Qs

The Asian Journal of A

Technology Management

The Asian Journal of Technology Management Vol. 17 No. 1 (2024): 59-72

Improving Mushroom Cultivation Efficiency through
Mobile App-based Data Visualization

Laurentius Kevin Hendinata '*, Gabriella Christina Kandinata %, and
Ahmad Ilahm Rokhul Fikri '
! Department of Nuclear Engineering and Engineering Physics, Faculty of Engineering,
Universitas Gadjah Mada, Yogyakarta, Indonesia
2 Department of Computer Science and Electronics, Faculty of Mathematics and Natural Sciences,
Universitas Gadjah Mada, Yogyakarta, Indonesia

Abstract. The increasing global population has spurred a greater need for agricultural products, particularly mushrooms, which are valued for their
exceptional nutritional content and rapid growth rates. To optimize mushroom cultivation, it's vital to monitor environmental factors like temperature and
bumidity for ideal growth conditions. This study introduces an Internet of Things (IoT)-based mobile app for ongoing monitoring of temperature and
bumidity within mushroom cultivation structures, using sensor, microcontroller, LCD display, and mobile apps. The setup involves strategic placement of
system components to efficiently gather data. The mobile app boasts a user-friendly interface for easy navigation and access to critical insights. The assessment
of data transmission gives efficient information flow, less than 2% missclicks and 96% effectivity score, with minimal delays. Notably, the mobile app's
Jeatures exchibit high accuracy and efficacy in delivering real-time updates on cultivation conditions. Furthermore, a survey using a Likert scale garnered
positive user feedback, affirming the app's potential value in mushroom farming. This innovative system bolds promise in elevating sustainability and

profitability in the mushroom cultivation sector.

Keywords: [oT; monitoring system, mushroom cultivation, mobile application

1. Introduction

The escalating global population has spurred
a concomitant increase in the demand for
horticultural products. This surge in demand
is particularly pronounced in the realm of
mushrooms, renowned for their rich
nutritional composition (Dimopoulou et al.,
2022; Rahmawati & Marbudi, 2021; Raman et
al., 2018). The popularity of mushrooms for
food is increasing rapidly due to their delicious
taste, sufficient protein content, and high and
delicious health value (Assemie & Abaya,
2022; Das et al., 2021; You et al., 2022). As a
result, mushrooms have gained immense
popularity as a sought-after culinary
ingredient and a preferred choice for
individuals seeking to enhance their dietary
intake with nutrient-dense options.
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In recent times, the cultivation of mushrooms
has garnered significant attention in terms of
comprehending the intricacies of the
environment and the essential factors that
contribute to optimal mushroom growth.
Among these factors, climatic conditions play
a crucial role and necessitate meticulous
adjustment to cater to the specific
requirements of different mushroom species
(Klinlek et al., 2020; Prochazka et al., 2023).
Key parameters that demand careful
consideration encompass temperature, air
quality, humidity levels, and adequate lighting
conditions, each tailored to meet the demands
of the cultivated mushroom variety (Bellettini
et al., 2019; Chen et al., 2022; Kavaliauskas et
al., 2022).

Within the realm of mushroom cultivation,
maintaining an ideal temperature range
spanning from 20 to 30°C, alongside a relative
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humidity (RH) range of 60 to 90% (Ariffin et
al., 2020; Chong et al., 2023; Najmurrokhman
et al., 2019; Sihombing et al., 2018), assumes
paramount  importance.  Consequently,
geographical locations endowed with high-
altitude attributes have emerged as favourable
settings for mushroom cultivation owing to
their inherent advantages of appropriate
humidity levels and ambient air temperature
(Diez et al., 2020; Gu et al., 2019; Herrero et
al., 2019; Istiyanti et al., 2020).

However, mushroom cultivation often
encounters challenges in practice, particularly
related to inadequate monitoring of the
cultivation environment, which can negatively
impact the quality of mushroom yields (Chen
et al, 2022; Rahman et al, 2022).
Furthermore, farmers frequently face crop
failures when environmental conditions are
not adequately monitored (Moxley et al., 2022;
Setiawati et al., 2021; Sher et al., 2010). With
the rapid advancements in technology, the
Internet of Things (IoT) presents an
opportunity to develop an efficient and
reliable monitoring system for mushroom
cultivation facilities (Bramantara et al., 2020;
Chong et al., 2023; Rahman et al., 2022;
Thapwiroch et al., 2021).

