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Abstract: This paper presents the design and development of an automatic solar powered chamber with image
processing using Al in cocoa beans. The drying mechanism was based on the combination of direct radiation and
convective heating with the incorporation of electric backup heaters to address the intermittent effect of drying.
Arduino Uno and the raspberry pi 3b+ along with the appropriate sensors are used to monitor and control the
moisture content, speed of the motor and temperature of the heating chamber. Direct radiation maximized the
solar reception during daytime by providing sufficient heat inside the chamber. The electric heaters also provide
reliable heat sources during night time, preventing the occurrence of moisture re-absorption by the beans. The
developed system maintained a drying temperature 40-50°C by automatically switching the drying modes
depending on the weather conditions. The prototype of the system is developed and powered using solar
photovoltaic energy generated from 70- and 100-watts solar panels in conjunction with converter and charge
controller. This study demonstrated a methodology for textural feature analysis on digital images of cocoa beans.
Our results showed that using GLCM with RGB segmentation for image processing can contribute more reliable
results. Our method was implemented through on —site preprocessing within a low- performance computational
device. It is also helped to foster the use of modern Internet of Things (IoT) technologies among farmers and to
increase the security of the food supply chain as a whole.

Keywords Image Processing, Mobile Application, Artificial Intelligence, Drying chamber, Raspberry Pi,

1. Introduction

Fermentation process is an important
indicator of cocoa beans quality. Human workers
currently employ the traditional drying method,
which requires a significant amount of time and
efforts. Advanced agricultural development and
procedural operations differ significantly from those
of several decades earlier, principally because of
technological developments, including sensors,
devices, appliances, and information technology.

Cacao seeds are the seed of Theobroma
cacao (Sterculiacaea family), a tropical tree which is
grown mostly in the wet tropical forest climate
countries. It is a Philippines cash crop that has
economic potentials for rural farmers but is
otherwise beset with drying problems (Burguillos,
Elauria, & De Vera, 2017) !} Traditionally, drying is
usually carried out using natural sun drying. The
various drawbacks to this method include
unpredictable weather patterns, labor intensive and
prolonged rate and product spoilage(Hii, Law, &
Suzannah, 2012) 1,

Drying is the most important process to
preserve grains, crops and foods of all varieties. The
removal of moisture prevents the growth and

reproduction of microorganisms causing decay and
minimizes many of the moisture-mediated
deterioration reactions. It brings about substantial
reduction in weight and volume, minimizing
packing, storage and transportation costs and
enables storability of the product under ambient
temperatures.

Thermodynamic relations should be
considered in designing a solar dryer system for a
specific product such as cocoa beans. Previous
works includes Burguillos et al. (2017) which adopts
a structural arrangement for the direct type, and the
heating mode for the indirect type of drying
fermented cacao beans. The dryer consists of an
integrated drying chamber and convective heating
with the incorporation of electric backup heaters to
address the intermittent effect of drying, DC fans in
parallel to enhance moisture removal and used
antenna for mobility. Fermentation and drying are
two main steps in the postharvest processing of
cocoa beans. These steps play an important role in
the formation of flavor and taste. These steps should
be treated properly in order to improve the status of
cocoa beans B,

Information technology has indeed shifted
very significantly in human life. It is undeniable that




technology currently represents an essential role in
the development process from time to time. We are
entering the Industrial Revolution Era 4.0, where
Internet of Things (IoT) technologies are very
influential in everyday life. Even in the area of
agriculture, such technologies '*°! have many
important roles. Feature extraction is an artificial
intelligence (AI) method that selects or consolidates
numerous variables as a feature, which can
effectively decrease the substance of data processed
while still representing the fundamental dataset.

The objective of the study is to design and
develop an automated solar dryer system capable of
monitoring and  detecting moisture  during
fermentation using AI camera; programmed in
raspberry pi 3b+. To reduce the moisture content of
cocoa beans in less than 10% using Arduino Uno and
its components relayed. Lastly to give secondary
back-up power using solar power system and aims to
implement a prototype for testing and evaluation.
However, drying method can improve the quality of
dried beans. Many researchers have reported study
on the effects of drying method to the cocoa beans
quality (Jinap, Thien, & Yap, 1994) ]

Agriculture allowed people to create
civilizations, fight hunger and work to combat
challenges in population growth and climate change.
This is why researchers are interested in developing
and revising this technology to give more
advantages to the community Galiche et al. (2011)
(7 conducted a study on this system with analog-
digital combination control method and the
feasibility of its usage in solar dryers.

Related Literature

Solar radiation is an integral part of
different renewable_energy_resources. It is the main
and continuous input variable from practically
inexhaustible sun. Solar energy is expected to play a
very significant role in the future especially in
developing countries, but it has also potential
prospects for developed countries. The material
presented in this paper is chosen to provide a
comprehensive account of solar energy sources and
conversion methods. For this purpose, explanatory
background material has been introduced with the
intention that engineers and scientists can have
introductory preliminaries on the subject both from
application and research points of view.
Applications of solar energy in terms of low and
high temperature collectors are given with future
research  directions.  Furthermore, photovoltaic
devices are discussed for future electric energy
generations based on solar power site-exploitation

and transmission by different means over long
distances such as fiber-optic cables!®].

The sun has produced energy for billions of
years, and it is the most important source of energy
for all life forms. It is a completely renewable source
of energy unlike non-renewable sources such as
fossil fuels. The sun provides a consistent and steady
source of solar irradiance. Solar power technologies
use the sun’s energy to light homes, produce hot
water, heat homes, and produce electricity.

In the Philippines, the potential is even
greater than the inspirational target of 1,528MW
attributed to solar in the National Renewable Energy
Plan until 2023. According to the DOE’s 2009-2030
Power Development Plan (PDP), the country’s
energy consumption is seen reaching 124,067
gigawatts-hours (GWh) by 2023, from an estimated
demand of 86,809 GWh by 2018 and actual demand
of 55, 417 GWh in 2008. The yearly monthly daily
average irradiance yield received in the horizontal
plane of Surigao city is about 7.5 kW h/m2 / day
with the Latitude: +9.8 (9°48°00” N) and Longitude:
+125.4(125°28712” E).

Many innovative systems have been
developed that replace the traditional gravel-filled
bed. When evaluating the type of system to install,
consideration should be given to such factors as the
type of cacao beans, space requirements, drying
time, support system, and economics. These systems
can be set up in either a direct and indirect place. As
cacao beans production is often limited by
environmental factors, interest in alternative drying
practices is increasing. In this regard, automated
solar powered chamber serves as a promising dryer
practice that offers a solution for some serious
challenges of cacao beans production such as lack of
space to dry on, climate change, deforestation, rising
fossil fuel prices and ecosystem degradation.

The utilization of technology is necessary
to increase agricultural production ! especially in
terms of quality and competitiveness. The
availability of technological innovations such as
machine learning and deep learning. 'V is also one
of the keys to improving farmer welfare and
attracting the younger generation’s interest in
creating various derivative business opportunities.

Therefore, this work aims to use computer
vision as a fast and accurate method to classify
cocoa beans of fermentation, using features
extracted from cocoa bean images as predictors. The

proposed approach co::ld substitute the cut-test,
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