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Abstract. With the development of the Internet of Things, Bluetooth technology has gradually
become one of the most important means of communication between IoT devices. It is a
short-range wireless communication technology. This paper summarizes the existing research
results and technological applications, and explores the application prospects of Bluetooth
technology in the Internet of Things. Firstly, the basic principles and standards of Bluetooth
technology are introduced, including Bluetooth Low Energy (BLE) and Bluetooth Classic.
Then, the application schemes and implementation methods of Bluetooth technology in smart
homes, smart cities, and smart healthcare are explained separately. Finally, this article analyzes
the advantages and disadvantages of Bluetooth technology in the Internet of Things, and puts
forward future development trends and challenges for Bluetooth technology, such as improving
communication distance and transmission speed, enhancing security and privacy protection, etc.
This research has a certain reference value for promoting the application and development of
Bluetooth technology in the Internet of Things.
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1. Introduction

With the rapid development of information technology, people's ways of life and work are undergoing
profound changes. As an important wireless communication technology, Bluetooth has been widely
used in modern society. Since its birth in 1994, Bluetooth technology has developed into a
standardized short-range wireless communication technology that has been applied in many fields
such as smartphones, smart homes, smart cities, and smart healthcare, bringing many conveniences to
people's lives[1]. However, despite the great success of Bluetooth technology, there are still some
potential problems and challenges. For example, the security and stability of Bluetooth technology
need to be further strengthened to meet people's requirements for data security and communication
stability[2]. At the same time, Bluetooth technology may face technical problems such as channel
interference and bandwidth bottlenecks when applied on a large scale, which need to be better solved.
In order to better explore the development trends and future applications of Bluetooth technology, this
article will introduce the basic principles and standards of Bluetooth technology, its applications in
smart homes, smart cities, and smart healthcare, an analysis of the advantages and disadvantages of
Bluetooth technology in the Internet of Things, and the future development trends and challenges of
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Bluetooth technology. This article will provide comprehensive cognition and understanding for related
research in this field.

2. Bluetooth technology principles and standards

Bluetooth technology is a short-range wireless communication technology that uses the 2.4 GHz ISM
frequency band for communication. It was originally used to achieve data transmission between
mobile phones, computers, and external devices. The Bluetooth protocol stack consists of three main
parts: host + Host Controller Interface (HCI) + Controller, of which HCI is not required for single-chip
solutions. The Host part consists of the core protocol layer (L2ZCAP, SDP, SMP, ATT) and the core
specification (GAP, GATT). The Controller part includes Bluetooth Low Energy (Vol 6: Low Energy
Controller) and Bluetooth Classic (Vol 2: BR / EDR Controller). The HCI part defines the interface
standard for communication between the host and the controller (Vol 4: Host Controller Interface),
which includes communication methods such as UART and USB.

The control connection includes two parts: the software connection - Link Manager (LM) and the
hardware - Link Controller (LC). LM performs link setup, supervision and configuration, and is
responsible for link connection, establishment, disconnection and security control. The LC implements
data transmission and reception. The logical LC and adaptation protocol have the functions of
completing data disassembly and assembly, controlling service quality and multiplexing protocols.
This layer protocol is the basis for the implementation of other layers. The Bluetooth Link Controller
performs the baseband communication protocol and related processing. Figure 1 also summarizes the
main functions of the baseband, which is responsible for frequency hopping and the transmission of
Bluetooth data and information frames. Bluetooth technology adopts a master-slave structure, and a
device can act as both a master and a slave at the same time. The term master device usually refers to
the device with initiative, which can control the establishment and disconnection of the connection.
The slave device usually refers to the passive device, which can only be connected and controlled. The
communication between Bluetooth devices is usually initiated by the master device, and the master
device will scan for peripheral slave devices, establish connections, and communicate [3].

