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ABSTRACT

This thesis presents wireless pressure measuring devices for seat cushion
consisting of an air cushion which reduces the chances of developing a pressure ulcer.
A force sensor resistor (FSR sensor) is placed in the position where pressure is most
likely to occur. FSR sensor is put under air cushions to help distribute the pressure and
reduce the damage which may happen to the sensor. The pressure is applied to the
sensors, they will send the data to the microcontroller (Arduino MEGA 2560) and then
transmit data via Bluetooth to LabVIEW for display on the monitor screen with the
measured pressure range which is divided into different colors. If the pressure is
continuously applied for a period of 30 minutes, there will be a notification via the
LED light to allow the user to change their sitting positions to reduce the likelihood of

pressure ulcers.
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Pressure
No. Name Thickness Sensing area
Measuring Range

Thin Film Pressure

Sensor
1 o 2 [7¢9¢ 0.45 mm 36x36 mm 20g ~ 10kg
(WUUEU AAUIR I
40x40mm)
Round Thin
12.7 mm
2 Film Pressure Sensor 0.40 mm W7 ’ 20g ~ 6kg
— (lFurUAUONA)
(WUUET LEURY )
Round Thin Film
Pressure
5.6 mm
3 Sensor (LYY 0.30 mm —— . 30g ~ 1.5kg
(WFurUALONA)
LEUNIY
Audnans 7.6mm)
Force Sensitive
4 Resistor 0.40 mm 40x38 mm 100¢g ~ 10 kg
FSR - Square
Round Force
14.5 mm
5 Sensitive 0.46 mm v B 100g ~ 10 kg
(R uAUEINaN)

Resistor 0.5"

6 MAT Sensor 0.35 mm 50x50 mm 200g - 8kg
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S. Tammaruckwattana', C. Hewchaiyapum?, N. Seangsuwan’, P. Techahongsa* and N. Tammarugwattana’*
! School of Engineering, King Mongkut's Institute of Technology Ladkrabang,
Bangkok, 10520, Thailand (sirichai.ta@kmitl.ac.th)

% School of Engineering, King Mongkut's Institute of Technology Ladkrabang,
Bangkok, 10520, Thailand (62601183 @kmitl.ac.th)

* School of Engineering, King Mongkut's Institute of Technology Ladkrabang,
Bangkok, 10520, Thailand (62601255@kmitl.ac.th)

*School of Engineering, King Mongkut's Institute of Technology Ladkrabang,
Bangkok, 10520, Thailand (61010819@kmitl.ac.th)

* School of Engineering, King Mongkut's Institute of Technology Ladkrabang,
Bangkok, 10520, Thailand (narin.ta@kmitl.ac.th) * Corresponding author

Abstract: This paper presents wireless pressure measuring devices for the seat cushion consisting of an air cushion which
reduces the chances of developing a pressure ulcer. A force sensor resistor (FSR sensor) is placed in the position where
pressure is most likely to occur, FSR sensor is put under air cushions to help distribute the pressure and reduce the damage
which may happen to the sensor. The pressure is applied to the sensors, they will send the data to the microcontroller
(Arduino MEGA 2560) and then transmit data via Bluetooth to LabVIEW for display on the monitor screen with the
measured pressure range which is divided into different colors. If the pressure is continuously applied for a period of 30
minutes, there will be a notification via the LED light to allow the user to change their sitting positions to reduce the

likelihood of pressure ulcers.
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1. INTRODUCTION

From the disability survey in 2017-2020 by the
statistical office in Thailand obtain by asking people of
all age groups ina sample of 109,000 households, it was
found that there were 3.7 million people with disabilities,
or 5.5%, of which the percentage of the population in

found in the back and shoulder area, elbows, coccyx, and
heels, which are the areas where tuberosity is pressed
while in a wheelchair. If the elderly or a disabled person
sits in a wheelchair in the same position for a long time,
the likelihood of developing pressure ulcers will increase.
The chance of having pressure ulcers can be reduced by

h the sitting p every 15 — 30 minutes or

2017 had different by di aphic cl
found that the percentage of women with disabilities was
slightly higher than that of men, at 5.7% and 5.2 of the
population of each gender, respectively. The elderly
group (60 years and over) has 20.6% of the elderly
population that has disabilities which is higher than other
ages around 0.4 - 3.0 percent of the population each age.
Elderly people usually have health problems that come
from increasing age. Therefore, it is also counted as being
a disabled person. Nowadays, many people cannot move
on their own and use wheelchairs prone to pressure
uleers.

