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Embedded fine-grained hand gesture recognition based on
CSI time-frequency feature fusion
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Abstract: To address the problem that limited CSI dimensionality in embedded WiFi sensing scenarios leads to insufficient recognition
accuracy for fine-grained alphabet gestures, a lightweight CSI-based fine-grained gesture recognition method is proposed. A staged
preprocessing pipeline, including Hampel outlier removal, median filtering, wavelet denoising, and cubic spline interpolation, is applied
to CSI sequences to improve signal quality and sequence consistency. Subsequently, a dual-branch network, termed DFANet, is
designed to fuse time-frequency features by extracting subcarrier correlation features in the frequency domain and temporal dependency
features in the time domain, and a dendritic network is employed for efficient classification. Experimental results show that the proposed
model achieves average recognition accuracies of 88.51%, 92.64%, and 91. 60% in laboratory, office, and classroom environments,
respectively, with an overall average accuracy of 91.21%. The model contains 147. 880 10° parameters and requires 49. 534 x 10°
FLOPs. Compared with ResNet50, under comparable recognition accuracy, the number of parameters is reduced from 21.291x10° to
147. 880x10° | and the computational complexity is reduced from 835. 781x10° to 49. 534x10° FLOPs. The results demonstrate that the
proposed method achieves effective fine-grained alphabet gesture recognition while maintaining low computational cost and lightweight
characteristics, providing methodological support for future deployment in resource-constrained embedded WiFi sensing systems.
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Table 2 Experimental results of different DNNs on the UT-HAR dataset
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Table 3 Ablation results of data preprocessing
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Table 4 Ablation study of the DFANet model

RER 7 i ACC/% FLOPS Params

Bk TGA 85.69+1.37 48.967x10° 82.072x10°
£ GMA 63.78+2.76 517.828x10° 16.656x10°
Bk GMAB 89.29+0.73 44.817x10° 142.120x10°
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Table 5 Experimental results of different DNNs on the ESP-HAR dataset

FERY Ty 35 ACC/% Pr/% Re/% F1/% FLOPs Params
ResNet18 88.78+3.31 89.03+2. 94 88.89+2. 98 88. 88+3. 01 1. 639x10° 41.363x10°
ResNet50 89. 13+3. 68 88.97+3. 58 88.89+3.70 88. 84+3.75 835.781x10° 21.291x10°
ResNet101 88.77+4.58 88.92+4.13 88.73+4.32 88. 76x4. 27 465. 568x10° 11. 83x10°
ABLSTM 89. 61+0. 99 89. 66+0. 78 89. 64+0. 72 89. 62+0. 75 83. 687x10° 649.355%x10°
CSI-DeepNet 84.28+1.24 84.11£1.20 83.99+1. 19 83.98+1.18 169. 514x10° 188.956x10°
DSC-SGRU 87.37x1.64 87.41x1.46 87.28+1.59 87.27+1.52 17. 621x10° 78.830x10°
D-GMAFi 88.91+1.50 88.94+1.23 88.89+1.23 88.88=1.24 93.20x10° 454. 834x10°
DFANet 91.21=0. 64 91.11x0. 72 90. 97+0. 66 91.1220. 63 49.534x10° 147. 880x10°
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Fig. 14 Confusion matrices of all models on the ESP-HAR dataset
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