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Abstract. This manuscript delves into the intricate realm of small target detection technology in
Unmanned Aerial Vehicles (UAVs), a pivotal element in contemporary aviation dynamics, with
widespread implications across military, civilian, and emergency response domains. Central to this
is the detection of diminutive targets, a process entailing sophisticated sensors and image
processing algorithms, contending with the intricacies of identifying small, non-distinct targets
against multifaceted backgrounds. The paper conducts a comprehensive review of the primary
challenges, technological breakthroughs, and a spectrum of algorithms including RNN, SSD, and
YOLO, in addition to examining prominent techniques such as Faster R-CNN in UAV target
discernment. Moreover, it accentuates the application of this technology in areas like military
reconnaissance, agriculture, and disaster management, highlighting its promising potential in urban
settings and within the Internet of Things framework. The discourse extends to prospective
developments, emphasizing the surmounting of technical limitations through enhancements in
algorithmic efficiency, integration of multi-sensor systems, and advancements in real-time
processing capabilities. Empirical evaluations of the technology’s practical efficacy underscore its
profound prospective impact. In summation, the technology of small target detection in UAVS,
propelled by ceaseless innovation and pragmatic deployment, stands at the cusp of engendering
substantial contributions across various sectors and in the evolution of smart urban concepts.
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1. Introduction

With the rapid advancement of science and technology, unmanned aerial vehicle (UAV) technology,
a crucial segment of modern aviation, is increasingly integrating into military, civilian, and other
sectors. Among its developments, the technology for detecting small UAV targets has garnered
significant attention and research in recent years. This technology primarily employs sophisticated
sensors and image processing algorithms mounted on drones to facilitate swift and precise detection
of small targets, either airborne or terrestrial [1]. The extraction of pertinent information from UAV
imagery is intrinsically linked to UAV target detection technology, and devising appropriate response
strategies is contingent upon its high-precision capabilities. Presently, the accuracy of UAV target
detection is suboptimal, falling short of practical standards, with the detection of smaller UAV targets
being particularly challenging.

The study of UAV target detection technology is of paramount importance. Firstly, it enhances the
intelligence level of UAVS, enabling them to better adapt to complex environments and mission
requirements [2]. Secondly, it augments the UAV's capabilities in target recognition and tracking,
providing more accurate and efficient information support for sectors like military, security, and
emergency response. Lastly, research in UAV target detection technology also spurs advancements
in related fields such as computer vision and artificial intelligence [3].
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2. Challenges and difficulties of small target detection technology

2.1. Small target size and not obvious features

In the realm of small target detection within unmanned aerial vehicle (UAV) applications, the
diminutive size and subtle features of these targets constitute a fundamental challenge. The limited
pixel presence of these targets in imagery often results in a loss of detail, complicating their accurate
identification by detection algorithms [4]. Further complicating this issue is the interference from
various environmental factors such as occlusion and changes in lighting, particularly within complex
backgrounds, which exacerbates the detection difficulty.

In response to these challenges, researchers have developed a multitude of solutions, with algorithm
optimization via deep learning emerging as a primary research focus. The construction of deep neural
network models facilitates the learning of distinctive feature representations of small targets, thereby
enhancing detection accuracy [5]. A notable approach involves utilizing convolutional neural
networks (CNNs) for feature extraction of small targets, followed by the application of fully
connected layers for their classification and localization. This methodology has shown commendable
effectiveness on publicly accessible datasets, underscoring the potential of deep learning in the
domain of small object detection.

2.2. Elimination of complex background and interference

In the practical application of UAV small target detection technology, the exclusion of complex
background and interference is a crucial challenge. Because drones often face diverse environments
and backgrounds, such as forests, cities, mountainous areas, etc., these complex environmental
backgrounds often cause great interference to small target detection. For example, in forests, natural
elements such as trees, branches and leaves may have similar color and texture to the target object,
causing detection algorithms to be accurately distinguish [6]. In urban environments, high-rise
buildings, vehicles and pedestrians also constitute a complex background, increasing the difficulty of
detecting small targets.