Pressure ulcers are caused by the destruction of the
skin or subcutaneous tissue from being crushed by
pressure come from body weight for a long time [1],
including the body position when sitting that causes the
tuberosity to rub with the muscles or may be caused by
pressure and slipping which cause wounds or tomn skin.
For those in wheelchairs, pressure ulcers can often be

istics. It was

\ppropriate hi that reduced the
pressure applied to the body under the pressure of
35mmHg or less [2].

This research focuses on the design and construction
of pressure measuring devices via wireless networks for
mattresses. This seat can show the pressure value in each
position of compression while sitting and warn of
prolonged compression. The prog has a itor to
observe the pressure data. Also because of the wireless
network. The person who monitors the data doesn’t have
to be near the wheelchair user which means the person or
doctor who takes care of the elderly or disabled who use
a wheelchair can come in and assist in changing the
sitting position when they see the pressure data is reached
it danger zone to reduce the likelihood of pressure ulcers.

In [1], the pressure sore prevents bed has been
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and experi with. There uses a pressure
sensor with the hanic bed to ically change the
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position of the patients. The downside of this research is
their type of control method, which is the high online
computation, so an efficient digital signal processor
(DSP) is a need which is an expensive element. This
paper adapts their use sensor into a wheelchair pressure

sensor which less expensive p less p
and has a data interface with the use of LabVIEW.
Akitsugu and co. [2] proposed the body pressure
sensing mattress for preventing bedsores. The idea of
placing the sensor on the mattress and the air cell is the
main point. Our research is focused on sensors on
mattresses and putting them in a wheelchair since the
patient can travel with a wheelchair, unlike a bed.

In [3], the research is about the use of an FSR sensor
as a bioimped: 1
to measure pressure. There also studied FSR sensors
which the researchers applied to this paper.

Priyanka and co. [4] also, study pressure on the bed
and the way to prevent it with pneumatic system controls.
There use an Arduino board as a controller which is low
cost and easy to use. This paper use also uses an Arduino

t and use on foot

10 Points of FSR Sensor

board but programs it with LabVIEW so that the user can
monitor the data easily.

The [5] is the researcher’s previous project. The main
point is to monitor the walking process of the user. This
paper adapts some of [5] code and programs to make a
pressure measurement device via a wireless network for
the seat cushion

2. THE PROPOSED SYSTEM

2.1 System Summary

Fig. 1 shows the system overview starting from when
pressure is applied through 10 sensors. then the sensor
converts the pressure data received from all 10 sensors to
voltage (V) signal. The pressure value is inverse
proportional to the resistance of the sensor. Then the data
will transfer to the microcontroller Arduino which will
calculate the resultand forward it to the Wireless Module
to send the signal to the computer which contains the
LabVIEW program to calculate the value and display the
results on the monitor screen as shown in Fig. 1.

A7

Wireless

Fig. 1. System Overview

2.2 Force Sensifive Resistor (ESR sensor)

0.5-inch diameter circular pressure sensor or FSR 0.5
when non-pressure has electrical resistance greater than
1MQ, support 100g to 10kg weight [3]. FSR Sensor has
a 3-layer, and the top layer is a flexible substrate with
printed semi-conductor, the middle layer is spacer
adhesive, and the bottom layer is a flexible substrate with

1470

printed interdigitating electrodes as shown in Fig. 2
The p d is developed with PTF (polymer

thick film) technology. The sensor’s resistance decease

when applied pressure onto it. The more force, the less
resistance. This makes this type of detector known as
FSR or Force Sensing Resistor. The FSR is not a load cell
or strain gauge but has a similar function which is
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pressure sensing, but the FSR provides a tendency.
Therefore, it is appropriate to detect if there is pressure
on the detector or not. The FSR is not suitable for use in
weighing scales area of 12.7 mm (diameter).

