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A UAYV Vision-Based Real-Time Target Tracking and
Trajectory Planning Method
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(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Unmanned aerial vehicle (UAV) technology has been widely applied in various fields. Target tracking is one
of the important technologies in UAV autonomous flight tasks and has gradually become a critical issue. To address the
problem of target tracking in an unknown and complex environment, this study proposed a moving target tracking
planning method for UAVs based on visual information. To address the low accuracy in multi-step target motion pre-
diction of traditional tracking methods, this study proposed an adaptive interacting multiple model prediction
method, which fused predictions from different models to obtain more accurate target motion predictions. A target-
motion-guided hierarchical motion planning strategy was designed. The front-end search method generated a forward-
looking tracking path for target tracking based on the results of target motion predictions. Then, the UAV probabilis-
tic trajectory model, which considered UAV state and obstacle constraints, was established. Based on the front-end
tracking path, the probabilistic trajectory model produced a smooth UAV trajectory that avoided obstacles using mar-
ginal inference algorithms. Finally, a learning-based object detection network was used to detect the target, which
was integrated with the target motion prediction and UAV trajectory planning methods. Ultimately, the proposed

tracking method could perform real-time target tracking on the resource-constrained quadrotor platform. The simula-
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tion and experimental results show that the proposed method can implement the vision-based moving target tracking

task in complex environments. Moreover, the proposed method can achieve more accurate target motion prediction,

smoother flight trajectories, and more stable tracking performance than the existing methods.

Keywords: unmanned aerial vehicle; target tracking; motion prediction; probabilistic inference; trajectory plan-

ning
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Tab.1 Analysis of prediction error of various methods
under different prediction step sizes

BB S A %o i 2 ¥R 22
WHE | 05s 1.0s 15s 0.5 1.0s 15s
FRALR

oz | 00675 0.1276 | 0.2156 | 0.0835 | 0.1730 | 0.304 0
IR 2 T

Bezier fii

W7k

AL
ik

0.0423 | 0.1188 | 0.2315 | 0.0611 | 0.1662 | 0.319 4

0.0074 | 0.0172 | 0.0405 | 0.0231 | 0.0429 | 0.107 9
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Fig.11 Comparison of UAYV speed curves in the simulation
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Tab.2 Quantitative comparison of simulation results

. EEAE | EREEEYY | AR
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HBER ALk FE] /ms 18/ (m/s?) 2/ (m/s?)
Fast-tracker 777! 1.556 0 0.476 3 0.5352
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Tab.3 Quantitative analysis of speed and acceleration
curves during the tracking phase

I (/s) | B/ (m/sD) | i BEARTEZS/ (m/s?)
0.46 0.258 7 0.029 4
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