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Abstract. Background and Significance: With the rapid advancement of drone technology, 
automatic navigation systems have become one of the most critical components, playing an 
increasingly vital role in modern technological applications. As drones become more integral to 
various industries, the need for sophisticated navigation systems that can operate autonomously 
and efficiently has grown exponentially. These systems not only enhance the operational capabilities 
of unmanned aerial vehicles (UAVs) but also expand their potential uses across diverse fields such 
as agriculture, logistics, defense, and environmental monitoring. Understanding the development 
and current state of UAV automatic navigation technology is crucial for anticipating future trends and 
guiding innovation in this rapidly evolving field. Contribution of This Study: This article offers a 
comprehensive exploration of the evolution of UAV automatic navigation technology, providing a 
detailed analysis of its current applications across different sectors. By evaluating existing 
technologies and their performance, the study highlights the strengths and limitations of current 
systems, offering insights that can drive future advancements. Additionally, the article predicts and 
discusses potential future trends in UAV navigation technology, aiming to contribute to the ongoing 
innovation and broader adoption of these systems. This work serves as a valuable reference for 
researchers and practitioners looking to advance UAV automatic navigation technology and explore 
new application possibilities. 
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1. Introduction 

As technology rapidly advances, drone technology has demonstrated immense potential and value 

across various fields. In particular, the automatic navigation technology of drones, which serves as a 

core component, allows drones to autonomously execute flight tasks without requiring remote control 

[1]. This capability is especially valuable in enhancing operational efficiency, reducing labor costs, 

and enabling operations in hazardous or inaccessible environments [2]. The importance of this 

technology cannot be overstated, as it opens up new possibilities for drones to perform complex tasks 

in areas such as agriculture, logistics, disaster response, and environmental monitoring. 

This report seeks to provide a comprehensive analysis of the current state of unmanned aerial 

vehicle (UAV) automatic navigation technology. It identifies the limitations and challenges faced by 

existing technologies, offering a critical evaluation of where current systems fall short [3]. 

Additionally, the report explores future research directions, aiming to highlight areas where further 

innovation is needed to overcome these challenges. By systematically reviewing the existing literature, 

this article outlines the research prospects and technological development trends in the field, 

providing valuable insights for both researchers and industry professionals [4]. 

Contributions of this study include: 

A detailed analysis of the evolution and current state of UAV automatic navigation technology. 

Identification of key limitations in existing systems and technologies. 

Exploration of future research directions and potential innovations in UAV navigation. 

Offering a forward-looking perspective on the technological trends that will shape the future of 

drone navigation systems. 
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2. Technical Overview 

2.1. Environmental Perception 

The environmental perception capability of drones is a prerequisite for achieving automatic 

navigation. By utilizing devices such as LiDAR, cameras, and infrared sensors, drones can identify 

and avoid obstacles, ensuring flight safety [5]. The data from these sensors needs to be analyzed 

through image processing and machine vision algorithms in order for the machine to make accurate 

judgments about the surrounding environment. 

2.2. Positioning and Navigation 

Accurate positioning system is an indispensable part of unmanned aerial vehicle automatic 

navigation [6]. GPS and other global navigation satellite systems provide basic location information 

for drones, while inertial navigation systems are used to compensate for unstable or lost satellite 

signals. In addition, ground station assistance and visual SLAM technology also provide the 

possibility for precise positioning of drones [7]. 

The flight control system is responsible for converting sensor data into control commands to ensure 

stable flight of the drone along the preset route [8]. This includes methods ranging from simple PID 

control to complex adaptive control and model-based predictive control. 

2.3. Mission Planning 

The mission planning function of drones enables them to adjust their routes based on real-time 

conditions and respond to dynamically changing mission requirements [9]. This requires drones to 

have a high degree of autonomy and be able to perform complex tasks such as automatic tracking and 

fixed-point monitoring. 

2.4. Inertial Navigation System (INS)  

Inertial navigation systems achieve autonomous navigation by measuring the acceleration and 

angular velocity of unmanned aerial vehicles, calculating their position, velocity, and attitude [10]. 

Inertial navigation systems are completely autonomous and not affected by external signal 

interference, but errors accumulate over time and need to be combined with other navigation systems 

to improve accuracy. Inertial navigation systems are widely used in the field of drones, providing 

stable position, velocity, and attitude information to support drones in completing various tasks. 

3. UAV Applications 

3.1. Unmanned Delivery 

Instant delivery service: Companies such as Meituan use drones for instant delivery services, 

especially in urban environments, to meet the urgent needs of consumers. This type of service 

typically requires drones to have efficient autonomous navigation capabilities to ensure accurate and 

rapid delivery tasks in complex urban terrains. 

Express logistics: With the rapid development of e-commerce, the application of drones in express 

delivery is becoming increasingly widespread. Through autonomous navigation systems, drones can 

autonomously fly between warehouses and destinations, reducing labor costs and improving delivery 

efficiency. 

3.2. Precision Agriculture 

Farmland monitoring: The application of drones in the agricultural field is mainly reflected in the 

precise monitoring of farmland. Drones can be equipped with high-definition cameras and 

multispectral sensors, and regularly patrol farmland through automatic navigation technology to 

collect information such as soil moisture and crop growth status. These data help farmers to irrigate, 
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fertilize, and prevent pests and diseases more accurately, improving agricultural production efficiency 

and yield. 