Fig. 2. Force Sensitive Resistor (FSR Sensor)

2.3 Find the pressure point

The researchers performed repeated sitting tests on a
wheelchair to gather information about the position with
high pressure and a high risk of pressure ulcers. From the
gathered data, many important points cause pressure
ulcers from sitting for a long time, as shown in Fig. 3.
Due to limitations in the size of the wheelchair, the
placement of the sensor has to be selected by choosing
‘where most people apply their weight while sitting. From
the analysis, 10 positions have been selected as shown in
Fig. 4. Then, the researchers installed the FSR Sensor
onto the air cushions [4] as shown in Fig. 5 which was
used to reduce the pressure on the sensor since the
sensor’s maximum weight suppose is 10kg.

- (

Fig. 3. Location of the most common pressure ulcers
point

Fig. 4. Position of the sensor under the seat cushion

Fig. 5. Wiring route
2.4 Control system

Arduino is an Italian name that is the name of the
development project AVR family of microcontrollers in
an open-source format, which is exposed to both
hardware and software. The Arduino board is designed to
be easy to use. Therefore, it is suitable for beginners.
However, users also can further modify and can continue
to develop both the board and the program. The ease of
the Arduino beard in connecting various accessories is
that users can connect electronic circuits from external
and then connect to the I/O pin of the board as shown in
Fig. 6.

The researchers have connected the Arduino to the
additional board, the Bluetooth Serial Module (HC-05
Master/Slave mode) to send data. HC-05 is a Bluetooth
module that is used to connect to various smart devices.
The smart device can communicate with microcontrollers
such as Arduino AVR PICs, etc. by communicating via a
serial port. It can be used in both Master mode (Other
connect to it) and Slave mode (It connects to another).
The settings process such as device name, and password
can be done via AT Command. which requires a special
pin connecting to allow the module to enter setting mode,
or in other way is to press and hold the button on the
module.

ST

Fig.6. Prototype circuit

2.5 LabVIEW Program

LabVIEW is a program created foruse in measurement
and tools for engi: ing. LabVIEW stands
for - Laboratory Virtual Instrument Engineering
‘Workbench, which means a program that can create
virtual measuring instruments in an engineering
laboratory. Therefore, the main purpose of the function
of this program is to manage measurements and
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measuring instruments effectively and the built-in
program contains many measurement functions.
LabVIEW is a completely GUI (Graphic User Interface)
type program, meaning there is no need to write any code
or instructions [5]. The language used in this program is
called an image language, also known as G (Graphic
L ge), which repl line programming with

images or symbols. LabVIEW programs can also create
variables to display the results on the monitor screen so
that it can be displayed as a separate graph for each
pressure point according to all 10 pressure point that has
been installed as shown in Fig. 7.

Fig. 7. Creating variables in LabVIEW to store data
from the microcontroller.

In addition, the researchers have divided the display on
the screen into gradient colors based on the strength of
pressure data in 10 pressure points from Arduino that
have been processed according to the system. The output
value is 0-1024 through the Bluetooth Wireless system to
the LabVIEW program. It is displayed as 10 points in the
program called Boolean, as shown in Fig. 8. According
to the pressure scale, 0-30 is white, 31-250is green, 251-
480 is blue, 481-580 is yellow. 581-680 is orange, and
681 onwards is red, as shown in Fig. 9.
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Fig. 8. Assigning colors to Bool in the range of 680-
1000
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Fig. 9. The display color range on the monitor

4. EXPERIMENTAL RESULT

From the invention of the pressure detector device
which receives data from FSR Sensor, then sent to
Arduino and transmitted data via Bluetooth Wireless to
the computer which contains LabVIEW program as
shown in Fig. 10. Pressure can be detected at all 10
points. The sensor can withstand the weight and can
detect when pressure is applied at each point and show
the position of the pressure of high and low pressure by
dividing the display of the pressure weight range into 6
color ranges. It was found that the sensor can show the
compression well and there is an LED notification when
the pressure occurs for a long time. The air cushion used
is durable as well. The Bluetooth system also worked
very well in sending values from the sensor to a computer
for display on the monitor screen and the said system was
installed in the wheelchair as shown in Fig. 11.

The researchers test the experimental system with real
patients for a long period and the data to the doctor for
further consideration after the actual test. The system can
provide alerts signal to better prevent pressure ulcers in
people with disabilities and the elderly. The system is
effective also depending on the user's body weight.

