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CHAIDECH ANGSUWAN: MAZE GAME ADJUSTMENT FOR BALANCE
REHABILITATION USING WIRELESS PRESSURE SENSORS INSOLES AND
REINFORCEMENT LEARNING.
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Falls are a major concern among the elderly and those with mobility
limitations, often leading to injuries, fear, and reduced quality of life. Physical therapy
is effective for improving balance and restoring mobility. However, conventional
rehabilitation methods can be repetitive and demotivating, reducing patient
engagement in long-term therapy.

To address this issue, the SuraSole maze game was developed as a balance
rehabilitation tool capable of automatically adjusting its difficulty levels based on the
player’s abilities using Reinforcement learning (RL) with Q-learning. The SuraSole maze
game was designed to promote balance improvement through weight-shifting exercises
in a maze format, utilizing Center of pressure (COP) data collected from SuraSole
wireless sensor insoles. The RL system dynamically adjusts the game's difficulty level
to match the player’s balance status. This maze-based approach was chosen because
such games can enhance motivation through fun, challenge, and engagement, with
each level being adaptable to encourage player progression

SuraSole maze is considered to be Serious games (SG) for balance
rehabilitation, which enables the collection of patient data during gameplay. Wearable
sensors like SuraSole are particularly effective in capturing dynamic movement and
balance data. The COP data allows therapists to analyze the patient’s condition and

design personalized training programs tailored to individual needs.



The experiment was conducted in two phases. The first phase involved training
the RL model using simulated data with Python to develop an initial policy for selecting
appropriate game levels based on COP values. This step aimed to optimize the model's
ability to adjust the difficulty levels of game stages under different scenarios while
reducing the training time of the RL algorithm. In the second phase, the experiment
was conducted with 15 healthy volunteers aged 21-44 years. Participants played levels
designed for individuals with poor balance to test the game's safety and the RL-based
adaptive difficulty system. COP data, including RMS amplitude, RMS velocity, and COP
velocity, were recorded before and during gameplay to assess balance improvements.
Participant feedback on satisfaction and safety was also collected.

The experimental results showed that the SuraSole maze game improved the
Balance score from a pre-play average of 89.6 + 9.23 to 95.5 + 1.6 post-play from a
scale of 100, with a statistically significant difference (p = 0.0161). The RMS amplitude
decreased in the medio-lateral and anterior;posterior directions from 0.12 + 0.07 m to
0.08 + 0.06 m and 0.070 + 0.036 m to 0.068 + 0.036 m, respectively. The RMS velocity
decreased in the medio-lateral and anterior-posterior directions from 0.043 + 0.046
m/s to 0.020 + 0.010 m/s. The COP velocity also decreased from 0.0013 + 0.0011 m/s
to 0.0007 + 0.0003 m/s, reflecting an overall improvement in balance control. Post-
experiment surveys revealed that 75% of participants were satisfied with the'game

principles, and 96% agreed that the game was safe for use.

These findings indicate that the SuraSole maze game has the potential to serve
as an effective balance rehabilitation tool, promoting recovery and possibly reducing
fall risks among the elderly or individuals with balance impairments. Future studies
should involve a more diverse sample of participants with varying balance issues to

enhance the system's applicability and further refine its effectiveness.
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