2. Literature Review/ Hypotheses
Development

In prior studies, Bounnady et al. introduced an
IoT system based on NodeMCU ESP8266,
incorporating sensors and cloud computing,
which outperformed traditional farming with
a 41.2% growth rate increase and a 70% boost
in productivity. Additionally, water savings
exceeded conventional methods by 20.9%
(Bounnady et al, 2019). Mahmud et al
developed a  mushroom  cultivation
environmental —monitoring system using
DHT11 temperature humidity sensors and
MQ135 COs; sensors linked to an ESP8266
WiFi module. This system autonomously
controlled irrigation to maintain optimal
temperature (Mahmud et al., 2018). Nasution
et al. applied IoT and wireless sensor network
(WSN) technology for agricultural purposes,
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achieving successful temperature control and
improved oyster mushroom cultivation
compared to uncontrolled conditions
(Nasution et al., 2019). Thus, the integration
of technology that can continuously monitor
the environmental conditions of the
mushroom growing medium, ensuring it
aligns with the natural habitat, becomes
imperative.

Besides that, there is a demand that the system
and application that is made must be easy to
use by mushroom farmers as the user (Arifin
& Maharani, 2021; Khokhar et al., 2014;
Santoso et al., 2018). However, there have not
been many studies related to the development
of IoT systems in agriculture that are
accompanied by adaptability to farming
communities. For this reason, a series of
assessments is needed about the usability of
the applications and systems that are made,
according to what the user needs and expects.

This article aims to explore the development
of an IoT-based system for monitoring
temperature and relative humidity within
mushroom cultivation facilities, especially in
Indonesia, and assessing its adaptability in
farming ~ communities.  This  system
incorporates sensors and wireless
communication system to collect and transmit
real-time environmental data. The gathered
data can be conveniently accessed remotely
through a user-friendly mobile application,
enabling growers to effectively monitor and
control the environmental conditions. The
hope is that optimal crop yield, quality and
uniformity will be obtained through precise
monitoring of vital variables, especially
temperature and relative humidity. By
implementing this system, there is a
prospective reduction in labour expenses and
a decrease in the vulnerability to crop failure
arising from environmental influences. As a
result, the mushroom cultivation industry
stands to benefit from improved sustainability
and increased profitability.



3.  Methodology

The research was conducted in a mushroom
cultivation house owned by a private small-
scale cultivator in Cangkringan District,
Sleman Regency, Yogyakarta Special Region
Province, Indonesia. The specific location was
carefully chosen based on its suitability for
implementing the monitoring concept under
investigation. The system design involved the
integration of a sensor network comprising

microcontrollers,  modules, and  their
corresponding network connections.
Additionally, a mobile application was

developed to facilitate the visualization of
sensor readings. System and application
development is carried out in a user-centric
manner, where the mushroom farming
community provides feedback on our system
development. Once the system development
phase was completed, the implemented tool
was installed in a mushroom house. The tool
was strategically positioned on a pole at the
periphery of the cultivation room to optimize
data collection. Reliability testing was
conducted by continuously sampling data
over the span of one month in the designated
location. This extended testing period allowed
for the evaluation of the system's
performance under varying environmental
conditions.

Usability testing of the mobile application was
carried out to assess its practical application
among mushroom farmers. This testing phase
aimed to measure the user-friendliness and
effectiveness of the application in providing
relevant information and facilitating necessary
control actions for the cultivation process. A
short survey was also conducted, with
mushroom farmers as respondents, to
evaluate the performance of the application
and farmers' opinions regarding  this
application. Subsequently, the collected data,
along with the obtained results, were
subjected to thorough statistical analysis,
specifically using the method of calculating
the average (mean) and standard deviation
(standard deviation). This analysis provided
insights into the system's performance,
including its reliability and usability aspects.
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The result from the statistical analysis will be
the inputs for further refinement and
development of the monitoring and control
system for mushroom cultivation.

System Architecture
The architecture of our system comprises
several components for the design,

implementation, and performance evaluation
of an IoT-based mobile application aimed at
monitoring systems in mushroom cultivation
houses.

