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Infrared Small Target Detection Based on Low-Rank Tensor Subspace Learning
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Engineering, University of Electronic Science and Technology of China, Chengdu 611731, China)

Abstract: Infrared target detection system is one of the effective technical means for reliably detecting and
identifying high-value targets under the conditions of background radiation and other interferences, and it is
widely used in various fields. Infrared weak target detection, as an important part of the system, is still a
challenging key core technology at present. In this paper, a method based on low-rank tensor spatial
learning is proposed, which preserves the structural integrity of the infrared image while considering the
consistency of the sequences in the spatio-temporal continuum. The spatio-temporal tensor block model is
obtained through a spatio-temporal sliding window, and the infrared tensor dictionary model is constructed
under different scenes using a multi-subspace learning strategy. Finally, an optimization algorithm is used
to solve the proposed infrared tensor objective function to obtain the low-rank background and sparse target
tensor, and the interested infrared weak targets are detected by reconstructing the image. Experimental
results show that the method outperforms other existing detection algorithms for target detection in
complex-background environments with high-reflection-induced false alarms and combined strong
interference scenarios.
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Fig.3 Target detection saliency maps for nine detection algorithms in six real scenes
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Fig.4 Target detection 3D results for nine detection algorithms in six real scenes
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Fig.5 ROC curves of nine detection algorithms in six real scenes
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Table 1 Comparison of AUC and AP values for different detection algorithms
- i1 Yy 2 Y53 Y4 Y55 Y36
o I Y
AUC/AP AUC/AP AUC/AP AUC/AP AUC/AP AUC/AP
P! 0.987 8/0.003 5 0.998 8/0.001 2 0.969 0/0.000 1 0.999 7/0.007 9 0.999 8/0.008 5 0.998 5/0.000 9
MPCM™  0.9225/0.002 6 0.498 6/0.000 0 0.944 3/0.000 3 0.997 3/0.000 5 0.999 9/0.012 3 0.998 8/0.174 4
NRAM™  0.5229/0.000 2 0.499 8/0.000 0 0.748 3/0.000 5 1.000 0/0.109 9 0.999 9/0.019 9 0.498 4/0.000 0
PSTNN® 0.508 7/0.000 0 0.500 2/0.000 0 0.494 9/0.000 0 0.999 4/0.002 3 0.999 6/0.003 8 0.999 0/0.056 4
RIPT™!  0.999 9/0.009 8 0.999 6/0.003 0 0.9955/0.000 4 0.999 7/0.011 4 0.999 9/0.032 9 0.998 3/0.001 0
TMESNN™ 0.499 9/0.000 0 0.499 9/0.000 0 0.568 9/0.000 0 0.778 2/0.000 0 0.685 4/0.000 0 0.565 0/0.000 0
LogTENN™ 0.517 3/0.000 0 0.495 0/0.000 0 0.493 5/0.000 0 0.997 2/0.000 5 0.994 8/0.200 7 0.999 0/0.004 7
DETR™  0.990 2/0.000 7 0.997 1/0.000 5 0.993 1/0.000 2 0.999 7/0.004 6 0.999 7/0.005 4 0.994 7/0.000 2
TMSL 0.999 9/0.890 6 1.0000/0.996 9 1.000 0/0.714 9 1.000 0/0.976 1 1.000 0/0.964 0 0.999 9/0.892 6
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Table 2 Comparison of average processing time per frame for different detection algorithms S

LRI NERES sl Y52 53 Yist4 55 Y5t 6
IP1*! 18.008 9 42.840 5 11.8253 12.275 2 14.672 7 12.6519
MPCM™! 0.253 0 0.2637 0.257 6 0.260 3 0.2554 0.256 9
NRAM™ 0.347 9 0.418 3 0.450 4 0.442 7 0.389 2 0.444 7
PSTNN™®! 0.461 2 0.761 6 0.802 6 0.6387 0.574 8 0.722 9
RIPT™! 12.052 6 12.423 8 12.366 8 11.850 3 12.897 8 12.348 3
TMESNN™ 0.353 9 0.368 1 0.348 6 0.359 8 0.3510 0.350 5
Log TENN®" 3.842 2 3.7950 3.744 4 3.7250 3.684 7 3.694 5
DETR™ 0.157 3 0.198 1 0.140 6 0.144 6 0.144 7 0.1417
TMSL 2.8334 2.687 6 3.8925 4.141 1 3.685 3 4.003 6
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Table 3 Comparison of complexity for different detection algorithms
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Fig.7 ROC and PR curves of the parameter A, for different values in three real scenes

