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1. i�tr��}�t���
In the era of rapidly developing information

technology, the application of technology in daily life
and industry has become increasingly popular, and
many such systems have been developed. SCADA
system is used for Control and Data Acquisition in
the industry (Kadam et al., 2015). BMS (Building
Management System) is a system for managing the
environment and facilities in a building (Daneels &
Salter, 1999). Smart home is an automation system
that monitors and manages devices in a home through
the internet. However, these systems are typically
designed for specific contexts, with SCADA and
BMS being more suitable for industrial and
commercial settings, while most existing smart home
systems cater to high-end customers with expensive
houses and apartments.

This study aims to introduce a smart home system
that is specifically designed for one-story houses in
Vietnam, which are common and popular among the
civilian population. The proposed system is based on
Zigbee, awireless communication standard commonly
used in smart home systems (Ergen, 2004). This
system comprises different devices that are
interconnected and communicate with each other
using Zigbee protocol. Moreover, the system also
allows users to control devices remotely through the
internet, which greatly enhances the convenience and
flexibility of managing their homes.

In this system, different types of devices are used,
including temperature sensors, relay, button and
calculating energy. These devices communicate with
each other and with the outside world through a G-
Hub, which acts as a central control unit. The G-Hub
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This study presents the development of a smart home system specifically designed for single-story

houses in Vietnam. The system integrates multiple control components, including relays, switches,
environmental sensors, and energy monitoring modules capable of measuring voltage, current, and
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microcontroller operating on FreeRTOS. Experimental validation on a physical prototype demonstrates
that the system enables flexible, multi-point control while enhancing safety through the use of a 5V
control voltage instead of the conventional 220V. In addition, the system offers improved aesthetic
integration and maintains cost competitiveness compared with traditional electrical installations.
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connects to the internet through a Wi-Fi connection,
allowing users to control the devices from anywhere
using a website.

In conclusion, the proposed smart home system is
tailored to meet the specific needs of one-story
houses in Vietnam. By utilizing Zigbee wireless
communication protocol, this system offers users a
convenient and flexible way to manage their homes
remotely.

2. b}�s���w � �j�rt-��j� �{�t�j
2.1. Proposed communication system
This study proposes a smart home system

architecture comprising various components, such as
G-Hub, node sensors, node relays, node buttons,
node relay Ade, MQTT, and a web page, that work
together seamlessly to enable efficient
communication, control, and automation of devices
in a household.

The system illustrated in Figure. 1 employs
Zigbee network as a means of communication
between devices within a household, while MQTT
(Message Queue Telemetry Transport) protocol is
utilized for devices to communicate with the external
world. This integration enables the system to collect,
process, and transmit data from various devices
within the premises to the outside world, thereby
providing convenience and reliability to its users.

Users interact with the system through a user-
friendly website designed to provide a seamless
experience. The back-end takes responsibility for
coordinating data to ensure smooth flow and
operation. On the other hand, the front-end displays
relevant information to users, allowing them to
monitor and control the connected devices remotely.
Finally, the database serves as a repository for all data
gathered by the system, ensuring that it can be
efficiently accessed, analyzed, and secured. The

advanced functionality and convenience offered by
this system make it a valuable addition to any modern
smart home.

2.2. Design system
2.2.1. Zigbee microcontroller
Zigbee is a communication protocol developed

based on the IEEE 802.15.4 wireless communication
standard (Ergen, 2004). This protocol was created to
serve applications that require low cost and low
power consumption but must be flexible in a wide
range.

The Zigbee sz1v5 CC2530 2.4G module features
a 2.4GHz IEEE802.15.4 RF transceiver that is
compatible with the protocol. Its data transmission
rate can reach 250Kbps, while it boasts a Flash
memory capacity of 256KB and a RAM capacity of
8KB. Additionally, it supports UART
communication.

The Zigbee microcontroller serves as the
fundamental component of the network nodes, acting
as the medium through which information is
transmitted between nodes and G-Hub.

