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ABSTRACT 

With the rapid development of quantum technology, quantum communication technology, as its core 
component, is gradually infiltrating into the field of UAV, which has brought revolutionary 
improvements to the security, communication performance and task execution ability of UAV. This 
paper aims to explore the application prospect of quantum communication technology in the field of 
UAV, analyze its impact on the performance of UAV system, and look forward to the future 
development direction. Through theoretical analysis and case study, this paper reveals the great 
potential of quantum communication technology in improving UAV combat effectiveness, ensuring 
information security and promoting industry innovation. 
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1. INTRODUCTION 

As an important achievement of modern science and technology, UAV technology has been widely 

used in military reconnaissance, environmental monitoring, logistics distribution and other fields. 

With the continuous development of UAV technology and the continuous expansion of its application 

fields, the problems of communication security, data transmission efficiency and task complexity are 

increasingly prominent. The traditional communication technology has been difficult to meet the high 

performance requirements of UAV in complex environment. The emergence of quantum 

communication technology provides new ideas and methods to solve these problems. In this paper, 

the application prospect of quantum communication technology in the field of UAV will be discussed 

from the basic principle of quantum communication technology. 

2. OVERVIEW OF QUANTUM COMMUNICATION TECHNOLOGY 

Quantum communication technology is a new communication technology based on the principles of 

quantum mechanics. Its core is to use the special properties of quantum states to realize the 

transmission and processing of information. Quantum communication technology mainly includes 

quantum key distribution (QKD), quantum teleportation, quantum entanglement distribution and 

other key technologies. 

Quantum key distribution technology is the key to secure communication in quantum communication. 

It uses the principle of non cloning and uncertainty of quantum states to ensure that both sides of 

communication can share an absolutely secure key. In the traditional communication mode, the key 

distribution is often vulnerable to the threat of eavesdropping and cracking, while the quantum key 
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distribution technology can ensure that the key distribution process is not stolen or tampered by a 

third party through the transmission and measurement of quantum state, so as to realize the encrypted 

transmission of information. The emergence of this technology provides unprecedented security for 

UAV Communication. 

In addition to quantum key distribution technology, quantum teleportation and quantum entanglement 

distribution are also important components of quantum communication. Quantum teleportation 

technology makes use of the transmission and reconstruction of quantum states to realize the ultra 

long distance transmission of information, which provides the possibility for UAV remote 

communication. The quantum entanglement distribution technology uses the special properties of 

quantum entangled states to realize the correlation and distribution of multiple quantum states, which 

lays the foundation for the construction of complex quantum networks. 

The advantage of quantum communication technology lies not only in its security, but also in the 

improvement of its transmission efficiency and bandwidth. Traditional communication technology is 

often limited by channel capacity and transmission distance, while quantum communication 

technology can use the superposition and entanglement of quantum states to achieve ultra-high speed 

data transmission and large-scale information processing. This advantage is particularly important for 

UAVs, because UAVs often need to transmit a large amount of data when performing tasks, and have 

high requirements for the transmission speed and bandwidth of the communication network. 

2.1. Basic Principles of Quantum Communication Technology 

The basic principles of quantum communication technology are mainly based on several key 

principles of quantum mechanics, including the non cloning of quantum states, the uncertainty 

principle and quantum entanglement. 

The non cloning of quantum states means that quantum states cannot be accurately copied or cloned. 

This feature makes the quantum communication technology have high security in the process of key 

distribution, because any attempt to eavesdrop or copy the quantum state will destroy its original state, 

which will be detected by both sides of the communication. 

The uncertainty principle means that the measurement results of quantum states have certain 

uncertainty. This principle makes quantum communication technology have natural anti-interference 

ability in the process of information transmission, because any attempt to interfere with or tamper 

with the quantum state will lead to the change of its measurement results, which will be found by 

both sides of the communication. 

Quantum entanglement is another important concept in quantum mechanics, which means that there 

is a special correlation between two or more quantum states. When two quantum states are entangled, 

their states are interdependent, no matter how far apart they are. This feature enables quantum 

communication technology to achieve ultra long-distance transmission of quantum states and the 

construction of complex quantum networks. 

