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Abstract. This system, centered on the YOLOvS algorithm and designed for
UAV platforms, enables efficient identification and positioning of small-sized,
long-distance targets in high-altitude environments, with broad applicability in
military reconnaissance, civilian inspections, disaster relief, and other scenarios.
It features robust real-time detection capabilities, quickly and accurately
recognizing various target objects in complex high-altitude environments. The
system has a comprehensive user registration and login module, a multi-level
permission management mechanism to ensure data security and user privacy,
multiple target detection modes covering common military targets, civilian
infrastructure, and emergency rescue-related objects, allowing users to choose
according to specific task needs, and a customizable parameter adjustment
function enabling users to optimize detection effects by adjusting key parameters
such as the confidence threshold of the detection algorithm based on actual
scenarios. Experimental results show that the system performs well in detection
accuracy and real-time. It maintains high detection accuracy and low false alarm
rates in various complex environments and meets the strict real-time
requirements of UAV platforms, making it suitable for high-altitude UAV target
detection tasks and providing reliable technical support and solutions for related
applications.
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1 Introduction

With the rapid development of UAV technology, its applications in aerial photography,
monitoring, disaster assessment, agriculture, environmental monitoring, and other
fields are becoming increasingly extensive. High-altitude UA Vs have the capability for
large-area, high-precision photography and can provide real-time, accurate image
information for various tasks. However, target detection in high-altitude environments
faces numerous challenges, such as small target size, complex background, and lighting
changes, which put forward higher requirements for the accuracy and real-time of target
detection.

As UAV technology continues to advance, its target detection capabilities in high-
altitude environments have become a research hotspot. To enhance the target detection
performance of UAVs in high-altitude environments, a high-altitude UAV small target

© The Author(s) 2025

J. Igbal (ed.), Proceedings of the 2025 2nd International Conference on Mechanics, Electronics Engineering and
Automation (ICMEEA 2025), Advances in Engineering Research 272,
https://doi.org/10.2991/978-94-6463-821-9_62


https://doi.org/10.2991/978-94-6463-821-9_62
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6463-821-9_62&domain=pdf

640 Y. Jin

detection system based on the YOLOVS algorithm is proposed. This system is based on
YOLOVS, leveraging its advantages in small target detection, such as the incorporation
of attention mechanisms and multi-scale feature fusion techniques, to significantly
improve the detection capability for distant small targets.

The system not only optimizes the target detection algorithm but also improves the
user interaction interface for more convenient and intuitive operation, enabling users to
quickly obtain detection results and perform corresponding actions. Through these
optimizations, the system can efficiently and accurately detect small targets in high-
altitude environments, maintaining good detection performance even in complex
conditions. This provides strong support for the application of UAV technology in
complex environments and is expected to promote the wider application of UAVs in
fields such as environmental monitoring and emergency rescue.

2 Methodology

YOLOVS, the latest version of the YOLO series object detection algorithms developed
by Ultralytics in 2023, inherits the efficient detection capabilities of previous versions
and further optimizes the structural design to significantly improve speed, accuracy,
and user experience. The YOLOvVS series includes five versions: YOLOvVSn,
YOLOv8s, YOLOv8m, YOLOvSI, and YOLOv8x, which differ in model size and
computational complexity to accommodate various application scenarios and hardware
requirements.

The network structure of YOLOvV8 mainly consists of four key parts: Input,
Backbone, Neck, and Head. This modular design enhances the network's flexibility and
adaptability to different object detection tasks.

The Input module preprocesses input images, such as adjusting image size and
normalization, to ensure effective processing by the network. The Backbone, as the
underlying support, extracts rich semantic features from input images. YOLOv8
typically uses lightweight yet high-performance convolutional neural networks like
CSPDarknet53 variants and incorporates depthwise separable convolutions to reduce
computational overhead [1].

The Neck connects the Backbone and Head, facilitating better fusion of spatial
position relationships and complementary characteristics from different layers.
YOLOvVS8 employs an optimized Path Aggregation Network (PANet) as the Neck
module to strengthen information exchange between multi-layer features, crucial for
detecting objects of different scales.

