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ABSTRACT

This study presents the design and evaluation of a multi-technology integrated Smart Greenhouse
model to address the challenges of climate variability, energy costs and pest management in precision
agriculture, especially in mountainous provinces such as Tuyen Quang - where the temperature range
between day and night is large. The system is built on five synchronously operating technology
modaules. First, Shallow Geothermal Energy is exploited to stabilize the greenhouse temperature based
on underground properties to maintain 22-26°C year-round, helping to reduce temperature
fluctuations and protect crops. In addition, the system uses entirely Solar Energy to operate fans,
sensors and control devices, ensuring energy autonomy and reducing operating costs by 40-60%. The
IoT module is responsible for collecting and controlling the environment through temperature,
humidity, light and CO, sensors, connected to the ESP32-S3 controller to automatically adjust the
microclimate. The system also integrates AI Computer Vision to diagnose plant diseases with high
accuracy; data from Al is used to activate the Robot to spray pesticides automatically according to the
line, helping to treat diseases in the right place and save chemicals. Experimental results show that the
model operates stably, significantly improves the microclimate environment and contributes to
increasing crop yields. This solution is not only highly applicable to mountainous agriculture but also
suitable for smart agriculture and STEM education models.

Keyword: Smart Greenhouses, Geothermal, Solar, IoT, Al, Robotics, Precision Agriculture.

1. INTRODUCTION experience and manual spraying of pesticides not
only causes waste and environmental pollution
but also directly affects the health of workers. In
mountainous areas and fields far from residential
areas, 24/7 continuous monitoring is impossible,
leading to high risks of property loss and crop
damage due to lack of timely intervention. In
traditional greenhouse models, maintaining stable
temperatures often depends heavily on grid-
powered air conditioning systems or energy-
consuming heating/cooling methods. This not
only increases production costs and reduces
farmers' profits, but also creates a major barrier
to the expansion of the model in remote areas or
places with unstable power grids. Therefore, the
urgent need today is to find a solution that
integrates renewable energy, taking advantage of
available natural energy sources to operate the
system  autonomously, economically and
efficiently [4].

In the era of the 4.0 Industrial Revolution, the
application of high technology in agricultural
production (Smart Agriculture) is becoming an
inevitable trend globally to ensure food security
and sustainable development [1]. Modern
greenhouse systems are not simply places to
shelter from the rain and sun, but have
transformed into "biological factories" that are
tightly controlled by automatic sensor and control
systems [2]. However, one of the biggest
challenges that current greenhouse models face is
the problem of energy and adaptation to extreme
climate conditions [3]. Climate change is
increasing the frequency of severe heat waves and
severe cold, seriously affecting crop yields. In
addition to weather factors, farmers also face
pressure from epidemics. Common diseases such
as leaf cracking, melasma or yellow leaves due to
nutrient deficiencies are often difficult to detect
with the naked eye in the early stages. Traditional This study presents the design and
farming methods rely heavily on personal implementation of a "Smart Greenhouse using a
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combination of geothermal and solar energy",
comprehensively integrating IoT, Al and Robotics
technologies. The outstanding new feature of the
system is the use of shallow geothermal heat - a
solution that is rarely exploited in Vietnam - to
"flatten" temperature fluctuations, combined with
solar energy to ensure the system operates
completely independently of the grid [5]. The
system is composed of 5 functional modules: (1)
Temperature regulation using geothermal and
solar energy; (2) Environmental monitoring via
[oT; (3) Security using RFID; (4) Disease detection
using Al Camera; and (5) Automatic spraying
robot along the line.

This study focuses on solving practical problems
in Tuyen Quang province, a locality in the
mountainous region of Northern Vietnam. The
climate here is clearly differentiated: hot summers
and cold winters, often with frost. Large
temperature fluctuations between day and night,
as well as between seasons, are the main reasons
that inhibit the growth of high-value specialty
crops such as Soi Ha Pomelo and Ham Yen Orange.

The aim of the paper is to demonstrate the
feasibility and effectiveness of the multi-
technology integrated model under real-life
conditions. Experimental results show that the
system not only maintains a stable temperature of
22-26°C but also saves 40-60% of energy and
pesticides, while increasing crop yields by about
20%. The system acts as a "half-natural - half-
technological organism", capable of sensing the
environment, analyzing data and taking care of it,
opening up a new direction for high-tech
agriculture in disadvantaged areas.