2.2. Application Potential of Quantum Communication Technology in UAV Field 

Quantum communication technology has great application potential in the field of UAV. First of all, 

in terms of communication security, quantum communication technology can provide absolutely safe 

communication guarantee for UAVs to prevent sensitive information from being eavesdropped or 

leaked. This is particularly important for UAVs performing military reconnaissance, intelligence 

collection and other tasks. 

Secondly, in terms of data transmission efficiency, quantum communication technology can achieve 

ultra-high speed data transmission and large-scale information processing, and improve the task 

execution efficiency of UAV. For example, in the field of environmental monitoring, UAVs can use 
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quantum communication technology to transmit a large number of monitoring data in real time, 

providing strong support for environmental protection and disaster early warning. 

In addition, quantum communication technology can also provide UAV with stronger intelligent 

decision-making ability. Through quantum computing technology, UAV can quickly deal with 

complex tasks and decision-making problems, and improve the autonomous combat ability and 

intelligent level. This will make UAV more widely and deeply used in military, logistics and other 

fields. 

3. APPLICATION OF QUANTUM COMMUNICATION TECHNOLOGY IN 
UAV FIELD 

With the rapid development and wide application of UAV technology, its importance in military 

reconnaissance, environmental monitoring, logistics and distribution has become increasingly 

prominent. However, the UAV faces multiple challenges in the process of mission execution, such as 

communication security, data transmission efficiency and mission complexity. The emergence of 

quantum communication technology provides new ideas and methods for solving these problems. 

This chapter will deeply discuss the application of quantum communication technology in the field 

of UAV, including improving communication security, improving data transmission efficiency, 

enhancing intelligent decision-making ability, and breaking through the technology of environmental 

perception and target detection. 

3.1. Improve Communication Security 

UAV often needs to transmit a large number of sensitive information, such as target location, combat 

command, etc., in the process of mission execution. Although traditional encryption technology can 

protect information security to a certain extent, its security will be greatly reduced in the face of the 

potential threat of quantum computers. Quantum communication technology provides absolute 

security encryption guarantee for UAV Communication through quantum key distribution technology. 

Quantum key distribution technology is the key to secure communication in quantum communication. 

It uses the principle of non cloning and uncertainty of quantum states to ensure that both sides of 

communication can share an absolutely secure key. In the traditional communication mode, the key 

distribution is often vulnerable to the threat of eavesdropping and cracking, while the quantum key 

distribution technology can ensure that the key distribution process is not stolen or tampered by a 

third party through the transmission and measurement of quantum state, so as to realize the encrypted 

transmission of information. The emergence of this technology provides unprecedented security for 

UAV Communication. 

The world's first UAV equipped with quantum communication equipment developed by academician 

zhushining's team of Nanjing University shows the application potential of quantum communication 

technology in the field of UAVs. This UAV can maintain the quantum entanglement state in the air, 

and has the ability of anti eavesdropping and stable signal transmission, which greatly improves the 

communication security of UAV. This achievement not only proves the feasibility of quantum 

communication technology in the field of UAV, but also provides a new solution for the future UAV 

Communication Security. 

3.2. Improve Data Transmission Efficiency 

When UAV carries out long-range reconnaissance, data transmission and other tasks, it puts forward 

higher requirements for the transmission speed and bandwidth of the communication network. 

Traditional communication technology is often limited by channel capacity and transmission distance, 

which is difficult to meet the high performance requirements of UAV in complex environment. The 
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quantum communication network, with its ultra-high transmission speed and bandwidth advantages, 

provides a strong support for the real-time control and data transmission of UAV. 

Quantum communication network uses quantum entanglement distribution and quantum teleportation 

technology to achieve ultra-high speed data transmission and large-scale information processing. 

