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Low-cost Monitoring System of a Sitting Posture  
 

Abstract 
 
The article presents a description of sitting posture monitoring system, 
built on Raspberry_Pi_3b, Tact Switch buttons, a prototype board and  
a rubber mat. RaspberryPi connected to the sensors communicated with  
a personal computer. This allows on the one hand to immediately inform 
the seated about the appearance of no symmetry of the position on the 
chair and managing the time of sitting and breaks on the other. The 
proposed system ensures identification of the degree of incorrect seating 
during work and gives the opportunity to improve the user's posture, which 
affects many topics related to health and work efficiency. System 
possesses a graphical user interface. During system operation, monitoring 
data is collected and can be used for further research towards an optimal 
impact on the user to get rid of the faulty sitting habits. 
  
Keywords: sitting position monitoring, RaspberryPi, graphical user 
interface, database. 
 
1. Introduction 
 

Over the last century, the average amount of time spent in  
a seated position has been significantly extended. And long-term 
sitting leading a sedentary lifestyle brings a number of negative 
health consequences [1-4]. Currently, the most popular solutions 
aimed at solving this problem are computer programs for 
measuring working time and break [5-8]. These programs are 
imperfect for many reasons, the biggest of which is that they are in 
no way able to verify if breaks are actually enforced. 

A lot of research is devoted to linking the amount of seat to 
obesity. In particular, the number of calories burned by the so-
called NEAT factor (Non Exercise Activity Thermogensis), which 
includes all physical activities performed during the day that are 
not the actual physical training [7]. The influence of sitting on the 
musculoskeletal system is a very important and equally often 
discussed subject in the research. There are unambiguous 
conclusions about the increased risk of acquiring muscular-
skeletal disorders with the entry of personal computers into 
everyday life [5, 9]. Interestingly, the psychological aspects of 
sitting are also interesting to the correctness of posture [10]. 
However, over a certain number of hours of sitting during the day 
in front of the TV or computer, no amount of exercise can 
completely eliminate the negative effects [2]. And despite that an 
walking or simply standing could save our health [8], more and 
more people are at risk – sitting - group. Another way to minimize 
the negative effects of sitting is to use breaks [6, 7]. It was also 
found that the employees who behaved the correct posture while 
sitting performed their tasks more effectively than the employees 
who did not maintain the correct posture, thus it can be concluded 
that the attitude influences the work efficiency [11]. 

The studies above point, that  in cases where the elimination of 
seating is impossible, the best strategy to minimize the negative 
effects of sitting is to use short and frequent breaks from sitting 
and maintain a correct posture while sitting, which is a very good 
motivation for this work. 

The article presents the created computer system, which as main 
function possesses the ability to monitor the seated position, 
informing the user about the appearance of irregularities in the 
symmetry of the posture. In addition, the system allows optimal 
management of seat time and breaks. 

The following tools and technologies were used to create the 
system: RaspberryPi_3b, Tact_Switch buttons, prototype board, 
cables and a rubber mat. The programming languages Python and 
Kotlin, the Spring framework and the MongoDB database were 
used for the system implementation. 
 

2. Existing Systems 
 

Two selected systems are described: commercial and non-
commercial. Both are designed to monitor the time and posture of 
the user while sitting. 
 
2.1. Dedicated non-commercial systems: 

CAPRIO 
 

The CAPRIO posture recognition system (Context Aware 
Posture Recognition In Office) takes data about the sitting position 
on the pressure sensors [12]. The CAPRIO system in real time 
monitors the attitude of the person while sitting. If the system 
detects an incorrect posture, the user is warned by displaying  
a message on the screen and is asked to improve the attitude. The 
pressure sensors placed on the chair inform if the user is sitting in 
a chair, and if he is sitting, whether he sits correctly. Due to the 
fact that pressure sensors are used, the system is able to detect 
additional information such as increased pressure on one of the 
sides or backward tilt which will manifest itself as increased 
pressure on the backrest of the chair. The information collected 
from the sensors is binary. If the pressure on a given sensor does 
not exceed the pre-set threshold, it returns information that the 
sensor is inactive. However, if the pressure exceeds the set 
threshold, the sensor returns information that it is active. 

The work points out that there is not one ideal attitude of sitting. 
Instead, the concept of a neutral body posture is introduced. 
What's more, the CAPRIO authors postulate that frequent posture 
changes are necessary [13]. According to them, the information 
flowing from the sensors on the chair is insufficient and you need 
another source of information on how the mouse and keyboard 
are. The chair and sensors connect to the computer via wireless 
communication. WLAN or Bluetooth can be used for this. 

An undeniable drawback of this approach is the neglect of 
information about the symmetry of the posture. Also additional 
system weakness are requirements concerning the user. The 
limitation is also that the system is firmly connected to a specific 
chair. 
 
2.2. DARMA - commercial system 
 

Darma is a system that consists of a chair cushion (Fig. 1b), 
which automatically solves the last disadvantage of the previously 
presented CAPRIO. Cushion containing sensors and applications 
for mobile operating systems: iOS and Android. This pillow is 
placed on a chair to sit on it. However, data is sent to the phone 
via Bluetooth [14]. 

 
a)                                                                b) 

 
 

Fig. 1.  a) System CAPRIO [13]; b) part of system Darma [14] 
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The system has to control the posture while sitting and manage 
stress by monitoring the seating time. The sensors built into the 
pillow in real time monitor the posture while sitting. When an 
incorrect posture is detected, the cushion activates light vibrations 
and a notification appears on the phone to remind you to improve 
your posture. The vibrations are also used to notify breaks 
according to pre-selected settings. The intensity of the vibrations 
is configurable, which makes it possible to distinguish vibrations 
with an incorrect posture from the vibration of the start of the 
break. During breaks on the phone screen, individually selected 
stretching exercises are shown. They are chosen based on the 
history of the seat so that they minimize potential problems of the 
musculoskeletal system that may occur from the style of a person's 
seat. The application is able to generate reports with seat statistics, 
both day and week. What's more, the cushion monitors heart rate 
and breathing frequency, which plays a key role in the analysis of 
stress levels. All this information is available for inspection from 
the phone application level. The main drawback is the high cost. 
 
