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Abstract

This study proposes the design of an extended reality (XR) upper-limb rehabilitation system that integrates Al-based motion
recognition and haptic interaction. The proposed system consists of a haptic device equipped with finger-specific pressure sensors
and an inertial measurement unit (IMU), a performance analysis module combining Al-based analysis with rule-based decisions,
game-based XR content, and a cloud-based record management structure. IMU time-series data are analyzed using a model that
combines a one-dimensional convolutional neural network (1D-CNN) with long short-term memory (LSTM), while finger pressure
is evaluated based on predefined thresholds and holding times. The resulting performance information is used to generate visual,
auditory, and haptic feedback in five rehabilitation scenarios: orange squeezing, drum playing, rainbow drawing, the Superman
pose, and dumbbell lifting. Al inference is performed locally on a mobile device, enabling real-time linkage between user input
and content responses. This study presents the architecture and technical feasibility of an XR upper-limb rehabilitation system
integrating sensor input, Al motion recognition, and multisensory feedback.
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Squeeze Orange

Exercise Exercise.

Squeeze Orange ey nansty

Check the exercise method Success 3

Squeeze Orange

Exercise Frequency

A
Exercise Intensity m
© Before starting, wear Bstick and connect it

© Select the Start utton to begin the hand

J2! 2. QK| M| AlL2|2
Fig. 2. Orange squeezing scenario
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Table 1. Exercise elements, performance criteria, and feedback for the upper-limb rehabilitation scenarios

Content Primary Movement Target Area Pegc:irtzsgce Content Responses and Feedback

Orange Finger arasnin Wrist and Target pressure Orange deformation, juice extraction,
Squeezing 9er grasping fingers get p auditory and haptic feedback
) Shoulder horizontal o o . .

Drum Playing adduction and abduction Shoulder 70°~110 Drum sounds, particle effects, and haptic feedback
Rainbow Drawing Shoulder abduction Shoulder 150°~180° Target and performed path display, progress, and score
Superman Pose Shoulder extension Shoulder 25°~65° Changes in flight speed and distance
Dumbbell Lifting | Elbow flexion and extension Elbow 150°~180° Repetition count and progress
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Draw Rainbow

Draw Rainbow Reps
Success 3 Fail

Draw Rainbow
Set the number of reps. Check the exercise method
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© Before starting, wear Bsiick and connect t.
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rehabiltation exercise according 10 the set
‘exercise intensity and reps.
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Fig. 4. Rainbow drawing scenario
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