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Abstract: With the rapid development of
e-commerce and the logistics industry,
delivery drones, as a new type of logistics
transportation tool, are gradually attracting
widespread attention. Path planning is a key
link for the efficient and safe execution of
tasks by delivery drones. Deep learning, as an
important branch in the field of artificial
intelligence, provides new ideas and methods
for the path planning of delivery drones. This
paper explores the significance and challenges
of path planning for delivery drones, analyzes
the applicability of deep learning in path
planning, studies the key technologies of path
planning for delivery drones based on deep
learning, including data collection and
preprocessing, deep learning model
construction, model training and optimization,
etc., and looks forward to its application
prospects. It aims to provide theoretical
support and practical guidance for the
development of path planning technology for
delivery drones.
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1. Introduction
In recent years, e-commerce has witnessed
explosive growth, and the demand for logistics
and distribution has also been increasing day by
day [1]. Traditional ground delivery methods
have gradually revealed limitations such as low
efficiency and high costs when dealing with
urban traffic congestion and delivery difficulties
in remote areas [2]. Delivery drones, with their
advantages such as strong flexibility, high speed,
and no restrictions from ground transportation,
have become an effective means to solve the
"last mile" problem in logistics and distribution
[3]. However, to achieve efficient and safe
operation of delivery drones, path planning is the
key. Reasonable path planning can ensure that
the unmanned aerial vehicle accurately delivers
goods to the destination in the shortest time and

with the lowest energy consumption, while
avoiding collisions with other aircraft, obstacles,
etc. Deep learning, as an important branch of
artificial intelligence, has brought new
opportunities for the path planning of delivery
drones with its powerful data learning and
processing capabilities. The research on the path
planning of delivery drones based on deep
learning has significant theoretical and practical
significance. Theoretically, it can enrich the
theoretical system of unmanned aerial vehicle
(UAV) path planning and provide a new
direction for the application of deep learning in
the logistics field. In terms of practice, it helps to
enhance the operational efficiency and service
quality of delivery drones, reduce logistics costs,
and promote the intelligent development of the
logistics industry.
In terms of path planning, some studies have
focused on using traditional optimization
algorithms for path planning. For instance, Yuan
Luo [4] proposed a path planning method for
delivery drones based on genetic algorithms. By
simulating the biological evolution process, the
path scheme is continuously optimized to
achieve the goals of the shortest delivery time
and the lowest energy consumption. In addition,
with the development of artificial intelligence
technology, the application of deep learning in
the path planning of delivery drones has
gradually attracted attention. Chronis et al. [5]
utilized convolutional neural networks (CNNS)
to process environmental images, extract
obstacle information, and combined
reinforcement learning algorithms to achieve
autonomous path planning for delivery drones,
achieving good experimental results.

2. The Importance and Challenges of Route
Planning for Delivery Drones
Path planning for delivery drones is of great
significance in multiple aspects. From the
perspective of improving delivery efficiency,
reasonable path planning can enable drones to
avoid congested areas and complex terrains,
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select the optimal flight route, and shorten flight
time [6]. For instance, in an urban environment,
avoid high-rise buildings and busy streets, and
choose to fly in open areas to reduce waiting and
detour time. In terms of reducing energy
consumption costs, by optimizing flight routes
and minimizing unnecessary flight distances and
altitude changes, energy consumption can be
reduced, the endurance of unmanned aerial
vehicles (UAVs) can be prolonged, and
operating costs can be lowered [7]. Enhancing
safety is also a crucial point. Delivery drones
face various safety risks during flight, such as
collisions with other aircraft and encountering
bad weather. Path planning can monitor the
surrounding environment information in real
time, avoid dangerous areas in advance, and
ensure safe flight.
However, the path planning of delivery drones
also faces many challenges. Complex
environment perception is the primary issue.
Delivery drones need to fly in complex
environments including urban buildings,
mountains, rivers, etc. Accurately sensing the
surrounding environmental information is a
prerequisite for achieving path planning.
However, at present, problems such as
insufficient detection accuracy of small targets
and low-altitude obstacles in environmental
perception technology still exist. Avoiding
dynamic obstacles is also a challenge. During
flight, one may encounter dynamic obstacles
such as birds and other drones. It is not easy to
monitor their movement status in real time and
make quick obstacle avoidance decisions. In
addition, in practical applications, it is often
necessary for multiple delivery drones to
perform tasks simultaneously. To achieve
collaborative path planning among multiple
drones, avoid collisions and conflicts, and
improve overall delivery efficiency, this is also
an urgent problem to be solved [8].

