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Abstract

My research aims to pioneer efficient and reliable wearable
intelligence algorithms that transform healthcare robotics
into adaptive, patient-centered systems. I take a four-step
approach: (1) design multimodal wearable sensing platforms
to capture human and biometric signals; (2) train a foun-
dation model that learns from these rich datasets to reason
about human behaviors and health states; (3) validate the
model through large-scale simulation and principled uncer-
tainty quantification; and (4) deploy it in rehabilitation and
assistive robots for intelligent, personalized care. This re-
search not only advances fundamental understanding of mul-
timodal human behavior, but also opens new pathways for
early disease diagnosis, adaptive treatment, and accessible
digital health. By bridging AI, wearables, and robotics, my
work aspires to lay the groundwork for the next generation of
healthcare technologies that are proactive, trustworthy, and
deeply aligned with human well-being.

Vision, Motivation, and Introduction
What will be the dominant personal computing platform in
the next decade? We anticipate that it will not be smart-
phones, but wearable devices such as smartwatches and
smart glasses. The convergence of AI, wearable technolo-
gies, and robotics marks a paradigm shift in healthcare,
opening the door to personalized, continuous, and pervasive
digital health solutions1. Our vision is to bridge the gap be-
tween AI insights, wearable intelligence, and robotic pre-
cision, thereby creating healthcare systems seamlessly tai-
lored to individual needs.

Recent years have witnessed remarkable progress in
robotics for manufacturing (Sun et al. 2021a), health-
care (Qiu et al. 2022, 2023), and service delivery. Within this
landscape, wearable intelligence is emerging as a crucial en-
abler in healthcare robotics: decoding brain signals for pros-
thetic control, monitoring physiological signals for person-
alized care, and providing real-time assessments for decision
support. For instance, we developed an algorithm that fore-
casts trajectories of egocentric camera wearers in crowded
spaces. This ability not only supports navigation assistance
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1I am co-organizing a workshop dedicated to this theme: https:
//icrawearable.github.io/.

for the visually impaired but also transfers human naviga-
tion behavior to mobile robots, fostering safer and more so-
cially compliant human-robot interactions (Qiu et al. 2022).
Nonetheless, deploying such systems in real-world health-
care remains challenging (Sun et al. 2023b), underscoring
the need for a generalizable multimodal foundation model
capable of modeling complex human behaviors and biomet-
ric signals.

Progress to Date
Multimodal Wearable Sensing Reliable wearable intel-
ligence requires diverse and complementary data sources. I
developed a multimodal sensing system using Project Aria,
capable of collecting RGB video, eye-tracking, audio, baro-
metric data, GPS, Wi-Fi, Bluetooth, SLAM, and IMU sig-
nals (Sun et al. 2023a). This pioneering dataset effort lays
the foundation for future research in wearable technologies
and their integration with healthcare robotics (Sun et al.
2025b; Qiu et al. 2023; Firoozi et al. 2023; Sun et al. 2024b).

Foundation Models for Wearable Intelligence Building
on my prior work in human motion analysis (LocATe (Sun
et al. 2024a)) and learning robot policies from human play
data (Wang et al. 2023), I am constructing a multimodal
foundation model that captures human behavior from wear-
able data. This model overcomes the limitations of unimodal
representations (Sun et al. 2021b) through attention-based
architectures (Zheng, Sun et al. 2025a; Zheng et al. 2025;
Zheng, Sun et al. 2025b; Ren et al. 2025), and provides a
reasoning backbone for human-robot collaboration (Zheng
et al. 2024; Zhang et al. 2025; Hong et al. 2025b,a; ?).

Human Dynamics and Simulation Simulation is es-
sential for testing and transferring wearable intelligence
to real-world healthcare applications. We contributed to
BEHAVIOR-1K (Li et al. 2023), which models 1,000 ev-
eryday activities in household and office environments, cov-
ering 5,000 objects with physical and semantic properties.
Building on this, I extend simulators to better capture hu-
man dynamics and integrate uncertainty quantification (Sun
et al. 2023b; Mandyam et al. 2025) for reliable deployment
in healthcare scenarios.

Integration into Healthcare Robotics The validated
foundation model is deployed in real-world healthcare
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robots, including exoskeletons and robotic prostheses, with
a focus on intelligent rehabilitation and personalized assis-
tance (Qiu et al. 2022).

Planned Work
To further enrich multimodal data, I plan to incorporate bio-
metric signals such as EEG, EOG, and EMG, alongside
body motion capture using Rokoko and standard human
body models (SMPL, SMPL-X).

Contributions
My primary contributions include: (1) robotics, includ-
ing ARCH (Sun et al. 2025a, 2023c), PlanCP (Sun et al.
2023b); (2) world models, including PlaTe (Sun et al. 2022),
MAIRL (Sun et al. 2021a), GSplat (Sun et al. 2023a), and
methods for multimodal representation (Sun et al. 2021b,
2023d, 2025b); and (3) human performance modeling with
LocATe (Sun et al. 2024a). Collaborator-led projects include
3D world models (Sun et al. 2023e; Shorinwa, Sun et al.
2025; Huang et al. 2025; Li et al. 2025) and healthcare
robotics (Qiu et al. 2022, 2023).

Significance
This research stands at the intersection of robotics, AI, and
healthcare, addressing an area that remains largely unex-
plored: integrating multimodal foundation models into wear-
able intelligence for healthcare robotics.
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