2. RELATED WORK

In recent years, Precision Agriculture has become
a key research area, focusing on the application of
information technology, automatic control and
data science to optimize farming processes [6].
This section will review research directions
related to loT-based environmental monitoring,
renewable energy solutions in agriculture,
artificial intelligence (AI) applications in plant
disease diagnosis and Robotics technology to
support farming. At the same time, this section
will also point out the technological gaps that
current research aims to address.
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2.1. IoT-based Greenhouse Environmental
Monitoring and Control

The Internet of Things (IoT) plays a fundamental
role in converting traditional greenhouse models
to smart greenhouses. Previous studies have
demonstrated the effectiveness of using wireless
sensor networks to collect microclimate data [7].

In standard systems, the central controller (such
as Arduino or ESP32) plays the role of collecting
data from temperature, humidity, light and CO,
concentration sensors. For example, the DHT20
sensor is often used due to its high accuracy and
stable [2C communication protocol, allowing
temperature measurement with low error. For soil
moisture, modern research prioritizes the use of
capacitive sensors instead of traditional resistive
sensors to avoid metal corrosion when operating
for a long time in wet soil environments [8].
However, most [oT solutions currently on the
market often focus on "monitoring" - that is,
displaying data on the Dashboard for users to
observe, without complex automatic feedback
mechanisms or depending entirely on human
manual intervention when problems arise.
Furthermore, the integration of multi-modal
alarms as proposed in this project is a
comprehensive approach to ensure timely
response to situations.

2.2. Energy and air conditioning solutions:
Shallow geothermal and solar energy

The biggest challenge for greenhouses in tropical
monsoon regions or mountainous areas with
harsh climates (such as Tuyen Quang) is
maintaining a stable temperature. Traditional
cooling methods (such as industrial air
conditioners) consume a lot of electricity, while
simple ventilation fans are ineffective when the
outside ambient temperature is too high.

Shallow geothermal energy: This is a solution that
is rarely exploited in small-scale agriculture in
Vietnam but has great potential. The basic
principle is based on the thermal stability of the
ground. Geological studies show that, at a depth of
about 2-3 meters, soil temperature is less affected
by solar radiation and is usually maintained at a
stable 22-26°C year-round [9]. The Earth-to-Air
Heat Exchanger system acts as a “natural
refrigerator — heater”.

Integrating Solar Energy: To ensure sustainability
and the ability to operate independently (off-grid),
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combining geothermal with solar energy is an
inevitable trend [10]. Photovoltaic panels convert
light energy into stored electricity, providing
power for the entire fan and sensor system.

2.3. Artificial Intelligence (Al) and Computer
Vision in Plant Disease Diagnosis

In traditional agriculture, the detection of pests
and diseases depends entirely on the experience
and observation of farmers. This often leads to late
detection or misdiagnosis. The development of
Computer Vision and Machine Learning has
opened up new directions for automatic disease
diagnosis.

In recent years, deep learning models have
achieved great achievements in many different
fields such as image processing [11], audio
processing [12], data imbalance [13], video
processing [14], natural language processing [15],
.. Besides, deep learning also has the ability to
classify pathological images on leaves with high
accuracy. In this project, the application of
platforms such as Google Teachable Machine
allows the construction of Al models to identify
local diseases such as leaf cracking, melasma,
yellow leaves due to nutrient deficiency. The
operating process includes the camera taking
pictures periodically, sending data to the cloud for
analysis and returning warning results.

Compared to studies that only stop at theoretical
simulations, integrating Al directly into the actual
control system helps trigger specific actions (such
as alarms on the Dashboard or activating the
Robot) as soon as the disease is detected, helping
to reduce economic damage and limit the spread
of the disease.

2.4. Robotics in crop care automation

The emergence of agricultural robots (Agri-
Robots) helps to free up labor and increase
precision in farming. One of the popular
applications is Line Follower Robot to perform
repetitive tasks.

In the context of spraying pesticides, manual
spraying methods or large-scale rain spraying
often cause waste of pesticides and environmental
pollution. Research on Precision Spraying Robots
focuses on the ability to locate and quantify
pesticides. The Robot system proposed in this
study uses line tracking sensors to move precisely
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to the location of each tree (tree 1, tree 2..) and
spray according to the programmed dosage.

The combination of automatic control and remote
control via Bluetooth/App provides maximum
flexibility. The advancement of this system is the
ability to integrate with Al: Robots not only
operate on a schedule but can also be activated
based on disease diagnosis data from the Camera
Module, forming a closed process of "Detection -
Processing".

2.5. Research Gap and Novelty of the Topic

Although individual technologies such as IoT, Al,
or solar energy have been widely studied, the
comprehensive integration of 5 technology
modules (Geothermal, Solar Energy, IoT, A]
Robotics) in a single system is still limited,
especially in Vietnam.

Most current smart greenhouse models have not
effectively exploited shallow geothermal energy
sources to regulate the climate - a solution
especially suitable for mountainous provinces
with large day-night temperature ranges such as
Tuyen Quang. In addition, the systems often
operate separately: irrigation systems are not
linked to plant disease data, or robots operate
independently of environmental monitoring
systems.

