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In recent years, occupational roles often require extended periods of 
sedentary activity, particularly sitting in front of computer screens. 
Incorrect sitting postures adopted during such activities can lead to 
various health issues such as muscular imbalances and spinal 
misalignment. Therefore, a Smart Chair for Sitting Postures Monitoring 
and Seat Occupancy Detection is proposed in this work to overcome 
those health issues. The Smart Chair design incorporates four ultrasonic 
sensors to actively monitor the distance between the user’s back and 
the seat cushion. When poor posture is detected, the Blynk application 
sends alert notifications to the user’s mobile phone. Additionally, the 
seat occupancy detection system, powered by four Force Sensing 
Resistor (FSR) sensors, proves useful in multi-user environments.   
Real-time alerts via the Blynk application enhance the operational 
efficiency of the Smart Chair. Validation assessments conducted with 
three volunteers of varying heights and weights confirmed the 
effectiveness of the ultrasonic sensors in monitoring sitting postures. 
The sensors operate consistently with the predefined truth table. 
Additionally, the validation process for seat occupancy detection, using 
the same volunteers, demonstrates system reliability and 
responsiveness. Alert notifications are accurately sent to users’ mobile 
phones upon detecting physical pressure. In a nutshell, the Smart Chair 
has demonstrated its effectiveness in continuously monitoring sitting 
postures and detecting seat occupancy which contributes to a health-
conscious and intelligent seating solution, enhancing the overall user 
experience. 
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1. Introduction 
The lifestyle of individuals in post-industrial societies has undergone significant transformation in recent 
decades due to remarkable scientific and technological progress. In today's context, heavy manual labor has 
largely been replaced by machines, leading to a prevalence of office-based occupations where personal soft skills 
are valued over hard skills. A common practice in these roles involves prolonged periods of sitting in front of 
computer screens, which, if done in incorrect postures, can give rise to health issues [1]. Technological 
advancements, exemplified by the Internet of Things (IoT) paradigm, aim to benefit humanity. The IoT has 
introduced the potential of connected sensor systems to enhance the health conditions of all living beings [2].     
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The application of IoT in the area of seat occupancy detection system has been a transition process and 
movement from traditional system to new and more active system. The incorporation of these technologies in 
the seat detection system eases management challenges experienced with regards to self-servicing, monitoring 
and detection of seats [3]. This innovative system utilizes a range of sensors and technologies to determine the 
presence or absence of individuals in seats. Numerous studies have been carried out to detect the occupancy of 
people in the library, office and classroom using ultrasonic and Force Sensing Resistor (FSR) sensors [4]. Seat 
occupancy detection can also enhance security by alerting authorities to unattended bags or suspicious behavior 
in public places. 

In recent years, employment in sedentary occupations has continuously risen. Office workers are more 
prone to prolonged static sitting, spending 65–80% of work hours sitting, increasing risks for multiple health 
problems [5]. Today, most high-income countries’ economy has transitioned from the production of goods to the 
provision of services. This transition has resulted in an increasing number of people employed in sedentary 
occupations, in which work is primarily carried out while sitting down. Prolonged sitting has become a common 
issue in modern society, contributing to a range of health problems and negatively impacting overall well-being. 
Therefore, a Smart Chair for Sitting Postures Monitoring and Seat Occupancy Detection is proposed in this work 
to overcome those problems. This Smart Chair is equipped with four ultrasonic sensors embedded in the back 
seat cushion which measure user's body distance from the sensors for correct sitting postures. The distance 
between the sensors and user’s body has set so as not to exceed a threshold value of 15 cm, upon which alert 
notification shall trigger to notify the user via Blynk application. Those alert notification help users easily detect 
and correct stressful postures with minimal distractions. In addition, the Smart Chair is also equipped with four 
Force Sensing Resistor (FSR) sensors to accurately identify whether a seat is occupied or not and Blynk 
application shall send alert notification to user’s mobile phone if the seat is occupied. This functionality proves 
especially beneficial for tracking seat occupancy in communal or public areas. 

