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Abstract: The small target in infrared images has fewer pixels and lack of obvious feature details in complex
scenes, which make it difficult to extract target features and usually has low detection accuracy. This paper
proposes an infrared small target detection method based on attention mechanism under complex background.
Based on YOLOV5 (You Only Look Once) network, SimAMC3 attention mechanism module is designed
to optimize the feature extraction layer of the network. The target detection head is designed by adding a
feature fusion layer to change the depth of feature extraction, a new weak target detection layer can be

obtained, so that the shallow feature layer can better retain the spatial information of the weak target.
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Finally, the screening method of prediction box is improved to increase the detection accuracy of objects with

close distance or overlapping. In the experiment, two SIRST infrared dim-small target image datasets are

selected to label and train them. The experimental results show that compared with the original YOLOvV5

algorithm, the improved algorithm improves the mean average accuracy (mAP) by 4.8% and 7.1%. It can

effectively detect infrared dim-small targets under different complex backgrounds, reflecting good robustness

and adaptability, so it can be effectively applied to detect infrared dim-small target.
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Fig.2 Optimized infrared dim-small target detection frame
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Fig. 3 Schematic diagram of the attention mechanism. (a) Channel attention module; (b) Spatial attention module;

(¢) SimAM attention module.
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Fig.4 Structure diagram of network after SimAMC3 module is introduced
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Fig. 6 Optimized infrared dim-small target detection network model
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Fig.8 Sample images of typical scenes in NUAA-SIRST.
(a) Cloud background; (b) City background; (c) Sea
background.
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Fig.9 Sample images of typical scenes in NUDT-SIRST.
(a) Cloud background; (b) City background; (c) Sea
background; (d) Field background; (e) Highlight
background.
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Tab.1 Main characteristics of the data set selected in this

paper
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Tab.3 Infrared dim-small target data set classification
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Tab.4 Experimental configuration

Parameter Configuration
(O] Ubuntu 20. 04
Processor Intel(R) Core('TM) i7-9700K
RAM 64.0 GB
GPU NVIDIA TITAN RTX
GPU Acceleration CUDA 11.2
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E 10 #R TR R

Fig. 10 Loss decline curve
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Tab.5 Ablation experiments

, NUAA-SIRST NUDT-SIRST
Group SImAMC3 Add Head DIOU_NMS
P/% R/%  mAP@0.5 P/% R/%  mAP@O.5
1 88.7 88.8 91.2 93.7 92.1 94.3
2 N 91.7 90. 8 93.1 95.6 93.9 95.9
3 N NG 95.8 97.9 97.8 97.2 96. 4 98.6
4 N J N 96.9 97.7 98.3 97.9 97.1 99.1

Lot SEIIGE % DIOU _NMS JE# K AR 41
T BE % A 25 b AS: 0 H S5 A 3 9 A/ B AR, 58
EERE 1R . Hd(a) R AL TOU R i

BT A 25 SR xS L . (a) TOU i 10 (b) DIOU
EUIEIR U
Fig. 11 Comparison of test results. (a) IOU inhibition
criteria; (b) DIOU inhibition criteria.
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Fig. 12 Experimental effect of traditional algorithm. (a)
Original image with labelled targets; (b) Top Hat;
(c) MLCM; (d) IPL.
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Tab.6 Contrast experiment

NUAA-SIRST NUDT-SIRST
Network P/% R/% mAP@0.5/% P/% R/% mAP@O0.5/%
Faster R-CNN 33.6 46. 4 36.3 39.7 49. 2 43.6
SSD 62.8 54.3 66.3 70.5 66. 1 72.6
YOLOv3 78.9 71.2 82.6 82.9 80. 6 85.0
YOLOv5 88.7 88.8 91.2 93.7 92.1 94.3
Ours 96.9 97.7 98.3 97.9 97.1 99. 1




511 XA IR TR L B S 2 SR R Z0 A0/ H RS A I 7 ik B 5 1465

F13 YIGREER 24 (a) SFHREBEF 1R ; (D) HERE ;5 (o) A 4.

Fig. 13 Training model parameter. (a) Mean average precision; (b) Precision; (¢) Recall.

Bl 14 4% I 285 A5 750 m] AL Ak S T 5 S 18] o (a) Faster R-CNN; (b) SSD; (¢) YOLOvV3;(d) YOLOv5S; (e) A SCAE 16 P 45 5

(D Frid: B AR 9 B

Fig. 14  Visual test effect diagram of each network model. (a) Faster R-CNNj; (b) SSD; (¢) YOLOv3; (d) YOLOVS5;

(e) Ours; (f) Original image with labelled targets.
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