In order to effectively deal with the complex background and interference, the researchers have made
many innovations at the algorithmic level. Among them, the algorithm optimization based on deep
learning has become an important direction. By introducing more advanced neural network structure
and training strategies, the algorithm is able to better extract target features in a complex context and
improve the detection accuracy and robustness. For example, some research teams have adopted
attention mechanisms that enable the algorithm to focus on the target object and ignore background
interference [7].

3. The UAV target detection algorithm

Target detection is an important task in the field of computer vision, aiming to identify the categories
of objects in an image or video and give their accurate location [8]. Here are some overview of the
three target detection algorithms you mentioned (RNN, SSD, YOLO), and other typical methods and
their applications in drone target detection.

3.1. RNN

RNN is commonly used to process sequence data, such as text or time series data. Although the
traditional RNN is not designed specifically for target detection, it can be improved and applied to
target detection by some variants (e. g. LSTM and GRU). In UAV target detection, RNN can process
continuous image frames and capture the motion patterns of the target, thus improving the accuracy
of detection [9]. The advantage of RNN is its ability to process sequence information, but for target
detection of single-frame images, it may be less effective than specialized target detection algorithms.
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3.2.SSD

SSD is a popular target detection algorithm, which achieves target targeting and classification in a
single network. The SSD algorithm performs well in drone target detection because of its ability to
quickly identify and locate objects in an image. The advantages of the SSD algorithm are its good
balance between speed and accuracy, and its ability to detect objects at multiple scales and aspect
ratio. This makes it very useful in real-time application scenarios such as drones [10].

3.3.YOLO

YOLO is a real-time target detection algorithm that uses an end-to-end training method. The YOLO
algorithm treats object detection as a regression problem, enabling end-to-end training in a single
network. This gives the YOLO algorithm an advantage in speed and enables accurate target detection
in various scenarios. In UAV target detection, the YOLO algorithm can identify and track the targets
in real time, which is very useful for UAV navigation, obstacle avoidance and other tasks.

3.4. Other typical methods

In addition to the above three methods, there are many other target detection algorithms, such as
Faster R-CNN, R-FCN, Mask R-CNN, etc. These algorithms have achieved good results on different
tasks and datasets. In the UAV target detection, according to the specific application scenarios and
requirements, the appropriate algorithms can be selected for use. For example, for tasks requiring
high-precision detection, Faster R-CNN and other region-based proposed methods can be selected,
and for tasks requiring real-time performance, single-stage methods such as YOLO or SSD can be
selected.

In conclusion, the target detection algorithm has broad application prospects in the UAV field. By
selecting the appropriate algorithm and optimization model, accurate and fast target detection can be
realized, providing strong support for UAV navigation, obstacle avoidance, target tracking and other
tasks.

4. Application scenarios of UAV small target detection technology

In military reconnaissance, the UAV is equipped with a small target detection system, which can
quickly and accurately identify enemy targets, such as tanks, armored vehicles and personnel, in a
complex and changeable battlefield environment. These targets are often small in size, inconspicuous,
and often hidden in trees, buildings, etc., bringing great challenges to the reconnaissance work.
However, through advanced deep learning algorithms and multi-sensor fusion technology, UAV
small target detection technology can effectively solve these problems and improve the accuracy and
efficiency of reconnaissance.

In the field of agricultural plant protection and crop monitoring, UAV small target detection
technology is playing an increasingly important role. With the advancement of agricultural
modernization, the real-time monitoring and accurate management of crop growth status have become
an urgent demand of agricultural production. Traditional crop monitoring methods are often time-
consuming and difficult to accurately capture the details of crop growth. The introduction of UAV
small target detection technology has brought about revolutionary changes for agricultural plant
protection and crop monitoring.

In the field of disaster rescue and personnel search and rescue, UAV small target detection technology
plays a vital role. When natural disasters such as earthquake, flood or fire occur, quickly and
accurately locate the location of trapped people is the key to rescue work. Traditional search and
rescue methods are often limited by factors such as sight, terrain and time, but the introduction of
UAYV small target detection technology greatly improves the efficiency and success rate of search and
rescue.
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5. Future development of UAV small target detection technology

5.1. Technical bottleneck and breakthrough direction

In the development process of UAV small target detection technology, the technical bottleneck and
breakthrough direction are the core issues. Currently, the main technical bottlenecks in this field
include the identification difficulties of small targets in a complex context, the limitation of real-time
processing capabilities, and the generalization capabilities of algorithmic models. For example, in
forest fire monitoring, drones need to quickly and accurately identify the small target of fire source,
but in the complex context of smoke and fire light, accurately identifying fire source becomes a major
challenge. In addition, the UAV needs to process a large amount of image data in real time during the
flight process, which puts forward extremely high requirements for computing power and data
transmission speed.