2. Research Methodology 
This section discusses the methodology applied in completing this work. The work planning, block diagram, 
process flow and electronic components employed in this work are among the tasks. 

2.1 Block Diagram 
Fig. 1 show the block diagram of the Smart Chair for Sitting Postures Monitoring and Seat Occupancy Detection. 
From the figure, it can be seen that the Smart Chair is controlled by ESP32 Wi-Fi module with NodeMCU-32S 
Base module as the main controlling unit. The key component, which is four ultrasonic sensors, acts as the input 
for the distance measurement between back seat cushion and user (the user body must touch all the sensors for 
correct posture) in order to alert the user to correct his posture. Alongside the four Force Sensing Resistor 
(FSR), the sensors that allow the Smart Chair to detect physical pressure for seat occupancy detection, these 
inputs will send signals to the microcontroller to be analyzed and processed. There are eight postures to be 
analyzed which are upright sitting (the correct posture), slouching, leaning forward, leaning backward, leaning 
left, leaning right, right leg crossed and left leg crossed. The processed signals will then be sent to the output 
which includes Blynk application as an IoT platform to alert the user. One is for seat occupancy detection and 
another one is for the correct sitting posture. 

 
Fig. 1 Block diagram of the Smart Chair for sitting postures monitoring and seat occupancy detection 
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2.2 The Sketch Idea for the Smart Chair 
The sketch idea for the Smart Chair that integrates four ultrasonic sensors embedded in the back seat cushion 
for sitting posture monitoring and four FSR sensors in the seat cushion for seat occupancy detection can be seen 
in Fig. 2. This innovative combination not only provides real-time feedback via Blynk application on users' 
posture but also ensures seamless and reliable detection of seat occupancy, enhancing the overall user 
experience and contributing to the development of a health-conscious and intelligent seating solution. 

 
Fig. 2 The sketch idea of the Smart Chair for Sitting Posture Monitoring and Seat Occupancy Detection 

2.3 Blynk Application 
Blynk application is an IoT software that offers a platform for developing mobile (IOS and Android) applications 
that may connect electronic equipment to the Internet and remotely monitor and control them. With white-label 
smartphone applications, private clouds, system management, data mining, and deep learning, Blynk is a 
hardware-agnostic IoT platform. Enter the most common IoT network to connect the devices to the cloud, 
design control applications, evaluate telemetry information, and manage the product deployed on a scale. In this 
work, the coordinates in terms of latitude and longitude shall be displayed on the Blynk application. The car 
owner can also view the location of his car on Google maps in the same application. 

3. Results and Discussion 
This section discusses the result obtained and analysis on the Smart Chair. This section is divided into the final 
product, sitting postures monitoring and seat occupancy detection. 

3.1 Final Product 
The final product of the Smart Chair for Sitting Postures Monitoring and Seat Occupancy Detection can be seen in 
Fig. 3. It consists of four ultrasonic sensors to measure the distance between back seat cushion and user in order 
to alert the user to correct his posture using Blynk application. The real-time feedback provided by this system 
encourages healthier sitting habits and enhances overall comfort for users. Next, four FSR sensors are used to 
allow the Smart Chair to detect any physical pressure for seat occupancy detection. These sensors are 
strategically placed to cover key areas of the seat cushion, ensuring accurate detection regardless of the 
occupant's seating position. The controlling unit for the Smart Chair consists of two which are sitting postures 
monitoring and seat occupancy detection. 
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Fig. 3 The final product (a) Front view; (b) Back view; (c) Left side view; (d) Right side view 

3.2 Sitting Postures Monitoring 
Fig. 4 shows the configuration of four ultrasonic sensors on the back seat cushion of the Smart Chair. As soon as 
the user sit on the Smart Chair, the sensors will detect the distance between back seat cushion and the user’s 
body. The processed signals will then be sent to the output which includes Blynk application as an IoT platform 
as the distance exceeded 15 cm to alert the user regarding sitting posture. The 15 cm distance is selected 
because when the user’s body moves away from the back seat cushion by more than 15 cm, it is categorized as 
poor posture.  

