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Summary: 

Continuous upper-limb monitoring is essential for rehabilitation outside clinical environments. This paper 
presents a textile wearable system for synchronized motion and heart rate monitoring. A piezoresistive 
textile sleeve combined with an LSTM-based network enables elbow angle estimation, with a normalized 
error of 8.43% against Kinovea reference angles. Heart rate is estimated using photoplethysmography 
and an electrocardiography sensor with errors below 10%. The system enables unobtrusive monitoring 
of both kinematic and physiological parameters for rehabilitation assessment outside clinical settings. 
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Background, Motivation and Objective 

Human motion analysis is essential for rehabili-
tation and functional assessment [1], especially 
for upper-limb monitoring in daily life. Optical mo-
tion capture systems such as Qualisys provide 
high accuracy but require controlled environ-
ments [2]. Markerless vision-based methods are 
more flexible but remain sensitive to occlusions 
and lighting variations [3], while wearable inertial 
sensors suffer from drift and cumulative errors 
[4]. Textile-based sensors offer a flexible alterna-
tive for motion capture [5]; however, their nonlin-
ear behavior and inter-subject variability compli-
cate accurate estimation, motivating data-driven 
modeling approaches [6]. Heart rate is widely 
used to assess exercise intensity and physiolog-
ical state [7]. Although multimodal wearable sys-
tems are emerging [8], motion and physiological 
data are still often analyzed separately, limiting 
the understanding of their interaction. This work 
proposes a wearable multimodal system for syn-
chronized analysis of kinematic and physiologi-
cal signals, with potential relevance for rehabili-
tation monitoring. Kayaking-like movements 
were chosen as a demanding case study be-
cause they combine repetitive arm motion and 
varying intensity. 

Description of the System 

The system enables synchronized acquisition of 
motion and physiological signals using a textile-
based sensing device with embedded modules. 
The device consists of a wearable sleeve em-
bedding piezoresistive sensors around the el-
bow joint to measure deformation through 

resistance variations. Signals are acquired wire-
lessly via BLE. Experimental characterization re-
veals nonlinear behavior and inter-sensor varia-
bility due to non-uniform strain distribution, moti-
vating data-driven modeling. Physiological data 
are collected using an electrocardiography 
(ECG) chest strap (Polar H9) and a photople-
thysmography (PPG) module (WPSE340), the 
latter being processed for peak detection and 
heart rate estimation. Synchronization between 
camera and Arduino acquisitions enabled the ex-
traction of Kinovea reference angles for model 
training and validation. Experiments were con-
ducted on a SkiErg2 ergometer configured in 
kayak mode to reproduce kayaking posture and 
motion in a controlled environment (Fig.1). 

 

Fig. 1. Multimodal acquisition setup (M2S platform, 
Bruz, France): (a) textile sleeve and heart rate meas-
urement, (b) ergometer, (c) acquisition system, (d) 
color (RGB) cameras. 
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Motion estimation was performed using an 
LSTM-based neural network, chosen because 
the textile sensor signals form temporal se-
quences and elbow angle evolution depends on 
previous time steps. The system combines tex-
tile sensing and physiological monitoring in a 
portable multimodal framework. 

Results and Discussion 

The system was evaluated on kayaking-like up-
per-limb movements under controlled dynamic 
conditions. The LSTM-based model enabled el-
bow angle estimation, with a normalized error of 
8.43% against Kinovea reference angles. Model 
architecture and training details will be provided 
in the full presentation. The textile signals and 
predicted angle reflect movement dynamics 
across different phases (Fig. 2). Heart rate was 
estimated from PPG and ECG measurements, 
with errors below 10% during high-intensity ac-
tivity.  

 

Fig. 2. Multimodal monitoring of upper-limb motion 
and physiological signals. (a) Heart rate measured us-
ing an ECG chest strap. (b) Raw PPG signal with de-
tected peaks. (c) Predicted elbow angle. The shaded 
regions correspond to different movement phases 
(constant pace, acceleration, deceleration). 

The synchronization of kinematic and physiolog-
ical signals reveals a clear relationship between 
movement dynamics and cardiovascular re-
sponse, illustrating the coupling between motion 
and physiological state. These results highlight 
the potential of combined motion and heart rate 
monitoring to assess exercise intensity during 
upper-limb activity, which is highly relevant for 
rehabilitation. Overall, the system enables ro-
bust multimodal monitoring in controlled 

dynamic conditions, extending its applicability to 
performance analysis and health monitoring. 

Conclusion 

This work presents a portable multimodal wear-
able system combining motion tracking and 
physiological monitoring. By capturing both kin-
ematic and cardiovascular responses, the sys-
tem enables accurate motion estimation and 
highlights the relationship between movement 
dynamics and physiological response. This ap-
proach opens the way to continuous and unob-
trusive assessment of motor performance and 
exercise intensity outside clinical settings. 
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