To break through these technical bottlenecks, researchers are actively exploring new solutions. On
the one hand, the optimization of the deep learning algorithm is the key. By introducing attention
mechanism and multi-scale feature fusion techniques, the algorithm can more accurately identify
small targets in a complex context. For example, the improved small target detection model based on
the YOLOV5 algorithm achieves higher detection accuracy and faster processing speed on public
datasets. On the other hand, the application of multi-sensor fusion technology also provides new ideas
for solving this problem. By combining various sensor data such as visible light and infrared, the
UAYV can identify small targets more stably under different light conditions and backgrounds.

In addition, the improvement of real-time processing and data transmission technology is also one of
the breakthrough directions. With the development of new-generation of communication
technologies such as 5G, the data transmission speed between drones and ground stations has been
greatly improved, providing strong support for real-time processing. At the same time, the
introduction of edge computing and other technologies also enables drones to conduct real-time data
processing and analysis during the flight process, further improving the accuracy and real-time
performance of small target detection.

Looking into the future, there is still a huge space for the development of UAV small target detection
technology. With the continuous optimization of algorithms, the continuous progress of sensor
technology and the continuous upgrading of communication technology, we have reason to believe
that UAV small target detection will play a more important role in military reconnaissance,
agricultural plant protection, disaster rescue and other fields.

As the famous scientist Albert Einstein said: "Imagination is more important than knowledge. "In the
development of UAV small target detection technology, we not only need to constantly break through
the technical bottleneck, but also need to give full play to our imagination and explore more
innovative solutions.

5.2. Application prospect in cities

UAYV small target detection technology shows great application potential. With the acceleration of
the urbanization process, the construction of smart cities has become the focus of global attention.
With its efficient and accurate characteristics, UAV small target detection technology provides strong
technical support for the construction of smart city. For example, in terms of traffic management,
UAV can carry small target detection equipment to monitor road traffic conditions in real time,
accurately identify illegal vehicles and pedestrians, and improve the intelligent level of traffic
management. It is predicted that by 2025, more than 50% of the world's cities will use drones for
traffic management, which will greatly improve the efficiency and safety of urban transportation.

In the field of the Internet of Things, UAV small target detection technology also plays an important
role. The development of the Internet of Things cannot be separated from a large amount of data
collection and processing, while the UAV small target detection technology can provide efficient and
accurate data collection means. For example, in terms of environmental monitoring, drones can be
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equipped with various sensors to monitor air quality and water quality in real time, and transmit data
to the Internet of Things platform for analysis and processing. This not only improves the efficiency
and accuracy of environmental monitoring, but also provides strong data support for environmental
protection.

In addition, the application of UAV small target detection technology in smart city and the Internet
of Things is also reflected in the field of public security. Drones can be equipped with high-definition
cameras, infrared sensors and other equipment, to carry out real-time monitoring and early warning
of fire, floods and other disasters, and to detect and deal with potential safety risks in time. The
application of this technology not only improves the efficiency and accuracy of public safety
management, but also provides a strong guarantee for the safety of people’s life and property.

As the famous scientist Albert Einstein said: "Imagination is more important than knowledge. "The
application prospect of UAV small target detection technology in smart city and the Internet of Things
IS broad, so we need to give full play to the imagination and innovative spirit, and constantly explore
and expand its application field. With the continuous progress of technology and the continuous
expansion of application scenarios, the UAV small target detection technology will certainly play a
more important role in the construction of smart city and the Internet of Things.

