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ABSTRACT: The production of specialty coffees is the main objective of coffee growers worldwide and depends on the selection
of optimal grains; however, especially in Latin America, they are processed manually and are influenced by subjectivity. The
objective of the article was to verify the effectiveness of a cherry coffee sorting prototype with image recognition using machine
learning in real time compared to the traditional method in the Valle Grande Association, Peru. Covolutional neural network
processing was used. 24,000 images labeled in the Labellmg program of green, ripe, pinton, over-ripe and dry Catimor grains
were trained with the YOLOv3 algorithm. The results describe the mechanical-electronic design and assembly procedure of
the prototype with the necessary technical specifications for its replication; In addition, they demonstrate their effectiveness in
reducing the selection time by approximately 3 hours, with a precision level of 94.0% in four samples of 100 kg of coffee. It is
concluded that the prototype is a potential alternative, reducing cost, saving time and providing a useful tool to guarantee the
selection of grains that allow obtaining quality higher than 83 SCAA points.
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Efectividad de un prototipo seleccionador de café cerezo
con reconocimiento de imagenes usando machine learning

RESUMEN: La produccién de cafés especiales es el objetivo principal de los caficultores a nivel mundial y depende de la seleccion
de granos 6ptimos; sin embargo, especialmente en Latinoamérica, son procesados de manera manual y esta influenciado por la
subjetividad. El objetivo del articulo fue comprobar la efectividad de un prototipo seleccionador de café cerezo con reconocimiento
de imagenes usando machine learning en tiempo real frente al método tradicional en la Asociacion Valle Grande, Peru. Se emple6
el procesamiento de redes neuronales covolucionales. Se entrenaron con el algoritmo YOLOv3 24.000 imagenes etiquetadas en
el programa Labellmg de granos Catimor verde, maduro, pintén, sobre-maduro y seco. Los resultados describen el procedimiento
de disefio y ensamblaje mecanico-electronico del prototipo con las especificaciones técnicas necesarias para su replicacion;
ademas, demuestran su efectividad respecto a la reduccion del tiempo de seleccién en 3 h aproximadamente, con un nivel de
precision del 94,00% en cuatro muestras de 100 kg de café. Se concluye que el prototipo es una alternativa potencial, reduciendo
el costo, ahorrando tiempo y proporcionando una herramienta Util para garantizar la seleccion de granos que permita obtener
calidad superior a 83 puntos SCAA.
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Introduction

Although coffee (Coffea arabica L.), due to commodities
such as oil, gold, and other minerals, has gone from occupying
60.0% of exports during the 1970s to only 5.0% in the current
decade, it remains the historically most traded tropical product
in Latin America (Pineda et al., 2019). Its consumption and
economicrelevanceis undeniable and constitutesanimportant
livelihood for millions (Bricefio-Martinez et al., 2020), so much
so that European countries encourage alternative systems of
production and trade that are environmentally sustainable
and equitable in the distribution of the profits it generates
(Estevez et al., 2018).

During 1994 to 2013, Brazil, Colombia, and Peru were the
Latin American countries that accounted for the largest share
of international coffee trade, and it was also in those years
that Peru managed to increase its relative share (Sanchez
Arevalo et al., 2016). In addition, in Peru until 2018, coffee was
in first place as a percentage of the agro-export sector, with
the European Union (EU) as the main destination because
of the Acuerdo Comercial Peru - EU, followed by the United
States.

According to Diaz Vargas & Willems (2017) in their
“Baseline of the coffee sector in Peru”, the perennial crop
planted in the inter-Andean valleys and with greater coverage
in the high jungle, is the main agricultural export product in
Peru. However, the deficient competitiveness of the sector
has a direct impact on the low yield and productivity of coffee
plantations, and this has a negative impact on the quality of
life and socioeconomic level of coffee growers and producers.

According to Ramos Giraldo et al. (2015), the need for
manual intervention in all stages of the process represents the
highest costs and consequently affects the competitiveness
of the sector compared to countries that have high levels of
mechanization and technification of the crop. Although Peru
and Colombia are the main exporters of coffee at the South
American level, processing is still still done manually without
taking advantage of the opportunities provided by machine
learning based agricultural technologies (Liakos et al., 2018).

Exporting coffee to the best markets, requires ensuring the
quality of the product based on its organoleptic characteristics
related to the size, smell, and color of the fruit, in addition to
850 other identified compounds (Gutiérrez G. & Barrera B.,
2015) that are evaluated during the selection phase (Rosas-
Echevarria et al., 2019). A rigorous selection method during
coffee processing will allow better values to be obtained during
cupping and tasting in order to obtain a better perspective
of the properties of the coffee produced (Suarez-Peila et
al., 2020). However, human error in the selection process
requires the application of statistical methods, protocols,
and standardized analysis that can only be acquired through
experience in the field.

