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A Small IR Target Detection and Tracking Algorithm Based on
Morphological and Genetic-particle Filter

WANG Ling-ling, XIN Yun-hong
(School of Physics and Information Technology, Shaanxi Normal University . Xi'an 710062, China)

Abstract: Aiming at small IR target dectection and tracking in complex background, a method
based on the top-hat detection algorithm, genetic algorithm and particle filter is presented.
Firstly, a sub-frame extracting method is used for the removal of the background and noise
around target, which effectively reduces the number of pixels participating in operation;
secondly, a few structures with different edge characteristics are introduced in the top-hat
algorithm, which greatly improve the efficient for the detection of the pre-target from sub-frame;
thirdly, based on the correlation of target movement in time and space domain, a threshold
judgment technology is used to remove the false targets; finally, the genetic algorithm is
introduced into the particle filtering to enhance the diversity of particles, which can effectively
improve the real-time and the precision of target tracking. The experimental results show that the
presented algorithm has obvious superiority in detection correctness and tracking accuracy and
robustness.

Key words: Morphological filtering algorithm; Genetic algorithm; Particle filter; Infrared small
target; Detection and tracking
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Fig. 1 The schematic diagram of the structure
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Fig. 2 The block diagram of the GAPF algorithm
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(f) 3D grayscale diagram of (c)
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Fig. 3 The detection results of the small IR target in a single frame
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Fig. 4 The sub-frame diagram
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(e) The tracking trajectory of the squence Il (f) The last frame of the squence Il

B5 REHRLTEHE
Fig. 5 The tracking trajectory

(e) The 70" frame (f) The 200" frame (g) The 433" frame (h) The 553" frame
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Fig. 6 The tracking results by the proposed algorithm

K7 () (R T LT GAPF REMIXE (7 E A BR A Al 1 IR 22 (19 45 Ll 26 . MR 22 X EE 1A
FLEE PF X HAR @ AR My AR A3, (o) L (D A LA AR SO A R T 0k b Ik B A Y R B
B8 T | GAPE ByE MR LHE L PE X HAbr SCR.

;23 -+ Real posifion 160
—PF
340 |- GAPF 150
= 5 140
Z 300 2
= 280 £ 130t
T 260 g
S 240 4 1207
220 o ’ ' 110 [
200/_ YN SS - UV STV X :
180 100 &~
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Frame Frame

(a) Evaluated x coordinate of target locations of squence Il (b) Evaluated y coordinate of target locations of squence I
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(c) Evaluated errors of x coordinate of target locations of squence II
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(d) Evaluated errors of y coordinate of target locations of squence Il
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Fig. 7 The evaluated target locations and its errors of the sequence [
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(b) Evaluated y coordinate of target locations of squence |
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(¢) Evaluated errors of x coordinate of target locations of squence I (d) Evaluated errors of y coordinate of target locations of squence 1
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Fig. 8 The evaluated target locations and its errors of the sequence [l
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Table 2 Error comparison

GAPF PF
X error Y error X error Y error
Sequence [ 1.581 1 1.239 2 2.2105 1.857 8
Sequence [[ 1.562 5 2.309 5 2.398 1 4.936 9
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