Through the quantum entanglement distribution technology, a special correlation can be established 

between multiple quantum states, making their states interdependent. This correlation can be used to 

realize the ultra long distance transmission of quantum states and the construction of complex 

quantum networks. The quantum teleportation technology uses the transmission and reconstruction 

of quantum states to realize the ultra long distance transmission of information. The application of 

these technologies enables the UAV to complete the transmission of a large amount of data in a very 

short time, which effectively improves the efficiency of task execution. 

In addition, the transmission efficiency of quantum communication technology also benefits from its 

unique characteristics of quantum state superposition and quantum entanglement. These 

characteristics enable quantum communication technology to realize large-scale parallel computing 

and ultra-high speed computing, and further improve the efficiency of data transmission. For UAV, 

this advantage is particularly important, because it often needs to transmit a large amount of data in 

real time when performing tasks, and has high requirements for the transmission speed and bandwidth 

of the communication network. 

3.3. Enhance Intelligent Decision-Making Ability 

As an extension of quantum communication technology, quantum computing technology provides 

powerful computing power for intelligent decision-making and task planning of UAV. Traditional 

computers need a lot of time and resources to deal with complex problems, while quantum computers 

can use the characteristics of quantum superposition and quantum entanglement to achieve large-

scale parallel computing and ultra-high speed computing. The application of this technology will 

greatly improve the autonomous combat ability and intelligent level of UAV. 

Through quantum computing technology, UAV can quickly deal with a large number of complex 

tasks and decision-making problems. For example, in military reconnaissance missions, UAVs can 

use quantum computing technology to quickly analyze the images and data of the target area, identify 

potential threats and make corresponding decisions. In the field of logistics and distribution, UAVs 

can use quantum computing technology to optimize flight routes and cargo loading schemes and 

improve distribution efficiency. These applications show the great potential of quantum computing 

technology in UAV intelligent decision-making. 

In addition, quantum computing technology can also be combined with other AI technologies to 

further enhance the intelligent level of UAV. For example, through the combination of algorithms 

such as deep learning and quantum computing technology, UAVs can achieve more accurate target 

recognition and tracking functions. This will make UAV more widely and deeply used in military, 

logistics and other fields. 

3.4. Breakthrough in Environmental Perception and Target Detection Technology 

Quantum sensing technology has also brought a breakthrough for UAV in environmental perception 

and target detection. Traditional sensor technology is often affected by environmental noise and 

interference, and it is difficult to achieve high-precision and high sensitivity target detection. The 

quantum sensing technology uses the principles of quantum entanglement and quantum interference 

to achieve ultra-high precision and ultra long distance target detection. 

Quantum radar technology is a typical application of quantum sensing technology. It uses the 

principles of quantum entanglement and quantum interference to detect and locate the target by 

transmitting and receiving quantum signals. Compared with traditional radar technology, quantum 
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radar has higher detection accuracy and longer detection distance. This enables UAV to accurately 

identify and track targets in complex electromagnetic environment, and improves its application 

effect in military reconnaissance, environmental monitoring and other fields. 

In addition to the quantum radar technology, quantum sensors can also be applied to the 

environmental perception of UAVs. By using the high sensitivity and high precision characteristics 

of quantum sensing technology, UAV can better perceive the changes and characteristics of the 

surrounding environment. For example, in environmental monitoring tasks, UAVs can use quantum 

sensors to detect and analyze pollutants in the atmosphere with high precision. This will provide more 

accurate and timely data support for environmental protection and disaster early warning. 

In conclusion, the application of quantum communication technology in the field of UAV has broad 

prospects and potential. Quantum communication technology will inject new vitality and power into 

the development of UAV technology by improving communication security, improving data 

transmission efficiency, enhancing intelligent decision-making ability, and breaking through the 

application innovation of environmental perception and target detection technology. In the future, 

with the continuous progress of quantum technology and the rapid development of UAV technology, 

we have reason to believe that quantum communication technology will achieve more extensive 

application and innovation in the field of UAV, and bring more convenience and progress to human 

society. At the same time, we also need to pay attention to the challenges and problems that it may 

face in practical application, and actively explore solutions to ensure its healthy and sustainable 

development. 

