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Multi-object tracking algorithm for UAV based on the thin plate spline function

Yu Renwei, Zhu Hao, Cai Changkai

(College of Automation, Chongqing University of Posts and Telecommunications, Chongqing 400065, China)

Abstract : The multi-object using Unmanned aerial vehicle, UAV monocular camera under object may have problems of position drift and
failure of state prediction. To address these issues, a multi-object tracking method for UAV based on the thin plate spline function is
proposed , the UAV motion is formulated by the space transformation function. The state space model for UAV motion is established, and
the tracklets and detection correspondence are initialized by appearance characteristics. The unknown parameters of the model are
obtained by calculating the least square solution of the thin plate spline function based on the initial correspondence. Then, the tracklets
motion state is predicted according to the model. And the appearance to data association is combined. In addition, the space
transformation parameters are introduced into the Kalman filter equation to realize the optimal estimation of tracklets state under camera
motion. The process of tracklets initialization and termination, missed detection and false detection is realized by the effective tracklets
management method. Experimental results on UAV data set show that the proposed algorithm has better performance than the existing
state-of-the-art algorithms. Compared with the existing mainstream algorithm MDP, the multi-object tracking accuracy of the proposed
algorithm is increased by 2. 75%.
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Fig. 1  Flow of the multi-object tracking algorithm
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Fig.3 Tracking results of the proposed algorithm on partial sequences
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Fig.4 The effectiveness of the multi-object tracking algorithm
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Table 3 Comparison results on UAVDT dataset
;g Ak MOTA 1 MOTP 1 Rec 1 Prec 1 MT1/% ML|/% FP| FN | Ds |
MDP 87.986 2 81.124 1 92.508 1 95.358 4 24 2 235 391 1
cMOT 83.904 9 79.910 8 89.729 8 94,017 2 21 2 298 536 6
M0205
DSORT 86.434 1 79.375 9 90.285 4 95.967 4 24 2 198 507 3
Proposed method ~ 88.062 8 80.707 6 92.584 7 92,125 8 22 2 265 357 1
MDP 75.679 7 74.197 3 78.157 9 96. 950 4 80 6 745 6 619 6
CcMOT 72.162 0 75.259 0 76.742 3 94.652 0 79 7 1314 7048 74
HoA03 DSORT 72.511 8 73.891 4 75.587 3 96. 446 3 78 7 844 7 398 88
Proposed method ~ 77.372 6 73.955 1 81.438 0 95.348 2 75 9 1204 5625 28
MDP 21.999 1 68.869 9 29.3255 80.336 3 13 76 5413 5329 112
cMOT 15.545 2 69.402 7 25.3712 72.915 3 7 86 7107 5627 303
o7l DSORT 17.981 2 68.475 6 26.759 6 76.934 8 10 78 6050 5523 570
Proposed method ~ 24. 600 8 67.105 1 48.533 3 67.513 9 29 50 17611 3881 437
MDP 68.721 1 76.957 0 79.394 1 88.2815 47 6 3218 6292 41
cMOT 64.909 1 76.213 6 77.638 7 86.150 8 45 6 3811 6 828 76
M0802
DSORT 65.813 0 75.779 0 77.497 9 87.353 2 46 6 3426 6871 142
Proposed method ~ 68.920 9 76.297 0 79.584 0 86.832 7 45 4 3228 6234 28
MDP 62. 4252 69. 558 4 69. 699 0 91.083 7 12 2 696 3091 46
cMOT 51. 4361 72.013 6 64.013 3 84.312 4 9 5 1215 3671 68
1009 DSORT 51.3577 70.085 5 63.3 565 86.530 9 9 2 1006 3738 218
Proposed method ~ 71.571 4 71.186 4 78.629 5 91.983 9 19 2 699 2180 21
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Table 4 The run-times of each algorithm

ek IBATHE / fps BATHEE
MDP 0.68/- 3.40 GHz (MATLAB)
CMOT 2.83/- 3.40 GHz (MATLAB)
DSORT 2.98/15.01 3.40 GHz (Python), TITAN X
Proposed method 31.68/- 3.40 GHz (MATLAB)
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