The Bluetooth Special Interest Group (SIG) is responsible for creating and maintaining the
Bluetooth technology standard. Bluetooth 5.2 is the most recent version. Bluetooth 5.2, compared to
its predecessors, introduces significant enhancements, including improved power efficiency, faster
data transfer, better privacy, and a longer range. Firstly, Bluetooth 5.2 adopts more efficient
low-power consumption technology, enabling devices to be more power-saving without any
compromise in performance. Secondly, Bluetooth 5.2 boasts double the data transfer speed of
Bluetooth 5.0, with a maximum speed of 2Mbps. Thirdly, Bluetooth 5.2 supports encryption
algorithms that protect data privacy, thereby improving data security and privacy protection. Finally,
Bluetooth 5.2 employs more advanced modulation technology, leading to a further enhancement of the
communication distance between devices. In the Bluetooth technology standard, there are many
technology specifications and protocols related to it, such as Bluetooth Mesh network protocol,
Bluetooth LE Audio protocol, Bluetooth Low Energy technology, etc. These technology specifications
and protocols provide more professional and comprehensive solutions in different scenarios, enabling
Bluetooth technology to be applied and expanded in more fields.

3. The application of Bluetooth technology in the Internet of Things

3.1. The application of Bluetooth technology in smart homes
The application of Bluetooth technology in smart homes has been widely used and recognized. The
core of smart homes is the home network, which connects various smart devices in the home through
wireless networks, enabling them to be controlled and connected automatically. The application of
Bluetooth technology in smart homes can help people control home devices more conveniently and
easily, thereby improving the quality and comfort of life.

(1) Smart door locks
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Bluetooth technology can be used to connect smart door locks, achieving keyless entry. Users only
need to carry a Bluetooth-enabled smartphone to automatically open the door lock when approaching
the lock, without using a key [4]. This smart door lock can also be connected to a smart home system
through Bluetooth technology to achieve automated control, such as smart doorbells, video
surveillance, and more.

(2) Smart lamps and lanterns

Bluetooth technology can be used to connect smart lighting fixtures. Users can control the
brightness, color, and other settings of the lights with a smartphone or voice assistant. Smart lighting
fixtures can also achieve functions such as voice control and timing switches, greatly improving the
living experience.

(3) Smart appliances

Bluetooth technology can be used to connect various smart appliances, such as smart refrigerators,
smart washing machines, and smart air conditioners. Users can remotely control appliances through a
smartphone or voice assistant, achieving functions such as timing switches and smart control.

(4) Home entertainment

Bluetooth technology can be used to connect various home entertainment devices, such as speakers,
televisions, and projectors. Users can control the playback, switching, and other functions of these
devices with a smartphone or voice assistant, achieving smart control.

(5) Security monitoring

Bluetooth technology can be used to connect various home security devices, such as smoke
detectors, gas alarms, and security monitoring equipment. Users can control these security devices
remotely through a smartphone or voice assistant, achieving functions such as real-time monitoring
and intelligent reminders [5].

In short, the application of Bluetooth technology in smart homes has become an important part of
modern home design. With the continuous progress of technology and the expansion of application
scenarios, smart homes will become more intelligent, secure, and convenient.

3.2. The application of Bluetooth technology in smart cities
With the acceleration of urbanization and the continuous development of technology, smart cities have
become the direction of future urban development. In smart cities, various devices need to be
interconnected. Bluetooth technology, with its advantages of low power consumption, short distance,
and ease of use, has been widely used in the IoT field of smart cities.

(1) Intelligent transportation

Bluetooth technology can be applied to vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I)
communication, achieving the concept of intelligent transportation. For example, Bluetooth
technology can be used to connect vehicles and parking spaces, enabling wireless payment and remote
management and improving the utilization rate of parking spaces. In addition, Bluetooth technology
can also be used for communication between vehicles and traffic signal lights, achieving intelligent
traffic signal control and improving road traffic efficiency and safety.

(2) Smart lighting

In smart cities, Bluetooth technology can be used to achieve intelligent lighting systems. By using
Bluetooth low power consumption technology, various lamps can be interconnected, forming a mesh
structure to achieve communication and control between lamps. With this technology, the brightness
and color of the lights can be adjusted according to actual needs, achieving more efficient energy use
and reducing power consumption.