4. CHALLENGES AND SOLUTIONS 

Although quantum communication technology has shown broad application prospects in the field of 

UAV, it still faces many challenges in practical application. These challenges are not only related to 

technology itself, but also related to economy, law, ethics and other aspects. This chapter will analyze 

the challenges of quantum communication technology in the field of UAV in detail, and put forward 

the corresponding solutions. 

4.1. Challenges 

Although the application of quantum communication technology in the field of UAV has broad 

prospects and potential, it still faces a series of challenges in terms of technology, cost and privacy 

protection. In this section, the challenges faced by the application of quantum communication 

technology in the field of UAV will be discussed in depth, and the reasons and impacts behind it will 

be analyzed. 

4.1.1. Technical maturity and reliability 

At present, quantum communication technology is still in its infancy, and many key technologies 

need further research and verification. The realization of quantum communication technology 

requires high-precision quantum manipulation and measurement technology, and the stability and 

reliability of these technologies need to be improved. The quantum state in the process of quantum 

communication is easily affected by environmental noise and interference, resulting in the loss and 

error of quantum information. Therefore, how to maintain the stability and reliability of quantum 

states in complex environments is a major challenge for quantum communication technology. 

In addition, the transmission distance and transmission rate of quantum communication technology 

are also limited by the current technical level. Due to the attenuation of quantum signal and the 

influence of noise, the transmission distance of quantum communication is relatively short, and it is 

difficult to achieve long-distance quantum communication. At the same time, the transmission rate 

of quantum communication is relatively low, which is difficult to meet the demand of high-speed data 
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transmission. These problems restrict the wide application of quantum communication technology in 

the field of UAV. In order to overcome these technical challenges, researchers need to constantly 

explore new quantum manipulation and measurement technologies, improve the stability and 

reliability of quantum communication, and extend the transmission distance and improve the 

transmission rate. 

4.1.2. Cost and resource issues 

The R&D and manufacturing of quantum communication equipment need high cost investment, 

including the salary of R&D personnel, the purchase of experimental equipment, the cost of testing 

and verification, etc. The research and development of quantum communication technology needs a 

research and development team with high professional knowledge and skills, and their salary and 

welfare are not small expenses. At the same time, the experimental equipment of quantum 

communication technology also needs high-precision manufacturing and testing, and the purchase 

and maintenance of these equipment are also very expensive. 

In addition to the R&D costs, the requirements for the operating environment of quantum 

communication technology are also high, requiring special laboratory environment and equipment 

support. In order to maintain the stability and reliability of quantum states, quantum communication 

equipment needs to operate in the environment of extremely low temperature and noise, which 

requires special laboratory equipment and environmental control equipment. These high costs and 

resource requirements limit the application of quantum communication technology in the field of 

UAV. In order to reduce the cost of quantum communication technology, researchers need to explore 

more cost-effective R&D and manufacturing methods, while optimizing the operating environment 

of quantum communication equipment and reducing the requirements on the environment. 

4.1.3. Privacy protection and ethical issues 

The high security of quantum communication technology also brings some privacy protection and 

ethical issues. On the one hand, the wide application of quantum communication technology may 

make the transmission of some sensitive information more secure, but it may also make some illegal 

acts more hidden. Due to the high confidentiality of quantum communication technology, some 

criminals may use this technology to carry out illegal activities, such as the transmission of illegal 

information, network attacks, etc. This will bring a certain threat to social security and stability. 

On the other hand, the use of quantum communication technology may also involve user privacy and 

data security issues. How to protect users' privacy and data security is a problem that needs to be 

solved while ensuring communication security. For example, in the field of UAV, if quantum 

communication technology is used to transmit users' sensitive information, how to ensure that these 

information will not be leaked or abused is an important privacy protection issue. In order to solve 

these privacy protection and ethical issues, researchers need to fully consider the needs of privacy 

protection and data security in the development and application of quantum communication 

technology, and formulate relevant laws, regulations and ethical standards to ensure the legal, 

compliance and ethical application of quantum communication technology. 