 
Fig. 4 The configuration of sitting postures monitoring on the Smart Chair 

 
A truth table for user’s sitting postures is constructed to correlate with the reading from the ultrasonic sensors, 
as can be seen in Table 1. A truth table serves as a comprehensive guide, mapping each sitting posture to a 
specific pattern of sensor readings. This allows for real-time posture identification and immediate feedback 
through the Blynk application, enhancing the user’s awareness and ability to correct their sitting habits. From 

  
(a) (b) 

 

  
(c) (d) 
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the table, when all the sensors detect the user’s back, no notification is received by the user via Blynk application 
which are the case for upright sitting, leaning backward, right leg crossed and left leg crossed postures. This is 
due to the fact that when the user’s body is in direct contact with the four ultrasonic sensors, the sensor could 
not collect accurate data because the emitted sound waves are partially absorbed by the user’s body and clothes. 
Therefore, no processed signal is sent from the ultrasonic sensor to the Blynk application. 
 

Table 1 The truth table of user’s sitting postures for Smart Chair for sitting postures monitoring and             
seat occupancy detection 

Sitting Position 
Ultrasonic Sensors Notification Received via 

Blynk Application 1 2 3 4 
Upright Seating 1 1 1 1 No 

Slouching 0 0 1 1 Yes 
Leaning Forward 0 0 1 1 Yes 

Leaning Backward 1 1 1 1 No 
Leaning Right 1 0 1 0 Yes 
Leaning Left 0 1 0 1 Yes 

Right Leg Crossed 1 1 1 1 No 
Left Leg Crossed 1 1 1 1 No 

Note: ‘1’ indicates that ultrasonic sensors detect user’s body and ‘0’  
indicates that ultrasonic sensors does not detect user’s body 
 

Further assessment are performed on three volunteers to evaluate their sitting postures when using the Smart 
Chair in order to determine the operating ultrasonic sensors to be consistent with the truth table as can be seen 
in Table 2 to Table 4. 
 

Table 2 The assessment of sitting postures monitoring for Volunteer A 
Volunteer A 

Height: 180 cm 
Weight: 95 kg 

Sitting Position 
Operating Sensors 

Blynk Application 
1 2 3 4 

Upright Sitting 1 1 1 1 

Observation: 
The Blynk application does not send 
alert notification to the user’s mobile 
phone. 

Analysis:  
An upright sitting position detected by 
all operating sensors indicates that the 
user’s back is properly aligned with the 
chair, suggesting good posture. This 
position is ideal for maintaining spinal 
health and preventing muscle fatigue. 
Maintaining this posture helps in 
reducing the risk of back pain and other 
posture-related problems. 

Slouching 0 0 1 1 
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Observation:  
Blynk application send alert 
notification to user’s mobile phone.  

Analysis: 
When only sensors 3 and 4 detect the 
user’s back, it suggests that the upper 
part of the back is not in contact with 
the chair, indicating a slouching 
posture. This could mean that the user 
is leaning forward or not sitting 
upright. The Smart Chair system shall 
alert the user via Blynk application to 
correct their posture to prevent back 
pain or discomfort associated with 
prolonged slouching. 

Leaning Forward 0 0 1 1 

 

Observation:  
Blynk application send alert 
notification to user’s mobile phone. 

Analysis:  
When sensors 3 and 4 are the only ones 
detecting the user’s back, it indicates 
that the lower back is likely in contact 
with the chair, while the upper back is 
not, which aligns with a forward-
leaning sitting position. This posture 
can strain the lower back over time. 
The Smart Chair could use this data to 
prompt the user to sit back fully against 
the chair to distribute their weight 
evenly and maintain a healthier 
posture. 

Leaning Backward 1 1 1 1 

Observation: 
The Blynk application does not send 
alert notification to the user’s mobile 
phone. 