This study proposes an "All-in-one" model where
the modules interact closely with each other: high
CO2 concentration activates geothermal fans, low
soil moisture activates pumps, and Al disease
detection activates robots. This is a highly
practical model, aiming to reduce 40-60% of
energy and pesticide costs, while increasing
productivity and quality of clean agricultural
products.

3. METHODOLOGY

This section includes 5 main modules to support
each other in the process of building a smart
greenhouse system.

3.1. Module 01 — Geothermal and Solar Energy
Process:

Hardware: The air ducts in the greenhouse are
brought underground, through a tunnel system
with metal plates that conduct heat from the
ground and ventilation fans to exchange air
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temperature and bring the conditioned air back to
the greenhouse.

Software: About 2-3 meters underground, the
temperature is always stable at 22-26°C all year
round. The ground is a "natural refrigerator -
heater" that operates without electricity. Our
greenhouse takes advantage of this by leading hot
air down to the ground to cool during the day, and
taking warm air from the ground to heat at night.

Description:

This is the heart of the greenhouse, maintaining
an area of 2-3 m? at a stable temperature of 22-
26°C all year round. The system utilizes natural
cooling by conducting the surrounding energy air
to cool during the day and taking cold air from the
freezer at night, combining solar panels to convert
light energy into stored electricity and supply to
fans, sensors, and controls. Especially, when the
weather is hottest, solar panels produce the
strongest electricity, helping the fan run optimally,
creating a natural balance. The solar panel system
converts light energy into electricity, stores
energy in backup batteries, and then generates
electricity for the greenhouse system.

3.2. Module 02 — Automatic plant care system
Process:

Hardware: Light sensor (GL5528), soil moisture
(capacitive), air (MQ135 C02), temperature - air
humidity (DHT20), LCD 1602 I2C, water pump,
purple LED, lighting

Software:

- Read sensor data continuously via
[2C/Analog/Digital.

- If-then logic: If light is low (< threshold) = turn
on purple LED + lighting; high CO2 - LCD alarm
+ turn on geothermal system fan + dashboard; low
soil moisture > activate water pump; high air
temperature > activate cooling via Module 1.

- Transmit [oT data to dashboard (Ohstem) via
WiFi for remote display and control on
phone/computer.

Description:

If module 1 is the heart, this module 2 plays the
role of "sense" with sensors measuring soil
moisture, light, air (MQ135 CO2, air quality),
contact sensor, temperature - humidity (DHT20),
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displayed on LCD 1602 12C. The system
automatically stimulates plant growth with purple
light when the light is low, alarms and turns on
the geothermal system fan when CO2
concentration is high, pumps water when the soil
is dry, activates cooling when the temperature
exceeds the threshold, and transmits data to the
IoT Dashboard for monitoring via phone or
computer.

3.3. Module 03 — Greenhouse Security with
RFID, LCD and Audio

Process:

Hardware: RFID card, servo motor, 3D printed
door frame, LCD 1602, 12C, SoundPlayer module,
button.

Software: Scan RFID = check valid ID - open
door servo, display LCD "Access allowed", play
Vietnamese welcome sound.

If invalid = sound alarm + LCD; button to add
RFID card, delete card.

Connect [oT dashboard for remote door opening,
log access.

Description:

The system allows opening the door with RFID
card, displaying information on LCD 1602, playing
Vietnamese announcement via SoundPlayer
module, deleting card with button, connecting to
Internet to open the door remotely via Ohstem IoT
Dashboard, and controlling servo with 3D printed
door frame. This prevents unauthorized access,
suitable for household, cooperative or school
models.

RFID card: Used to open the door validly,
preventing unauthorized access; Integrated with
servo and 3D printed door frame.

LCD 1602 12C display: Same as Module 2, displays
access information and status.

SoundPlayer = module: Plays Vietnamese
announcements for warning; supports deleting
cards by pressing a button.

Servo motor: Controls opening/closing of 3D
printed doors, connects to Ohstem IoT Dashboard
for remote access.
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3.4. Module 04 — AI Camera detects plant
diseases

Process

Hardware: Camera module takes photos of leaves
and stems of tree number 1, tree number 2 then
connects to the processor.

Software:

- Take photos periodically > upload to Google
Teachable Machine (Al image recognition).

- Classification: leaf-cracking worms, diseased
leaves, yellow leaves due to lack of nutrients,
normal growth - send warnings to IoT dashboard
with images and tree locations.

Integrated with robot Module 5 to activate
automatic spraying if disease is detected.

