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Abstract— Agriculture is one of the most important
economic activities in Peru. Furthermore, the Peruvian mango
is the most important fruit as an export product on the
European market due to its good quality. Three varieties of
mango are cultivated in Peru: Haden, Kent and Tommy Atkins,
each of them presents different characteristics; however, the
production of this fruit is affected because manual processes are
still used for its production, which generates a delay in the
process due to the inaccuracy of the labour. The present study
aims to develop the simulation of an automated grading system
for Peruvian mangoes based on computer vision. On the other
hand, to establish the process development, the transfer learning
principle was analysed and a flow diagram of the system was
made. The simulation of the system environment was obtained
through the Factory 10 software, together with the image
processing through the Matlab software, in which the
characteristics of the three mango varieties were introduced;
therefore, with this information, the system was able to carry
out the mango selection. Finally, it was concluded that the
presented design optimises the selection and storage time of the
mangoes, as well as automating the labour in the process.

Keywords— Agriculture, mango, production, automation,
gray scale.

I. INTRODUCTION

Agriculture is a major economic activity in Peru, since
according to figures from the National Institute of Statistics
and Information (INEI), in 2019 it generated S/. 29,553
million with 5.4% of the total GDP in that year [I].
Additionally, mango is Peru's main export fruit, since it is
recognised in international markets for its high quality,
likewise the main export destinations for this fruit have been:
The United States and the countries of the European Union in
which the United Kingdom stands out [2].

On the other hand, mango is a perennial plant that is
usually produced in the coastal areas of Peru; however, there
is currently a great variety of mango cultivated in the world
[3]. However, three varieties are produced in Peru, which are
described below: firstly, the Haden mango, which has a bright
red colour with green and yellow shades, and is usually round
to oval in shape. Secondly, there is the Kent mango, which is
recognised by its dark green colour and oval shape; it also has
a juicy and tender flesh. Finally, the Tommy Atkins mango,
which is characterised by being small and oval; due to its
fibrous constitution, it has a firm flesh [4].
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Despite the high demand for mangoes on the international
market, Peruvian farmers have problems with the mango
grading system, since this process is carried out manually,
which causes a delay in production and increases costs [5]. Of
equal importance, another substantial problem are the known
mango diseases; for example, anthracnose, which causes the
fruit to rot from the end of the stem due to diplodia. Similarly,
insect pests such as weevils, leathoppers and capsid bugs
cause diseases that lead to fruit losses, as farmers fail to
identify them in time, thus reducing production efficiency [6]-

[7].

Although there are several systems and applications that
help the agricultural industry to produce more crops today, an
automated system capable of classifying mangoes through
image processing has not yet been developed in Peru [8].
Additionally, there is a need to develop fast and simple
classification models with the intention that they can be
implemented on embedded computers with limited constraints

[9].

Recent research has proposed methodologies to classify
various types of fruits according to their internal and external
characteristics and do not employ destructive techniques [10].
For example, the study [11], which presented an algorithm
based on neural networks and statistical approaches, which
was in charge of classifying mango and other fruits through a
simple camera; in addition, they considered parameters such
as weight, size, ripeness and colour of the fruit. So they
concluded to establish a speed of 40 rpm for the motor of the
belts taking into account that this speed allowed an optimal
precision in the classification of the fruits.

On the other hand, the present research differs in that it
aims to develop the simulation of an automated mango sorting
system based on computer vision, where mainly through
various parameters, good quality mangoes of the three
varieties existing in Peru described above were selected;
consequently, after going through image processing, they
were directed through conveyor belts to be stored or
discarded, depending on the conditions of the fruit. Finally,
such action minimises human interaction and optimises
production time.



II. MATERIALS AND METHODS

The automated design is aimed at grading mangoes
efficiently and with an innovative selection system, which
uses artificial vision for a fruit that is produced in Peru on a
large scale, the mango, since manual detection of diseases is
not a feasible option due to the lack of availability of experts
in the area [12]-[13]-[15], for this selection must take into
account the varieties of this fruit in the country: Mango Haden,
Kent and Tommy Atkins [13].

It is important to note the definition of the classification,
as shown in Table 2 [5]. The values represented are weight in
relation to size and in the next column a margin of error of
10% is taken into account.

TABLE 1. Weight in relation to handle size.

Size Standard Range o
Code (Grams) 10% Allowed
A From 200 to 350 From 180 to 425
B From 351 to 550 From 251 to 650
C From 551 to 800 From 426 to 925

Just as humans use our eyes and brains to understand the
world around us, computer vision tries to produce the same
effect so that computers can perceive and understand an
image or sequence of images and act as appropriate in a given
situation. Within the field of computer vision are artificial
intelligence and machine learning. With the intervention of
these two elements, the selection of mangoes for further
production will be carried out.