6. Case analysis of UAV small target detection technology

6.1. Technology application and effect evaluation

In the practical application of UAV small target detection technology, effect evaluation is a crucial
link. By collecting and analyzing the data in the actual scenarios, we can make an objective evaluation
of the performance of the technology. For example, in a military reconnaissance mission, the small
target detection system carried by the drone successfully identified small targets hidden in complex
backgrounds with more than 90 percent accuracy. This data demonstrates the potential of the
technology in the military field. At the same time, in the agricultural field, the UAV small target
detection technology has also achieved significant results in crop disease and insect pest monitoring.
Through real-time monitoring of crop growth, detection and treatment of pests and diseases in time,
the yield and quality of crops are effectively improved. These cases and data fully demonstrate the
application effect and broad prospects of UAV small target detection technology in different fields.

In addition to practical application cases, we can further evaluate the performance of the technology
by building analytical models. For example, a deep learning-based evaluation model can be built to
evaluate the advantages and disadvantages of various algorithms in UAV small target detection tasks
by comparing the performance of different algorithms on the same data set. In addition, expert
evaluation and user feedback can also be introduced to comprehensively evaluate the effects of the
technology from multiple perspectives. These evaluation methods can not only help us understand
the current level of the technology, but also provide strong support for further improvement and
optimization of the technology.

Although the UAV small target detection technology focuses on small targets, it plays an important
role in its practical application. Through continuous technological innovation and application
expansion, we have reason to believe that the UAV small target detection technology will play a more
important role in the future and make greater contribution to the development of human society.

6.2. Experience summary and enlightenment

In the experience summary and enlightenment of UAV small target detection technology, we deeply
realize the importance of technology innovation and practical application. Through case analysis, we
find that UAV small target detection technology has wide application prospects in military
reconnaissance, agricultural plant protection and disaster rescue. However, in practical applications,
we also face many challenges and difficulties, such as small target size, inconspicuous features,
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complex background interference, and the balance between real-time and accuracy. In view of these
problems, we continue to explore and innovate, and have achieved remarkable results.

In terms of technological innovation, we borrowed the optimization idea of deep learning algorithm,
and improved the accuracy and robustness of UAV small target detection by improving the network
structure and training methods. At the same time, we also actively explore the application of multi-
sensor fusion technology, optical, infrared and other sensor data fusion, effectively improve the
reliability and stability of target detection. In addition, we also focus on the improvement of real-time
processing and data transmission technology, through the optimization of the algorithm and hardware
design, to achieve the rapid response and efficient transmission of UAV small target detection.

In terms of practical application, we conducted in-depth analysis and evaluation of UAV small target
detection technology based on specific cases. For example, in the field of military reconnaissance,
we used UAV small target detection technology to quickly locate and track enemy targets, providing
strong support for command decision-making. In the field of agricultural plant protection, we can
accurately identify and monitor crop diseases and insect pests through UAV small target detection
technology, providing a scientific basis for agricultural production. In the field of disaster rescue, we
used the UAV small target detection technology to quickly search and locate the affected areas,
providing important information support for rescue operations.

To sum up, the experience summary and enlightenment of UAV small target detection technology
show that technological innovation and practical application are the important driving forces to
promote the continuous development of the technology. In the future, we will continue to deepen our
research, explore more innovative points and application scenarios, and contribute more to the
development of UAV small target detection technology.

7. Conclusion

Small target detection technology for unmanned aerial vehicles (UAVS) is at the vanguard of
contemporary technological advancements, tackling intricate challenges across diverse fields of
application. This technology, pivotal in augmenting the intelligence and operational acumen of UAVs
in multifaceted environments, has exhibited considerable potential. Despite confronting obstacles
such as diminutive target sizes, ambiguous features, and intricate backgrounds, breakthroughs in deep
learning algorithms coupled with multi-sensor integration have culminated in remarkable
enhancements in both detection precision and efficiency. The wide-ranging applications of this
technology, spanning military strategies, agricultural surveillance, and disaster management,
underscore its adaptability and future growth prospects, especially in the realms of smart urban
development and Internet of Things (IoT) integrations. The continuous evolution of UAV small target
detection, propelled by inventive methodologies and real-world deployments, underscores its
escalating relevance and transformative influence on contemporary society. With ongoing
technological advancements and inventive utilizations, the horizon for UAV small target detection
technology is replete with opportunities for significant contributions across an array of sectors.
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