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Abstract: Ambient internet of things (Ambient [oT) indoor localization technology holds significant application val-
ue in scenarios such as smart warehousing and new retail. However, complex indoor multipath environments give rise to
two prominent issues: first, severe imbalance between strong and weak tag samples caused by multipath blockage and tag
performance variations. In a typical clothing display scenario, the effective sample size for weak tags is only about 30% of
that for strong tags. Second, multipath aliasing significantly degrades the distinguishability of location-dependent signal fea-
tures, limiting improvements in localization accuracy. To address these issues, this paper proposes a physically constrained
data augmentation and multipath-aware transformer (PCDA-MPAT) localization method that integrates physically con-
strained data augmentation with a multipath-aware Transformer. At the data augmentation level, we propose a physically
constrained data augmentation (PCDA) method. Using phase-frequency slope consistency as a physical constraint, we con-
struct a conditional Wasserstein generative adversarial network with gradient penalty (WGAN-GP) to generate weak tag
samples that not only match the distribution of measured data but also adhere to the physical laws of wireless propagation,
effectively alleviating the imbalance between strong and weak tag samples from the data perspective. At the model design

level, we construct a multipath-aware transformer (MPAT) localization model. We design a time-domain local window at-
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tention mechanism adapted to the slow-fading characteristics of quasi-static multipath channels, combined with time-do-

main relative position encoding, to capture the temporal evolution patterns of multipath features, suppress long-term irrele-

vant noise interference, and enhance the model’s ability to extract and learn multipath features. Experimental results in a

10 mx10 m clothing display scenario demonstrate that the proposed method achieves a tag-level localization accuracy of

83.57%, outperforming the best existing baseline method by 5.71 percentage points. Ablation studies further validate the ef-

fectiveness of PCDA and MPAT. PCDA alone improves the tag-level localization accuracy by 4.29 percentage points, and

MPAT further increases it by 2.14 percentage points. These results confirm the effectiveness of the proposed method in

complex indoor multipath environments, meeting the localization requirements of scenarios such as smart warehousing and

new retail.
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Table 1  Parameter calibration experiment results
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