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[Abstract]

Recently, researches for military purposes such as precision tracking and mission completion using
UAVs have been actively conducted. In particular, if the posture information of the leading UAV is
estimated and the mission UAV uses this information to follow in stealth and complete its mission, the
speed of the posture information estimation of the guide UAV must be processed in real time. Until
recently, research has been conducted to accurately estimate the posture information of the leading UAV
using image processing and Kalman filters, but there has been a problem in processing speed due to the
sequential processing of the processing process. Therefore, in this study we propose a way to improve
processing speed by applying methods that the image processing area is limited to the ROI area including
the object, not the entire area, and the continuous processing is distributed to OpenMP-based multi-threads
and processed in parallel with thread synchronization to estimate attitude information. Based on the
experimental results, it was confirmed that real-time processing is possible by improving the processing
speed by more than 45% compared to the basic processing, and thus the possibility of completing the

mission can be increased by improving the tracking and estimating speed of the mission UAV.
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I. Introduction
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II. Estimation of UAV Attitude
Information

1. Structure of Attitude Estimation System
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2. Process of Attitude Estimation
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Fig. 3. Flow Diagram for Extracting
Flight Information of Leading UAV
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III. Improvement of Attitude Estimation
Performance
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2. Parallel Processing
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Fig. 5. Parallel Processing Flow Diagram for Estimating
Flight Information of the Leading UAV Using OpenMP
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IV. Experiments and Results

1. Results of ROI Process
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Table 1. Comparison of Processing Time Results
of Overall and ROI Treatments

Processing Time(ms)
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ROI Area 8.01
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Table 2. Results of Processing Time When ROI Area
Matching and Multi-threading of OpenMP are Applied

Process of Run Time(ms)
Image processing Loop1|Loop2|Loop3|Loop4|Loop5
Color Segmentation 21 4 5 3 3
Template Matching 10 8 1 5 7
Binary 2 3 3 3 3
EdgeDetection 6 2 6 2 2
CornerDetection 10 10 11 9 10
TailDetection 5 4 4 4 6
VirtualHorizonDetection 7 9 8 7 7
Total 61 40 43 33 38
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Table 3. Results of Frame Rate per Second through
ROI Processing and Multi-threaded Parallel Processing

OpenMP Whole Area ROI Area
Not applied 19 fps 23 fps
Applied 21 fps 28 fps
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V. Conclusions
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