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Abstract:  Gesture recognition is a fundamental enabling technology for humancomputer interaction and has been
widely adopted in applications such as smart healthcare, virtual reality, and smart homes. Compared with vision-based ap-
proaches, radio frequency identification (RFID)-based gesture recognition offers several distinctive advantages, including
contact-free operation, low deployment cost, and privacy preservation, making it a promising solution for practical deploy-
ments. However, the performance of existing RFID-based gesture recognition models heavily depends on the scale and di-
versity of training data. In practice, the acquisition of RF data is costly and the resulting data distributions are inherently lim-
ited, which significantly constrains the generalization capability of models to unseen samples. To address this challenge, da-
ta augmentation has been widely regarded as an effective means to enhance recognition performance. Nevertheless, most ex-
isting augmentation methods overlook the intrinsic variability of human behavior, leading to synthesized samples with insuf-
ficient distributional diversity. In fact, even within the same gesture category, substantial variations commonly exist across

different instances, primarily because humans cannot reproduce the same action in a perfectly identical manner. In gesture

Wk H 19 :2026-01-02; 5% FH H 181 :2026-01-31; % JE 4 Z - ] U5
HRFIER



132 R - T <

recognition scenarios, such behavioral variability intuitively arises from changes in the hand’s distance relative to the sensor
as well as variations in motion speed. This intuitive hypothesis is systematically validated in this work through the establish-
ment of a signal propagation model combined with preliminary experimental analysis. Motivated by these observations, we
propose a behavior diversity-aware RFID data augmentation framework. Specifically, grounded in the physical principles of
RF signal propagation, the proposed method explicitly encodes gesture-related distance and speed as conditional inputs. A
novel conditional diffusion model is then designed to perform controlled shifts along the distance- and speed-conditioned di-
rections during the generation process, thereby synthesizing high-quality samples that are both physically consistent and dis-
tributed over a broader behavioral diversity space. By introducing synthetic data enriched with behavioral diversity into the
training set of gesture recognition models, the generalization capability to unseen samples and the recognition accuracy can
be significantly improved. We implement an RFID based gesture recognition prototype system in real world scenarios and
conduct systematic physical experiments. Experimental results show that, in a ten-class gesture recognition task, the pro-
posed method improves recognition accuracy by more than 20% compared with baseline models and significantly outper-
forms existing data augmentation strategies. In addition, the effectiveness of the proposed data augmentation approach does
not degrade noticeably as the scale of the sensing task increases. Experimental results on identity recognition further demon-
strate that the proposed method can be effectively applied to other human computer interaction applications.

Keywords: gesture recognition; radio frequency identification; data augmentation; diversity; diffusion model; wire-
less sensing
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Figure 1 Scenario of RFID-based gesture recognition
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Figure 2 Signal distributions under different distances
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Figure 5 Signal synthesis model conditioned on behavioral diversity
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Figure 6  Real-world experiment setup
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Figure 7 SSIM distributions between real and synthesized samples
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Figure 9 Recognition performance conditioned on different behavioral shift
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Figure 10 Accuracy under different ratios of synthetic data to real data
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Table 1  Performance gains of data augmentation on LR and CNN

I H LR/% CNN/%
5 15.7 12.9
6 20.0 16.3
7 20.2 20.0
8 21.5 20.3
9 24.1 21.7
10 26.4 22.1
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Figure 12 Effectiveness of data augmentation on user identification
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