3. Analysis of the Applicability of Deep
Learning in the Path Planning of Delivery
Drones
Deep learning, as a machine learning method
based on artificial neural networks, has
demonstrated powerful data learning and
processing capabilities in numerous fields in
recent years, providing brand-new ideas and
means for solving complex problems. It has
many remarkable features, which make it highly
applicable in the path planning of delivery

drones.
One prominent feature of deep learning is
automatic feature extraction. In traditional
machine learning methods, feature engineering
is a crucial and cumbersome step that requires
professionals to manually design and select
features based on specific problems and data
characteristics. This not only consumes a great
deal of time and effort but also the quality of the
features largely depends on the experience and
professional knowledge of the personnel. Deep
learning models, however, are different. They
can automatically mine and extract useful
features from raw data. Taking the
environmental image data obtained by delivery
drones as an example, deep learning models can
automatically identify key elements such as
buildings, trees, and obstacles in the images
without the need for manual annotation and
feature design. This significantly reduces the
workload of feature engineering and improves
the efficiency and accuracy of data processing.
Deep learning also has a powerful ability for
nonlinear modeling. In the real world, many
problems present complex nonlinear
relationships, and the path planning of delivery
drones is no exception. The environmental
factors and mission requirements that unmanned
aerial vehicles (UAVs) encounter during flight
are intertwined, forming a complex nonlinear
system. Deep learning models, through the
stacking of multi-layer neural networks and
complex nonlinear activation functions, can
effectively capture and model these complex
nonlinear relationships, thereby better fitting the
data distribution in practical problems and
providing a more accurate decision-making basis
for path planning.
In addition, well-trained deep learning models
have good generalization ability. This means that
the model can still demonstrate good
performance when dealing with data it has never
seen before. In the practical application of
delivery drones, the environment is constantly
changing, and new obstacles, weather conditions,
etc. may all emerge. Deep learning models,
through training on a large amount of diverse
data, can learn the universal patterns and
features in the data, and thus can still make
reasonable path planning decisions when facing
new environments.
In the specific scenario of path planning for
delivery drones, the advantages of deep learning
are more obvious. It can efficiently process
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high-dimensional and complex environmental
information, such as images and radar data.
Through in-depth analysis and processing of
these data, drones can accurately perceive the
surrounding environment, identify potential
obstacles and dangerous areas, and provide
reliable information support for path planning.
Meanwhile, deep learning models possess rapid
decision-making capabilities, capable of
processing and analyzing input data within a
short period of time and making corresponding
decisions. This is crucial for the real-time path
adjustment and obstacle avoidance operations of
unmanned aerial vehicles (UAVs) during flight,
ensuring their safe and efficient operation in
complex environments. Moreover, deep learning
models possess the characteristic of adaptive
learning and can adapt to different environments
and task requirements through continuous
learning and training. With the accumulation of
data and the continuous optimization of the
model, the performance of its path planning will
keep improving, providing a strong guarantee for
the wide application of delivery drones.

4. Key Technologies for Path Planning of
Delivery Drones Based on Deep Learning
Data acquisition and preprocessing are based on
the foundation of deep learning path planning.
To train deep learning models, a large amount of
data related to the path planning of delivery
drones needs to be collected, including
environmental images, radar data, and drone
status information, which can be carried out
through actual flight experiments, simulation,
and other methods. The raw data collected often
has problems such as noise and missing values,
and thus requires preprocessing. Data cleaning
can remove noise and outliers. Data
normalization can scale the data to a specific
range, improving the stability and convergence
speed of model training. Data augmentation
generates more samples by transforming the
original data, increasing data diversity and
enhancing the generalization ability of the
model.
The construction of deep learning models is the
core link. Convolutional neural networks (CNNS)
are specifically designed for processing image
data and can automatically extract image
features. In the path planning of delivery drones,
they can be utilized to analyze environmental
images and identify information such as
obstacles and target positions. Recurrent neural

