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Abstract: With the rapid development of UAV technology, intelligent control systems have become an important factor in 
improving their stability, efficiency and adaptability. Traditional flight control methods have limitations when dealing with 
complex environments and dynamic tasks, while intelligent control models based on artificial intelligence can achieve more 
efficient and autonomous flight control by combining technologies such as deep learning, reinforcement learning and fuzzy 
control. This paper first reviews the current research status of UAV intelligent control models and analyzes the application 
advantages of methods such as deep learning and reinforcement learning in flight attitude control, path planning and target 
recognition. Then, an intelligent framework combining multi-task learning and adaptive control is proposed to improve the 
decision-making ability of UAVs in dynamic environments. Through actual case analysis, this paper demonstrates the application 
results of intelligent control in tasks such as autonomous navigation, obstacle avoidance, and cluster collaboration, and points 
out the challenges in technical application, such as real-time requirements and computational complexity. Finally, this paper 
looks forward to the future development direction of UAV intelligent control technology, discusses the potential of emerging 
technologies such as edge computing and multi-sensor fusion in improving control accuracy and response speed, and puts 
forward corresponding technical optimization suggestions, providing theoretical and technical support for the further intelligence 
of UAV systems. 

Keywords: Drones, Intelligent Control, Deep Learning, Reinforcement Learning. 
 

1. Introduction 
As an emerging type of aircraft, Unmanned Aerial Vehicle 

(UAV) has been widely used in military, agriculture, logistics, 
environmental protection and other fields due to its flexibility, 
low cost and high efficiency. However, in practical 
applications, the stability, flight control accuracy and mission 
execution capability of UAVs are still facing challenges. 
Especially in complex flight environments, such as between 
high-rise buildings in cities and in strong winds, traditional 
control systems often cannot effectively adapt to 
environmental changes, resulting in unstable flight or mission 
failure[1]. 

Traditional UAV control methods mostly rely on classical 
control theories, such as PID control and fuzzy control. These 
methods can provide relatively accurate control in tasks with 
simple structures and stable environments, but they often 
cannot meet real-time requirements in complex environments 
and dynamic tasks, and show great limitations in dealing with 
the interaction between the aircraft and the environment. 
Especially in the face of rapidly changing flight targets and 
obstacles, traditional control strategies may lead to unstable 
flight or mission failure[2][3]. 

With the rapid development of artificial intelligence 
technology, especially the application of deep learning and 
reinforcement learning, intelligent control methods have 
gradually become an important development direction of 
UAV control systems. These methods can handle complex 
control tasks and optimize flight strategies through self-
learning and adaptation, thereby improving the performance 
of UAVs. Through deep learning, drones can identify 
obstacles or targets in real time[4]; reinforcement learning 
enables them to continuously adjust their flight strategies in 
dynamic environments, improving their adaptability and 

flexibility[5]. Intelligent control methods based on artificial 
intelligence will become the key to the development of drone 
technology. 

2. Basic concepts of UAV intelligent 
control model  

The intelligent control model of UAV mainly refers to the 
model that autonomously controls the flight of UAV through 
computer algorithms and artificial intelligence technology. 
The model generates and outputs corresponding control 
instructions by inputting flight missions, environmental data 
and UAV status information, thereby achieving stable flight 
of the UAV and efficient completion of the mission. With the 
increasing demand for the application of UAVs in various 
complex tasks, traditional control methods (such as PID 
control and fuzzy control) are difficult to meet the 
requirements of dynamic changes and environmental 
adaptability. Therefore, intelligent control methods based on 
artificial intelligence have emerged and become the core 
technology in UAV flight control systems. The adaptability 
and intelligence of UAV control systems have become a hot 
topic of research [1]. 

2.1. Application of deep learning in drone 
control 

As an important technology of artificial intelligence, deep 
learning uses multi-layer neural networks to learn data and 
extract features. It is widely used in drone control, especially 
in tasks such as flight attitude control, target recognition, and 
path planning. Through deep learning models, drones can 
process sensor data in real time, identify obstacles or targets 
in the flight environment, and automatically adjust the flight 
path and attitude.  
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For example, convolutional neural networks (CNNs) [6] 
are used for image processing to help drones identify target 
objects and generate control instructions to achieve automatic 
obstacle avoidance and target capture. Deep learning 
continuously improves recognition accuracy through big data 
training, so it can significantly improve the intelligence level 
of drones in complex environments [5].  