The Valle Grande Association in the Alto Mayo area, in the
province of Moyobamba, has a low production of specialty
coffees, with cup quality averages of less than or equal to
83 points according to the sensory evaluation method of the
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Specialty Coffee Association of America (SCAA) according to
the association expert cupper. This does not allow it to be
competitive in the market and achieve better prices because,
as indicated by Buendia-Espinoza et al. (2020), cup quality
is necessary to generate alternatives that ensure the quality
and differentiation of coffee. One factor that causes this is the
manual selection process of cherry coffee, with a high degree
of subjectivity and error (Rosas-Echevarria et al., 2019),
reaching 15.0% over-ripe beans, 2.0% dry beans, and 3.0%
green beans.

It is necessary to evaluate or design equipment that
automates the process to ensure the selection of the best
coffee bean, applying statistical methods based on numerical
measurements of physical properties that can be performed
by devices, with reproducible results and minimum margins
of error as the design of Suarez-Pefia et al. (2020) who apply
machine learning, as well as Oliveira et al. (2016) build an
artificial vision system that classifies coffee beans according to
their color. Among other examples of devices and applications
related to coffee selection, we find the work of Huang et al.
(2020), Pinto et al. (2017), and Wiggers et al. (2022) who
apply computer vision methods based on covolutional neural
networks.

According to El Wahabi et al. (2020), using machine learning
processes increases the economic performance of companies
and those that do not do so due to the need to include them
in their industrial processes will see their growth deteriorate
and even melt out of existence in the next five years.
Therefore, machine learning - a branch of artificial intelligence
- generates algorithms with the ability to learn in a supervised
or unsupervised manner without the need to program them
explicitly (Sandoval, 2018); and complemented with computer
vision that emulates the functioning of human vision, they are
tools that allow performing mathematical operations quickly
and learning patterns for image recognition with the objective
of extracting specific attributes (Parra et al., 2018).

The objective is to test the effectiveness of a cherry coffee
selection prototype with real-time image recognition through
the application of machine learning versus the traditional
selection method, in order to obtain homogeneous ripe
cherry coffee and maintain cup quality in the Alto Mayo valley,
department of San Martin. This made it possible to innovate
the selection process by developing and applying technology
at the prototype level, making it more efficient in order to
increase the quality of the grain measured in terms of the
SCAA sensory evaluation method.

Materials and Methods

The research was carried out at the Valle Grande
Association collection center, located in the district of Soritor,
province of Moyobamba, Peru. The area is also known as the
Alto Mayo valley, located at 637 m above sea level. It has an
average temperature of 19 °C, with a relative air humidity of
77.0% and average annual rainfall of 1,477 mm. As for the type
of study, it was a technological development study based on
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Figure 1. Flow chart of the prototype assembly procedure.

the proposal of Ramos Giraldo et al. (2015), which proposes
a structured methodology for the design of a selective coffee
harvesting system. The prototype assembly procedure
followed the steps shown in Figure 1.

The assembly of the belt and vacuum conveying system
was installed by gravity drop according to the proposed
prototype dimension of 2 t batch/h, ensuring that the
drop system serves for the machine vision system to focus
accurately. For the assembly of the grain selection system,
air injection connected to the artificial viewer that integrated
the sorting algorithm was used. Finally, the separation system
pushes the grains to the corresponding sections to be dropped
into trays to be transported to the next sub-processes. Upon
completion, the final proposal was adjusted to 0.5 t batch/h.

Image recognition and machine learning

Images were taken in the same environment as the
prototype channels under normal grain passage conditions.
Manually over six months, 24,000 images were separated
and labeled, of which 80.0% were for training and 20.0% for
random testing. The images were captured in RGB format,
then transformed to BGR for use by the YOLOv3 algorithm,
which internally transformed them into HSV for processing.

The imaging equipment was a 30 FPS 5 Mpx camera, which
was used to capture the moving images of the objects, the
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Figure 2. Coffee beans on the band of the prototype (A)
original and (B) identification YOLOv3.

same equipment that has been used in the reading of images
for the identification of the type of grain. Image labeling was
performed to indicate what type of grain each photograph is
in order to move on to training. For this purpose, the Labellmg
program was used to generate a .txt file containing the labels
(type of grain) and to record the coordinates of the image.
The labels identified were green, ripe, pinto, over-ripe, and
dry (Figure 2).

