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Abstract: Unmanned aerial vehicle (UAV) detection holds significant value in both civilian and military domains, how-
ever, conventional infrared detection systems remain vulnerable to background clutter interference. Infrared polariza-
tion imaging technology offers a novel solution by integrating polarization data with infrared imaging. However, the dif-
ferences between polarization and infrared images introduces new problems to target extraction. Therefore, we propose
a new detection algorithm based on scale-adaptive local extreme measure (ALEM). The algorithm introduces an en-
hanced SUSAN operator to quickly extract regions of interest (ROIs) while estimating potential target scales within
these regions. Then present the ALEM algorithm, which is specifically designed to exploit the unique characteristics of
polarization images. The algorithm effectively measures contrast by analyzing pixel neighborhood features within polar-
ization images. Experimental results based on real-world polarization image dataset demonstrate that: the signal-to-
noise ratio gain of the algorithm is increased by 2. 7 times, the background suppression factor is increased by 8. 6 times,
and it can run at 20 fps. It exhibits excellent detection performance, robustness, and the capability for real-time detec-
tion.

Key words: Infrared polarization imaging, small infrared target detection, signal-to-clutter ratio, local contrast
measure
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Fig. 1 Illustration of the MPA of a DoFP polarization camera
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Fig. 3 Flowchart of the proposed method
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Table 3 Details of the infrared polarization—based UAV target dataset
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Table 4 Parameter settings in different methods
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Difference of gaussian""’ DoG window size: 7 X7, 0, =0.5, o, = 10.
Multiscale patch—based contrast measure’*> MPCM local window size: N=1[3,5, 7, 9].
Relative local contrast measure ™ RLCM Kl=[2,5,9],K2=[4,9, 16].
Multiscale absolute directional mean difference!*’ MS-ADMD window size: [3, 5,7, 9].
Double-neighborhood gradient method"** DNGM window cell size: 3 X 3.
Partial sum of the tensor nuclear norm'**’ PSTNN patch size: 40 x 40, sliding step:40, A = 0.7/ /max(n,, ”2) X ns.
Nonconvex tensor fibered rank approximation'®” NTFRA patch size: 40 X 40, sliding step:40, A = L//max(nl, n,z) X ns.
Facet kernel and random walker'* FKRW window size: 11 X 11, K=4, p=6, 8=200.

Proposed method ALEM

max target radius: r,, = 6.
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Fig. 10 Detection results of all methods, with the detected targets highlighted with red bounding boxes
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Table 5 Average SCRG, PSCRG, and BSF across image sequences
2l BFR Proposed DoG MPCM RLCM DNGM ADMD PSTNN NTFRA FKRW
SCRG 163.2 18.28 22.18 36.02 9.741 1. 002 7.589 34.89 6.51E-13
J¥51 1 PSCRG 10. 07 1.014 1.351 1.518 0.5719 0.03548 0. 6449 2.373 4. 05E-14
BSF 76. 12 1.222 4.798 3.584 9.697 8.517 2.197 1. 093 16. 29
SCRG 55.36 3.475 10. 37 9.818 5.55 0.6131 7.298 20.22 4.35E-15
J¥51 2 PSCRG 15. 26 1.052 2.942 2.486 1.411 0.1332 1.915 5.428 1.32E-15
BSF 54.57 1.123 5.436 2.525 10. 06 6.337 2.265 1.337 8.719
SCRG 226 204.7 116.2 776. 5 105. 8 1.033 16.27 15.22 5. 42E-02
7513 PSCRG 8. 816 1. 169 0.955 4.453 0.3528 0. 0209 0. 3296 0. 4853 4. 05E-03
BSF 16. 21 1. 087 4.64 2.055 8.398 7.091 2.082 0. 9448 9.110
SCRG 47.96 3.085 7.082 16. 74 3.947 0.5281 5.628 23.42 4. 11E-04
¥4 4 PSCRG 12.25 0. 9009 1.969 4.167 0. 8381 0. 1422 1.555 6.383 1. 33E-04
BSF 16. 99 1. 05 4.472 2.243 7.301 5.617 2. 066 0. 8765 8.971
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Fig. 11 ROC curves for the four sequences: (a) Seq. 1, (b) Seq. 2, (c) Seq. 3, and (d) Seq. 4.
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Table 6 Average time usage by each method

(=R7R proposed DoG MPCM RLCM

DNGM ADMD PSTNN NTFRA FKRW

AR AE 3% () 0. 0490 0. 00317

0. 0402 2. 057

0. 00308 0. 00627 0.241 1.503 0. 161
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Fig. 12 Comparison of the proposed method and the baseline
method on SCR.
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Table 7 Ablation experiment results
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