Analysis: 
When all operating sensors detect the 
user’s back, it suggests that the user is 
leaning backward, making full contact 
with the chair. This position may 
indicate a relaxed posture or an 
attempt to stretch after sitting for a 
prolonged period. While this posture 
can be comfortable temporarily, 
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maintaining it for too long could lead to 
slouching and potential discomfort. The 
Smart Chair could monitor the duration 
of this posture and remind the user to 
adjust their position regularly to 
maintain optimal spinal alignment. 

Leaning Right 1 0 1 1 

 

Observation:  
Blynk application send alert 
notification to user’s mobile phone. 

Analysis: 
When sensors 1, 3, and 4 detect the 
user’s back, it indicates that the user is 
leaning towards the right side. This 
could be due to a natural tendency, a 
momentary shift in position, or even an 
uneven seating surface. Prolonged 
leaning to one side can lead to 
muscular imbalances and spinal 
misalignment. The Smart Chair can 
alert the user to adjust their position to 
center their spine and distribute their 
weight evenly across both sides of the 
chair. 

Leaning Left 0 1 1 1 

 

Observation:  
Blynk application send alert 
notification to user’s mobile phone. 

Analysis: 
When sensors 2, 3, and 4 are activated, 
it suggests that the user is leaning to 
the left. This could be a sign of 
discomfort, a temporary shift to reach 
for something, or a habit of sitting 
asymmetrically. Consistent leaning on 
one side may cause strain on the spine 
and muscles over time. The Smart Chair 
can use this information to encourage 
the user to realign their posture by 
sitting upright and centered, promoting 
even weight distribution and reducing 
the risk of posture-related issues. 
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Right Leg Crossed 1 1 1 1 

Observation: 
The Blynk application does not send 
alert notification to the user’s mobile 
phone. 

Analysis: 
When all operating sensors detect the 
user’s back while the right leg is 
crossed, it indicates that despite the 
change in leg position, the user’s back 
remains in contact with the chair. This 
posture can cause an imbalance in the 
hips and lower spine alignment over 
time. The Smart Chair could identify 
this pattern and suggest alternative 
sitting positions or remind the user to 
uncross their legs periodically to 
maintain better posture and prevent 
potential discomfort or 
musculoskeletal issues. 

Left Leg Crossed 1 1 1 1 

Observation: 
The Blynk application does not send 
alert notification to the user’s mobile 
phone. 

Analysis: 
When the left leg is crossed and all 
sensors detect the user’s back, it 
suggests that the user maintains back 
contact with the chair despite the 
asymmetrical leg position. This posture 
can lead to uneven pressure on the 
pelvis and misalignment of the spine. 
The Smart Chair could monitor for such 
postures and prompt the user to 
alternate their leg position or sit with 
both feet on the ground to promote 
symmetrical posture and reduce the 
risk of developing musculoskeletal 
issues. 

 
Table 3 The assessment of sitting postures monitoring for Volunteer B 

Volunteer B 
Height: 170 cm 
Weight: 89 kg 

Sitting Position 
Operating Sensors 

Blynk Application 
1 2 3 4 

Upright Sitting 1 1 1 1 Observation: 
The Blynk application does not send 
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alert notification to the user’s mobile 
phone.  

Analysis: 
An upright sitting position detected by 
all operating sensors indicates that the 
user’s back is properly aligned with the 
chair, suggesting good posture. The 
result is similar to Volunteer A. This 
position is ideal for maintaining spinal 
health and preventing muscle fatigue. 
The Smart Chair could reinforce this 
positive behavior by confirming to the 
user that they are sitting correctly, 
perhaps through a positive feedback 
system. Maintaining this posture helps 
in reducing the risk of back pain and 
other posture-related problems.  

Slouching 0 0 1 1 

 
Observation:  
Blynk application send alert 
notification to user’s mobile phone. 

