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Introduction

Unmanned Aerial Vehicles (UAVs) have emerged as versatile tools
across a wide range of applications, including surveillance, search and rescue
operations, environmental monitoring, and precision agriculture. The ability
to detect small targets reliably and efficiently is critical in these scenarios,
where the detection task often involves identifying objects of interest that are
small in size relative to the vast field of view captured by the UAV's onboard
sensors. However, small target detection presents unique challenges due to
factors such as the limited resolution of onboard cameras, varying lighting
conditions, complex backgrounds, and the high-speed motion of UAVs. To
address these challenges, this report presents a compact algorithm designed
specifically for small target detection on UAV platforms. The lightweight nature
of UAVs imposes stringent constraints on computational resources and power
consumption. Traditional deep learning methods, while highly effective in
general object detection tasks, are often computationally intensive and require
significant energy resources, making them less suitable for UAV applications.
Furthermore, many existing methods are tailored for detecting larger objects,
which can overshadow the performance on small targets. Therefore, a
specialized approach that strikes a balance between efficiency and accuracy
is necessary to enhance the operational capabilities of UAVs.

Description

The proposed compact algorithm leverages a streamlined architecture
optimized for the limited computational capacity of UAV platforms. The
design is centered on a multi-scale feature extraction technique, which
ensures that small targets are effectively highlighted despite their reduced
size in the image. The multi-scale approach integrates information from
different resolution levels, allowing the algorithm to capture fine details
associated with small targets while maintaining a global context of the scene.
By incorporating lightweight convolutional operations and efficient pooling
mechanisms, the algorithm reduces the computational overhead without
compromising detection performance. Key to the algorithm's success is
the integration of attention mechanisms tailored for small target detection.
Attention modules help the model focus on regions of interest by suppressing
irrelevant background noise, which is particularly beneficial in UAV imagery
characterized by cluttered and dynamic scenes. These modules prioritize
features associated with small objects, enhancing the detection accuracy
while maintaining the computational efficiency required for real-time
processing. The attention-enhanced architecture, combined with a robust
feature extraction backbone, provides a reliable foundation for detecting small
targets in diverse environmental conditions [1].

Another significant aspect of the algorithm is its adaptability to various UAV
applications. The algorithm is designed to be modular, allowing customization
based on specific requirements, such as detecting particular object types or
operating under specific environmental conditions. This flexibility is achieved
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through a combination of transfer learning techniques and domain adaptation
strategies, which enable the algorithm to leverage pre-trained models and
fine-tune them for specialized tasks. The modular design ensures that the
algorithm can be easily integrated into different UAV systems, supporting
a wide range of use cases. To validate the performance of the compact
algorithm, extensive experiments were conducted on benchmark datasets
and real-world UAV scenarios. The evaluation focused on metrics such as
detection accuracy, precision, recall, and computational efficiency. The results
demonstrate that the proposed algorithm achieves competitive performance
compared to state-of-the-art methods while maintaining a significantly lower
computational footprint. For instance, in scenarios involving densely cluttered
backgrounds and varying illumination, the algorithm consistently outperformed
traditional approaches in detecting small targets with high precision. The real-
time processing capability was also validated through field tests, where the
algorithm demonstrated its ability to operate seamlessly on UAV platforms
with limited hardware resources [2].

The compact algorithm incorporates several innovative techniques to
ensure robustness in challenging conditions. For example, data augmentation
strategies are employed during training to simulate diverse scenarios, such
as changes in lighting, occlusion, and motion blur. These augmentations
enhance the algorithm's ability to generalize across different environments,
reducing the likelihood of false positives and missed detections. Additionally,
the algorithm includes a post-processing module that refines the detection
results by eliminating spurious detections and consolidating overlapping
predictions, further improving the reliability of the system. Energy efficiency
is a critical consideration for UAV operations, particularly during extended
missions where battery life is a limiting factor. The proposed algorithm
addresses this challenge through an energy-aware design that minimizes
power consumption without sacrificing detection accuracy. This is achieved
by employing lightweight operations, reducing the number of parameters,
and optimizing the inference pipeline for low power hardware. The energy
efficiency of the algorithm was quantified in terms of power usage per frame,
and the results indicate a substantial reduction compared to conventional
methods, making it an ideal choice for UAV deployments [3].

