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Infrared small target detection method based on nonconvex low-
rank Tuck decomposition
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Abstract: Low-rank and sparse decomposition method (LRSD) has been widely concerned in the field of infrared small
target detection because of its good detection performance. However, existing LRSD-based methods still face the prob-
lems of low detection performance and slow detection speed in complex scenes. Although existing low-rank Tuck de-
composition methods have achieved satisfactory detection performance in complex scenes, they need to define ranks in
advance according to experience, and estimating the ranks too large or too small will lead to missed detection or false
alarms. Meanwhile, the size of rank is different in different scenes. This means that they are not suitable for real-world
scenes. To solve this problem, this paper uses non-convex rank approach norm to constrain latent factors of low-rank
Tucker decomposition, which avoids setting ranks in advance according to experience and improves the robustness of
the algorithm in different scenes. Meanwhile, a symmetric GaussSeidel (sGS) based alternating direction method of
multipliers algorithm (sGSADMM) is designed to solve the proposed method. Different from ADMM, the sGSADMM
algorithm can use more structural information to obtain higher accuracy. Extensive experiment results show that the pro-
posed method is superior to the other advanced algorithms in detection performance and background suppression.
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Table I AUC metrics for different L and H values in sequence 1

AUC AUC

AUC

L H (F,F,) (e.P)) (2,F,) AUC,, AUCqpp
3 8 0.9916 0. 9683 0. 0020 1.9579 484. 15
4 8 0. 9999 0. 9966 0. 0020 1.9945 498. 30
5 8 0. 9999 0. 9995 0. 0020 1.9974 499.75
6 8 0. 9999 0. 8608 0. 0022 1. 8585 391.27
7 8 0. 9999 0. 7980 0. 0037 1.7942 215. 68
8 8 0. 9999 0. 7980 0. 0052 1.7927 153. 46
L H AUC(FM\) AUC(r.Pd) AUC(L r) AUG,, AUC gy
5 2 0. 9999 0. 8804 0.1133 1.7670 7.7705
5 4 0. 9999 0. 8529 0. 0335 1. 8193 25. 460
5 6 0. 9999 0.8176 0.0078 1. 8097 104. 82
5 8 0. 9999 0. 9995 0. 0020 1. 9974 499.75
5 10 0. 9999 0.9974 0. 0020 1.9953 498. 70
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Fig. 4 The qualitative experimental results of the proposed method and eight compared methods on sequences 1-3 (red rectangu-

lar box represents targets, blue oval represents background clutters and false alarm )
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Fig. 5 The qualitative experimental results of the proposed method and eight compared methods on Sequences 4-6 (where red

rectangular box represents targets, blue oval represents background clutters and false alarm)
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Fig. 6 3D ROC curves for the proposed method and compared methods on Sequences 1-6. Each row from left to right represents
3D ROC, 2D ROC (F,, P,), 2D ROC (7, P,),2D ROC (7, F,)
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Table 2 Evaluation of detection performance of different methods on Sequences 1-6.
7 ki Top-hat ~ NRAM  ECASTT  MSLSTIPT ASTIV= IMNN= SRSTT 4D-TT NFTD=
TLA LWEC sGSADMM

AUC v 0.9999  0.9958 0. 9999 0. 9999 0.9999  0.9958 0.9999 0. 9999 0. 9999

A o 0.9941 0.9835 0.9577 0. 9000 0.9863  0.9936 0.7863 0. 8059 0. 9995

ol AUG e 0.0512 0.0020 0. 0082 0. 0752 0.0300  0.0020 0. 0020 0. 0020 0. 0020
ATTC,, 19428 1.9773 1.9494 1. 8247 1.9562  1.9874 1.7842 1.8038 1.9974
AUCq.  19.416  491.75 116.79 11.968 32.877  496.80 393.15 402. 95 499.75

AUC, v 0.9999  0.9999 0. 9999 0. 9999 0.9999  0.9999 0.9999 0. 9999 0. 9999

A o 0.7902  0.7157 0. 9682 0. 9866 0.9431 0. 8569 0. 7667 0. 8882 0. 9830

o2 AUG e 0.0270  0.0020 0.0022 0. 2867 0.0439  0.0020 0. 0020 0. 0020 0. 0020
ATC,, 17631 1.7136 1.9659 1. 6998 1.8991 1.8548 1.7646 1.8861 1.9809
AUCqo.  29.267  357.85 440. 09 3.4412 21.483  428.45 383.35 444. 10 491. 50