The Head module converts fused feature maps into bounding boxes and class
probabilities for object detection. YOLOvVS adopts an anchor-free mechanism,
dynamically adjusting candidate region sizes through learned means, simplifying
training and accelerating inference.

The modular design of YOLOVS allows it to flexibly meet the needs of different
hardware platforms and application scenarios. For example, YOLOv8n, the lightest
version, is designed for environments with limited computational resources, suitable
for edge deployment, IoT devices, and mobile applications. In contrast, YOLOv8x, the
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most powerful version, is ideal for scenarios requiring high detection accuracy. This
diverse version design gives YOLOvS8 wide applicability in practical applications,
whether in resource-constrained edge devices or high-performance server
environments [2].

3 Discussion

3.1 Feasibility Analysis

Experimental results show that the high-altitude UAV small target detection system
based on YOLOVS performs well in detection accuracy and real-time. It effectively
handles complex backgrounds and small target detection in high-altitude environments,
applicable to various scenarios. The optimized design of YOLOvVS8 reduces
computational resource consumption while maintaining high accuracy, meeting the
real-time requirements of high-altitude UAVs.

3.1.1 Accuracy and Real-time Analysis.

Experiments on the VisDrone dataset demonstrate that our system attains remarkable
mean Average Precision (mAP) in small target detection, particularly excelling with
small targets in complex backgrounds. This superior performance can be attributed to
YOLOVS8's anchor-free detection mechanism and its enhanced feature fusion strategy.
The anchor-free approach eliminates the need for predefined anchor boxes, thereby
reducing complexity in the training process and enhancing the model's adaptability to
various target sizes and shapes. The improved feature fusion strategy effectively
integrates multi-scale features, allowing the model to capture both detailed local
information and broader contextual cues, which is crucial for accurately identifying
small objects that might otherwise be overlooked [3].

YOLOVS's efficient network structure, with its meticulously optimized Backbone
and Neck, plays a pivotal role in reducing computational latency without compromising
on accuracy. The Backbone has been refined to extract more informative and
discriminative features with fewer computational resources, while the Neck component
efficiently fuses these features across different scales, ensuring that the most relevant
information is propagated to the detection head.

In practical applications, this optimization translates to the system's capability to
process a substantial number of frames per second.This real-time processing ability is
further bolstered by the system's compatibility with various hardware platforms,
including embedded GPUs and FPGAs. These hardware options allow for flexible
deployment scenarios, whether in resource-constrained edge devices or more powerful
ground stations, ensuring that the system can be integrated seamlessly into different
UAV systems and operational environments, thereby enhancing its versatility and
applicability across a wide range of detection tasks [4].

3.1.2 Adaptability to Complex Environments.
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Lighting Changes: Lighting conditions during UAV photography significantly
impact detection accuracy. YOLOv8 enhances adaptability to different lighting
conditions during training through data augmentation techniques like random
brightness and contrast adjustments. Experiments show that the system maintains high
detection accuracy even in extreme lighting conditions.

Complex Backgrounds: High-altitude images have complex backgrounds with
elements like clouds, buildings, and mountains. YOLOVS8's multi-scale feature fusion
and attention mechanisms effectively distinguish targets from backgrounds, reducing
false and missed detections [5]. For instance, in urban environments, the system
accurately detects distant vehicles and pedestrians while ignoring background
interference like buildings and billboards.

3.2 Improvement Proposals

To address YOLOvS's shortcomings in UAV small target detection and leverage
existing technological advantages, the following improvements are proposed.

3.2.1 Multi-sensor Fusion to Enhance Detection.

Integrate YOLOv8 with radar and infrared imaging to establish a multi-modal
detection system. Radar ensures stable detection in harsh weather, while infrared
imaging performs well in low-light conditions. Data fusion algorithms merge radar
point cloud data with YOLOVS's visual results and utilize infrared thermal information
for precise target localization, significantly improving system robustness and accuracy.
This multi-sensor fusion approach maximizes the strengths of each sensor and
compensates for individual weaknesses, ensuring high-performance detection across
diverse and complex environments [6].

