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DNA 4 696 837 14 291 800 896
ISTS-UT 36 332 711 10 205 670 144

AU SCr TSR I S AR S OR . iX 5 Trans-
former 51 A4 R H 7 B VA H g il 2% — i i
WA, AL, PR it I R R IR 26
R HL7E 55 J2 1Y Transformer & fif AR5 e 4 2%
HR A — 2 Ak S5 1Y 48 1E 45 38 982> Transformer P
W R T B E A UL, BT LA B SR R Y
SRR, AR LA 3 Ak Hos A
57\

FEXFELAN /N BRI b B ARFFIEA U] H ) %2
M e T S TR IR) 8, AR SCHe 1 — i T R
) WLLAN N HFR R I . 2B EAR S IR A
RIZ% U-Net (B84 & T —Fh U B2 RUE
Transformer W% | FH VAN 2T 20 /N B i G 3517 R 6L
5y BT R 20 o, LU TE SR A/ H bR Ja &8 i
FVERFAE A [T AR IR A [a] RUBE R 19 42 JR



%1 Boyiivii 45 . BT U ML R E Transformer P45 LT AN B FR KB 1k 161

ik o G IO TR 201 R 00T, SO 7 BB F AR AR A A G50 L B Ao F AR
MEE R RIFMSIZEE ot 2R EERE AR R A 5L T4 22 M 28 RO SR AR L, B BT
FHRES, AURE AR T BT RN LSN  TARIE MR LR SRR IR LLAMER AR ST T
/NEPRRORHEREIN  iE BAE RIFRIEHME . B2, 5 RHOREI T Nl AR AR

SEH

[1] SUN Yang, YANG Jungang, AN Wei. Infrared dim and small target detection via multiple subspace learning and spatial-tempo-
ral patch-tensor model[ J]. IEEE Trans on Geoscience and Remote Sensing, 2021, 59(5) ; 3737-3752

[2] RIVEST J, FORTIN R. Detection of dim targets in digital infrared imagery by morphological image processing[ J]. Optical Engi-
neering, 1996, 35. 1886-1893

[3] ZENG Min, LI Jianxun, ZHANG Peng. The design of top-hat morphological filter and application to infrared target detection[ J].
Infrared Physics & Technology, 2006,48. 67-76

[4] WEI Yantao, YOU Xingge, LI Hong. Multiscale patch-based contrast measure for small infrared target detection[ J]. Pattern
Recognition, 2016, 58. 216-226

[5] LU Ruitao, YANG Xiaogang, LI Weipeng, et al. Robust infrared small target detection via multidirectional derivative-based
weighted contrast measure[ J]. IEEE Geoscience and Remote Sensing Letters, 2020, 19 1-5

[6] GAO Chengiang, MENG Deyu, YANG Yi, et al. Infrared patch-image model for small target detection in a single image[ J].
IEEE Trans on Image Processing, 2013, 22(12) : 4996-5009

[7] LIU Ming, DU Haoran, ZHAO Yuejin, et al. Image small target detection based on deep learning with SNR controlled sample
generation[ J |. Current Trends in Computer Science and Mechanical Automation, 2017, 1; 211-220 (in Chinese)

[8] MCINTOSH B, VENKATARAMANAN S, MAHALANOBIS A. Infrared target detection in cluttered environments by maximiza-
tion of a target to clutter ratio( TCR) metric using a convolutional neural network[ J]. IEEE Trans on Aerospace and Electronic
Systems, 2021, 57(1) ; 485-496 (in Chinese)

[9] JU Moran, LUO Jiangning, LIU Guanggi, et al. ISTDet: an efficient end-to-end neural network for infrared small target detec-
tion[ J]. Infrared Physics & Technology, 2021, 114(7) : 103659

[10] DAI Yimian, WU Yiquan, ZHOU Fei, et al. Asymmetric contextual modulation for infrared small target detection[ C] // IEEE
Winter Conference on Apploication of Computer Vision, 2021

[11] LI Boyang, XIAO Chao, WANG Longguang, et al. Dense nested attention network for infrared small target detection[ J]. IEEE
Trans on Image Processing, 2022, 32. 1745-1758

[12] ASHISH Vaswani, NOAM Shazeer, NIKI Parmar, et al. Attention is all you need[ C] // Proceedings of the 31st International
Conference on Neural Information Processing Systems, 2017

[13] DOSOVITSKIY Alexey. An image is worth 16x16 words; transformers for image recognition at scale[ C] // International Confer-
ence on Learning Representations, 2021

[14] YUE Liyuan, CHEN Yunpeng, WANG Tianwei, et al. Tokens-to-token ViT training vision transformers from scratch on Ima-
geNet[ C ] Vi Proceedings of International Conference on Computer Vision, 2021, 538-547

[15] HUI Bingwei, SONG Zhiyong, FAN Honggqi, et al. A dataset for dim-small target detection and tracking of aircraft in infrared
image sequences[ EB/OL]. (2020-08-17) [ 2023-09-23]. hitps; // doi.org/10.11922/csdata.2019.0074.zh



162 W odb T ok ko E R

B
v
gl

Infrared small target detection algorithm with U-shaped multiscale
transformer network
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2 School of Electric Information and Artificial Intelligence, Shaanxi University of Science & Technology, Xi'an 710021, China

Abstract: To solve the problem of small targets feature extraction and the susceptibility of targets to being over-
whelmed by noise and complex backgrounds, a detection method with U-shaped multiscale transformer network is
proposed. Based on the U-shaped multiscale network architecture, the proposed method uses convolution operations
to extract and enhance local salient features of small targets. Concurrently, it uses the Transformer mechanism to
model global image features, facilitating the extraction and suppression of the image background. Subsequently,
through self-attention operations on target confidence maps and feature maps, fusion of shallow and deep features in
images is achieved. This accomplishes pixel-level segmentation of infrared small targets, fulfilling the purpose of
target detection. Experiments demonstrate in infrared sequence image dim and small aircraft target detection and
tracking data set, even when applied to infrared images with complex background and noisy, our method outper-
forms the state-of-the-art detection methods. The method shows good robustness and high detection accuracy. When
the threshold is selected to maximize the average of FM, the detection rate of our method reaches 0.997 2, its false

alarm rate is 2.82x107", the precision rate is 0.912 7, and the recall rate is 0.921.

Keywords: infrared small target detection;image segmentation ;deep learning;self-attention mechanism
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