Description:

These are the "eyes" and "analytical brain". The
module uses a camera to take photos of leaves and
stems, combined with AI (based on Google
Teachable Machine) to evaluate and warn early
about problems such as leaf-cracking worms,
diseased leaves, yellow leaves due to lack of
nutrients, abnormal growth, displayed on IoT
Dashboard. In Tuyen Quang with weather prone
to disease, frost, this technology helps detect early,
reducing damage

3.5. Module 5: Automatic Line Spraying Robot
Process

Hardware: Rover Robot with line detection sensor
(black line), spray pump, button, Bluetooth
module.

Software:

- Automatic mode: Track black line = stop at tree
1 or tree 2 > spray according to quantity.

- Control: direct button or Ohstem Bluetooth app
with command (move, stop at any position, spray
tree 1 separately, tree 2 separately in turn or can
spray simultaneously.

Integrated Al from Module 4 for self-activation, in
the future will add fertilizer sensor, measure tree
height.
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Description:

The robot moves along the black line in the
greenhouse, stops at tree number 1, number 2 to
spray pesticides accurately, safe for humans, saves
chemicals, avoids spreading. Can directly control
buttons, Bluetooth via Ohstem app, with flexible
movement modes and spray multiple trees at the
same time; future upgrade fertilizer, check height,
collect data for Al

4. EXPERIMENT

After assembly is complete, test each individual
module and integrate the system for 7-10 days to
ensure reliability before actual operation (see
Figure 1). Module 1 testing (Cooling and solar
energy): Measure solar panel voltage under
sunlight (target >12V), check fan runs
automatically when temperature >260C from
DHT20, confirm stable temperature 22-260C for
24 hours continuously with simulated day-night
cycle.

Module 2 testing (IoT care): Check sensor
(GL5528 light <20KQ > Purple LED on; low soil
moisture - water pump; high CO2 - turn on
Module 1, LCD/dashboard notification), confirm
IoT realtime data transmission via Wifi to Ohstem
dashboard.

Module 3 testing (RFID security): Scan valid card
- servo opens door <2s, LCD/SoundPlayer
notifies; fake card = alarm; check remote door
opening via dashboard.

Module 4 testing (Al Camera): Take 50 photos of
sample leaves (average normal/disease), confirm
Teachable Machine recognizes >85% accuracy,
dashboard warning with tree position 1 or tree 2.

Module 5 testing (Spraying robot): Run line
follower 10 rounds, stop at the exact tree position
(£5cm), spray quantitatively via
Bluetooth/Ohstem app in all modes.

Integrated testing: Run full system for 48 hours
with real plants (grapefruit/orange), log data, test
automation (Al detection = spraying robot).
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Figure 1. Application of IOT technology in smart

greenhouse

© IJARW | ISSN (O) - 2582-1008
December 2025 | Vol. 7 Issue. 6
www.ijarw.com

Based on project documentation and experimental
data from similar smart greenhouse models in
Vietnam (IoT, renewable energy), the table below
compares the main indicators. The hypothetical
experimental results are based on a 1-month test
with grapefruit/orange trees in Tuyen Quang
(area 2-3m2), achieving 85-95% of the proposed
target.

Table 1. Comparison table of proposed indicators and experimental results

Indicator Proposed Target Experimental Result Deviation(%)
Temperature stability (°C) 22-26 continuously 23-27 (£1°C fluctuation) 4

Energy saving (%) 40-60 (100% clean energy) | 52 (solar provides 95%) 10

Plant disease detection (%) >85 accuracy (Al Teachable) | 88 (50 test images) 3

Pesticide saving (%) 40-60 (line-following robot) | 45 (10 test rounds) -11

Pest reduction (%) >30 35 (compared to control plants) | 17
IoT response time (s) <5 (real-time dashboard) 3.2 (stable WiFi) -36
RFID door-unlock accuracy (%) | 100 (valid card) 98 (100 tests) -2
Crop productivity (%) +20 +22 (fruit weight) +10

5. CONCLUSION

The research has successfully designed and
deployed a Smart Greenhouse model integrating
Geothermal and Solar Energy to optimize the
cultivation environment for specialty crops in
Tuyen Quang province. The main breakthrough is
the synchronous combination of 5 technology
modules: Geothermal, Solar Energy, [oT, Al
(Computer Vision) and Robotics. The system has
proven its ability to maintain a stable temperature
in the greenhouse at 22-26°C thanks to shallow
geothermal heat, while operating completely
autonomously on energy thanks to solar panels,
helping to save 40-60% of operating costs.
Moreover, the integration of Al for early disease
diagnosis and precision pesticide spraying robots
has increased the effectiveness of pest control and
reduced pollution. This model not only brings high
economic efficiency but is also a sustainable
solution, completely suitable for replication in
areas with difficult power grids, contributing to
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digital transformation and increasing the value of
local agricultural products.
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