3.2.2 Optimized Data Augmentation.

Enhance YOLOVS8's data augmentation through algorithms that simulate extreme
lighting and weather conditions. Generate synthetic images featuring strong backlight,
high contrast, rain, and fog to expose the model to more challenging and diverse data
during training. This process boosts the model's adaptability to various real-world
scenarios [7]. Furthermore, expand the dataset by incorporating images from specific
applications, such as agricultural pest detection and nighttime wildlife monitoring.
These specialized images provide richer feature information and broader scene
recognition, improving the model's generalization ability and enabling it to excel in
diverse and complex tasks.

3.3 Future Outlook

The high-altitude UAV small target detection system based on YOLOVS has achieved
remarkable results, but as UAV technology advances and applications expand, further
research opportunities emerge [8].
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3.3.1 Cross-domain Applications.

This system holds great potential for agricultural monitoring. By overseeing crop
growth, pest dynamics, and irrigation situations, it offers a scientific basis for
agricultural activities, promoting precision agriculture and enhancing productivity and
quality. In environmental monitoring, UAVs equipped with this system can conduct air
and water pollution monitoring and ecological resource surveys, providing timely and
accurate data support for environmental protection and restoration. For wildlife
protection, the system can track wildlife populations, monitor their activity ranges, and
observe habitat changes, delivering robust technical support for conservation efforts
and promoting biodiversity maintenance and sustainable development.

3.3.2 Intelligence and Autonomy.

Endowing UAVs with autonomous decision-making capabilities represents a key
future direction. Enabling UAVs to independently adjust flight paths and strategies
based on detection outcomes enhances operational efficiency and flexibility in complex
environments [9]. For instance, upon target identification, a UAV can automatically
optimize its shooting angle to obtain clearer and more valuable images. In complex
tasks like large-scale disaster assessment, multiple UAVs can collaborate,
simultaneously acquiring images from affected areas. This approach provides
comprehensive and timely information for rescue decisions, significantly improving
disaster response efficiency and effectiveness.

3.3.3 Advancements in Deep Learning.

To further boost detection performance, exploring new model architectures such as
Transformers is a promising research avenue. Transformers excel in processing
sequential data and capturing long-range dependencies, potentially driving
performance breakthroughs in object detection. Additionally, employing self-
supervised and unsupervised learning methods can reduce reliance on labeled data,
lowering annotation costs and effort. This enhancement strengthens the system's
adaptability and generalization ability, enabling it to better handle new scenarios and
tasks and promoting the widespread application of object detection technology across
various fields.

4 Extended Evaluation and Deployment Strategies

4.1 Performance Metrics and Evaluation Criteria

To accurately assess the performance of the detection system, it is imperative to
consider a variety of metrics that reflect both accuracy and operational efficiency.
Standard metrics such as mean Average Precision (mAP), precision, recall, and false-
positive rate are central to understanding system performance. In our evaluations, mAP
is used as a key indicator since it provides a comprehensive view of the system’s ability
to detect small targets amidst cluttered backgrounds. Additionally, latency
measurements and throughput (frames per second) are recorded to ensure that the
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system meets real-time processing requirements. A detailed benchmark against these
metrics establishes a clear baseline, which can be further refined through iterative
system updates.

4.2  Field Deployment Considerations

For UAV-based systems, field deployment extends beyond algorithmic performance.
Critical aspects include power consumption, communication latency, and hardware
compatibility. In practical scenarios, the UAV must operate under limited power
conditions while maintaining sufficient computational power to run the detection
algorithms in real time. Consequently, the integration of the YOLOv8-based system
with lightweight embedded platforms, such as edge GPUs and specialized FPGAs,
becomes crucial. Field tests conducted in varied environments—urban areas,
mountainous regions, and coastal zones—indicate that with proper hardware selection,
the system reliably sustains high detection accuracy. Moreover, robust communication
protocols ensure that data is transmitted in near real time to ground stations, allowing
for prompt decision-making during emergency operations [10].