 
Analysis: 
In a slouching position, where only 
sensors 3 and 4 detect the user’s back, 
the readings are similar to those of 
Volunteer A. This indicates that the 
mid to lower back is in contact with the 
chair, but the upper back and 
shoulders are likely curved forward. 
This posture can lead to tension in the 
back muscles and spinal discomfort. 
The Smart Chair could alert the user to 
adjust their posture by sitting up 
straight and using lumbar support if 
available, to encourage a healthier 
spine alignment. Consistent reminders 
can help in developing better sitting 
habits. 

Leaning Forward 0 0 1 1 
 

Observation:  
Blynk application send alert 
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notification to user’s mobile phone. 

Analysis: 
When sensors 3 and 4 are the only 
ones detecting the user’s back, it 
indicates that the lower back is likely 
in contact with the chair, while the 
upper back is not, which aligns with a 
forward-leaning sitting position. This 
result is similar to Volunteer A. This 
posture can strain the lower back over 
time. The Smart Chair could use this 
data to prompt the user to sit back fully 
against the chair to distribute their 
weight evenly and maintain a healthier 
posture. 

Leaning Backward 1 1 1 1 

Observation: 
The Blynk application does not send 
alert notification to the user’s mobile 
phone. 

Analysis: 
When all operating sensors detect the 
user’s back, it suggests that the user is 
leaning backward, making full contact 
with the chair. The result corresponds 
with the Volunteer A. This position 
may indicate a relaxed posture or an 
attempt to stretch after sitting for a 
prolonged period. While this posture 
can be comfortable temporarily, 
maintaining it for too long could lead 
to slouching and potential discomfort. 
The Smart Chair could monitor the 
duration of this posture and remind 
the user to adjust their position 
regularly to maintain optimal spinal 
alignment. 

Leaning Right 1 0 1 0 

 

Observation:  
Blynk application send alert 
notification to user’s mobile phone. 

Analysis: 
When only sensors 1 and 3 detect the 
user’s back, it indicates that the user is 
leaning significantly to the right side. 
Despite the differences from Volunteer 
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A’s data, this posture is still classified 
as a leaning right. This could be due to 
various reasons such as reaching out 
for something on that side or even 
discomfort on the left side. The Smart 
Chair could alert the user to adjust 
their posture to a more neutral, 
centered position to prevent potential 
musculoskeletal issues. 

Leaning Left 0 1 0 1 

 

Observation:  
Blynk application send alert 
notification to user’s mobile phone. 

Analysis: 
When sensors 2 and 4 are activated, it 
suggests that the user is leaning 
towards the left side. Even with the 
variances from Volunteer A’s readings, 
the posture remains identified as a 
leaning left.  This could indicate a 
natural tendency to lean, a temporary 
shift in position, or an attempt to 
alleviate discomfort on the right side. 
Prolonged leaning to one side can lead 
to muscle imbalances and spinal 
misalignment. The Smart Chair can 
alert the user to adjust their position to 
center their spine and distribute their 
weight evenly across both sides of the 
chair. 

Right Leg Crossed 1 1 1 1 

Observation: 
The Blynk application does not send 
alert notification to the user’s mobile 
phone. 

 
Analysis: 
When all operating sensors detect the 
user’s back while the right leg is 
crossed, it indicates that despite the 
change in leg position, the user’s back 
remains in contact with the chair. This 
results align with those observed for 
Volunteer A. This posture can cause an 
imbalance in the hips and lower spine 
alignment over time. The Smart Chair 
could identify this pattern and suggest 
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alternative sitting positions to 
maintain better posture and prevent 
potential discomfort. 

Left Leg Crossed 1 1 1 1 

Observation: 
The Blynk application does not send 
alert notification to the user’s mobile 
phone. 

Analysis: 
When the left leg is crossed and all 
sensors detect the user’s back, it 
suggests that the user maintains back 
contact with the chair despite the 
asymmetrical leg position. The result is 
similar to Volunteer A.  This posture 
can lead to uneven pressure on the 
pelvis and misalignment of the spine. 
The Smart Chair could monitor for 
such postures and prompt the user to 
alternate their leg position or sit with 
both feet on the ground to promote 
symmetrical posture and reduce the 
risk of developing musculoskeletal 
issues. 