2.2.2. G-Hub

G-Hub is a critical component of our system
architecture and consists of five primary components:
ESP32, Zigbee, Power, RTC, and LCD. It serves as a
Zigbee network coordinator and a protocol converter
between Zigbee and MQTT networks, enabling
communication between the two. The main
microcontroller ESP32 serves as the central
controller of G-Hub, facilitating inter-component
communication and serving as the MQTT interface
for the system.

To optimize its performance, ESP32 utilizes
FreeRTOS, a Realtime operating system designed for
small-scale microcontrollers and events with rigid

Figure 1. Proposed communication system

Figure. 2. G-Hub hardware diagram
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time limits. This combination allows G-Hub to divide
its program into tasks, enhancing operational
efficiency.

To keep track of real-time information, the RTC is
responsible for maintaining accurate time and
sending it to the ESP32 when required. The LCD, on
the other hand, is responsible for displaying the
relevant information provided by the ESP32.

In summary, G-Hub is a sophisticated system
comprised of carefully selected components,
working together in harmony to enable smooth
communication between the Zigbee and MQTT
networks. Its powerful microcontroller, optimized
through the use of FreeRTOS, ensures efficient task
division and operation.

2.2.3. Node Sensor

The Node Sensor is an essential component of a
sophisticated system designed to monitor and collect
important environmental data, including temperature,
humidity, and air quality. By collecting and
transmitting this data to G-Hub for storage and
display, the system enables users to gain valuable
insights into their environment and make informed
decisions based on the information collected. The

main microcontroller Pic16F628a is an 18-pin Flash-
based member of the versatile (Microchip
Technology, 2007, 2009). It acts as a central
controller. It is responsible for controlling the
operation of nodes. To accurately measure
temperature and humidity levels, the system
incorporates DHT11 sensors (D-Robotics, 2010).
These sensors can provide measurements of these
vital environmental factors, enabling users to track
changes in temperature and humidity over time and
adjust their environment accordingly.

In addition to temperature and humidity sensors,
the Node Sensor also utilizes MQ113 sensors for air
quality testing. These sensors can detect a wide range
of harmful airborne substances, including NH3,
NOx, Alcohol, Benzene, smoke, CO2, and more.
Overall, the Node Sensor represents a significant step
forward in environmental monitoring, providing
users with insights into their surroundings and
empowering them to make informed decisions on
how to optimize their life and workspace.

2.2.4. Node relay

The Node Relay serves as the central control unit
for various household devices, including lights and
fans. It is responsible for toggling the on/off state of
these devices and transmitting their status to the G-
Hub platform.

The primary microcontroller utilized in this
system is the Pic16F628a, which is also employed by
the Node Sensor. The relay component facilitates the
switching of equipment that is under the control of
the microcontroller. Overall, the node relay enables
efficient management of household appliances.

2.2.5. Node button
The Node Button serves as an interface between

the user and the Node Relay system, providing a
simple mechanism for controlling linked devices.

Figure. 3. ESP32 tasks

Figure. 4. Node sensor hardware diagram

Figure. 5. Node relay hardware diagram



264 Số 11/2026

Upon establishing a connection between the button
and the relay via a web page, users can toggle the
on/off state of associated appliances by pressing the
button.

The primary microcontroller utilized in this
system is the Pic16F628a, which is also employed by
the Node Sensor and Node Relay. The button
component serves as a key user input device,
allowing for manual control of devices that are linked
to the system. In summary, the node button enables
convenient and intuitive management of household
appliances.

2.2.6. Node relay Ade
The Node Relay Ade serves as a vital component

for controlling various devices within a household,
enabling users to toggle them on or off at their
convenience. In addition to its switching capabilities,
this device also possesses the ability to accurately
calculate important electrical parameters such as
power, voltage, and current.

At the heart of this system lies the Pic16F887
microcontroller, an 8-bit chip manufactured by
Microchip. This powerful microcontroller enables
the Node Relay Ade to execute complex commands
with ease, ensuring that all connected devices operate
smoothly and efficiently.