4.3  Integration Challenges and Mitigation Strategies

While the algorithm itself demonstrates impressive accuracy, several integration
challenges arise when deploying the system in real-world applications. One significant
challenge is the synchronization between the UAV’s onboard sensors and the
processing unit. Discrepancies in time stamps, varying sensor resolutions, and the
dynamic nature of flight conditions necessitate advanced calibration techniques.
Furthermore, environmental factors such as sudden lighting changes and weather
variations introduce noise, which can potentially compromise detection accuracy.

To mitigate these challenges, a combination of sensor fusion techniques is employed.
For instance, integrating radar data with optical images allows the system to maintain
performance even under poor lighting conditions. Additionally, robust error-correction
algorithms help synchronize sensor outputs, ensuring consistent data input to the
YOLOVS network. Advanced data augmentation methods are also applied during
training to simulate these environmental perturbations, thereby enhancing the system’s
resilience in the field.

4.4  Comparative Analysis with Alternative Methods

An extensive comparative analysis was conducted between the YOLOv8-based system
and other prevalent detection algorithms, such as Faster R-CNN and SSD. While Faster
R-CNN offers high accuracy, its computational complexity makes it less suitable for
real-time UAYV applications. In contrast, SSD achieves faster inference speeds but at
the expense of lower detection precision, especially for small targets. The YOLOvS-
based system strikes a balance by delivering high precision with relatively low latency,
a combination that is essential for UAV applications where both speed and accuracy
are paramount.
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Case studies indicate that in scenarios involving dense urban environments with a
multitude of overlapping objects, the YOLOvVS system outperforms its competitors in
terms of both detection reliability and processing speed. This is largely attributed to its
advanced feature fusion techniques and anchor-free detection mechanism, which
reduce the complexity of the detection process while enhancing overall performance

[11].

4.5 Real-world Applications and Case Studies

Deployment of the system in real-world applications has revealed several noteworthy
outcomes. In one case study, a UAV equipped with the YOLOvS8-based detection
system was deployed for monitoring urban traffic. The system successfully identified
small objects such as pedestrians and bicycles, even during peak traffic hours with
significant background interference. In another scenario, the system was utilized for
agricultural monitoring, where it effectively identified small-scale anomalies in crop
fields that could indicate pest infestations or irrigation issues.

These case studies not only validate the system’s operational capability but also
highlight its potential for cross-domain applications. The flexibility to adapt to different
scenarios—ranging from military reconnaissance to environmental monitoring—
underscores the robustness of the YOLOvS8 algorithm when integrated into UAV
platforms. Feedback from field operators suggests that the system significantly reduces
manual intervention and accelerates decision-making processes, which is critical during
emergency response situations [12].

4.6  Future Research Directions in Deployment Strategies

Building on the findings from field deployments and comparative studies, future
research will focus on several key areas. First, further optimization of the hardware-
software interface is planned to reduce latency and improve energy efficiency.
Researchers aim to refine the sensor fusion process by incorporating machine learning
techniques that dynamically adjust calibration parameters based on real-time conditions
[13].

Second, the integration of additional sensor modalities, such as LiDAR and thermal
imaging, is being considered to provide a more comprehensive situational awareness.
This multi-sensor approach will enable the system to operate under even more
challenging environmental conditions, including heavy fog, rain, or nighttime
operations.

Lastly, efforts are underway to enhance the autonomous capabilities of the UAV
platform. By incorporating adaptive flight planning algorithms that respond to detection
outputs, future iterations of the system will allow UAVs to adjust their flight paths
dynamically, ensuring optimal coverage of target areas while conserving energy. This
adaptive behavior not only improves operational efficiency but also enhances safety
during complex missions.
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4.7 Conclusion of the Extended Evaluation

This chapter has provided an in-depth exploration of the extended evaluation and
deployment strategies for the UAV small target detection system based on YOLOVS.
By addressing performance metrics, field deployment challenges, integration issues,
and comparative analyses with alternative methods, this extended discussion highlights
the system’s strengths and potential areas for further improvement. The insights gained
from real-world applications and case studies demonstrate that the YOLOv8-based
system is not only capable of meeting the rigorous demands of high-altitude UAV
operations but also possesses the flexibility to adapt to a wide range of practical
applications. With ongoing research focusing on hardware optimization, sensor fusion,
and autonomous flight strategies, the future prospects of this technology appear highly
promising, paving the way for more intelligent and efficient UAV systems in diverse
operational contexts.