3. A Low-Cost Proposition 
 

To ensure correct operation, transparent structure and easy 
development of the system, our system was designed in the "three 
layers" convention. The architecture of the system is shown in Fig. 
2. The individual layers are presented with appropriate blocks 
(seen from the left to right): Hardware, Server, Client. 

 

 
 
Fig. 2.  Project architecture 

 
 
3.1. Hardware part 
 

The hardware part is responsible for reading the status of the 
buttons and then sending this information to the server using a 
wireless connection. It consists of a rubber mat, buttons (playing the 
role of touch sensors), cables, a prototype board and Raspberry Pi. 

The location of the touch sensors has been inspired from the 
CAPRIO system described above. Serving as position detectors, 
the Tact_Switch buttons significantly reduce the cost of the 
system and even in a minimalistic configuration, which, however, 
takes into account the symmetry of the posture of the sitting 
person. This precisely eliminates the main defect of CAPRIO, 
providing information about the symmetry of the user's position. 

System check made using Raspberry Pi version three, and 
software written in Python - the recommended language for 
changing and saving the state of ports on Raspberry Pi. 
 
3.2. Server part 
 

The server part consists of a server listening for incoming REST 
requests and a database management system. Its task is to issue  
a REST service with two methods: one for recording new 
measurements and one for reading measurements from the 
database. 

As the database management system, MongoDB was chosen. 
The planned use of the current database also in future research 
means that the algorithm of data processing and analysis is to be 
independent of the positioning of the sensors on the chair and their 
number. Bearing in mind the above requirement, the data structure 
is as follows: 
•  date and time of measurement - used during the measurement 

search, acts as the key of the record, 

•  position evaluation as a floating point number - it will allow you 
to later evaluate items not only in binary but also with values 
between. However, total values have now been used. 
The Spring MVC library serves the task of creating REST 

websites using annotations. In addition, to further reduce the 
amount of code required for writing by the programmer, the 
Spring Data library will be used, the task of which is to automate 
communication with the database. 
 
3.3. The client part 
 

The client part consists of an application and a graphical user 
interface. The main tasks are: 
•  periodic interrogation of the server for the last measurement of 

the position, 
•  measuring the time of sitting, 
•  displaying statistics, after querying the server for data. 

Kotlin language was chosen, TornadoFX library for graphic 
interface and Feign library for easy REST communication from 
the client side. Using the annotations added to the interface 
methods that have the HTTP method and the path to the resource, 
the library creates an object that can communicate with the 
resource. Communication takes place in the JSON format. It is 
required to provide a library that supports serialization when 
sending and deserialization when receiving objects. We used 
GSON. 

The application retrieves data on the latest readings from the 
database of the current position while sitting. The default period is 
set to 0.9 seconds. There is also a Summary Window on the client 
side: the main program window that presents the most important 
information from the user's perspective: 
•  assessment of the current position and final visualization, 
•  time remaining until the end of a break or work, 
•  navigation to the Statistics window, 
•  navigation to the Settings. 

A Break configuration window allows to customize the 
program to the individual needs as: counting time, calculating the 
remaining time until the end of the currently pending break or 
working, or calculating the value on the progress bar. Settings can 
be assigned by a physician or physiotherapist. 

The system also includes the following statistics and graphs: 
•  sitting time; setting options: beginning and end of the range  

(Fig. 3); allows to have a general overview of the work mode 
and is the basis for appropriate preventive recommendations. 
 

 
 
Fig. 3. Diagram of the daily sitting time 

 
•  relationship between the correct time and incorrect sitting time; 

setting options: beginning and end of the range (Fig. 4); the 
diagram is very good feedback not only about the current state, 
but above all about the changes in the habits of the seated 
person; it can be used in research on the most effective impact 
on the user, which is the object of further considerations of this 
project,  

•  relationship between break time to sitting time; setting options: 
start and end of range; is an effective supplement to information 
about seating time; its visualization is also a pie chart, and the 
collected data further enrich the database of further searches for 
optimal conditions for safe work in the sitting mode. 
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•  map of sensors on a chair with an indication of which ones are 
most often touched by the body of a seated person. Options: 
start and end of range (Fig. 5); hence is the easiest way to see 
what are the most significant irregularities of the posture of a 
seated person. 

 

 
 
Fig. 4.  The correct time vs. incorrectly time sitting 

 
The current version has adopted a colorful transmission of 

information about the load of individual sensors, because it allows 
a qualitative analysis. The numbers, e.g. percentages of 
normalized time for each button, would have less substantive 
weight.  

 

 
 
Fig. 5. Map of the sensors 
 
4. Conclusions 
 

Long-term sitting at the computer or generalizing a sedentary 
lifestyle brings a number of negative health consequences, both 
physical and mental. Obesity, problems with cardiovascular, bone 
or muscle systems can be particularly frequent problems.  

The monitoring system of the sitting position proposed here can 
be very easily implemented, and moreover the cost of its 
implementation would not exceed five hundred PLN. The current 
form allows both: immediate use and further research for the 
optimal interface. The future final solution could merge the server 
and client part into one application, making the system compact 
and battery powered,  

The system can be further developed in many independent 
directions, such as switching buttons to pressure sensors, adapted 
location of sensors and intelligent matching to the user based on 
machine learning procedure implemented into the system. 
 

This paper is supported by the S/WI/3/2018. 
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