The IoT architecture under consideration
comprises four fundamental layers, each
serving a distinct purpose. At the foundation,
the sensor/petrception layer is responsible for
gathering environmental data, including
parameters like temperature and humidity,
from various monitoring locations. Above
that, the network layer facilitates the seamless
transmission of this collected data to the
cloud infrastructure, ensuring reliable
connectivity  throughout the  process.
Subsequently, the middleware layer takes
charge of data processing and management
within the cloud environment, encompassing
tasks such as data storage, analysis, and
eventual delivery to applications. Finally, the
application layer serves as the user-facing
interface, granting access to real-time data
through mobile applications, typically
designed for Android-based platforms.
Mushroom farmers as users will be behind the
application layer, and utilize this system
interface for monitoring functions.

The hardware components utilized in our
system include the NodeMCU ESP8266
microcontroller and UART WiFi Module, the
DHT11 sensor, the LCD I2C display, the
micro-USB for power circuitry, and an
adapter. The DHT11 sensor is responsible for
continuously measuring the environmental
temperature and humidity at specified
intervals. This sensor was chosen because it is
easy to interface with a microcontroller due to
its single-wire communication protocol, very
affordable, low power consumption, and
sufficient for environmental monitoring such
as in a mushroom house where precise
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conditions are less critical compared to other
applications. Apart from that, the ESP8266
microcontroller module was chosen because it
is simple for IoT communications, allows data
transmission to the cloud, at an affordable
price.

The sensor readings are then displayed in real-
time on the LCD 12C screen located within
the mushroom house. Simultaneously, the

measured data is transmitted to the cloud
network through a WiFi connection
previously established with the system. From
the cloud, the data is further sent to a web
server and subsequently displayed in a mobile
application based on the Android platform.
The working scheme of this system is shown
in the block diagram in Figure 1.

Temperature and
Humidity Sensor

A

Microcontroller >

LCD

WiFi Network

y

Cloud

Web Server

y

Mobile Application

Figure 1.

Block Diagram of The Proposed Monitoring System.

To implement the system, the NodeMCU
microcontroller is programmed using the
Arduino IDE, which provides a convenient
and user-friendly development environment
for IoT applications. The Android-based
mobile application is created using Android
Studio, a widely-used integrated development
environment (IDE) specifically designed for
Android app development. By leveraging the
Arduino IDE and Android Studio, we are able
to seamlessly integrate the functionalities of

the NodeMCU microcontroller and the
mobile  application,  respectively.  This
integration enables the collection,

transmission, and visualization of real-time
environmental data from the mushroom
cultivation houses, providing a comprehensive
monitoring solution for the farmers. The
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architecture of our system showcases the
synergy between hardware and software
components, facilitating  efficient data
acquisition, seamless connectivity, and user-
friendly data visualization.

Mobile Application Design

The mobile app design aims to provide users
with a seamless and intuitive user experience,
ensuring straightforward navigation and easy
access to critical information. The intetface
prioritizes visual appeal and user-friendliness,
allowing mushroom farmers to effortlessly
monitor and  control  environmental
conditions within their cultivation facilities.
The mobile application’s user interface design
is shown in Figure 2.
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Figure 2.
Mobile application’s user interface design (a) on a page that displays room temperature, (b) on a
page that displays room relative humidity, (c) a pop-up notification when the measured temperature
value is outside the specified range, and (d) setting page to set the preferred temperature and
humidity range.

63



Hendinata, Kandinata, and Fikri | Inmproving Mushroom Cultivation Efficiency through Mobile App-based Data Visualization

Upon launching the application, users are
presented with a visually engaging homepage
that offers a clear and concise overview of
essential information. At the top of the page,
the date is prominently displayed, enabling
users to quickly orient themselves and stay
updated with the latest data.

The design incorporates a connection status
indicator, providing real-time feedback on the
app's connectivity with the monitoring
system. This objective feature ensures users
are informed about the reliability of the
displayed data, enhancing their confidence in
the accuracy and timeliness of the
information. The homepage prominently
displays key environmental variables, such as
humidity level and temperature, in a format
that is  easily = comprehensible and
recognizable. The humidity level is expressed
as a percentage, while the temperature is
presented in either Celsius or Fahrenheit,
depending on the uset's preference.

