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Autonomous detection and tracking of
multiple maneuvering targets for unmanned aerial vehicles

ZHANG Yin-zhe†, LIU Gui-xi, LI Si, HUANG Nan-nan
(School of Mechano-Electronic Engineering, Xidian University, Xi’an Shaanxi 710071, China)

Abstract: The interested targets in UAV (unmanned aerial vehicles) aerial image sequences are always small in size,
and have significant changes in appearance when coupled with a lot of background noises, making the target detection
and tracking a very difficult task. To solve these problems, this paper presents a method to autonomously detect and
track multiple maneuvering targets in UAV aerial image sequences. Firstly, image features of the targets are extracted
and classified through cascade classification algorithms to obtain the strong classifier of the targets; then, the targets can
be autonomously detected by using the classifier. The detection results are associated and filtered through global optimal
association algorithms to achieve the purpose of tracking and recognition of multiple maneuvering targets. The optimal
association-cost matrix is simultaneously fused with distance and direction information which can improve the tracking
robustness. Using the ground tanks in UAV aerial image sequences as the interested targets, the experimental results
showed that the proposed method can autonomous detect and track multiple maneuvering targets with desired tracking
robustness.
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2 (Target feature extrac-
tion and classification)

2.1 (Target feature extraction)
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2.2 (Target feature fusion and
classification)

vL vc .

vL = (v1L, v
2
L, · · · , v1024L ), (1)

vc = (v1c , v
2
c , · · · , v128c ). (2)

1) vL vc [0, 255] ,
:

v′
L=

255

max(viL, i=1,· · ·, 1024)(v
1
L, v

2
L,· · ·, v1024L ),

(3)

v′
c=

255

max(vkc , k=1,· · ·, 128)(v
1
c , v

2
c ,· · ·, v128c ). (4)

: i ∈ [1, 1024], k ∈ [1, 128];

2) v′
L v′

c ,
1152 v. v

.

Adaboost
, ,

.

,
, ,

.

.

3 (Multiple
maneuvering targets motion estimation and
tracking association)

3.1 (Maneuvering target moti-
on model)

, ,
,
. ,

, .
(5) (6) [8].{

xk+1 = Fxk + Cuk +Gwk,

zk = Hxk + vk,
(5)

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

F =

⎛
⎜⎜⎜⎝
1 T 0 0

0 1 0 0

0 0 1 T

0 0 0 1

⎞
⎟⎟⎟⎠ ,

C = G =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

T 2

2
0

T 0

0
T 2

2
0 T

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠

,

H =

(
1 0 0 0

0 0 1 0

)
.

(6)

: xk = [x(k), Δx(k), y(k), Δy(k)] k

; uk = [ax(k), ay(k)], ax(k) ay(k)

x y ,
ax(k), ay(k) ∼ N(0, σ2); wk vk

.

, Kalman
.

3.2 (Multiple targets tracking
association)
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Fig. 1 Illustration of the association cost
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3.3 (Further process-
ing of the tracking association results)
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4 (Experimental results and
analysis)

4.1 (Experimental
results and analysis using the proposed algo-
rithm)
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Fig. 2 Overall algorithm flowchart
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Table 1 Comparison of the target detection methods

/ /% /%

HOG+SVM
: 3000
: 5000

89.7 15.9

Haar+Adaboost
: 3000
: 5000

92.3 7.4

LBP+Adaboost
: 3000
: 5000

93.9 8.3

: 3000
: 5000

95.2 4.5

(a) 1

(b) 2
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(c) 3

(d) 4

3

Fig. 3 Experimental results of the proposed algorithm

4.2 (Comparison of the tracking

robustness)
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Fig. 4 Comparison of the tracking robustness
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5 (Conclusions)
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