Planting management: In addition to monitoring, drones can also play a role in sowing, spraying 

pesticides, and other processes. Through high-precision autonomous navigation technology, drones 

can evenly sow and spray seeds according to preset routes, which not only improves operational 

efficiency but also reduces labor and material costs. 

3.3. Military Applications 

Reconnaissance and Surveillance: Drones provide real-time video and data in border patrols and 

battlefield environment reconnaissance. 

Target positioning: Automatic navigation technology helps drones accurately locate targets and 

perform precise strike missions. 

Communication relay: Automatically navigate to specific locations in complex environments to 

provide communication support for ground units. 

3.4. Environmental Monitoring and Disaster Rescue 

Forest fire monitoring: Automatic navigation technology helps drones monitor forest fires and 

guide firefighting efforts. 

Pollution monitoring: Drones automatically fly in specific areas to collect air or water quality 

samples for analysis. 

Search and Rescue: After natural disasters occur, drones quickly locate affected individuals or 

areas, improving rescue efficiency. 

4. Technical Challenges and Future Trends 

4.1. Technical Challenges 

4.1.1. Environmental Perception and Understanding. 

Perception in complex environments: In complex and ever-changing environments such as urban 

canyons and forest areas, the sensors of drones need to accurately perceive and understand the 

environment, avoid obstacles, and ensure safe flight. 

Dynamic environmental adaptability: For moving targets or changing terrain, the perception 

system of drones needs to have high real-time and accuracy to achieve rapid response. 

4.1.2. Positioning accuracy and reliability. 

GPS signal restricted area: indoors, under bridges, or in areas with strong signal interference, GPS 

signals may be distorted or lost, affecting positioning accuracy. 

Multipath effect: In environments with reflective surfaces, such as cities with high-rise buildings, 

GPS signals may experience errors due to reflection. 

4.1.3. Sensor limitations. 

Limitations of sensors: Existing sensors may be affected by weather conditions, changes in lighting, 

and other factors, which can reduce navigation performance. 

Data fusion challenge: How to efficiently integrate data from different sensors to provide 

consistent navigation information is a key issue. 

4.1.4. Algorithms and computing power. 

Data processing requirements: With the increase in the number of sensors and the complexity of 

navigation algorithms, the demand for onboard computing power also increases. 

Real time processing and decision-making: Drones must process large amounts of data and make 

flight decisions in a very short amount of time, which places extremely high demands on algorithm 

efficiency. 
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4.1.5. Autonomous decision-making and learning ability. 

Autonomous decision-making: Without human intervention, drones need to have a high degree of 

autonomous decision-making ability to cope with unpredictable environmental changes. 

Machine learning applications: How to effectively utilize machine learning and artificial 

intelligence technologies to enable drones to quickly learn and adapt to unknown environments is an 

important research direction. 

4.1.6. Security and privacy protection. 

Collision avoidance: In complex or crowded flight environments, drones must be able to 

effectively avoid collisions with other aircraft or obstacles. 

Privacy protection: How to balance security monitoring and personal privacy protection when 

performing monitoring tasks is a sensitive and complex issue. 

4.1.7. Regulations and standards. 

Compliance with regulations: With the widespread application of drone technology, how to 

comply with constantly changing aviation regulations and flight standards has become a major 

challenge. 

Cross border collaboration: In the context of multi country cooperation and operation, it is 

necessary to coordinate the regulatory standards of different countries to ensure the global 

compatibility of unmanned aerial vehicle systems. 

4.2. Future Trends 

The development of future unmanned aerial vehicle (UAV) automatic navigation technology will 

tend towards intelligence, collaboration, and multifunctionality. Intelligence means that drones will 

have stronger autonomous decision-making capabilities; Collaboration refers to the ability of multiple 

drones to achieve closer collaboration; Multifunctionality requires drones to be able to adapt to a 

wider range of task requirements. 

The application of artificial intelligence and machine learning will significantly enhance the 

autonomous decision-making ability of drones and improve their adaptability in complex 

environments. 

The application of high-speed networks such as 5G will make remote collaborative operations and 

real-time data transmission more efficient. 

5. Conclusion 

This paper delves into the core technology of drone automatic navigation, which is essential for 

achieving true autonomous flight and significantly enhancing the operational efficiency and safety of 

drones. The study explores the integration of multiple sensor data with advanced algorithms, 

highlighting the gradual improvements in autonomous navigation capabilities. Despite these 

advancements, challenges remain in enhancing the system's robustness and adaptability in complex 

and dynamic environments. The paper provides a comprehensive analysis of these issues, offering 

insights into current technological progress and limitations. 

Looking ahead, the future of unmanned aerial vehicle (UAV) automatic navigation technology is 

poised to reveal its unique value across a wider range of applications, particularly in environments 

that are hazardous or difficult for humans to access. Future research should prioritize the enhancement 

of system intelligence, the optimization of human-machine interaction, and the resolution of legal and 

ethical challenges. These efforts are essential for promoting the healthy and sustainable development 

of drone technology, ensuring its broad and responsible application in society. 
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