In addition, deep learning can also play a role in multi-
sensor fusion tasks, integrating data from different sensors 
(such as cameras, lidar, etc.) to enhance environmental 
perception and achieve precise flight control. Especially in 
complex terrain, it can effectively perform environmental 
modeling and path planning, greatly improving the drone's 
task execution capabilities in complex environments [2]. 

2.2. Application of reinforcement learning in 
drone control 

Reinforcement learning (RL) is a machine learning method 
that learns optimal strategies through interaction with the 
environment. In drone control, reinforcement learning can 
help drones gradually learn and optimize decision-making 
strategies to complete flight missions through repeated 
interactions with the environment without explicit 
programming instructions. 

The core idea of reinforcement learning is to guide the 
behavior of drones through reward mechanisms. The drone 
selects actions based on its flight state and evaluates the 
effects of the actions through reward signals fed back by the 
environment, thereby continuously adjusting its strategy. 
When faced with complex environments, reinforcement 
learning can adaptively adjust control strategies in real time 
according to different mission requirements to cope with 
dynamic changes in the environment and tasks. Compared 
with traditional control methods, reinforcement learning can 
autonomously discover the optimal decision path without the 
need to manually set precise rules. 

For example, in target tracking tasks, reinforcement 
learning can help drones complete the task in the shortest 
possible time while avoiding obstacles by adjusting flight 
paths, optimizing speed, and so on. In dynamic obstacle 
avoidance tasks, reinforcement learning allows drones to 
flexibly adjust their flight strategies according to real-time 
changes in the surrounding environment, ensuring mission 
completion while avoiding collisions and other flight risks [7]. 
Through continuous learning and feedback, reinforcement 
learning provides a more flexible and effective control 
method for autonomous flight of drones, especially in 
complex and uncertain environments. 

2.3. Fuzzy control and adaptive control 
Fuzzy control is a control method based on fuzzy logic that 

can make effective decisions when faced with uncertainty and 
fuzzy information. Unlike traditional precise control methods, 
fuzzy control does not require the input of precise numerical 
values, but rather uses fuzzy rules for reasoning, thereby 
ensuring the flight stability of drones in complex and 
uncertain flight environments. Fuzzy control is often used for 
tasks such as attitude control and speed control of drones, 
especially when the flight environment changes greatly and 
the mission requirements are uncertain, and can effectively 
cope with various complex situations [8].  

Adaptive control automatically adjusts control parameters 
to maintain the stability of the flight system according to 
changes in the flight environment and mission requirements. 

During the flight of a drone, changes in the external 
environment (such as wind speed, temperature, etc.) may 
affect flight performance. Adaptive control can adjust 
controller parameters in real time according to these changes, 
thereby ensuring that the drone always maintains the best 
flight state [9]. The advantage of adaptive control is that it can 
flexibly adjust control strategies according to the different 
requirements of flight missions and dynamic changes in the 
environment, thereby improving flight stability and mission 
completion efficiency. 

3. Algorithm Design and Optimization 
of UAV Intelligent Control Model 

The algorithm design of the UAV intelligent control model 
directly affects the overall performance of the system and 
determines the adaptability of the UAV in complex 
environments and the accuracy of task completion. With the 
development of artificial intelligence technology, 
technologies such as deep learning, reinforcement learning 
and fuzzy control have been widely used in the design of UAV 
control systems. This paper proposes a multi-level, multi-task 
intelligent control algorithm that can flexibly adjust the 
control strategy according to the needs of different flight 
missions, thereby achieving accurate and efficient flight 
control. By optimizing the control strategy, the algorithm can 
maintain flight stability and efficient task completion in a 
changing environment. 