 
Table 4 The assessment of sitting postures monitoring for Volunteer C 

Volunteer: C 
Height: 175 cm 
Weight: 77 kg 

Sitting Position 
Operating Sensors 

Blynk Application 
1 2 3 4 

Upright Sitting 1 1 1 1 

Observation: 
The Blynk application does not send 
alert notification to the user’s mobile 
phone. 
 
Analysis: 
An upright sitting position detected by 
all operating sensors indicates that the 
user’s back is properly aligned with the 
chair, suggesting good posture. The 
result is similar to the results of both 
Volunteer A and B.This position is ideal 
for maintaining spinal health and 
preventing muscle fatigue. The Smart 
Chair could reinforce this positive 
behavior by confirming to the user that 
they are sitting correctly. Maintaining 
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this posture helps in reducing the risk 
of back pain and other posture-related 
problems.  

Slouching 0 0 1 1 

 

Observation:  
Blynk application send alert 
notification to user’s mobile phone. 

Analysis: 
In a slouching position, where only 
sensors 3 and 4 detect the user’s back, 
it indicates that the mid to lower back 
is in contact with the chair, but the 
upper back and shoulders are likely 
curved forward. The result is 
comparable to those of Volunteer A and 
B.This posture can lead to tension in 
the back muscles and spinal discomfort. 
The Smart Chair could alert the user to 
adjust their posture by sitting up 
straight and using lumbar support if 
available, to encourage a healthier 
spine alignment. Consistent reminders 
can help in developing better sitting 
habits. 

Leaning Forward 0 0 0 0 

 

Observation:  
Blynk application send alert 
notification to user’s mobile phone. 

Analysis: 
When none of the operating sensors 
detect the user’s back, it suggests that 
the user is leaning forward 
significantly, likely away from the 
backrest of the chair. The result differs 
from those of Volunteer A and B, yet it 
still falls under the category of leaning 
forward. This posture can put a strain 
on the lower back and neck due to the 
lack of support. The Smart Chair could 
alert the user to the potential risk of 
discomfort or injury due to this posture 
and encourage them to lean back into 
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the chair for proper support. 

Leaning Backward 1 1 1 1 

Observation: 
The Blynk application does not send 
alert notification to the user’s mobile 
phone. 

Analysis: 
When all operating sensors detect the 
user’s back, it suggests that the user is 
leaning backward, making full contact 
with the chair. The result is in line with 
what were observed for Volunteer A 
and B. This position may indicate a 
relaxed posture or an attempt to 
stretch after sitting for a prolonged 
period. While this posture can be 
comfortable temporarily, maintaining it 
for too long could lead to slouching. The 
Smart Chair could monitor the duration 
of this posture and remind the user to 
adjust their position regularly to 
maintain optimal spinal alignment. 

Leaning Right 1 0 1 0 

 

Observation:  
Blynk application send alert 
notification to user’s mobile phone. 
 
Analysis: 
When only sensors 1 and 3 detect the 
user’s back, it indicates that the user is 
leaning significantly to the right side. 
The result associated with both 
Volunteer A and B. This could be due to 
various reasons such as reaching out 
for something on that side, a habit of 
leaning to one side, or even discomfort 
on the left side. This posture can cause 
uneven stress on the spine and muscles. 
The Smart Chair could alert the user to 
adjust their posture to a more neutral, 
centered position.  

Leaning Left 0 1 0 1 

Observation:  
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Blynk application send alert 
notification to user’s mobile phone. 

Analysis: 
When sensors 2 and 4 are activated, it 
suggests that the user is leaning 
towards the left side. The result aligns 
with    Volunteer B. This could indicate 
a natural tendency to lean or an 
attempt to alleviate discomfort on the 
right side. Prolonged leaning to one 
side can lead to muscle imbalances and 
spinal misalignment. The Smart Chair 
can alert the user to adjust their 
position to center their spine and 
distribute their weight evenly across 
both sides of the chair. 