A literature review was conducted to determine the most
feasible machine learning-based image recognition algorithm
to implement. Covolutional neural network (CNN) processing
was selected because it is a machine learning model for image
or video recognition capable of training data at high speed
without much computational capacity that, when compared
to other models, presents advantages in terms of performance
and accuracy (Sandoval, 2018; Wiggers et al., 2022).

The labeled images were trained with the YOLOv3 (You
Only Look Once) algorithm, which is based on CNN named
Darknet for image classification that adds the detection part in
frames indicating the object coordinates (Bazame et al., 2021;
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Wiggers et al., 2022). The source code for this technique is in
Python, which has 80 network weights and 53 default neural
network layers. During training, 133 epocs were performed,
an acceptable level of accuracy, which had an efficiency of
75.0%.

The deployment of the predictive model was performed
on a computer with 16 Gb RAM, eight-core processor and 8
Gb graphics card with CUDA support from Nvidia. This was
saved in a .pth file, which was then loaded on the PC and a
program made in Python was run where it captures the video
and makes the comparison to identify the type of grain and
generate the air injection action. Algorithms can be requested
from the corresponding author.

Functional testing and data analysis

The possible synchronization and real-time image
calibrations were performed. The processing target of 0.5
t batch/h, since it was supported by five rails. A 6 hours
functional test was performed to know the operation of the
air rails and solenoid valves, in order to identify possible
imperfections to correct and adjust the electronic part of the
selector.

The prototype was used to process 100 kg of coffee per
four replicates using a single rail. The results of the selection
were organized in Excel. The final quantity (%) of green, ripe,
pinto, over-ripe, and dry beans, and the precision of selection
(%) were recorded, as well as the processing time (minutes),
which were then compared with the information from the
traditional selection of coffee beans at the Valle Grande
Association. In addition, the selected mature (optimum) grain
was sensorially evaluated to measure its influence on quality.

Results and Discussion

Prototype design and assembly

According to the requirements and proposals for the
design and assembly of the prototype, the sketch, structural
design, and 3D design were made in AutoCAD 2020 software
(Figure 3). The design consisted of a hopper system and a pre-
picker that transports the coffee beans through channels to
be selected and generate their separation by air injection,
which is driven by an electronic panel connected to cameras
and a computer that interprets the type of bean based on the
YOLOv3 algorithm.

Regarding the electromechanical assembly procedure,
the general structure had four 1% x 3/16 in. angles, with a
height of 2.80 m. In addition, a 1/8 fluted iron ladder of 1.3
x 1.4 m was attached. A 1.2 mm thick stainless steel hopper
was assembled with dimensions of 96.0 x 1.3 m with a depth
of 85.0 cm. It was assembled with 1.2 mm thick die-cut INOX
plates, rolled with a diameter of 39.0 cm and a cylinder length
of 1.0 m, which is rotated at 35 r/min by a 1 HP motor reducer,
having its own frame made of 1.5 x 1.5 in. INOX tubes.

Atwo-phase rotation system was assembled for the output
of small grains and the output of large grains, in order to
standardize the size of the samples for the selection by images
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Figure 3. Prototype selector (A) prototype sketch and (B)
structural design.

with artificial vision. The system was designed to support free-
fall belt speeds, where the grain must pass to be inspected
by a camera, and this sends the video in real time to process
the images and use the machine learning image processing
algorithms, which in turn sends a pulse (command) via serial
connection to the ATM board and the relay that activates the
solenoid to inject air and fire according to the color.

The air system was used to separate grains and divert
them to other channels, understanding that the classification
is by green, ripe, pinton, over-ripe and dry type. A 1,100 W air
compressor was used, which drifts to another cylinder with
air, which through hoses directs to solenoids that have small
needles that point to the free-fall channel rail. The part that
activates the air output is by means of a relay up to 250 V of
10 A capacity from an electronic board.

Effectiveness of the prototype

Table 1 shows the summary of coffee bean selection with
the prototype. The average of the four replicates was 8.25%
pinton, 79.00% ripe, 6.75% green, 5.88% over-ripe, and 0.13%
dry. The selection accuracy was based on the expertise of the
technical, agro-industrial and agronomist team of the Valle
Grande Association, with an average of 94.00%. The average
processing time was 39 minutes, which is directly related
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Table 1. Data collected from the selection of cherry coffee beans with the prototype.

to the delay activation to drive the air injector through the
arduino and the fixed standard speed (7 r/pm) of the girdle
(1.22 m).