3.1. Multi-task learning algorithm 
Multi-task learning (MTL) is a machine learning method 

that solves multiple related tasks simultaneously by sharing 
model parameters. In the intelligent control system of 
unmanned aerial vehicles, the use of multi-task learning 
allows the control model to handle multiple goals such as 
flight control, task execution, and target recognition at the 
same time, thereby improving the generalization ability of the 
model and its ability to cope with various tasks [10]. By 
sharing model parameters, multiple tasks can learn from and 
promote each other, thereby improving the processing 
efficiency of tasks.  

For example, when combining flight control and target 
tracking tasks, the model based on multi-task learning can 
reduce redundant calculations and improve control accuracy 
when completing the tasks of flight stability and target 
recognition at the same time. Multi-task learning algorithms 
can show high efficiency and strong adaptability when facing 
complex tasks. By further optimizing the algorithm design, 
the UAV can maintain a high execution efficiency in various 
flight tasks, especially when resources are limited, effectively 
saving computing resources and improving real-time 
performance [5]. 

3.2. Reward Function Design in Reinforcement 
Learning 

Reinforcement learning (RL) is widely used in UAV 
control, learning the optimal control strategy through 
interaction with the environment. The design of the reward 
function in reinforcement learning directly affects the 
efficiency of the learning process and the quality of the 
control strategy [11]. Designing a suitable reward function 
can not only accelerate the learning process, but also enable 
the UAV to take the optimal action strategy in different flight 
tasks. 
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In UAV control, the reward function usually needs to 
comprehensively consider multiple factors such as flight 
stability, task completion, and energy consumption. For 
example, flight stability and path planning accuracy can be 
used as part of the reward function to ensure that the UAV 
remains stable during flight and can accurately complete the 
task. In addition, energy consumption is also a factor that 
needs to be considered. The reward function can guide the 
UAV to optimize energy use during the task execution to 
extend the flight time and improve flight efficiency. 

A reasonable reward function can enable the UAV to 
gradually learn the optimal control strategy through repeated 
trial and error and reward mechanism when facing complex 
environments and tasks. The reward design in reinforcement 
learning not only affects the learning speed, but also directly 
affects whether the UAV can complete the task efficiently and 
safely. In addition, hyperparameter tuning is another 
important part of the optimization process. By adjusting the 
model's learning rate, number of training rounds, number of 
network layers and other hyperparameters, the performance 
of the intelligent control model can be significantly improved, 
ensuring its stability and efficiency in complex environments. 
Hyperparameter tuning usually uses methods such as grid 
search and Bayesian optimization to find the optimal 
combination among multiple candidate parameters [12]. 

In short, by continuously optimizing intelligent algorithms 
and tuning hyperparameters, the control ability and task 
execution ability of drones in dynamic flight missions can be 
effectively improved, especially in complex environments 
and multi-task requirements. The optimized algorithm can 
greatly improve the flight efficiency and stability of drones. 

4. Algorithm Design and Optimization 
of UAV Intelligent Control Model 

The application scope of UAV intelligent control models is 
very wide, especially in dynamic flight environments and 
complex tasks, where intelligent control models have shown 
great advantages. However, despite the broad application 
prospects of these technologies, there are still many 
challenges in practical applications, which need further 
optimization and improvement. 

4.1. Autonomous navigation and obstacle 
avoidance of drones 

Autonomous navigation and obstacle avoidance are one of 
the core issues in the intelligent control of UAVs. In a 
complex flight environment, UAVs need to perceive the 
surrounding environment in real time and make quick 
decisions to avoid obstacles and ensure the completion of the 
mission. Traditional UAV control methods often rely on pre-
set paths and obstacle avoidance strategies, while intelligent 
control methods can dynamically adjust the flight trajectory 
based on real-time sensor data and environmental changes, 
significantly improving flight flexibility and safety[13]. 

The application of deep learning and reinforcement 
learning in autonomous navigation and obstacle avoidance of 
UAVs has achieved remarkable results. Through deep 
learning, UAVs can identify obstacles, target objects and 
other potential hazards in the flight environment through 
images and data obtained by sensors such as cameras and lidar, 
and then perform path planning and obstacle avoidance[14]. 
Reinforcement learning enables UAVs to learn the optimal 
obstacle avoidance strategy in the process of interacting with 

the environment, ensuring that they can respond quickly and 
choose the most effective obstacle avoidance route in a 
complex and dynamic environment. 

