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Fig. 1 Illustration of the MPA of a DoFP polarization camera
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Table 1 Mean SCR and PSCR of S, DoLP, and
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Fig. 2 Images in the dataset: (a) and (d) are S,, (b) and (e) are the DoLP, (c) and (f) are the AoLP
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Fig. 3 Flowchart of the proposed method
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Fig. 4 Template of the fast SUSAN operator. The red pixel
denotes the central pixel. The blue dashed line denotes the
template used by the traditional SUSAN operator. The green
pixels denote the template used by the fast SUSAN operator
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Fig. 5 ROI extraction results using the SUSAN operator: (a) the original AoLP image, (b) the output of the fast SUSAN operator.
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rectangle indicates the central pixel, the blue rectangles repre-

Ilustration of ROI image scale estimation. The red

sent distance measurements, and the green rectangle denotes

the pixel with the greatest distance
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2.3 REBENFESREES

PRIH SUSAN 55 BEAT RO il - 3H 5 5 44, 9K
1M RO AFAERR Sy i A I T4 . AR GE R EL oM
W75 208 5 A RBIEAR R AR S, R AR L
BERRAE 52 B A 1 SR, BT R R AIE 22
S, W7 e DL HE W T T AoLP MR o fifg o
), 42 R AR (B & (local extreme measure,
LEM) R AoLP FZ (X FLEE T H3 4w o

LEM 14 J5 BN 1A 9 (a) 7S o A 1 11 43



6 ST Bh 5 B K W ¥

XX &

(a)

(b)

K9 LEME H R (a) LEM B =2 1, (b) LEM % 1 AYZ5 R, i (DX 1 DO 2T AR 3R 20 3R TR B2 D 2=

SIS

Fig. 9 Illustration of the LEM principle. (a) Tri-layer window of the LEM, (b) The structure of the LEM window, blue areas, white

areas, and red pixels represent surrounding layers, core layers, and center pixel respectively
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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 nsy.
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
JF51 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

True Positive Rete{TPR)

(a) (b)

Trug Posiive Rate(TPR)
True Positive Rate{TPR)

F 11 441751 ROC k. (a) 741 1(b) 751 2(c) 51 3(d) 741 4

Fig. 11
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Table 6 Average time usage by each method

ROC curves for the four sequences: (a) Seq. 1, (b) Seq. 2, (c) Seq. 3, and (d) Seq. 4.
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Table 7 Ablation experiment results

AL B 75 SCRG PSCRG BSF A (s)
ToHALEL, [ 2 RF LEM 92.32 6.202 27. 80 0.005 4
1548 SUSAN ST (r,,, = 3) 31.10 1.588 11.95 0.165 8
154 SUSAN ST (r,,,, = 6) 77.14 7.547 24. 00 0.2277
P SUSAN B F(r,,. = 3) 71. 46 6.013 20. 74 0.039 8
P SUSAN 1 (r,,. = 6) 93.12 10. 43 38. 82 0.049 0

max

U7 1A, UL ALEM B335 0 R DN RCR B, e 2
BT B A5 i AR A R A ARSI ROCR ARG T A A i
ARG SR o

Seq 1
Seq2
Seq3
Seq

sces

Proposed Method SCR

100 150 200 250 300 350
Max SCR Across All Baseline Methods

K12 ALEMBE 5T 5 7E SCR IS bR BRI LA
Fig. 12 Comparison of the proposed method and the baseline
method on SCR.
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Shortwave infrared polarization-based aerial small-UAYV target de-
tection via a scale-adaptive local extreme measure

Yang Zheng-Ye'?, Gong Jin-Fu'?, Xin Jian-Qiao'*, Wang Shi-Yong"", Wu Ying-Yue'", Kang Hua-Chao’
(1. Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China
2. University of Chinese Academy of Sciences, Beijing 100049, China
3. Key Laboratory of Electro—Optical Countermeasures Test and Evaluation Technology, Luoyang, 471003, China)

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 introduce new problems to target extraction. Therefore, we propose a
new detection algorithm based on a 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, we present the ALEM algorithm, which is specifically designed to exploit the unique characteris-
tics of polarization images. The algorithm effectively measures contrast by analyzing pixel neighborhood features within
polarization images. Experimental results based on a 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
detection.

Key words: infrared polarization, small infrared target detection, local extreme measure, signal-to-clutter ratio