The practical implications of the compact algorithm extend beyond the
technical domain, offering significant benefits for various applications. In search
and rescue operations, for instance, the ability to detect small targets such as
stranded individuals or debris in challenging terrains can accelerate response
times and save lives. Similarly, in precision agriculture, detecting small pests
or monitoring crop health at a granular level can enhance productivity and
reduce resource wastage. The algorithm's lightweight design ensures that it
can be deployed on a wide range of UAV platforms, from consumer-grade
drones to specialized industrial systems, broadening its applicability. Future
advancements in the field of small target detection on UAV platforms could
build upon the foundations laid by this compact algorithm. Potential directions
include integrating additional sensor modalities, such as thermal imaging
or LiDAR, to complement visual data and enhance detection capabilities.
Furthermore, advancements in edge computing and hardware acceleration
technologies could further optimize the algorithm's performance, enabling
even more efficient and accurate detection. Collaborative approaches, where
UAVs share information and coordinate their efforts, could also enhance the
scalability and effectiveness of detection systems in large-scale operations
[4,5].

Conclusion

In conclusion, the compact algorithm for small target detection on UAV
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platforms represents a significant step forward in addressing the challenges
associated with detecting small objects in aerial imagery. By combining a
lightweight architecture, multi-scale feature extraction, attention mechanisms,
and energy-aware design, the algorithm achieves a balance between
efficiency and accuracy that is well-suited for UAV applications. The successful
validation of the algorithm in diverse scenarios underscores its potential to
enhance the capabilities of UAVs across a wide range of domains. As UAV
technology continues to evolve, the proposed approach provides a robust and
adaptable solution that can drive innovation and expand the horizons of aerial
detection systems.

References

1. Ren, Shaoging, Kaiming He, Ross Girshick and Jian Sun. "Faster R-CNN:
Towards real-time object detection with region proposal networks." IEEE Trans
Pattern Anal Mach Intell 39 (2016): 1137-1149.

2. Wang, Lining, Guanping Wang, Sen Yang and Yan Liu, et al. "Research on
improved YOLOv8n based potato seedling detection in UAV remote sensing
images." Front Plant Sci 15 (2024): 1387350.

Page 2 of 2

3. Zhang, Yin, Mu Ye, Guiyi Zhu and Yong Liu, et al. "FFCA-YOLO for small

object detection in remote sensing images." IEEE Trans Geosci Remote Sens
(2024).

4. Viola, Paul and Michael Jones. "Rapid object detection using a boosted

cascade of simple features." Comput Eng 1 (2001): I-I.

5. Zhalechian, Mohammad, Reza Tavakkoli-Moghaddam and Yaser Rahimi. "A

self-adaptive evolutionary algorithm for a fuzzy multi-objective hub location
problem: An integration of responsiveness and social responsibility." Eng Appl
Artif Intell 62 (2017): 1-16.

How to cite this article: Shun, Linlin. “A Compact Algorithm for Small Target
Detection on UAV Platforms.” J Telecommun Syst Manage 13 (2024): 468.



https://ieeexplore.ieee.org/abstract/document/7485869/
https://ieeexplore.ieee.org/abstract/document/7485869/
https://www.frontiersin.org/articles/10.3389/fpls.2024.1387350/full
https://www.frontiersin.org/articles/10.3389/fpls.2024.1387350/full
https://www.frontiersin.org/articles/10.3389/fpls.2024.1387350/full
https://ieeexplore.ieee.org/abstract/document/10423050/
https://ieeexplore.ieee.org/abstract/document/10423050/
https://ieeexplore.ieee.org/abstract/document/990517/
https://ieeexplore.ieee.org/abstract/document/990517/
https://www.sciencedirect.com/science/article/pii/S0952197617300519
https://www.sciencedirect.com/science/article/pii/S0952197617300519
https://www.sciencedirect.com/science/article/pii/S0952197617300519