A. Plant pathology

As mentioned above, fruit selection in the country is done
through manual inspection; therefore, the main problem is the
time spent in this action, which causes deterioration of the
mangoes and thus loss of income [14]-[15]. In addition, all
problems or diseases (pests) in mangoes are not detected
manually, and in this context it is crucial to detect the disease
and separate the bad fruits in an automated way, as this makes
the separation faster and more accurate, as there are not
enough specialists to do the manual sorting themselves.

The various diseases can be caused by fungi, bacteria, viral
problems or environmental conditions. The two main diseases
are anthracnose and mango scab, which will be considered in
the image recognition algorithm [14].

On the other hand, environmental conditions such as
humidity and temperature ranging from 24° C to 32°C make
it easy for these diseases to develop [5]-[14].

TABLE 2. Main mango diseases.

Mango Anthracnose Mango scab

B. Design of the selection system

Machine vision is the main tool for sorting mangoes, as it
uses neural networks and algorithms to mimic the functioning
of the brain [8]. This technology can achieve a high degree of
flexibility and repeatability without compromising accuracy;
moreover, for better resolution, the use of a monochrome
camera is indispensable compared to a colour camera [16]-
[18].

Greyscale conversion is used to create a binary
representation of the image [19], in order to emphasise each
specific area. One of its advantages is the classification of each
pixel by considering a threshold to assign a value from 0 to
255 if the value is lower or higher than the threshold.

The schematic diagram of the transfer learning principle is
shown in Fig. 1 [17].

Source Domain Source data

Transfer Learning

—

__________________

Target Domain Source data

Fig. 1. Transfer learning.

With regard to the sequence of the processes, the
development of each parameter of the system was established.
Initially, it is essential to start up the system by evaluating the
position of the mangoes, as the operation of the conveyor belts
depends on this action, and if anomalies are detected in the
censused mango, the pistons will be switched on to store the
defective mangoes in the waste, if no anomalies are detected,
the robotic arms will be activated, selecting the fruit in three
different places depending on its size. In this way, when the
selection is finished, the system will reach the end of the
process and we will obtain as a result the packaged and
selected mangoes, taking care of the quality of the fruit. In this
way, the process ends as shown in Fig. 2, which is based on
the ANSI standard structure [20].
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Fig. 2. System flow diagram.

The next aspect covers the implementation of the system
in a simulated environment, where Fig. 3 shows the drivers
used in the Factory 10 software, which will be used for the
connection through the OPC server; in addition to including
the TIA Portal software for the automation of the system,
which consists of 6 conveyor belts, fuzzy sensors, two 2 GDL
arms, Vision sensor, which simulates the selection of handles,
electric piston and an HMI (Human-Machine Interface).

\ @ ey 10 - B

DRIVER

Fig. 3. Forming controllers in Factory 10 software.

Fig. 4 shows the joint times of the two robotic arms, which
must be kept in constant coordination in order to pick up the
different boxes (mangoes). These are sent to 2 conveyor belts,
thus ensuring optimal sorting of each mango variety.
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Fig.4. Programming of timers for the PLC robot arm.

Fig. 5 shows the Ladder programming which is composed
of counters; in addition, the HMI environment will be in
charge of showing the final quantity of mangoes selected
during the established day.
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Fig. 5. Meter programming in TIA Portal software

III. RESULTS

According to the results obtained from the process, Fig. 6
shows the programming generated to classify the defective
mangoes. In such a way that, if the Visor sensor detects the
green box, an electric pistol is activated, which moves these
fruits to a separate area and does not contaminate the fruits in
good condition.
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Fig. 6. Programming of TIA Portal Viewer Sensor Detection.

Fig. 7 shows an alarm, which simulates the response
obtained from the system through image processing, where,
according to what is detected, the handles that are in optimal
conditions will be classified from those that are damaged or
have some kind of malfunction.

Fig. 7. Simulation of handle selection in Factory 10 environment.

In Fig. 8, the Visor sensor is shown in operation, as it
detects the defective or damaged handle, which is represented
by the green box, and the electric piston directs it towards a
store or warehouse. The aim of this process is to separate the
good handles from the damaged ones.

Fig. 8. Detection of green boxes (defective handles).



Fig. 9 shows that there are 2 robotic arms (2 GDL), which
are in charge of classifying the varieties of mangoes, these
work by means of the size of the box that refer to the three
varieties of mangoes proposed in this research, which are:
Haden, Kent and Tommy Atkins respectively.

Fig. 9. Factory 10 environment handle selection.

Fig. 10 shows the fuzzy sensors, which have the function
of detecting the handles and by means of programming count
each handle (which are represented by boxes).

Fig. 10. Factory 10 environment Handle counter system.

Fig. 11 shows the HMI environment, which will maintain
a direct communication with the user, also a counter system
was implemented in order to monitor the amount of sorted and
ready to be exported mangoes and the number of unwanted
mangoes.

Fig. 11. HMI environment.

