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Abstract

With the vigorous development of e-commerce, the field of logistics distribution is facing more and more
challenges. In order to meet the growing demand for delivery and enhance the shopping experience of
consumers, drone logistics technology has gradually attracted attention. In recent years, drone technology has
made great progress in the field of logistics distribution. However, its development still faces many challenges.
These include the lack of technological maturity, legal and regulatory restrictions, security and other issues.
At the same time, drones flying in urban environments need to overcome many obstacles, such as air traffic
control and ground obstacles. Despite the challenges, the application prospects of drone logistics technology
are still broad. Especially in the field of end-city delivery, drones can break through the limitations of
traditional delivery methods, improve delivery efficiency and reduce costs. Through the comprehensive
utilization of distribution resources such as drones and vehicles, the optimization and coordination of
distribution networks are expected to further promote the development of the logistics industry. The future
research direction will focus on the precision delivery of UAV logistics, the optimization of logistics supply
chain and the collaborative application of multiple distribution methods. In view of the existing problems, this
paper puts forward some improvement suggestions, including strengthening technology research and
development, improving relevant laws and regulations, and improving flight safety. At the same time, future
research should pay more attention to the collaborative operation of drones and other distribution methods, as
well as the application exploration in specific scenarios, so as to provide effective support for the further

development of UAV logistics technology.
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1. Introduction
1.1 Research background

With the continuous advancement of urbanization, the lifestyle and consumption habits of urban residents
have undergone great changes. The traditional way of shopping has been gradually replaced by e-commerce,
and online shopping has become the choice of more and more people. The rise of this trend has brought
unprecedented challenges to the logistics distribution system. Under the background of urbanization, the
terrain of the city is becoming more and more complex, and the traffic congestion problem is becoming more
and more prominent, which makes the traditional logistics distribution mode face a severe test. Especially in
the "last kilometer" distribution link of the city, the traditional manual distribution has encountered a series of

problems, including uncertain distribution time, wide distribution range and high cost [!l. In this context,
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people began to actively seek a new distribution model to meet the challenges, among which drone delivery
has gradually become the focus of attention. Drone delivery is favored for its flexibility and efficiency 2!,
Compared with traditional logistics delivery methods, drones can flexibly fly in complex urban environments,
bypass ground traffic congestion and complex terrain, and achieve fast and direct delivery services. This
efficient distribution method can greatly shorten the distribution time, improve the distribution efficiency, and
meet people's growing shopping needs.

1.2 Research significance

As a new type of logistics distribution, UAV distribution has many advantages and is of great significance
to the modernization and intelligent development of urban logistics distribution.

First of all, drones are not limited by topography and can flexibly adapt to complex urban environments [4].
The traditional logistics distribution mode is restricted by road traffic conditions, topography and other factors,
and the distribution efficiency is often limited. However, drones can fly freely in the air, bypass traffic
congestion and complex terrain, and fly in a straight line to reach the destination, thus greatly shortening the
delivery path and time, and improving the delivery efficiency.

Secondly, drone delivery can improve delivery efficiency and shorten delivery time, thereby improving
customer satisfaction. Due to the rapid flight capability of the UAV, the goods can be delivered directly from
the warehouse or distribution center to the customer's hands, eliminating the transfer link and waiting time in
traditional logistics distribution, and quickly meeting the customer's distribution needs, thus improving
customer experience and satisfaction.

At the same time, drone delivery can also reduce distribution costs and save human resources. Traditional
logistics distribution requires a large number of human resources to operate and manage, with high cost and
limited efficiency. However, drone delivery does not require human control and can be automated, saving
labor costs and labor resources, while reducing the total cost of distribution.

Therefore, it is very important to study the route planning of UAV delivery to solve the many challenges
faced by urban logistics distribution. Through reasonable planning of the flight path of the UAV, the
distribution efficiency can be further improved, the cost can be reduced, and the intelligent and modern
development of urban logistics distribution can be promoted. Effective path planning enables drones to fly
efficiently and safely in urban airspace, ensuring that goods are quickly and accurately delivered to their
destinations, and bringing new development opportunities and possibilities for urban logistics distribution.
1.3 Research review

At home and abroad, UAV delivery has become a field actively explored by many enterprises and research
institutions, and its practice and research provide valuable experience and reference for the development of
UAV delivery.

First of all, some well-known international companies such as Amazon, DHL and Google have made
significant progress in the practice of drone delivery projects. Amazon's Prime Air program aims to enable
drone delivery of express packages, using drones to deliver goods directly from warehouses to customers to
improve delivery speed and efficiency. DHL's drone site delivery project attempts to use drones to deliver

goods in the last mile at fixed stations in the city to solve the problem of end distribution. Google's "Project
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Wing" explores the use of drones in emergency relief and humanitarian aid, using drones to quickly deliver
supplies and medical supplies to remote areas.