To facilitate a comprehensive understanding
of environmental trends, interactive charts are
integrated into the homepage. These charts
visually depict the historical data for humidity
and temperature over the past seven days.
Users can efficiently grasp fluctuations and
patterns, enabling data-driven decision-
making regarding cultivation practices. The
interface allows users to seamlessly zoom in
or out on specific time frames, providing a
detailed view of the data within a scientific

and objective framework. Through intuitive
design choices and easy access to
customization  options, the interface
empowers users to objectively monitor and
control  their  mushroom  cultivation
environments, optimizing practices and
mitigating the risk of crop failure.

4. Findings and Discussion

System Installation

The installation took place in a specific
mushroom cultivation house situated in
Cangkringan District, Sleman Regency, within
the Yogyakarta Special Region Province of
Indonesia. This installation was tested only in
one of the mushroom cultivation rooms,
specifically for oyster mushroom cultivation
(Plenrotus ostreatus). 1t is worth noting that
Sleman Regency holds significant importance
in the mushroom production industry, being
recognized as the largest mushroom-
producing area in the region (Rahmawati &
Marbudi, 2021). The selected mushroom
house for this installation belongs to a small-
scale private cultivator and is positioned on a
pole at the periphery of the cultivation room.
In the installation, the sensor is placed on one
of the pillars in the mushroom cultivation
room, as shown in Figure 3, while the results
of the installation are shown in Figure 4.

Figure 3.

Placement of sensors and modules in mushroom cultivation houses.
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System Installation in Mushroom Cultivation House.

The installation process involved strategically
placing the components of the system to
ensure optimal functionality and data
collection. The NodeMCU  ESP8266
microcontroller, along with the UART WiFi
Module, was positioned within the mushroom
house to facilitate proximity to the DHT11
sensor, which is responsible for monitoring
the temperature and humidity levels. The
LCD I2C display was integrated into the
structure of the mushroom house, enabling
real-time visualization of the sensor readings.
Power circuitry, including a micro-USB and
adapter, was established to ensure a stable
power supply to the entire system.
Furthermore, a Wili network was set up to
enable the seamless transmission of data from
the NodeMCU microcontroller to the cloud.

The chosen location for the system
installation offers several advantages. By
installing the monitoring tool within the
mushroom house, it allows for direct and
accurate data collection in close proximity to
the mushroom cultivation environment. The
placement on a pole at the edge of the
cultivation room ensures minimal interference
with the cultivation activities while still
capturing crucial environmental data. This
installation approach provides convenience
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for the cultivator, allowing them to easily
monitor the temperature and humidity
conditions in real-time without disrupting
their routine operations. Ultimately, the
carefully planned and executed system
installation ensures reliable data acquisition
and sets the foundation for -efficient
monitoring of mushroom cultivation houses.

Data Measurement

In this study, the data measurement was
conducted to monitor the environmental
conditions inside the mushroom cultivation
houses during the entire month of November
2022. The measurements were taken round
the clock, with a 24-hour interval, and each
measurement was recorded at 10-minute
intervals. The purpose of this measurement
was to gather comprehensive information
regarding the temperature and humidity levels
within the cultivation houses, which are
crucial factors for the successful growth of
mushrooms. The measured data is shown in
Figure 5 (room temperature) and Figure 6
(relative humidity). While the maximum-
minimum, average, and standard deviation
values of these measurements are shown in
Table 1.
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Measured Temperature in Mushroom Cultivation For One Full Month.
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Figure 6.
Measured Humidity in Mushroom Cultivation For One Full Month.
Table 1.
Measured Values of Temperature and Humidity In The Mushroom Cultivation Room.
Parameters Maximum Minimum Average Standard
Value Value Deviation
Temperature (°C) 30.40 21.70 25.726 1.497
Humidity (Yorn) 85.00 60.00 72.769 2.946
The temperature readings obtained from the houses  throughout the month. Such

sensors ranged from a minimum of 21.70°C
to a maximum of 30.40°C, with an average
temperature of 25.73°C. These measurements
provide valuable insights into the thermal
conditions experienced within the cultivation
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temperature fluctuations could be attributed
to various factors, including external climatic
conditions, ventilation systems, and the heat
generated by the growing mushrooms
themselves.



Additionally, the humidity levels recorded
during this period ranged from a minimum of
60.00% to a maximum of 85.00%, with an

average humidity of  72.77%. These
measurements offer crucial information
about the moisture content within the
cultivation houses. Maintaining the

appropriate humidity level is essential for the
growth and development of mushrooms, as it
directly affects their ability to absorb nutrients
and prevents the formation of mold or other
undesirable fungal growth (Diez et al., 2020;
Gu et al.,, 2019; Herrero et al., 2019; Istiyanti
et al., 2020).

