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Tiny Drone Tracking with a Moving Camera
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Abstract

With the rapid development in the field of unmanned aerial vehicles(UAVs) and drones, higher request to development of a
surveillance system for a drone is putting forward. Since surveillance systems with fixed cameras have a limited range, a
development of surveillance systems with a moving camera applicable to PTZ(Pan-Tilt-Zoom) cameras is required. Selecting the
features for object plays a critical role in tracking, and the object has to be represented by their shapes or appearances.
Considering these conditions, in this paper, an object tracking method with optical flow is introduced to track a tiny drone with a
moving camera. In addition, a tracking method combined with kalman filter is proposed to track continuously even when tracking
is failed. Experiments are tested on sequences which have a target from the minimal 12 pixels to the maximal 56337 pixels, the
proposed method achieves average precision of 175% improvement. Also, experimental results show the proposed method tracks a
target which has a size of 12pixels.
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Table 1. Test sequences

Drone Resolution Sequences Target minimum size (pixels) Target maximum size (pixels)
Inspire1 45 2080
Inspire2 56 182
. Inspire3 99 918
Inspire QHD -
Inspire4 408 6035
Inspire5 1334 24738
Inspire6 1782 14994
Phantom1 12 20
Phantom 4 FHD Phantom2 154 1316
Advanced Phantom3 176 221
Phantom4 9797 56337
30
25
§ 20
]
E OF
c .
o 15
o

10

= OF+Kalman

Frame

T2 5. O 39| gfen} Kok BHHOl Center error A& Z3 (Inspire1 24
Fig. 5. Comparison with optical flow based tracking method in Fig. 3 in terms of center error (Inspire1 sequence)
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Table 2. Comparison with previous tracking methods in terms of precision, recall, and region overlap
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Tracking method of fig. 3 [15] [21] [22] Proposed method

Sequences Precision| Recall Region Precision| Recall Region Precision| Recall Region Precision| Recall Region Precision| Recall Region

overlap Overlap overlap overlap overlap

In.1 0.15 0.25 0.02 0.09 0.01 0.04 0.03 0.03 0.02 0.77 0.76 0.43 0.76 0.76 0.24

In.2 0.06 0.19 0.04 0.67 0.19 0.39 0.05 0.05 0.03 0.06 0.06 0.04 0.06 0.06 0.03

In.3 0.15 0.86 0.03 0.09 0.09 0.04 1.00 1.00 0.55 0.99 0.99 0.52 1.00 0.99 0.47

In.4 0.21 0.21 0.08 0.88 0.87 0.47 1.00 1.00 0.61 1.00 1.00 0.59 1.00 1.00 0.20

In.5 1.00 1.00 0.41 0.98 0.06 0.51 0.02 0.02 0.01 1.00 1.00 0.46 1.00 1.00 0.36

In.6 0.88 0.88 0.27 1.00 1.00 0.64 0.12 0.12 0.09 1.00 1.00 0.33 1.00 1.00 0.21

P.1 0.23 0.23 0.05 0.43 0.43 0.20 1.00 1.00 0.67 0.20 0.20 0.13 0.23 0.23 0.10

P.2 0.64 0.63 0.28 0.08 0.05 0.04 0.63 0.62 0.27 0.63 0.63 0.30 0.64 0.63 0.29

P.3 1.00 1.00 0.33 0.32 0.32 0.10 1.00 1.00 0.52 1.00 1.00 0.54 1.00 1.00 0.63

P.4 0.04 0.05 0.01 0.05 0.03 0.02 0.97 0.97 0.63 1.00 1.00 0.63 0.96 0.96 0.19

Avg. 0.44 0.53 0.15 0.46 0.31 0.25 0.58 0.58 0.34 0.76 0.76 0.40 0.76 0.76 0.27
A8 wakH, 2 119 AEFES AA AA T AAgL $—Zﬁ 03

gA F48 7dg-el gk v&S YeRdTh TN
. Ture Positive Aot WS Id 39 F4 W) vl Hit 175%9
Precision = True Positive -+ False Pasiti (10) e s - - - .
rue Positive + False Pasitive AUE P} 143%2) AEE P A% Bolv, S
True Positi = w i
Recall = el oatte , an 49 Az wd g2 A% B [15]E A whyRg
True Positive + False Negative

A A B Ao AT Inspire2 G4+ A 7113
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Continuous tracking results at Phantom2 sequence (Green rectangles are indicating tracking result)
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Fig. 7. Continuous tracking results at Inspire6 sequence (Green rectangles are indicating tracking result)
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Fig. 8. Examples of tracking result of proposed method (a) Inspire1, (b) Inspire2, (c) Inspire3, (d) Phantom1, (e) Phantom3, (f) Phantom4
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