5 Conclusion

This paper presents a UAV small target detection system based on YOLOVS. Trained
and optimized on the VisDrone dataset, it achieves high accuracy and real-time,
meeting high-altitude UAV detection requirements. The system boosts UAV
intelligence and supports their application in complex environments. Future research
will focus on performance optimization and functional expansion to promote UAV
technology application.

References

1. Li, Y.C, Shi, W.Y., Feng, C. "A lightweight YOLOv8 detection algorithm for small object
detection in UAV aerial images", Computer Engineering and Applications, 2024, 60 (17),
pp. 167-178.

2. Li, S, Li, S.Y., Liu, G.Q. "Research on small object detection algorithm based on YOLOVS
for drone aerial images", Mini-micro Computer Systems, 2024, 45 (9), pp. 2165-2174.

3. Yin, B. "Multi-object detection algorithm for UAV aerial images based on ASF-WIoU-
YOLOV8", Computer Science and Applications, 2024, 14 (5), pp. 137-146.

4. Chen, H.Y., Xiao, Z.Y., Guo, Y., Chen, J.Y. "UAV acrial object detection algorithm based
on improved YOLOVS", Electro-Optic Control, 2024, 31 (12), pp. 4-15.

5. Qiao, S.H., Song, X.F., Shang, T.F., Hu, X.C., Han, K. "MSFE-YOLO: An improved
YOLOv8 UAV view target detection network", IEEE Geoscience and Remote Sensing
Letters, 2024.

6. Jia,L., Lin, M.W., Qi, L.J., Tan, J. "Research on multi-scale object detection for UAV aerial
images", Semiconductor Optoelectronics, 2024, 45 (3), pp. 25-32.

7. Chen, X., Peng, D.L., Gu, Y. "Real-time object detection in UAV images based on improved
YOLOVS5s", Opto-Electronic Engineering, 2022, 49 (3), pp. 210372.

8. Xiong, X.R., He, M.T., Li, T.Y., et al. "Small object detection in UAV target tracking based
on adaptive feature fusion and improved attention mechanism", /[EEE Internet of Things
Journal, 2024, 11 (12), pp. 21239-21249.



10.

11.

12.

13.

Implementation of UAV Small Target Detection System Based on ... 647

Ma, L., Gou, Y.T., Lei, T., et al. "Small object detection in remote sensing images based on
multi-scale feature fusion", Opto-Electronic Engineering, 2022, 49 (4), pp. 210363.

Du, D.W., Zhu, P.F., Wen, L.Y, et al. "VisDrone-DET2019: The results of the vision meets
drone object detection in images challenge", I[EEE/CVF International Conference on
Computer Vision Workshops, 2019, pp. 213-226.

Cheng, L., Tian, Y.H., Li, J., et al. "Object detection based on YOLO network", IEEE 4th
Information Technology and Mechatronics Engineering Conference (ITOEC), IEEE, 2018,
pp- 799-803.

Zhu, X., Lyu, S., Wang, X, et al. "TPH-YOLOVS5: Improved YOLOVS based on transformer
prediction head for object detection on drone-captured scenarios", [EEE/CVF International
Conference on Computer Vision, 2021, pp. 2778-2788.

Shen, Z., Chen, B. "Research on Pedestrian Detection and Recognition Based on Improved
YOLOv6 Algorithm", International Conference on Artificial Intelligence in China,
Singapore: Springer Nature Singapore, 2022, pp. 281-289.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's

Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Implementation of UAV Small Target Detection System Based on YOLOV8