4.2. Solutions 

In view of the above challenges, this paper proposes the following solutions in order to promote the 

wide application and development of quantum communication technology in the field of UAV. 

4.2.1. Strengthen international cooperation and exchange 

Quantum communication technology is a global research field, and all countries are actively 

exploring and developing it. Strengthening international cooperation and exchange and jointly 

promoting the research, development and application of quantum communication technology are 

important ways to solve the current challenges. Through international cooperation, we can share 
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research results and experience, jointly overcome technical problems, and promote the rapid 

development of quantum communication technology. At the same time, international cooperation can 

also promote the standardization and normalization of quantum communication technology, and 

provide strong support for its wide application in the field of UAV. 

4.2.2. Strengthen policy support 

The government plays an important role in the development of quantum communication technology. 

Increasing policy support to provide strong guarantee for the industrialization of quantum 

communication technology is the key to promote its application in the field of UAV. The government 

can guide and support the research, development and application of quantum communication 

technology by formulating relevant policies and plans. At the same time, the government can also 

increase investment in the quantum communication technology industry, encourage enterprises to 

actively participate in the R&D and application of quantum communication technology, and promote 

its industrialization process. 

4.2.3. Focus on talent training and team building 

Quantum communication technology is a highly specialized field, which needs a team of 

professionals with innovative spirit and practical ability to support. Therefore, focusing on talent 

training and team building is an important guarantee to promote the application of quantum 

communication technology in the field of UAV. Universities and scientific research institutions can 

strengthen the construction and personnel training of quantum communication technology related 

majors, and cultivate a group of quantum communication technology professionals with solid 

theoretical basis and practical experience. At the same time, enterprises can also actively participate 

in talent training and team building, and improve the professional skills and quality of employees 

through internal training, external cooperation and other ways. 

4.2.4. Strengthen the construction of laws and regulations and the guidance of ethical 
norms 

While promoting the application of quantum communication technology, we must strictly abide by 

relevant laws, regulations and ethical norms to ensure that user privacy and data security are not 

violated. The government can strengthen the construction of laws and regulations, formulate and 

improve the laws, regulations, standards and specifications related to quantum communication 

technology, and provide legal protection for its application in the field of UAV. At the same time, all 

sectors of society should also strengthen the guidance of ethical norms and advocate the legal, 

compliant and moral use of quantum communication technology to ensure its healthy development 

and maximize social welfare. 

Quantum communication technology has broad application prospects in the field of UAV, but it also 

faces many challenges. It is expected to promote the wide application and development of quantum 

communication technology in the field of UAV by strengthening international cooperation and 

exchange, increasing policy support, focusing on talent training and team building, and strengthening 

the construction of laws and regulations and the guidance of ethical norms. In the future, with the 

continuous progress of quantum technology and the rapid development of UAV technology, quantum 

communication technology is expected to achieve a wider range of applications and innovations in 

the field of UAVs, and bring more convenience and progress to human society. At the same time, we 

also need to remain vigilant and cautious, pay attention to the constraints and guidance of ethics and 

international regulations while promoting the development of technology, and ensure the healthy 

development of quantum communication technology and the maximization of social welfare. 
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5. CONCLUSION 

The application prospect of quantum communication technology in the field of UAV is broad and 

full of challenges. Through the application of quantum communication technology, UAV will achieve 

a qualitative leap in communication security, data transmission efficiency, intelligent decision-

making ability, environmental perception and target detection technology. However, in order to truly 

realize the wide application of quantum communication technology in the field of UAV, we still need 

to overcome the challenges of technology maturity, reliability, cost and resources, and privacy 

protection. In the future, with the continuous progress of quantum technology and the rapid 

development of UAV technology, we have reason to believe that the application of quantum 

communication technology in the field of UAV will be more extensive and in-depth, injecting new 

vitality and power into the development of UAV technology. At the same time, we also need to remain 

vigilant and cautious, pay attention to the constraints and guidance of ethics and international 

regulations while promoting the development of technology, and ensure the healthy development of 

quantum communication technology and the maximization of social welfare. 
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