To facilitate the measurement of electrical
parameters, the Node Relay Ade relies on the
ADE7753 integrated circuit. This innovative
component includes both voltage and current transfer
circuits, enabling it to accurately determine the
energy consumption of each connected device. By
leveraging this advanced technology, users can gain
valuable insights into their energy usage patterns,
helping them make more informed decisions about
how to optimize their energy consumption in the
most efficient and cost-effective manner possible.

In conclusion, the Node Relay Ade is a powerful
and versatile device that offers users exceptional
control over their household devices. With its
advanced microcontroller and integrated circuitry,
this device is capable of accurately measuring
important electrical parameters, allowing users to
track and optimize their energy usage over time.
Whether you're looking to reduce your carbon
footprint or simply want to save money on your
monthly electricity bill, the Node Relay Ade is an
excellent choice for anyone seeking greater control
over their home's power consumption.

2.2.7. MQTT
MQTT is a publish/subscribe mechanism

protocol, where the client machine can publish or
receive messages. It facilitates easy communication
between multiple devices (Espressif systems, 2025).

The system under study comprises two primary
clients - back end and G-Hub. To exchange messages
between these clients, a broker was employed. The
test.mosquitto.org broker was utilized for
experimental purposes. This free broker allowed us to
assess the communication performance between the
clients without incurring any additional costs.

2.3. Build a house using smart home system
This article presents a novel approach for

optimizing the location of nodes in order to enhance
convenience and efficiency for users.

For illustrative purposes, the study employs the
design of a one-story house located in Vietnam
(Fig.8). The electrical signal is transmitted through a
central node relay, which then distributes power to
individual rooms. Within each room, there is a
dedicated relay node that possesses sufficient
channels to accommodate all devices within that

Figure. 6. Node button hardware diagram

Figure. 7. Node relay Ade hardware diagram
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particular space. This innovative approach represents
a significant advancement in the field of node
optimization and has promising implications for
enhancing user experience and accessibility in
various settings.

The total node relay ade connected from the
outside electricity and out to the rooms.

The node relay takes power from the total node
relay ade and connects it to the devices in the room.

To control these devices, we have developed two

interfaces: a dashboard and a remote. The dashboard
is a fixed interface that can be affixed to the side of a
seat or wall within the room. It includes buttons for
controlling each node relay and the devices
connected to them. The remote, on the other hand, is
designed to be carried around the room and allows for
convenient control of devices from anywhere within
space. Like the dashboard, it includes buttons for
controlling each node relay and the devices
connected to them.

Finally, we have developed a node button that is
mounted on the wall next to each device to be
controlled. This provides a convenient and intuitive
way for users to control individual devices without
having to navigate menus or search for the device
within the dashboard or remote interfaces.

These two designs serve as illustrations of the
proposed design plan for the living room and
bedroom. The other rooms in the house will follow
a similar design approach. Additionally, depending
on the user's requirements, it is possible to
incorporate multiple node relay ade to enhance the
monitoring capabilities of the device being
controlled. This would allow for greater control and
oversight over the system's operation, ensuring that
it always functions optimally. By customizing the
relay node setup, users can tailor the design to their
specific needs and preferences, resulting in a more
personalized and efficient home automation
system.

Overall, our system provides a comprehensive
and flexible solution for controlling power
distribution and devices within a room. By
incorporating multiple interfaces and a range of
control options, we aim to make the system user-
friendly and accessible to a wide range of users.

2.4. Smart home design compared to traditional
home design.

2.4.1. Safety
The traditional design for household electrical

switches poses a significant risk to users due to the
direct exposure to hazardous 220V power supply
when operating switches. This traditional approach
can lead to accidental electrocution, which poses a
severe threat to human life. However, the proposed
smart home design significantly reduces these risks

Figure. 8. Example house architecture

Figure. 9. Device location in living room

Figure. 10. Device location in Bedroom
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by limiting user contact to a non-lethal 5V electrical
supply, thus enhancing the overall safety of the
system.