In addition, the International Organization for Standardization has also formulated the world's first draft
standard for the use of drones in the field of drone distribution, laying the foundation for the standardization
and standardization of drone distribution. The introduction of these standards will help improve the safety and
reliability of drone delivery and promote the global development of drone delivery technology.

In China, some well-known logistics companies such as Meituan, SF Express, and Xunyi have also begun
to actively explore the application of drone delivery. Meituan delivers takeaway food to customers through
drones, improving delivery efficiency and service quality; St Express uses drones to carry out logistics
distribution in rural areas, making up for the gap that traditional logistics cannot cover; Xunyi conducts
technology research and development and practical exploration in the field of drone distribution, and is
committed to creating a more intelligent and efficient distribution system.

The practice and research of these domestic and foreign enterprises and research institutions provide rich
experience and cases for the development of drone delivery, and provide us with valuable research materials
and reference materials. By drawing on its successful experience and technical achievements, we can better
promote the innovation and application of drone delivery technology and realize the transformation and

upgrading of the logistics distribution field.

2. Risk and challenge

In the process of integrating drones into end-city delivery, there are a number of challenges, mainly
focusing on technology, legal regulations, and safety:
2.1 Lack of technical maturity

Although drone technology has made significant progress, its technological maturity in the field of end-
city delivery still faces challenges. Especially in complex urban environments, UAVs need to have a high
degree of autonomous flight, accurate obstacle avoidance technology and long-term endurance. The current
level of technology may not be able to fully meet the diverse distribution needs and complex terrain
requirements in cities. For example, in busy urban environments, drones need to be able to precisely avoid
buildings, vehicles and other obstacles, while ensuring efficient distribution path planning and real-time
adjustment, which puts higher demands on the technical performance of drones.
2.2 Legal and regulatory restrictions

Drones are subject to strict laws and regulations in end-city delivery. These restrictions involve airspace
management, flight safety, privacy protection and many other aspects. The lack of unified laws and regulations
has hindered the practice of drone delivery to a certain extent and increased the uncertainty in the delivery
process. For example, different regions may have different flight heights, flight times, flight routes, etc., which
brings challenges to the planning and execution of drone deliveries. Therefore, it is necessary to work closely
with relevant departments and policy makers to establish a sound legal and regulatory system to provide clear

guidance and guarantee for drones in end-city deliveries.

International Journal for Innovation Education and Research Vol.12 No.2 (2024), pg. 3



https://scholarsjournal.net/index.php/ijier

UAV Logistics Technology: Challenges and Prospects

2.3 Security

The safety of drones is crucial in the process of end-city delivery. Drone flight may face a variety of
challenges, such as weather mutations, battery failures, flight area obstacles, etc., any one of the safety
problems may lead to serious consequences, and even threaten the safety of personnel and property. Therefore,
it is crucial to ensure the safety of the drone delivery process. This requires a series of technical means and
management measures to prevent and cope with potential safety risks, such as the adoption of high-precision
flight control systems and sensors to monitor the flight status of UAVs, the establishment of perfect flight
plans and emergency treatment programs, and the strengthening of training and management of UAVs pilots

to improve their ability to cope with emergencies.

3. Advantages and prospects

In the development process of integrating drones into urban end-distribution, there are some obvious
advantages and development prospects, mainly reflected in the following aspects:
3.1 Improve distribution efficiency

Compared with traditional delivery methods, drone delivery has significant advantages, which can bypass
traffic congestion and complex terrain and topography, and directly achieve fast and direct delivery services.
This means that the drone can complete the delivery task in a shorter time, which greatly reduces the delivery
time. This is important to meet consumer demand for fast delivery, improve delivery efficiency and enhance
customer satisfaction.
3.2 Reduce cost

Another advantage of drone delivery is that it can effectively reduce the cost of end-delivery. Compared
with traditional manual delivery methods, drone delivery does not need to pay labor costs, and does not need
to consider additional costs such as transportation costs. In addition, the UAV has the characteristics of
automated operation, which can achieve large-scale and high-frequency distribution, further reducing the total
cost of distribution. For logistics enterprises, this means higher efficiency and more competitive pricing
strategy, which brings more considerable profits for enterprises.
3.3 Expand the scope of service

Drone delivery can expand the scope and coverage of delivery services, and make up for the shortage of
traditional delivery methods limited by geographical environment and human resources. Because drones can
fly over obstacles and cross complex terrain, delivery services to remote areas or areas with difficult
transportation can be realized. This provides convenient logistics services for more people, meets the
distribution needs of different regions and groups, and improves the coverage and popularity of distribution
services.
3.4 Promote industrial upgrading

The development of drone delivery has promoted the upgrading and intelligent development of the
logistics industry. By introducing advanced technical means to improve distribution efficiency and service
quality, the competitiveness and market share of the logistics industry can be improved. At the same time,

drone delivery has also promoted the upgrading and development of related industrial chains, including the
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development of drone manufacturing, distribution management software, flight control systems and other
fields. This has brought new development opportunities for the entire logistics industry, and stimulated the

innovation and competitiveness of enterprises.