Fig. 12 shows the execution of the system programming;
where the system start-up control and the emergency control
are presented; in addition, a similar interface was used for each
gear.
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Fig. 12. Compiling PLC programming in TIA Portal software.

In case of accumulations or unforeseen breakdowns, there
is a control panel that stops the process, which is set in a
control box with a push-button on/off switch for the whole
system; in addition, to ensure any system failure, there is an
emergency shutdown button as shown in Fig. 13.

Fig. 13. Control panel design.

The algorithm starts by inputting an image of a handle and
then converting it to a grayscale RGB image, obtaining a
threshold value scaled between 0.0 and finally, the MATLAB
software projects 3 images at the same time and sends a result
already validated by MATLAB.

A simulated model was developed to determine the quality
control in the selection of handles, since they have to meet
certain criteria of shape and colour; for this reason a
programming was developed where the system sends a
message, which indicates various characteristics of the handle,
for example: if the handle has some black spots, if it is not
consumable, if it is deformed, if the handle is in good
condition, if it is consumable or if it has the correct shape.

Therefore, Fig. 14 shows that an image of a HADEN
handle has been entered, where the system indicates to the user
at the bottom centre of the software that the handle looks
correct and that it is in good condition and can be consumable.
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Fig. 14. Image processing of the HADEN handle.



On the other hand, Fig. 15 shows that an image of a KENT
handle was entered, and the system indicates in the bottom
centre of the software that the handle looks correct, is in good
condition and can be consumable.

Fig. 15. Image processing of the KENT handle.

Consecutively in Fig. 16 it can be seen that an image of a
TOMMY ATKINS handle was introduced, which the system
indicates in the lower central part of the software to the user
establishes that the handle has a correct appearance, moreover,
it is in good condition and can be consumable.

= B+ o]

Fig. 16. Image processing of the TOMMY ATKINS handle.

However, in Fig. 17 it can be seen that an image of a
MALOGRAPHED mango was introduced, consequently, the
system indicates in the lower central part of the software to the
user that the mango has a correct appearance, however, it has
black spots on the skin with a percentage higher than 50%;
therefore, this mango is not consumable and shows signs of
fermentation.

Fig. 17. Image processing of the DAMAGED handle.

IV. DISCUSSIONS

According to the research [21] the authors employed
image processing in order to distinguish between different
image features in order to detect pests through the leaves and
spots on the orange peel, for which they used machine vision
and the Support Vector Machine (SVM), which is a statistical

learning method that presents a rigorous mathematical basis,
which is built through the structural risk minimisation
criterion. Finally, they managed to reduce the dimension of
the image feature matrices through principal component
analysis.

According to the study [22] mango is considered as an
economic fruit due to its dense nutrients, that is why in the
classification stage a machine learning approach was
established for the classification of ripening stages through
Matlab based implementation, where it was observed that
Ensemble classifier outperforms the discriminant classifier of
its counterparts. Therefore, mango maturity index
classification plays a very important role in knowing the shelf
life of mangoes through machine learning.

Regarding the simulation of an automated Peruvian mango
grading system based on grey scale image processing, the
design of this system is focused on recognising the three
varieties of mangoes produced in Peru, as well as grading
them in order to optimise production times and costs. In
addition, the mangoes are moved and stored on conveyor belts
and then transported. Finally, an HMI interface was
established to facilitate communication between the user and
the system, as the latter counts in real time the amount of
mangoes sorted per day, allowing farmers to have accurate
records of their production levels.

V. CONCLUSIONS

In the present research, the results obtained showed a
control system focused on the classification of mangoes
produced in Peru, which contributes to significantly improve
the efficiency of the fruit classification processes, as well as
optimising the time in which the mangoes are selected and
stored. The study also presents an HMI environment that
makes it reliable and useful for users, as a count of mangoes
selected in the evaluation process is carried out in real time.
Additionally, the system is able to identify a problem or error
in general. On the other hand, the Factory 1O and TIA Portal
software was used to simulate the process, which begins with
the positioning of the mangoes to be moved along a conveyor
belt, in order to reach the census process and once anomalies
are detected in any fruit, the pistons will be activated, which
will cause this defective mango to remain in a scrap store, then
the robotic arms will be responsible for the selection by size
and variety. Finally, the mangoes will continue their journey
with the help of a conveyor belt to an exit control where they
will be stored.

The presented design optimises the sorting and storage
time of mangoes and automates the manpower in the process,
as experts to identify if a mango is in good condition are not
abundant and more manpower is needed for large-scale
selections, thus avoiding losses for producers and minimising
costs.

The motivation for the design presented was to support
people who produce mangoes in large quantities, as it is a fruit
with great nutritional value. The objective of this study is to
optimise the selection time and guarantee the precision of the
selection of mangoes produced in Peru and therefore reduce
economic losses, which is why a collection and storage system
was developed based on the problems of mango producers.

APPENDIXES

https://drive.google.com/file/d/1gocctXhY cywWLFMKk
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