AUC . ov 0.9999  0.9999 0.9998 0. 9999 0.9999  0.9915 0.9999 0. 9999 0. 9999

AG o 09617 0.9549 0. 7065 0. 8255 0.8176  0.9056 0.8216 0.8176 0. 9667

o3 AUG e 0.0309  0.0020 0. 0051 0. 0643 0.0455  0.0022 0. 0020 0. 0020 0. 0020
ATC,,  1.9307  1.9528 1.7012 1.7611 1.7720 1.8949 1.8195 1.8155 1. 9646
AUCqpe 31123 477.45 138.53 12. 838 17.969  411.64 410. 80 408. 80 483.35

AUC . oo 0.9999  0.9999 0. 9999 0. 9999 0.9999  0.9999 0.9999 0. 9999 0. 9999

A0S, 0.9667 09353 0.9766 0.9471 0.9984  0.9863 0.9510 0.9392 0.9947

o4 AUG a0 0.0247  0.0020 0.0034 0. 0741 0.0204  0.0020 0. 0020 0. 0020 0. 0020
ATC,,  1.9419 1.9332 1.9731 1.8729 1.9779  1.9842 1.9489 1.9371 1. 9926
AUCqze 39138 467.65 287.24 12.781 48.941 493. 15 475.50 469. 60 497.35

AUC . oy 0.9999  0.8999 0.9995 0. 9999 0.9999  0.9916 0. 9999 0. 9999 0. 9999

AUG L 0.9878  0.7855 0.7130 0. 9846 0.9976  0.9853 0. 9667 0.9627 0.9911

FFols  AUG s 0.0479  0.0022 0. 0099 0.3427 0.1384  0.0020 0. 0020 0. 0020 0. 0020
ATC, 1.9398 1. 6832 1.7026 1.6418 1.8591  1.9749 1.9646 1. 9606 1. 9890
AUCqze  20.622  357.05 72. 020 2.8731 7.2081  492.65 483.35 481.35 495.55
AUC . - 0.9999  0.9874 0. 9999 0. 9999 0.9999  0.9833 0. 9999 0.9999 0. 9999

AUG L, 1.0000  0.7614 0.8175 0. 9000 0.9976  0.9290 0. 8529 0.9392 0.9812

Jpile AU 0.0521  0.0021 0. 0075 0.1386 0.1776  0.0021 0. 0020 0. 0020 0. 0020
AUC,, L9478  1.7467 1. 8099 1.7613 1.8199 1.9102 1. 8508 1.9371 1.9791
AUCqpe 19194 362.57 109. 00 6.4935 5.6171  442.38 426.45 469. 60 490. 60
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Table 3 Performance evaluation related to ablation ex-

periments

_ FID-AD-  FTD-  NFTD-  NFTD-
ik EizE
MM sGSADMM ADMM  sGSADMM
AUC -y 0.9833  0.9999  0.9999  0.9999
AL . 0.8888  0.9881  0.9865  0.9947
o4 AUG - 0.0020  0.0020  0.0020  0.0020
ATC,, 1.8701  1.9860  1.9844  1.9926
AUCqqe 444.40  494.05  493.25  497.35
AUC, i 0.9999  0.9958  0.9999  0.9999
AG . 0.9941 09751 0.9814  0.9911
15 AUG - 0.0199  0.0020  0.0020  0.0020
ATC,, 19741 1.9689  1.9793  1.9890
AUCqg  49.955 487.55  490.70  495.55
AUC, oy 0.9999  0.9749  0.9916  0.9999
AUG 2 0.9314 09411 0.9600  0.9812
o6 AUCLs 00217 0.0020  0.0020  0.0020
ATC,, 19096  1.9140  1.9496  1.9791
AUCqhps 42,922 470.55  480.00  490.60
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Table 4 Time comparison of the proposed method and the compared methods in six scenes.

JFi 1 7312 7513 ¥4 J¥315 J¥31 6
Top-hat 0.0043 s 0.0042 s 0.0042 s 0.0042 s 0. 0050 s 0.0041 s
NRAM 1.3736 s 0.9492 s 1.3235s 1.4354 s 1.2867 s 1.3546 s
ECASTT 4.7305 s 4. 8508 s 4.7872 s 4.7385 s 4.9369 s 4. 6887 s
MSLSTIPT 2.1905 s 2.2949 s 2.2691 s 2.2357 s 2.2702 s 2.2541 s
ASTTV-NTLA 1.9818 s 1. 8454 s 1. 8661 s 1.7746 s 1. 8840 s 1.8520 s
IMNN-LWEC 2.5232s 2.5428 s 2.5530s 2.6821s 2.5472 s 2.7229 s
SRSTT 13.994 s 12.236s 13.235s 14.389 s 14.287 s 14. 566 s
4D-TT 0.9129 s 0.9272 s 0.9319s 0.9310s 0.9881 s 0.9635 s
NFTD-sGSADMM 0. 1807 s 0.1795 s 0.2418 s 0.1778 s 0.4583 s 0.4309 s
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