4. Development proposal

In the process of promoting the integration of drones into end-city delivery, development proposals need
to be made from the following aspects to address technical, legal and regulatory challenges and safety:
4.1 Strengthen technology research and development

1) In terms of research and development and innovation of DRone-related technologies, there is a need
to increase funding and resource investment to accelerate the development of technology. This includes
increasing the level of intelligence of drones so that they can better perceive their environment, make decisions,
and complete tasks autonomously. At the same time, it is necessary to continuously improve the flight
performance of UAVs, including improving stability, flight speed and endurance, to meet the needs of different
environments and missions.

2) The key technologies of UAVs, such as sensors, autonomous navigation systems and obstacle
avoidance technology, need to be studied in depth. These technologies are critical to the adaptability and safety
of drones in complex urban environments. By improving the accuracy and coverage of sensors, improving the
algorithm and performance of autonomous navigation systems, and strengthening the research and
development of obstacle avoidance technology, the operation capability and safety of drones in urban
environments can be effectively improved.

3) Promoting the deep integration of drones with emerging technologies such as artificial intelligence,
big data and the Internet of Things is the key to achieving intelligent and efficient drone delivery. By
combining drones with artificial intelligence technology, intelligent path planning, task assignment and flight
control can be achieved. At the same time, the use of big data technology can optimize and manage the
distribution network to improve distribution efficiency and service quality. The Internet of Things technology
can realize the interconnection between drones and other equipment and systems, achieve information sharing
and collaborative work, and further improve the efficiency and flexibility of distribution.

4.2 Improve relevant laws and regulations

1) Formulate and improve the relevant laws and regulations of UAV delivery, clarify the flight rules and
management system of UAV in urban airspace, and ensure the safety and legality of UAV flight.

2) Strengthen the supervision and management of drone delivery, establish a sound drone delivery
management platform, and strengthen the monitoring and management of drone flight trajectory, data security
and other aspects.

The introduction of future restrictive policies and laws and regulations may have an impact on the current
planning and expected effects of drone logistics. Especially in China, the airspace management methods are
relatively strict, which may cause certain obstacles to the development of UAV logistics, such as restrictions
on flight scope and area. However, clear laws and regulations can provide the public with a legal framework

with boundaries, allowing them to make judgments and choices about drone logistics within the framework.
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Therefore, the improvement of laws and regulations has a positive effect on the development of UAV logistics
(51
4.3 Improve flight safety

1) Strengthening the training and management of drone pilots is a key step to ensure flight safety. Ensure
that pilots have good flying skills and operational experience by providing systematic and comprehensive
training. This includes being familiar with the operating interface of the UAV, mastering flight procedures and
responding to emergencies. Through regular training and evaluation, the skill level of pilots can be
continuously improved, thereby improving flight safety and reducing the incidence of accidents.

2) Strengthening the UAV flight safety monitoring and early warning system is an important means to
ensure flight safety. This includes installing high-precision sensors and monitoring equipment to monitor the
drone's flight status and surrounding environment. Through real-time monitoring and data analysis, timely
detection and response to flight safety risks, such as sudden weather changes, aircraft failures, etc. The early
warning system can alert pilots and relevant management departments, take timely measures to reduce risks,
and effectively reduce the incidence of flight accidents.

3) Strengthening coordination and cooperation with air traffic management departments is an important
guarantee to ensure the flight safety of UAVs. This includes working closely with civil aviation authorities
and air traffic control to ensure the safe separation of drone flights from other aircraft. By sharing flight plans
and flight data, coordinate flight paths and flight periods to avoid mid-air collisions and accidents. In addition,
an effective communication mechanism and cooperation platform should be established to solve in-flight

safety problems and emergencies in a timely manner to ensure the safety and smooth flow of air traffic.

5. Conclusion

Through this study, we have delved into the application prospects and challenges of drone technology in
urban logistics distribution. Although drone logistics has great potential in improving delivery efficiency and
reducing costs, it still faces many challenges such as technological maturity, laws and regulations, and security.
Despite the numerous challenges, we are confident in the development of drone logistics technology. We
believe that through continuous efforts and innovation, these challenges will ultimately be overcome, and
drone logistics will play an increasingly important role in the future. This study provides certain insights for
the future development of unmanned aerial vehicle logistics technology, hoping to provide some reference for

research and practice in related fields.
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