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Abstract

Human Behavior Modelling aims to analyze human behaviors using visual or 3D
data. In dementia, behavioral changes are strongly correlated with cognitive
decline, making their monitoring essential. To address privacy concerns, especially
important for vulnerable populations, this study uses depth maps instead of RGB
images. We present a novel Human Pose Estimation (HPE) method using point
cloud sequences derived from depth data and discuss domain gaps between
benchmark and real-world datasets.

Introduction

Dementia affects millions, manifesting not just as memory loss but through
behavioral changes (WHO, 2021). Monitoring these changes is crucial for tracking
progression and tailoring care (Ballester et al., 2024c). To address privacy concerns
associated with RGB cameras, we utilize depth sensors that capture 3D data without
identifiable features. Our aim is to develop a robust framework for measuring
dementia behaviors. In this work, we present a novel HPE method that processes



point cloud sequences, and discuss domain adaptation techniques to improve
performance in real-world settings.

Methodology
HPE from Point Cloud Sequences (SPiKE)

SPiKE takes point cloud sequences and predicts the 3D coordinates of the joints
(Ballester et al., 2024a). Unlike previous works that process timestamps
independently (Zhou et al., 2020), SPiKE leverages temporal information by using
a Transformer to encode the spatio-temporal structure of the sequence.
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Figure 1. SPiKE pipeline: each point cloud is divided into local volumes for feature extraction using
point spatial convolution, ensuring efficient processing while preserving spatial integrity.

In Ballester et al. (2024a), we show that SPiKE outperforms existing state-of-the-
art methods on the ITOP benchmark with an mAP of 89.19%, Ablation studies
highlight the benefits of using sequence information and maintaining spatial
structure. Future work will assess SPiKE on real-world data.

BAD Dataset and domain gaps

The Bathroom Activities Dataset (BAD) consists of depth sequences from 19
dementia patients performing various activities and presents real-world challenges
like occlusions, variable sensor angles, and unbalanced class distributions, making
it ideal for testing robust models. Benchmarks often fail to reflect these
complexities, resulting in significant performance gaps when models trained on
controlled data are applied to real-world environments (Ballester and Kampel,
2024b; Fan et al., 2021).

Domain adaptation techniques

To bridge this gap, we explore Test-Time Training (TTT) (Sun et al., 2020) for
point cloud sequences. The model’s encoder is trained in the source domain with
two heads: one for the primary task (e.g., HAR or HPE) and another for a self-
supervised task, optimizing a combined loss. In the target domain, the encoder is
fine-tuned while both heads remain frozen, allowing adaptation to target data using



self-supervised learning. The challenge is finding an self-supervised task that
effectively adapts the feature extractor to the target domain.

Conclusions

Robust and effective measurement of dementia behavior from depth maps requires
not only the development of HAR and HPE models, but also domain adaptation
strategies for real-world applicability. This study presents a new HPE model and
discusses the application of TTT to point cloud sequences, with the ultimate goal
of achieving robust performance in practical settings.
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