Yy sp A A R EAE[10e °, 10e * X 1R #B 2 7E AR IE R I 46 % (TPR A \Recall ) A & F AT 424K
HE R (FPR v ) FIHE i B9 K0 B (Precision A ), B 22 -4 18] 8095 76 1 4 ZR AR 500 48 2 45 LA B R ]
HERER S AA —ERN s G EE . A CRARE 2, =0.003,

] 8 IR T M7 o3 A NVTH B S EL AL 78 5 ARV ECRE 90T 3R AN [ 1 552 37 5l 280 U8 288 AR 1) 0 A6
PERE. S R, S TR S 0 R i X H bR S A5, S5 rh R R SR, 1 L,
HAB R R FEA S ESHA M . R, 2725 AR IH R T 76 1A 2808 24 UL & R
R SRR IR IE — 2 1 S B R AR U AR E A, = 0.001, ASCIE ST T TMSL Bk i 2
B BURAE R BXT A S Bl S K BB Bl T R 5 ORI Y 1 DN Ak 29 SRAT O R AL, AN IE B Y S 0
F ol R [T o AR FEIE 7,8 2 S B E BN AE B RSB [ R U S R4
Yy R0z At 5K R

9,10 7R T AN [A) 5 22 19w e 75 T4 R, TMSL B0 v X 4% ol b o 456 400 377 5% 1) A6 ) 48 e e 6 000
H A R R B R 75 2 s 07 4 A B (VL) e 6 307 e 7, 34 {1 mean 2 0, 75 22 val IUE Ny
0.000 1~0.01, XJ I {55 M bt 46.33~15.16 dB. 4 i 1 M 75 49 7 22 430 4 /N T 0.001 B, 3509k 8 A 3248 1Y
o PEBE o AT LA TE AR SRR R T 40 i) A R S B — o R

TEM S L4037 50 R , A val=0.01 i , 5 A A5 SR (1 1 J52 ek o5 000 25 50 DX () 6 5011, ) 000 P 95 A A £
B U A R o A AT DL SRR A B(E (B A, = 0.000 8,4, =0.000 3) , F 4R 75 5 K 5 i REARAE T



I AT FRARKRE TR R E T o sh B AR 361

I 10—
0.9 +
0.8
0.7
0.6 -
Eost
—1,=0.000 1 04+ —2,=0.000 1 04+ —1,=0.000 1
— 4,=0.001 03 - — 1,=0.001 03 — 4,=0.001
4,=0.01 L 2,=0.01 i 4,=0.01
—1,=01 0.21 — =01 0.2 —4,=01
— J= 0.1F — A=1 0.1F — ;=
1 1 1 0‘0 1 1 1 1 0.0 1 1 1 1
04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 06 08 1.0
FPR FPR FPR
(a) ROC curves in the scene of (b) ROC curves in the scene of (¢) ROC curves in the scene of
large-area forest buildings and sky mixed forest and buildings
1.0 e mee————— 1.0 g —————————— 1.0 o
\ . |
09 09 F \ 09 F \
0.8 f \ 0.8 ~ 0.8 \ \
0.7 ' 0.7+ 0.7+ | \
§ 0.6 | 1 § 0.6 .§ 0.6 | \
Z05F I Zost £05F | \
& | & & |
~04F—24,=00001 1 A04F —2,=00001 £ 04+ —2,=0.0001 |
03} — 4,=0.001 | 03} — 4,=0.001 03} — =000 !
| 1,=0.01 | i 2,=0.01 i 2,=0.01 |
e —2,=0.1 | 02 —2,=0.1 ? o —2,=0.1 ‘
0.1 h=1 0.1F A=1 | 0.1 QL)'Z=1 \
0.0 1 1 1 1 0'0 1 1 1 L 0'0 1 1 L A
00 02 04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 06 08 10
Recall Recall Recall
(d) PR curves in the scene of (e) PR curves in the scene of (f) PR curves in the scene of
large-area forest buildings and sky mixed forest and buildings

K8 RIFAUE T BB EALE 3Fh B 5L 5t 7P 5 ROC Fil PR il 28 %]

Fig.8 ROC and PR curves of the parameter A, for different values in three real scenes
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