Latency Percentage of Data Sent

Latency and percentage of data sent are
analysed in this study. Latency average refers
to the time it takes for a data packet to travel
from the source to the destination and back
again. On average, the latency was recorded as

Table 2.
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Latency And Percentage of Data Sent of System Tested.

-0.0067094386 seconds, with a standard
deviation of 0.08089274 seconds. This
indicates that the data packets generally
travelled back and forth within a very short
timeframe, as evidenced by the negative value
of the average latency.

The percentage of data sent measures the
efficiency of data transmission, specifically
the ratio of successfully sent data packets to
the total number of attempted data packets.
The average percentage of data sent was
calculated to be 96.88%, with a standard
deviation of 0.213066835. This suggests that
the data transmission was highly successful,
with almost 97% of the attempted data
packets reaching their intended destination.
These findings are presented in the following
Table 2.

Parameters Average Standard Deviation
Latency -0.00671 s 0.08090
Data Sent 96.88% 0.21307

The negative average latency value may be due
to the presence of measurement errors or
noise in the data. However, it is important to
note that this value is within a very small
range, indicating a consistently low latency
throughout the data transmission process.
The high average percentage of data sent

indicates a robust and reliable data
transmission system. The low standard
deviation for both parameters further
strengthens the wvalidity of the results,

suggesting that the data points are closely
clustered around the average values.
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Mobile Application Usability

In testing the usability of this system, testing
is focused on getting an overview of the uset's
assessment of this application. The app
includes wvarious features such as the
dashboard, data chart, setting, and
notification. The assessment parameters given
focus on the assessment for the number of
missclicks, effectiveness in carrying out tasks,
user duration in using features, and how time
efficient the user is in using the features. The

results of this usability test are summarized in
Table 3.
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Table 3.

Results Of Usability Testing for Various Features In The Mobile App Designed.

Features Missclicks Effectivity Duration Time
Efficiency
Dashboard Feature 2 96% 4s 0.10 task/s
Data Chart Feature 4 94% 5s 0.12 task/s
Setting Feature 8 83% 11s 0.07 task/s
Notification Feature 5 88% 8s 0.08 task/s

The dashboard feature demonstrated high
accuracy with 2% missclicks and a remarkable
96% effectivity score. It efficiently displayed
real-time status for humidity and temperature
in 4 seconds with a time efficiency of 0.10
tasks per second. The data chart feature had
4% missclicks and a 94% effectivity score,
enabling wusers to interpret data charts
effectively in 5 seconds with a time efficiency
of 0.12 tasks per second.

Conversely, the setting feature had 8%
missclicks, indicating potential challenges in
user interaction accuracy. Its 83% effectivity
score suggested difficulties in configuring
preferred temperature and humidity settings,
requiring user interface optimization. The 11-
second duration and 0.07 tasks per second
time efficiency emphasized the need for
enhancements to offer valuable customization
options for users. The notification feature
achieved moderate accuracy with 5%

Table 4.

missclicks and an 88% effectivity score. Users
efficiently received notifications within 8
seconds with a time efficiency of 0.08 tasks
per second, enabling timely response and
intervention in cultivation.

Besides that, we also conducted a survey using
a Likert scale (ranging from 1 to 5) to assess
users' perceptions of an IoT monitoring
application  designed  for  mushroom
cultivation. The questionnaire consisted of
five questions related to the application's
suitability, usability, and potential benefits in
managing mushroom cultivation. Participants
were asked to rate their responses on a scale
from 1 (strongly disagree) to 5 (strongly
agree). The results from the survey indicated
positive feedback from the participants
regarding the application's effectiveness and
usability, as shown in Table 4.

Questionnaire Result for Assessing the Mobile App Designed.

Question Average Score
(1-5)

1. Do you feel that this application meets your needs as a mushroom 4.72
farmer?

2. Do you feel that this application will help you in managing mushroom 4.85
cultivation?

3. Do you feel that this application is easy to use? 4.67

4. Do you feel that this application makes it easier for you to monitor the 4.88

conditions of the mushroom cultivation room?

