Smart Sensing Chair for Sitting Posture Monitoring | Encyclopedia.pub

Smart Sensing Chair for Sitting Posture
Monitoring

Subjects: Computer Science, Artificial Intelligence | Rehabilitation | Instruments & Instrumentation

Contributor: Janusz Roman Kulon , David Faith Odesola , Shiny Verghese , Adam James Partlow , Colin Gibson

Smart sensing chairs, equipped with advanced sensor technologies such as Force Sensing Resistors (FSRs),
show significant potential in mitigating the negative health impacts of incorrect sitting postures, which can lead to
spinal misalignment and musculoskeletal disorders. Research emphasizes the use of sophisticated machine
learning techniques, including Convolutional Neural Networks (CNNs) and Artificial Neural Networks (ANNS), for
classifying sitting postures. Notably, these advanced models do not always outperform traditional models due to
the limitations of the training datasets, which often lack sufficient diversity in representing different human body
types and health conditions. This finding underscores the critical need for datasets that more accurately reflect the
demographic and physiological diversity of users. Additionally, this research highlights a significant opportunity for
innovation in user feedback mechanisms within smart sensing chairs, suggesting that enhanced interactive

features could improve posture correction efforts and overall user health outcomes.
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| 1. Introduction

In 2020, musculoskeletal disorders (MSDs) were the second leading cause of non-fatal disability worldwide,
impacting over a billion people and costing the UK alone more than GBP 4.1 billion annually. Across the European
Union, MSDs consume about 2% of GDP, roughly EUR 240 billion each year . Despite common misconceptions,
MSDs affect individuals of all ages, often exacerbated by sedentary lifestyles and poor posture in office settings.
Prolonged sitting is strongly linked to severe back pain and spinal deformities(2. To mitigate these risks, regular

breaks and exercise are recommended to enhance cognitive and muscle functions.

Poor sitting posture not only contributes to back pain but also to the development of pressure sores in wheelchair
users, complicating their comfort and mobility. Traditional postural assessments, often subjective and performed in
clinical settings, rely on visual inspection, palpation, or impractical and costly methods like MRI and CT scans. Both
contact and non-contact methods 8! for postural assessment have limitations 4, including discomfort, lack of 3D

data ¥ and the need for an upright position during measurementsl&.,

Smart sensing chairs, integrating sensors within the seating area, offer a practical solution by enabling continuous,

real-time posture monitoring without the constraints of traditional methods. These chairs are increasingly being

https://encyclopedia.pub/entry/56626 1/8



Smart Sensing Chair for Sitting Posture Monitoring | Encyclopedia.pub

incorporated into both home and office environments, offering potential improvements in personalized healthcare
for those with MSDs.

| 2. Correct Sitting Posture

The idea of an "ideal" sitting posture varies widely, especially for those with permanent mobility impairments or
wheelchair users. Traditional views recommend an upright lordotic spinal position, but the variability in spinal
anatomy challenges this one-size-fits-all approach . Biomechanical research shows that extended sitting,
particularly in slumped positions, exacerbates musculoskeletal disorders and contributes to lower back pain.
Recommendations advise against prolonged sitting in any posture to reduce health risks. Research indicates no
conclusive evidence that any specific sitting posture significantly enhances health benefits. A numerous studies
using smart sensing chairs identified the most common sitting postures, including upright with backrest, slouching

forward, and leaning in various directions, showing the diverse ways people sit and the pressure points involved.

| 3. Sensors

Smart sensing chairs incorporate a variety of sensor technologies, each uniquely tailored to enhance the
monitoring and classification of sitting postures, a crucial element in preventing musculoskeletal disorders. Among
these technologies, Force Sensing Resistors (FSRs) are prominent due to their cost-effectiveness and ease of
integration [l. FSRs measure the force exerted on surfaces, adjusting their output resistance accordingly, though

they are prone to drift errors that can affect accuracy, necessitating periodic recalibrations.

Textile pressure sensors represent another innovative approach, weaving conductive threads into fabrics to create
sensors that are both durable and comfortable . These sensors are particularly advantageous in wearable
technologies, offering seamless integration and minimal disruption to the user. Unlike FSRs, they provide a more
user-friendly option without compromising on sensor responsiveness. Load cells, which convert applied forces into
digital signals, offer a higher precision in posture classification, though their use in smart chair technologies is less
common. This may be due to the bulkier setup and higher costs compared to more streamlined options like FSRs.
Flex sensors, or bend sensors, measure the amount of bending or displacement and are versatile in applications
ranging from medical devices to robotics 19, Their use in smart chairs is based on their ability to detect subtle
posture changes, though they are not as commonly employed as pressure-based sensors. Image-based sensors,
which include cameras and 3D image capturing devices, introduce a high-tech method of posture classification
using computer vision algorithms. While offering detailed visual data, their application is less frequent due to
variability in accuracy and the complexity of integrating such systems into everyday seating arrangements. In terms
of sensor placement strategies, research has explored both dense and sparse sensor configurations. Dense
configurations typically involve a mat of interconnected sensors covering a large area, which can more accurately
map pressure distribution and detect subtle shifts in posture. In contrast, sparse sensor configurations use fewer