Fig. 10. Working diagram of a wireless pressure gauge
for a seat cushion.

i

Fig. ['1. Experimental system

46

Authorized licensed use limited to: King Mongkuts Institute of Technology Ladkrabang provided by UniNet. Downloaded on August 24,2023 at 05:35:13 UTC from IEEE Xplore. Restrictions apply.



5. CONCLUSION

This paper presents a thod to p: p
ulcers for the elderly or people with disabilities who sit
in a wheelchair by using force sensors to detect the
pressure.

The experimental system can display the pressure in
the position of the potential for compression while sitting
and warn of the occurrence of prolonged compression.
This will enable people caring for the elderly or the
handicapped to come in and assist in changing the sitting
position of the elderly or handicapped to reduce the
likelihood of pressure ulcers and can also collect data for
further analysis by specialized doctors.
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Membrane Force Sensor

Description :

Flexible pressure sensor (also called FSR) is an ultra-thin (thickness usually around 0.3mm), high-sensitivity resistive
pressure sensor. When pressure is applied to the sensing area, the resistance of the sensor changes. The greater the
pressure, the lower the resistance. At the same time it will cause the output voltage to change, the greater the pressure,
the greater the output voltage. This type of sensor is mainly used to measure the pressure change trend and the pressure
distribution in a region (pressure map). There are many applications for this pressure sensor, such as robotic grip sensing,
human and animal gait measurement, wheelchair sitting measurement, electronic musical instruments, smart boxing
gloves, pressure measurement insoles and more. However, because the pressure detection is not very accurate, it is not
recommended to use the situation where the accurate pressure detection is required.

Features and Benefits :

® Actuation force as low as 50g and sensitivity range to 10KG
* Cost effective

e Ultra thin

¢ Long life,more than 2 million times work life

¢ Simple and easy to integrate

» Model: FA402
> Type: Single point force sensor

> Use: To measure continuously changing force, or use several sensors to measure pressure distribution at different
locations
Performance:
Pressure VS resistance [ Pressure VS output voltage
Figure 1 >
Figure 2
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Size:

Photo Drawing
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Specification:

Item Data

Sensing Area
Force measure range
Thickness
Force repeatable (single part)

Force repeatable (part to part)

Diameter 14.68mm

100g ~ 10KG

<0.3mm
+2.5%, 8KG applied,10 times
+20%

Hysteresis 10% average
Drift 5%,10KG 24hours,logarithmic 10 time
Off resistance >2MQ
Force resolution Continuous
Response time <lms
Operating temperature -30°C~60C
lifetime > 2 million

Connector Female 2.54mm / Male Pin 2.54mm /ZIF 1.0mm,2.54mm

Integration and usage methods:

According to the characteristic that FSR resistance value is inversely proportional to the pressure applied on its surface, a
basic circuit connection diagram is provided in figure 3 (the selection of Vref and RM values in the figure is a reference
value, which can be adjusted by the user according to the actual situation).We put FSR and shunt resistor RM in series in
the circuit, apply Vref reference voltage at both ends of the circuit, connect the ADC pin of MCU between FSR and RM, and
use the ADC function of MCU to detect the Vout voltage value.

The calculation formula of the output voltage is as follows:

RFSR = ————RM f — Vout
AT (Vref out)

Figure 3 The measurement resistance RM was selected to maximize
Var=asy the required force sensitivity range and limit the current.
T Different measurement resistance RM have different effects
FORCE ! | on the output voltage, as shown in figure 4.
TN Figure 4
FSR —
— Voutt . = . 4 . —
RFSR | + bt p , e ——— 3
r o
| Mcu > | S
) © 7 RM (0)
= o0 AN i, S ¥ . -3k
RM = 10kQ £, // ,//!’—/—\ y —o—t0k
o 7 | -
g 2 / P V 4
- 1
GND | F.- N & 4
i | I \
o 200 400 600 800 1000
Force , g

If you have any questions about FSR, please feel free to contact our engineer .
Email: thomson@flexkys.com

Nanjing Momao Electronic Technology Co.,Ltd

Add: Room 207,Building 3, Tongxinyuan technology innovation center,

No.402, Yinfu street,Jiangning District,Nanjing,China
Tel : +86 25-52104047 Ex 808 Fax:+86 25-52104047 Ex 800
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