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Abstract:

Objective The lack of large-scale training data impedes progress in developing robust and generalized deep
learning models. However, existing millimeter-wave radar data generation methods are ineffective due to a lack
of sufficient data sources. To address this gap, this paper proposes a video and text-driven radar data
generation method, VI'2R, which utilizes video or text data to generate large-scale, realistic radar data, solving
the key problem of constructing the mapping relationship between video and text and radar data.

Methods The proposed method consists of three main components: video feature encoding network, text
feature encoding network, radar feature encoding network and data fitting and decoding network. Video feature
encoding networks and text feature encoding networks extract temporally consistent visual representations and
alignable semantic features, respectively, while the radar encoding network learns the structure and dynamic
information of point clouds through hierarchical spatiotemporal modeling. In the data fitting and decoding
network based on Variational AutoEncoder (VAE), multi-modal features are mapped to a unified latent
distribution space and decoded into radar data through reparameterized sampling. During training,
reconstruction loss, Kullback-Leibler (KL) divergence loss, and cross-modal similarity loss are jointly optimized.
Results and Discussions This paper constructs the first radar point cloud dataset for reclining gesture
recognition (Figs. 6 and 7), covering 5 gesture categories, 32 participants, and a total of 14,400 samples.
Experimental results based on this dataset show that VT2R achieves a recognition accuracy of 89.2% when

trained using only generated radar data, a 33.88% improvement over the representative RFGen (Figs. 9 and
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10). When combined with a small amount of real radar data for joint training, the accuracy further improves to
97.62%, a 21.48% improvement over RFGen (Figs. 9 and 11). Furthermore, VT2R still achieves average
recognition accuracies of 89.35% and 97.21% under different scenarios and factors (Figs. 16-18). In addition,
this paper also verifies the accuracy of VIT2R under different postures, achieving average accuracies of 89.98%
and 97.55% in the first and third settings, respectively (Fig. 19), which is basically consistent with the result
obtained when lying down, demonstrating its robustness under cross-posture conditions.

Conclusions This paper proposes a radar data generation system, VIT2R, which addresses the severe lack of
realistic radar training data when users are performing gestures in a lying position. Through a video feature
encoding network built on a vision-language pre-trained model, a text encoding network incorporating cue
templates, a hierarchical radar encoding network for sparse point clouds, and a VAE-based data fitting and
decoding network, these components collaboratively generate large-scale, realistic radar data. It also supports
augmented reconstruction based on limited real radar data, providing rich data support for radar perception
tasks. Future work will focus on solving multi-modal data generation for more complex gesture scenes,
providing better data support for emerging large-scale models.

Key words: mmWave radar sensing; data generation; gesture recognition; variational autoencoder
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