(3) Smart environmental protection

Another application of Bluetooth technology in the smart city is smart environmental protection.
For example, Bluetooth technology can be used to achieve smart management of garbage bins. Install
Bluetooth sensors in the garbage bin to monitor the filling status and cleaning situation. At the same
time, this information can be transmitted to relevant departments through Bluetooth technology to
enable the management of smart garbage bins.
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(4) Smart public facilities

Bluetooth technology can also be applied to public facilities in smart cities, such as public bicycles
and electric vehicle charging stations. Through Bluetooth technology, users can easily borrow public
bicycles and get real-time information about the vehicle's status. In terms of electric vehicle charging
stations, Bluetooth technology can be used to achieve user verification, payment, and charging control.
In terms of smart security, Bluetooth technology can be used for smart door locks. Traditional locks
require the use of keys for unlocking, while using Bluetooth technology can achieve functions such as
unlocking with a phone and remote authorization, improving safety and convenience [6].

In summary, the application of Bluetooth technology in smart cities covers a wide range. Smart
cities are a comprehensive concept that covers public services, city management, and urban
governance. By connecting various components of the city to the Internet, applications such as
intelligent transportation, smart energy, smart environmental protection, and smart security can be
achieved, bringing more convenience and benefits to urban management and residents' lives.

3.3. The application of Bluetooth technology in smart healthcare

The application of Bluetooth technology in smart healthcare is becoming more and more extensive.
Smart healthcare is a healthcare model that utilizes new technologies such as the Internet of Things,
cloud computing, and big data to achieve medical informatization and intellectualization. Bluetooth
technology in smart healthcare can be used for monitoring and controlling medical devices,
implementing remote healthcare, patient tracking, and more.

First, in terms of monitoring medical equipment, Bluetooth technology can be used to connect and
transmit data from devices such as heart rate monitors and blood pressure monitors. After the patient
wears the device, the Bluetooth module can transmit the collected physiological data for remote
monitoring and timely intervention by doctors or nurses. In addition, Bluetooth technology can also be
used to connect medical devices such as ventilators and syringe pumps for remote monitoring and
control, improving the safety and convenience of medical devices [7].

Second, in terms of remote healthcare, Bluetooth technology can be used for remote
communication and diagnosis between doctors and patients. Patients can upload medical data and
imaging materials through devices such as smartphones, and doctors can use Bluetooth modules to
connect to these devices for remote diagnosis and treatment. This model can save patients time and
money, and improve the efficiency of medical resource utilization.

Finally, in terms of patient tracking, Bluetooth technology can be used to track the health status and
movements of patients. For example, Bluetooth technology can be used to track the movement
trajectory and physiological data of the elderly to timely identify problems and improve their safety
and quality of life[8].

Overall, the application of Bluetooth technology in smart healthcare has great potential. It can
improve the safety and convenience of medical equipment, strengthen communication and interaction
between doctors and patients, improve the efficiency of medical resource utilization, and provide
better medical services and treatment outcomes.

4. Analysis of the advantages and disadvantages of bluetooth technology in the internet of things
The emergence of Internet of Things technology has significantly boosted the use of Bluetooth
technology in communication between various devices, such as smart homes, cities, healthcare, and
beyond. However, the application of Bluetooth technology to the Internet of Things comes with its
own set of advantages and disadvantages. Firstly, Bluetooth technology adopts a low-power design,
which can significantly extend the battery life of devices, especially those used over an extended
period. Secondly, the protocol stack of Bluetooth technology is lightweight and can run seamlessly on
resource-constrained devices without interfering with other applications. Thirdly, with its relatively
short transmission distance, Bluetooth technology ensures effective communication security. Fourthly,
Bluetooth technology is user-friendly, and its ease-of-use can facilitate seamless device connection
and usage. Finally, Bluetooth technology is versatile and widely used in various fields, including
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consumer electronics, medical devices, and smart homes, among others, providing users with a
convenient service experience. On the other hand, Bluetooth technology has its own share of
drawbacks. Firstly, with a limited bandwidth and a maximum transfer speed of only 24Mbps,
Bluetooth technology is unsuitable for high-speed data transmission. Secondly, the short transmission
range, typically within 10 meters, cannot cater to the communication needs of large-scale
communication. Thirdly, the 2.4GHz frequency band used by Bluetooth technology may pose serious
signal interference concerns with other devices, ultimately affecting communication quality. Fourthly,
Bluetooth technology's point-to-point connection method poses some risks of being attacked hence the
need to strengthen security[9]. Fifthly, compatibility issues may arise with different versions of
Bluetooth technology standards that require regular upgrades.