In addition, in autonomous navigation tasks, the fusion of 
multiple sensor data can further improve control accuracy and 
reliability. By combining visual information, lidar data, and 
inertial measurement unit (IMU) data, the deep learning 
model can provide more accurate position information and 
flight instructions under a variety of environmental conditions, 
thereby ensuring the stability of the drone and the successful 
completion of the mission. 

4.2. Coordinated control of drone swarms 
UAV swarm control refers to the collaborative work of 

multiple UAVs to complete specific tasks without human 
intervention. In practical applications, swarm collaborative 
control can significantly improve the efficiency and 
flexibility of task execution. For example, in the fields of 
agricultural spraying, post-disaster search and rescue, 
environmental monitoring, etc., the collaborative work of 
multiple UAVs can greatly speed up the execution of tasks 
and achieve efficient coverage over a large area [15]. 

The swarm control algorithm not only needs to solve the 
flight coordination problem, but also needs to ensure the 
consistency of the states of each UAV in the swarm and ensure 
that they can collaborate efficiently. Through the intelligent 
control model, the UAV swarm can achieve multiple tasks 
such as task allocation, path planning, and resource 
scheduling through information sharing and collaboration 
mechanisms. Each UAV in the swarm can exchange 
information with other UAVs in real time and adjust its flight 
path and behavior according to the requirements of the global 
task. 

For example, in the environmental monitoring task of the 
UAV swarm, the intelligent control algorithm can assign tasks 
to different UAVs based on real-time data to ensure that each 
UAV performs the task in the most suitable location. The 
UAVs in the swarm can collaboratively avoid obstacles and 
adjust the flight trajectory to ensure that the flight paths of 
each member do not interfere with each other and ultimately 
complete the overall task. 

However, UAV swarm control also faces many challenges, 
including flight coordination, information sharing, and 
communication delay. To address these problems, researchers 
are developing efficient communication protocols and 
optimized collaboration algorithms, striving to achieve 
efficient collaboration and task completion among drone 
swarms without relying on human intervention[16]. 

5. Conclusion  
The research and application of intelligent control models 

for UAVs provide strong support for the further development 
of UAV technology. By combining advanced technologies 
such as artificial intelligence, deep learning, and 
reinforcement learning, UAVs can achieve autonomous 
control in complex flight environments, significantly 
improving the efficiency and accuracy of task execution. 
These intelligent control models enable UAVs to not only 
handle stable flight and simple tasks, but also cope with 
highly complex tasks such as autonomous navigation, target 
recognition, dynamic obstacle avoidance, and cluster 
collaboration, greatly broadening the application prospects of 
UAVs in military, agriculture, logistics, environmental 
monitoring and other fields. 



 

64 

However, despite significant progress, current control 
models still face some key challenges. First, the complexity 
of the algorithm is one of them. Although technologies such 
as deep learning and reinforcement learning provide strong 
support for UAV control, the computational complexity of 
these algorithms is high, especially in real-time flight and 
multi-tasking, and computational and decision delays may 
affect the stability of flight control and the efficiency of task 
execution. Secondly, the limitation of computing resources is 
also a constraint, especially in the processing power of 
hardware platforms and sensor devices. How to improve 
control accuracy and response speed through hardware 
optimization and algorithm tuning is still one of the 
bottlenecks in the current technological development. 

In addition, the dynamic changes of the environment are 
also a key issue. UAVs require extremely high adaptability to 
fly in changing weather conditions, urban environments, and 
complex terrains. Although existing control models perform 
well in most static environments, their stability and reliability 
in highly dynamic, unknown environments still need to be 
further improved. Future research will further broaden the 
application areas of intelligent control of UAVs, especially in 
multi-task collaboration, long-term autonomous flight, and 
adaptation to complex environments. With the development 
of emerging technologies such as edge computing and 
quantum computing, the computing power and real-time 
response capabilities of UAVs will be significantly improved 
in the future, promoting the intelligence and autonomy of 
UAV technology. Researchers will also continue to optimize 
control algorithms and improve the accuracy and efficiency 
of multi-sensor data fusion, so that UAVs can perform tasks 
more accurately in complex environments. 
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