2.4.2. Technicality
Controlling devices across multiple locations

presents challenges with the traditional design for
household electrical switches. The proposed smart
home design offers an effective solution by enabling
easy control of devices in various settings. This
enhancement in control convenience is a notable
advantage of the proposed design over the traditional
approach and is made possible through the use of
cutting- edge technology such as wireless
communication protocols and internet-based
connectivity. As a result, the proposed smart home
design provides users with greater flexibility and
convenience in managing their electrical devices,
thereby enhancing the overall user experience.

2.4.3. Economy
For the purposes of economic comparison, this

study will introduce two remotely controlled systems
to operate both design options. The bedroom will
serve as the basis for the design.

In Figure.11, it is the traditional way of indoor
wiring to control two places (Ergen, 2004).

Choose the type of wire that costs 4280 VND for
both designs (Hai au, 2025). According to our
calculations, the number of wires needed in
traditional design is 94.5m and in smart home design
is 37.3m.

The traditional approach required a wire cost of
404,375 VND, 3 pole switches costing 175,000

VND, and three switch boxes priced at 30,000 VND,
resulting in a total cost of 610,000 VND. The smart
home design required a wire cost of 160,000 VND, a
node relay costing 175,000 VND, and two node
buttons priced at 300,000 VND, resulting in a slightly
higher total cost of 635,000 VND. However, the
benefits of smart home design can outweigh the extra
cost. Smart homes provide the convenience of
controlling devices from smartphones or laptops
through a website. Despite this cost difference, the
benefits of control convenience and adaptability
inherent in the smart home design offer promising
future applications.

2.4.4. Aesthetics
The conventional wiring scheme requires the

wiring to pass through the switch before reaching the
light bulb, necessitating measures such as wall
excavation. However, the proposed design only
mandates a node relay anywhere between the source
and device. Consequently, the wiring measures
required for the traditional approach are eliminated,
providing an additional benefit to the proposed design.

Smart together, our findings indicate that the
proposed smart home design offers advantages in
safety, technicality, and aesthetics along with
comparative economic costs in comparison to the
traditional approach.

3. T{n���s �,n�r�j��t�
To evaluate the functionality of this system, we

have designed a model consisting of two rooms. Each
room contains two devices with different designs. On
one side of the model, all node relay ade are utilized
for controlling and monitoring these devices. On the
other side, node relays are employed to reduce costs
while still achieving smart home benefits. This model
serves as a testbed for assessing the effectiveness and
efficiency of the proposed system.

Figure. 11. The traditional way of designing 2
control places
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TUmTắT:
Nghiên cứu này tiến hành xây dựng hệ thống nhà thông minh phù hợp với các ngôi nhà một tầng

tại Việt Nam. Hệ thống tích hợp nhiều bộ phận điều khiển như rơ-le, công tắc, cảm biến môi trường
và thiết bị theo dõi điện năng có thể đo điện áp, dòng điện và mức tiêu thụ điện. Kiến trúc hệ thống sử
dụng Zigbee để kết nối không dây trong phạm vi gần và giao thức MQTT để điều khiển từ xa thông
qua một bộ trung tâm (G-Hub), vận hành bởi vi điều khiển ESP32 trên nền FreeRTOS. Kết quả thử
nghiệm trên mô hình thực tế cho thấy hệ thống cho phép điều khiển linh hoạt từ nhiều vị trí khác
nhau, đồng thời tăng độ an toàn nhờ sử dụng điện áp điều khiển 5V thay cho mức điện áp 220V thông
thường. Ngoài ra, hệ thống còn giúp nâng cao tính thẩm mỹ và vẫn đảm bảo chi phí hợp lý so với hệ
thống điện truyền thống.

Từ f�ó�: hệ thống nhà thông minh, thiết bị thông minh, hệ thống nhúng, thiết bị nhà thông minh.