networks (RNNS) and their variants are suitable
for processing sequential data, such as
unmanned aerial vehicle (UAV) status
information and historical paths. Long
Short-Term Memory networks (LSTM) and
gated recurrent units (GRU), as variants of
RNNS, can effectively address the vanishing and
exploding gradients of traditional RNNS, better
handle long sequence data, and be used for
modeling the historical states and paths of
unmanned aerial vehicles (UAVs) to predict
future flight trends. Deep reinforcement learning
models combine the advantages of deep learning
and reinforcement learning. They regard
unmanned aerial vehicles (UAVs) as agents and
the environment as the state space. The path
planning problem is transformed into a
reinforcement learning sequence
decision-making problem. Through the
interaction between the agent and the
environment, the optimal strategy is learned.
Different paths are constantly tried and the
strategy is adjusted according to environmental
feedback. Eventually, the optimal path planning
strategy is learned.
Model training and optimization determine the
performance of path planning. Selecting the
appropriate loss function and optimization
algorithm is crucial for the training of deep
learning models. The loss function measures the
gap between the model's predicted results and
the actual results, while the optimization
algorithm adjusts the model parameters to
minimize the loss function. Commonly used
optimization algorithms include Stochastic
Gradient Descent (SGD), Adam, etc. To enhance
the performance of the model, methods such as
model fusion and hyperparameter adjustment
can be adopted to optimize the model. Model
fusion combines the prediction results of
multiple models to enhance the accuracy and
stability of predictions. Hyperparameter
adjustment involves adjusting the model's
hyperparameters, such as learning rate and batch
size, to find the optimal model configuration.

5. Prospects for the Application of Path
Planning for Delivery Drones Based on Deep
Learning
Path planning for delivery drones based on deep
learning is demonstrating extremely broad
application prospects in multiple fields due to its
unique advantages. In urban logistics
distribution scenarios, delivery drones are like
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"express delivery elves" shuttling between
buildings. It can deliver goods to the destination
quickly and efficiently. For the distribution of
items with extremely high requirements for
timeliness, such as emergency medicines and
fresh food, its advantages are fully demonstrated.
Deep learning path planning is like equipping
drones with a "super navigator", enabling them
to accurately perceive obstacles in complex
urban environments, fly safely and quickly,
significantly enhancing the efficiency of urban
logistics and distribution, improving service
quality, and allowing consumers to receive their
desired goods more quickly.
In remote areas such as mountainous regions and
islands, the inconvenience of ground
transportation keeps the cost of logistics and
distribution high. Delivery drones, with their
flexible flight capabilities, can easily overcome
geographical obstacles and achieve rapid
delivery. Deep learning path planning will plan
the optimal flight route based on the unique
terrain, variable weather and other conditions in
remote areas, which not only improves the
reliability of distribution but also reduces
economic costs.
In terms of the distribution of emergency rescue
supplies, when natural disasters, sudden
incidents and other emergencies occur, timely
distribution of rescue supplies is a race against
time. Delivery drones can respond quickly, and
deep learning path planning can monitor the
environmental changes in the disaster-stricken
area in real time, dynamically avoid dangerous
areas, and ensure that relief supplies are safely
and accurately delivered to the hands of the
affected people.
In addition, with the continuous increase in the
number of delivery drones, multi-drone
collaborative delivery will become an inevitable
trend in future development. Deep learning can
enable information sharing and collaborative
decision-making among multiple drones,
optimize the overall delivery route, enhance
delivery efficiency and resource utilization, and
bring about a brand-new transformation to the
logistics industry.

6. Conclusion
Path planning for delivery drones is a key link in
the intelligent development of the logistics
industry. Deep learning provides new methods
and ideas for path planning. This paper analyzes
the significance and challenges of path planning

for delivery drones, explores the applicability of
deep learning in path planning, studies the key
technologies of path planning for delivery
drones based on deep learning, including data
collection and preprocessing, deep learning
model construction, model training and
optimization, etc., and looks forward to its
application prospects. Although the current path
planning technology for delivery drones based
on deep learning is confronted with challenges
such as difficult data acquisition and complex
model training, with the continuous development
and improvement of the technology, it is
believed that it will play an important role in the
logistics field and promote the development of
the logistics industry towards intelligence and
efficiency. In the future, further in-depth
research is needed on the application of deep
learning in path planning to solve practical
problems and improve the performance and
reliability of path planning.
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