Compared to the manual selection of cherry coffee beans
at the Valle Grande Association, the average final quantity of
ripe beans selected from 100 kg ranges from 68.0 to 75.0%.
Regarding accuracy, a maximum average of 85.0% is obtained,
and the approximate selection time is 4 hours. These results
demonstrate the effectiveness of the prototype compared to
the traditional selection, whose referential cost of assembly
(Figure 1) amounts to eleven thousand dollars with a useful
time according to technological risk of three years.

Rosas-Echevarria et al. (2019) corroborate the results
of the present study, who by designing a quality control
system with standardized parameters of coffee beans
applying segmentation and RGB to HSV transformation,
managed to reduce the selection time from 50 kg (2 hours)
by approximately one hour. However, it has compared the
YOLOv3 algorithm, a reduction of up to approximately 3
hours is obtained in the selection of 100 kg of coffee beans,
being a promising alternative as it is considered one of the
fastest current techniques to recognize images prior training
(Redmon & Farhadi, 2018).

The accuracy of the prototype for bean selection is in the
acceptable range (greater than 80.0%) as well as the report of
Herrera et al. (2016), who determined a level of effectiveness
of 87.0% of an automatic coffee fruit selection system that
applied Bayesian algorithms based on the minimum error rule.
The results also agree with the research of Portugal-Zambrano
et al. (2016), where the classification of physical defects of
green coffee beans with a computer vision system achieved
98.8% effectiveness using the White-Patch algorithm, color
histograms as feature extractor and SVM for the classification
task.

Oliveira et al. (2016) demonstrated that neural networks
applied to the evaluation of green coffee bean color articulated
to a machine vision system classifying beans into off-white,
cane green, green, and blue-green, achieved a generalization
error of 1.15% and the Bayesian classifier had 100.0% accuracy
of all samples. Close results were found by Huang et al. (2019),
who by developing an automatic system for picking coffee
beans according to good or bad states with image processing
technology through CNN obtained an approximate accuracy
of 93.34%.

We infer that neural networks of machine learning based
algorithms coupled to a robust technological infrastructure
are effective solutions for coffee bean selection, as reflected
in the % accuracy in Table 1, and noted by Bazame et al.
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(2021), stating that YOLO has high processing speed, as
it processes images in a single step and predicts object
boundaries and probabilities of belonging to classes. Likewise,
its implementation was based on YOLOv3 because of its
modernity, compared to YOLO and YOLOv2, which is low cost
and provides ease of computational design for the detection
and classification of coffee beans.

On the other hand, the results of the sensory analysis of
the samples of ripe coffee beans (optimum) selected by the
prototype, had higher averages of 84 points according to the
SCAA standard, reflecting improvements with respect to the
82 points normally obtained in the Valle Grande Association
with the traditional selection process. According to Buendia-
Espinoza et al. (2020), ensuring the quality of coffee requires
standardizing and guaranteeing the selection of ripe or optimal
beans that are considered special when processed, an action
that the prototype helps to contribute to the Association by
reducing selection time, labor and cost optimization.

Although the research is at a prototype level, its
effectiveness has been determined in the selection of coffee
beans with image recognition using machine learning in real
time, specifically with the YOLOv3 algorithm, at an accuracy
level of 94.0%, according to green, ripe, pinton, over-ripe,
and dry labels, based on the training of 24,000 images of
coffee beans of the Catimor variety. Thus contributing to the
statement of Bazame et al. (2021), who by applying YOLOv3-
tiny achieved an average accuracy for the immature, ripe, and
over-ripe Catuai 144 coffee fruit classes of 86.0, 85.0, and
80.0%, respectively. These results allow the application of
machine vision techniques to be extended to other harvest
and postharvest processes in agriculture (Guevara-Sanchez
et al., 2022), and the Valle Grande Association to use the
prototype for its other coffee varieties.

Conclusions

The machine learning based selection prototype is a
potential alternative for postharvest coffee, reducing the cost
of manual selection processing by 70.0% per campaign from
four to five months approximately, saving time and providing
a useful tool to guarantee the adequate selection of beans to
obtain raw material with a coffee flavor in cup with quality
averages higher than the current 83 points.

For the operation of the prototype, a selection software
based on the CNN model has been built. The overall
effectiveness of the screening prototype was 94.0%. The
prototype for selecting coffee beans in real time by applying
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machine learning is expected to increase productivity in the
coffee sector, and its investment would guarantee profitable
trade in areas with low technological penetration.
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