resort to specialized technicians, it is possible to do it every year, since the
olive tree is a permanent leaf tree. It also guarantee that the impact for the tree and
the cost associated with the process is null.

This implementation becomes easier taking into account the advances in the area
of artificial intelligence algorithms, following the hardware developments. This type
of algorithms has proven to be highly qualified for solving this type of tasks, being
applied to various species such as pistachios [11], grapes [16,19], apples [15] and other
examples [9,14].

In this way, the proposed approach is summarized by the use of artificial intelligence
algorithms to identify the different autochthonous olive tree species.

This papers is organized as follows. After the introduction, section 2 presents the
work methodology where the system architecture is approached and the focus of this
article is highlighted. Finally, the third chapter concludes the article and points out
future work.

2 Methodology

As the main objective of this work is the development of an artificial intelligence system
capable of identifying the different varicties of olive-tree cultivars. For that, there is a
set, of steps to be taken and implemented, thus ensuring the correct functioning of the
system. Figure 1 presents the system architecture.

As a common need for all artificial intelligence problems, the dataset is undoubtedly
the most important element of these implementations. In this way, and since it is an
innovative approach to the problem in question, it was necessary to proceed with the
creation of a sufficiently large dataset of images to guarantee a good behavior of the
classification algorithms. To this end, and with the help of partners specialized in the
area, several visits were made to olive groves to collect the necessary material. It was
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Fig. 1: System architecture.

stipulated at the outset to make collections in the different seasons of the year in order
to accompany the growth and recession of the leaves, as well as other factors that have
an impact on their development, such as water or nutrient stress, thus ensuring a correct
identification regardless of the phase and conditions in which the tree is found.

After cach sample collection, several processes need to be carried out, starting with
the photographic capture of each sample on a white background to facilitate the algo-
rithm training process, then there is a pre-processing of the images in order to reduce
their size, optimizing the functioning of the algorithms. In this pre-processing, the pho-
tos were cut through autonomous processes, resized to a resolution of 299x299 pixels,
and further normalized in its three layers (RGB). Once these processes are completed, it
will be possible to implement the artificial intelligence algorithms. This implementation
will consist of three steps: training the algorithm using the training set, classifying the
test data, and analyzing it. After the implementation and the adjustments, the models
will be made available on two platforms, the web version, and the mobile version, thus
allowing their use by all interested stakeholders, whether they are consumers, producers,
or just enthusiasts in the area.

3 Conclusion and future work

Constant hardware improvements are enabling a significant advance in the use of ar-
tificial intelligence methods for the most diverse purposes. As it was possible to prove
with the cited references, there are already some works that propose similar approaches
in different cultures, demonstrating the possibility of success of the presented study.
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As the main future works of the study, it is possible to highlight the continuation
of updating the dataset with more samples and the application of various machine and
deep learning methods to enable the best possible results. It culminates in an easy-to-
use application that aims to make it possible to identify on the spot, without additional
costs for the user, the different varieties present in the national territory.
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