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Gated Convolution and High-Frequency Feature Fusion for Infrared Small Target Detection
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Abstract: Aiming at the problem of poor detection accuracy of infrared small targets with large differences in size and
shape in remote complex scenes, an infrared small target detection model based on gated convolution and high-frequency
feature fusion is proposed. In order to solve the problem of differences in target sizes in complex scenes, multi-scale global
and local features are extracted by using the gated fast Fourier convolution (GFFC) module during U-Net downsampling,
the hyperparameter gating is utilized to adjust the weights of the target’s global and local features to balance the demand
for global and local features in order to improve the training effect of the model on datasets with different levels of complexity.
In order to solve the problem of shape difference of infrared small targets, the high-frequency feature fusion (HFF) module
is used to further extract high-frequency sub-band features to enhance the detailed texture information of infrared small
targets. The experimental results on the SIRST and IRSTD datasets show that compared to the benchmark UCF method,
the proposed method improves 0.83 percentage points, 0.40 percentage points, and 5.18 percentage points, 0.23 percentage
points under the evaluation metrics of the two datasets, respectively, which proves the effectiveness of the method.

Key words: gated fast Fourier convolution (GFFC); high-frequency feature fusion (HFF); infrared small target detection
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Table 1 Comparison of evaluation indicators of different

models on two datasets AL L%
Method SIRST IRSTD
€tho

ToU nloU ToU nloU

IPI" 40.48 50.95 14.40 31.29
RIPT™ 25.49 33.01 8.15 16.12
PSTNN!" 39.44 47.72 16.44 25.91
ALCNet!" 74.30 73.10 62.00 59.60
Res-Vit!" 72.82 71.22 61.89 60.64
SwinT™! 64.47 66.56 59.89 58.78
AGPCNet™ 73.69 72.60 62.26 60.58
UCF" 79.74 77.95 63.49 62.73
Ours 80.57 78.35 68.67 62.96
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Table 2 Comparison of number of parameters and

computational complexity of other methods

Computational SIRST
Method Params/10° ) —_——————
complexity/GMac ~ IoU/%  nloU/%
AGPCNet"” 12.43 172.84 73.69 72.60
SwinT"” 26.14 27.71 64.47 66.56
UCF"" 26.64 60.11 79.74 77.95

Ours 24.82 94.74 80.57 78.35
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Fig.4 Visualization of detection results of different methods on SIRST dataset
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Table 3 IoU and nloU results for different Gate values

on SIRST dataset

Gate Params/10° ToU/% nloU/%
0.90 22.72 79.03 77.81
0.80 24.17 79.93 78.03
0.75 24.82 80.57 78.35
0.70 25.45 79.51 77.96
0.60 26.55 78.68 77.22
0.50 27.49 78.55 76.47
0.40 28.27 79.34 77.57
0.30 28.86 78.97 77.49
0.20 29.29 78.93 76.84
0.10 29.54 76.29 75.29
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Table 4 IoUand nloU results for different Gate values on
IRSTD dataset

Gate Params/10° 1oU/% nloU/%
0.90 22.72 63.67 62.86
0.80 24.17 64.86 62.47
0.70 25.45 62.46 62.55
0.60 26.55 63.38 61.42
0.50 27.49 63.89 62.19
0.40 28.27 66.37 60.56
0.35 28.58 68.67 62.96
0.30 28.86 65.78 59.95
0.20 29.29 62.99 59.56
0.10 29.54 64.12 62.19
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Table 5 Comparison of ablation experiments with different

modules on SIRST dataset AT %
Baseline GFFC HFF ToU nloU
N X X 72.22 73.90
N N X 78.92 77.84
N X v 73.65 75.11
N v v 80.57 78.35

26 IRSTD Hdis 5 FAS Il iy 33 s 52 4545 bk

Table 6 Comparison of ablation experiments with different

modules on IRSTD dataset T . %
Baseline GFFC HFF ToU nloU
N X X 61.62 60.30
v v x 64.27 62.72
v X N 62.55 62.39
v v v 68.67 62.96
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Fig.6 GFFC module visualization
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