Overall, the advantages and disadvantages of Bluetooth technology in the Internet of Things need
to be evaluated based on specific application scenarios. It has obvious advantages in low power
consumption, lightweight, ease of use, and wide application, while there are certain disadvantages in
high-speed data transmission, transmission distance, interference, and security.

5. The development trends and challenges of future bluetooth technology

With the rapid development of the Internet of Things, Bluetooth technology has gained widespread
application across various fields. However, its future development trends and challenges are
increasingly evident. Firstly, the promotion and application of Bluetooth 5.2 and 5.3, which boast
higher data transmission rates, lower power consumption, and wider coverage than previous versions,
is a trend that will be widely adopted in various applications. Secondly, the combination of Bluetooth
technology and artificial intelligence can unlock more intelligent application scenarios, particularly in
the field of smart homes, where it can facilitate intelligent home device control and scenario
simulation. Thirdly, the integration of Bluetooth technology and blockchain technology could
potentially enhance the security and privacy of data transmission while achieving wireless data
transfer[10]. Security issues, compatibility issues, and battery life issues pose significant challenges to
the application of Bluetooth technology. Firstly, data security remains a major challenge in Bluetooth
technology, with the wireless transmission of Bluetooth signals proving to be an easy target for
hackers to steal or manipulate. Secondly, the issue of compatibility between multiple existing versions
of Bluetooth technology devices remains a significant hurdle for industry development[11]. Finally,
power consumption is a significant problem when using Bluetooth technology in long-running devices
like smart homes and healthcare systems. Finding a balance between device stability and battery life
extension is a challenge that needs consideration. To cope with these challenges, Bluetooth technology
needs to constantly innovate and explore its future development. Some technologies and standards
currently under research and experimentation are expected to be widely used in the future. For
example, angle positioning technology based on Bluetooth 5.1 can bring more accurate and efficient
location services to smart cities and smart homes. Meanwhile, Bluetooth LE audio technology based
on Bluetooth 5.2 can support higher quality and lower power audio transmission[12].

Furthermore, Bluetooth technology needs to further promote fusion with other technologies to
achieve more comprehensive and in-depth intelligent applications. For example, the combination of
Bluetooth technology and 5G technology can achieve faster and wider coverage of wireless
communication, bringing stronger technical support to smart cities and the Internet of Things. The
combination of Bluetooth technology and Al technology can achieve more intelligent and automated
applications, bringing more possibilities to smart homes and smart healthcare.

In summary, the future development prospects of Bluetooth technology are broad, but they also
need to cope with various challenges. Only by constantly innovating and exploring can Bluetooth
technology be promoted to achieve more in-depth and extensive applications, bringing a more
intelligent and convenient life experience to human beings.
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6. Conclusion

This study mainly explores the basic principles and standards of Bluetooth technology, its applications
in the fields of smart homes, smart cities, smart healthcare, and the Internet of Things (IoT), and the
advantages and disadvantages of Bluetooth technology in the IoT. Additionally, this article also looks
forward to the future development trends and challenges of Bluetooth technology. Bluetooth
technology is a mature wireless communication technology that has the advantages of low power
consumption, low cost, and ease of use, and has been widely used in various fields. In the field of
smart homes, Bluetooth technology can achieve interoperability between multiple devices, thereby
improving the quality of life and convenience for users. In the field of smart cities, Bluetooth
technology can achieve interoperability between various facilities in the city, thereby improving the
level of intelligent urban management. In the field of smart healthcare, Bluetooth technology can
achieve interoperability between medical devices, thereby improving the quality and efficiency of
medical services. In the IoT field, Bluetooth technology can serve as a low-power, low-cost
communication method to achieve interoperability between loT devices.

In the future, the development trend of Bluetooth technology will mainly focus on three aspects.
First, Bluetooth technology will continue to optimize communication distance and data transmission
rate to better meet the needs of various application scenarios. Second, Bluetooth technology will pay
more attention to security and strengthen data and privacy protection during device communication.
Finally, Bluetooth technology will pay more attention to interoperability, allowing devices of different
brands and types to achieve interoperability and better serve people's lives.
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