sensors placed at strategic points, which can be sufficient for basic posture detection but may miss finer nuances
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compared to their dense counterparts. Figure 1 shows the categories of sensors being used by researchers in the

classification of sitting postures.
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Figure 1. Taxonomy graph of sensors used in smart sensing chair

systems.

Integration with the Internet of Things (loT) represents a forward-thinking approach to health monitoring in smart
chairs 21, By connecting sensors to the internet, these systems can offer real-time health data analysis, potentially
reducing healthcare costs through early detection and intervention. Despite the advanced technology in detection
and classification, many smart sensing chairs still lack comprehensive feedback mechanisms. While approximately
36% of systems incorporate some form of user alert, such as mobile or desktop applications or even haptic

feedback, there is significant room for improvement in making these alerts more intuitive and less intrusive.

Overall, the selection of sensor technology in smart sensing chairs significantly impacts their effectiveness and

user experience, highlighting a trade-off between accuracy, cost, integration complexity, and user comfort. As the
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field evolves, the challenge remains to balance these factors to optimize both posture correction and user
satisfaction.

| 4. Algorithms

Smart sensing chairs employ various techniques and machine learning algorithms for posture detection, ranging
from rule-based systems to advanced neural networks. Rule-based systems, using predefined if-else conditions,
offer transparency and low computational demand, making them suitable for real-time applications 22, However,
their simplicity can be a drawback as they struggle with the complexity of varied postural transitions and scalability
in diverse settings like healthcare.

Statistical models like K-Nearest Neighbors, Decision Trees, and Support Vector Machines strike a balance
between complexity and performance, efficiently handling posture classification with less computational intensity
(23] These models are adaptable to embedded systems in smart chairs but must be carefully selected to match the

data characteristics and functional demands of the system.

Deep learning models, including Convolutional and Artificial Neural Networks, are favored for their robust pattern
recognition capabilities, crucial for analyzing spatial pressure distributions 24, These models excel in processing
large datasets and automatic feature extraction but require extensive, diverse training data to avoid biases and
ensure generalizability. Despite their effectiveness, the opaque nature of these ‘black box' models can be
problematic in medical settings where decision-making transparency is essential. Figure 2 indicates that deep
learning models, do not significantly outperform traditional statistical models in terms of classification accuracy for

sitting posture detection.
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Figure 2. Comparison of machine learning models: number of postures vs. accuracy vs.

test subjects, as indicated by the size of the circle.

| 5. Conclusions

The discussion on smart sensing chairs reveals that pressure sensors, especially Force Sensing Resistors (FSRSs),
are commonly preferred for classifying sitting postures due to their efficacy and cost-effectiveness. Although
individual sensor placement is favored over dense arrays for maintenance and cost efficiency, the choice of sensor

setup does not necessarily correlate with higher classification accuracy.

Studies incorporating multiple sensor types, such as combining pressure sensors with infrared or ultrasonic
sensors, have shown improved accuracy in detecting a wide range of sitting postures. This method not only
enhances posture classification but also supports continuous health monitoring, although it increases system
complexity and cost. The integration of multiple sensors, while beneficial, also raises challenges in data fusion and

privacy concerns due to the sensitive nature of collected data.

Machine learning models used in these systems show that more complex models do not always yield better
results, especially when limited by the size and diversity of training datasets. Most systems focus on a select
number of postures to maintain high accuracy, highlighting a trade-off between the number of postures detected

and the precision of classification.
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Despite technological advances, there is a notable gap in user feedback evaluation, with few studies assessing the
effectiveness of feedback mechanisms in promoting correct sitting postures. Future research should address this
by developing and rigorously testing user feedback systems to enhance real-world applicability and user

engagement.

In conclusion, while smart sensing chairs show potential in enhancing posture and reducing musculoskeletal
disorders, their real-world implementation faces hurdles such as user adoption, data privacy, and integration with
existing technological infrastructures. Future research should explore diverse and extensive datasets to train
models that are truly reflective of the general population and further investigate the integration of various sensor

types to optimize chair functionality and user health outcomes.
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