Right Leg Crossed 1 1 1 1 

Observation: 
The Blynk application does not send 
alert notification to the user’s mobile 
phone. 

Analysis: When all operating sensors 
detect the user’s back while the right 
leg is crossed, it indicates that despite 
the change in leg position, the user’s 
back remains in contact with the chair. 
The result is similar to the results of 
both Volunteer A and B. This posture 
can cause an imbalance in the hips and 
lower spine alignment over time. The 
Smart Chair could identify this pattern 
and suggest alternative sitting positions 
or remind the user to uncross their legs 
periodically to maintain better posture 
and prevent potential discomfort or 
musculoskeletal issues.  

Left Leg Crossed 1 1 1 1 

Observation: 
The Blynk application does not send 
alert notification to the user’s mobile 
phone. 

Analysis: 
When the left leg is crossed and all 
sensors detect the user’s back, it 
suggests that the user maintains back 
contact with the chair despite the 
asymmetrical leg position. The result is 
comparable to those of Volunteer A and 
B. This posture can lead to uneven 
pressure on the pelvis and 
misalignment of the spine. The Smart 
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Chair could monitor for such postures 
and prompt the user to alternate their 
leg position or sit with both feet on the 
ground. 

 
 

Table 5 presents a comparative analysis of the ultrasonic sensors’ operation, correlating them with the 
sitting postures observed across all volunteers. From the table, it is shown that the Smart Chair effectively 
monitors the volunteers’ sitting postures regardless of their different height and weight using Blynk application 
that shall send alert notification to their mobile phone to correct the poor sitting postures. 
 

 
Table 5 The comparison of operating ultrasonic sensors for all volunteers 

 Operating Sensors 

Sitting Postures 
Volunteer A Volunteer B Volunteer  C 

1 2 3 4 1 2 3 4 1 2 3 4 
Upright Seating 1 1 1 1 1 1 1 1 1 1 1 1 

Slouching 0 0 1 1 0 0 1 1 0 0 1 1 
Leaning Forward 0 0 1 1 0 0 1 1 0 0 0 0 

Leaning Backward 1 1 1 1 1 1 1 1 1 1 1 1 
Leaning Right 1 0 1 1 1 0 1 0 1 0 1 0 
Leaning Left 0 1 1 1 0 1 0 1 0 1 0 1 

Right Leg Crossed 1 1 1 1 1 1 1 1 1 1 1 1 
Left Leg Crossed 1 1 1 1 1 1 1 1 1 1 1 1 

 

3.3 Seat Occupancy Detection 
In the configuration depicted in Fig. 5, seat occupancy detection involves the use of four FSR sensors. These 
sensors are strategically positioned in the seat cushion of a Smart Chair. Their purpose is to alert the librarian 
about seat occupancy. Upon detecting pressure from an occupant, the FSR sensors activate the system. The 
processed signals are then transmitted to an output, which incorporates with a Blynk application serving as an 
IoT interface. This setup allows for real-time monitoring of seat occupancy and it enhances librarian interaction 
with the Smart Chair through instant notifications. 
 

 
Fig. 5 The configuration of seat occupancy detection on the Smart Chair 

 
Table 6 shows a truth table for Smart Chair seat occupancy is devised to correlate with the reading from the FSR 
sensors. This table acts as an exhaustive reference, linking each seating condition to a distinct sensor output. It 
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facilitates instantaneous recognition of whether the seat is occupied and delivers prompt updates via the Blynk 
application, thereby improving situational awareness to the librarian regarding seat occupancy. 
 