5. Would you use this application in your mushroom cultivation business? 4.75




The survey results showed positive feedback
from users regarding the IoT monitoring
application for mushroom cultivation. The
application received an average score of 4.72
for meeting users' needs and 4.85 for its
potential in managing mushroom cultivation.
Users also praised its user-friendliness, with an
average score of 4.67 for ease of use, and its
efficiency in monitoring conditions, scoring
4.88. The survey further indicated users'
willingness to integrate the application into
their mushroom cultivation business, with an
average score of 4.75. Overall, the survey
provided  valuable insights into the
application's potential usefulness in the
domain of mushroom farming;

The development of an environmental
monitoring system for fungi like this has the
potential to have a significant impact on
management  and  business  aspects.
Managerially, this system can increase
operational efficiency by enabling real-time
regulation of the mushroom growth
environment via a mobile application, as well
as providing more accurate monitoring of
environmental conditions. This can help
management make more timely and data-
based decisions to optimize harvest yields and
control production costs. On the business
side, the integration of advanced technologies
such as more precise sensors and the use of
artificial intelligence algorithms can improve
product quality and production consistency,
thereby increasing customer confidence and
market share.

Mobile Application Usability

For the future development of an
environmental monitoring system for this
fungus, the integration of more sophisticated
technology such as sensors that are more
precise and sensitive to other environmental
parameters that influence mushroom growth
can be considered (Chong et al, 2023;
Kavaliauskas et al., 2022). This expansion can
lead to a more thorough and precise
assessment of cultivation conditions, enabling
proactive measures for optimizing yields.
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Besides that, the integration of actuators into
the system for regulating environmental
conditions within cultivation houses should
be considered. These actuators, such as fans
and lights, can be controlled remotely through
the application, allowing for real-time
adjustments to create an ideal growth
environment for mushrooms (Kour et al,
2022; Mohammed et al., 2018; Rehman et al.,
2020). This level of automation can
significantly enhance operational efficiency.

The use of artificial intelligence algorithms
for data analysis can improve understanding
of optimal environmental conditions for
mushroom. The system can benefit from the
implementation  of  adaptive  learning
algorithms that utilize data from sensor
readings to improve system performance
(Manikandan et al., 2022; Ramli et al., 2020).
Integration with a wider Internet of Things
(IoT) platform can also expand monitoring
coverage and enable more seamless
interaction with mobile applications. This
development is expected to not only increase
the efficiency of mushroom production, but
also increase the adaptability of the system to
complex and dynamic environmental
variations.

Apart from that, further development is also
needed to overcome several problems such as
security and potential failure. In the context
of security in IoT applications, data
protection during transmission and storage is
very important to prevent unauthorized
access and data manipulation. One solution
that can be implemented is to use an
encryption protocol for data communication
between the NodeMCU ESP8266 and the
cloud server, such as HT'TPS or MQTT with
TLS/SSL. This ensures that data sent from
the DHT11 sensor via WiFi is encrypted and
cannot be read by unauthorized parties.

Additionally, on the data storage side on cloud
servers, it is recommended to implement
controlled access with strong authentication,
such as using token-based authentication
mechanisms or dynamically generated API
keys. By integrating this layer of security, the
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system can ensure that environmental data
measured for mold remains protected and
accessible only to authorized parties.

Apart from that, device failure is also possible.
One solution that can be implemented is to
install data security, for example by sending
periodic measurement data and verifying data
integrity on the cloud server. Additionally,
considering the use of backup sensors or
redundancy in the system can ensure that
measurements continue even if a failure
occurs in one part of the system.

5. Conclusions

The mobile app, based on IoT technology,
created for overseeing conditions in
mushroom cultivation sites, demonstrated
effectiveness and efficiency. The installation
process smartly ~ positioned  system
components to optimize their function and
data collection. The app's design focused on
visual attractiveness and user-friendliness,
ensuring easy navigation and access to crucial
details. Examination of parameters such as

latency, data transmission, user errofrs,
effectiveness, duration, and time efficiency
affirmed the system's dependable

performance in promptly updating the status
of temperature and humidity in cultivation
spaces. Survey findings further wvalidated
positive user perceptions, highlighting the
app's appropriateness, ease of use, and
potential advantages in managing mushroom
growth. Future development is needed to
obtain a more precise system and integrate it
with actuators to optimize cultivation
conditions, improve operational efficiency,
and adapt to dynamic environmental changes
while addressing security through encryption
protocols and ensuring system reliability with
redundancy measures.
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