Table 6 The truth table of seat occupancy for Smart Chair for sitting postures monitoring and seat occupancy 
detection 

FSR Sensors Notification Received via 
Blynk Application 1 2 3 4 

0 0 0 0 No 
1 0 0 0 No 
0 1 0 0 No 
0 0 1 0 No 
0 0 0 0 No 
1 1 1 1 Yes 

 
Further evaluations are conducted with three volunteers to assess the accuracy of the Smart Chair’s seat 
occupancy detection and ensuring the FSR sensors’ performance aligns with the truth table as can be seen in 
Table 7, Table 8 and Table 9. 
 

 
 

Table 7 The assessment of seat occupancy detection for Volunteer A 

Operating Sensors 
Blynk Application 

1 2 3 4 

1 1 1 1 

 

 
 

Observation: 
Blynk application send alert notification to 
user’s mobile phone. 
 
Analysis: 
When all FSR sensors are triggered, it indicates that 
there is significant pressure on all contact points of 
the chair, which typically means the chair is fully 
occupied. The Blynk application shall then send 
alert notification to the user’s mobile phone to alert 
the user when the chair is in use. This function is 
beneficial for monitoring seat occupancy and can be 
particularly useful in shared or public spaces. It is 
crucial for the system to function accurately, 
irrespective of the differences in height and weight 
of various users, to guarantee precise detection of 
seat occupancy in settings where the chair might be 
used by multiple people. 
 

 
Table 8 The assessment of seat occupancy detection for Volunteer B 

Operating Sensors Blynk Application 
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1 2 3 4 

1 1 1 1 

 

 
 

Observation: 
Blynk application send alert notification to 
user’s mobile phone. 
 
Analysis: 
The detection of all FSR sensors indicates full 
occupancy of the chair, which prompts the system 
to send a notification to the user’s mobile phone via 
Blynk application. This consistent response, 
irrespective of the volunteer’s height and weight, 
shows that the chair’s sensor system is effectively 
use to detect occupancy without being influenced 
by the specific pressure distribution of different 
body types. This ensures that the Smart Chair can 
reliably inform users of seat usage, which can be 
crucial for monitoring purposes in various settings. 

 
 
 
 

Table 9 The assessment of seat occupancy detection for Volunteer C 

Operating Sensors 
Blynk Application 

1 2 3 4 

1 1 1 1 

 

 
 

Observation: 
Blynk application send alert notification to 
user’s mobile phone. 
 
Analysis: 
The activation of all FSR sensors signifies that the 
chair is occupied, triggering a notification to the 
user’s mobile phone via the Blynk application. This 
indicates that the chair’s sensor system is 
effectively detecting occupancy and communicating 
with the user’s mobile device efficiently. The 
system’s ability to operate correctly, regardless of 
variations in the volunteer’s height and weight is 
essential for ensuring accurate occupancy detection 
in environments where multiple individuals may 
use the chair. 
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4. Conclusion 
In summary, the Smart Chair for Sitting Postures Monitoring and Seat Occupancy Detection has demonstrated its 
effectiveness in monitoring correct sitting postures and enhancing seat occupancy detection. The Smart Chair 
design, featuring four ultrasonic sensors, actively monitors the distance between the user’s back and the back 
seat cushion, engaging the Blynk application to send alert notification to user’s mobile phone when poor posture 
is detected. The comprehensive validation experiment, encompassing eight different sitting postures, 
demonstrates the chair’s capability to accurately discern and respond to various seating positions. Further 
assessments conducted on three volunteers of varying heights and weights have validated the effectiveness of 
the ultrasonic sensors in monitoring sitting postures, ensuring their operation is consistent with the predefined 
truth table. In addition, seat occupancy detection system powered by four FSR sensors might be useful in 
environments where multiple individuals may use the chair. The system ability to send alert notification to the 
user in real-time via Blynk application about seat occupancy enhances operational efficiency of the Smart Chair. 
The validation process involving the same volunteers further demonstrates the system reliability and 
responsiveness, ensuring that alert notification is accurately sent to users’ mobile phone upon detection of any 
physical pressure. Overall, the Smart Chair has proven itself as an instrumental device for ongoing monitoring of 
sitting postures and detecting seat occupancy. 
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