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When using orthotic devices to correct foot or limb deformities, the pressure sensor often used to estimate the value and position of 

the corrective force. The Interventional Pressure (IP) between the orthosis and the foot in this study was measured by using a manufac-

tured pressure sensor (MPS) device the components of the (MPS) are: force sensor mat (43.5 x 43.5 mm), LCD display, connecting 

wires and Arduino. The (MPS) is described as being lightweight, easy to move, and inexpensive compared to other force sensor devices. 

The (MPS) device was manufactured and programmed to measure the pressure applied between the orthosis and the foot-sole in three 

regions, and compared to an F-Socket sensor (FSS). An experimental test was carried out on a patient who suffered from instability of 

the right leg in the ankle joint. In the regions (calcaneus center L1, little toe-base L2 and big toe-base L3), the intervention pressure was 

calculated in two ways between the foot-sole and the orthosis. The first method results by using the (MPS) device are (110,173 and 147 

KPa), while the second method result by using the (FSS) device is (118, 166 and 141 KPa) respectively, the test results showed that the 

pressure readings obtained from the (MPS) device are close to the readings obtained by using the (FSS) device. This shows the accura-

cy of the readings of the pressure sensor device in this study despite the fact that it has a simple design. 
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При использовании ортопедических аппаратов для коррекции деформации конечности или стопы датчик давления часто 

используют для оценки величины и положения корректирующей силы. Значение давления (IP) между стопой и ортезом в этой 

работе измерялось с помощью изготовленного аппарата с датчиком давления (MPS). Компонентами аппарата (MPS) явля-

ются: пленка датчика силы (43,5 x 43,5 мм), соединительные провода, ЖК-дисплей и Arduino. Аппарат (MPS) описывается 

как легкое приспособление, удобное в перемещении и недорогое по сравнению с другими устройствами для измерения силы. 

Аппарат (MPS) был изготовлен и запрограммирован для того чтобы измерить давление, прикладываемое между ортезом и 

подошвой стопы в трех частях, и сравнения с датчиком F-гнезда (FSS). Экспериментальное испытание было проведено на 

пациенте, страдающем от нестабильности правой ноги. В областях (центр пяточной кости L1, основание мизинца L2 и ос-

нование большого пальца L3) давление вмешательства рассчитывалось двумя способами между подошвой стопы и ортезом. 

Результаты первого метода с использованием устройства (MPS) составляют 110,173 и 147 кПа, а результаты второго ме-

тода с использованием устройства (FSS) составляют 118; 166 и 141 кПа соответственно. Это дает нам точность показа-

ний устройства датчика давления в данном исследовании. Несмотря на простую конструкцию, аппарат может предоста-

вить персоналу больницы ценную информацию о состоянии пациента в реабилитационный период. 

 

Ключевые слова: ортез; Arduino; подошва стопы; интервенционное давление (IP); MPS; FSS. 

 

Introduction 
The invention of an in-shoe device to measure plantar 

pressure distribution for gait analysis is presented in this 

paper [1]. This research describes a methodology and tools 

for improving the lower limb prosthesis design by measur-

ing pressure at the residual limb-socket contact [2]. The 

early efforts to construct adjustable inserts were presented 

in this paper [3], which consisted of the sensorized inflata-

ble pressure actuators tiny arrays, that could expand in re-

sponse to volume changes. This work [4] describes a pros-

thetic silicone liner with a (FBG) that provides cushioning 

for the residual limb and can easily detect interface pres-

sures inside socket of the lower-limb prosthetic in a simple 

and practical way. The design guidelines for a high - sensi-

tivity piezo-resistive pressure sensor with a high enough 

output to be detected by simple and affordable circuits has 
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been established to assure wear-ability in this study [5]. 

The data gathering system was designed and development 

to capture the influence of footwear on the human foot and 

gait cycle is described in this article [6]. In this study the 

FSR sensor unit of the QA system is used to measure the 

force between an immobilization device and a patient's skin 

[7-10]. They describe a pair of pressure-sensitive insoles 

based on optoelectronic sensors for real-time assessment of 

temporal gait metrics in this paper [11]. In this study the 

most recent breakthroughs in research are analyzed ad-

dressing two common devices used for health monitoring 

and foot motion analysis: the in-shoe system and smart 

socks [12]. 

The aim of this work is to study aforementioned re-

searches and methods of manufacturing sensors (systems of 

the pressure mapping), the high cost of these devices was 

noticed with the need for laboratory preparations, as these 

requirements face many obstacles, especially in the uses of 

the clinical settings. For this reason, this study dealt with 

the manufacture of a pressure sensor device that works to 

simplify the measurement and installation process so that it 

is easy to carry and install and does not require laboratory 

preparations, taking into account the accuracy of measure-

ment and the low cost to enable workers in physical reha-

bilitation centers in hospitals to use it easily. 

Materials and method 

Force Sensitive Resistor (FSR) 

The FSR is an inexpensive and easy-to-use sensor that 

detects physical weight, pressure, and heat. As shown in 

(Fig. 1), the sensor area is (43.5 x 43.5 mm, and thickness 

1.25 mm). The FSR consists of resistors that change their 

resistance value depending on how much they are com-

pressed. These devices are relatively inexpensive and easy 

to operate. [10]. 

 

 
Fig.1. FSR 

 

The FSR detects or senses any compression and is 

used to calculate the force value or pressure applied, 

which the sensor then converts into voltage. The calibra-

tion chart is using to calculate the pressure value by un-

derstanding the each voltage value, the force sensor used 

in this work consists of 2 main layers. The conductive 

polymer is the first layer and the film sensor is the second 

layer as shown in (Fig. 2). Submicrometer-size particles 

that form a sensitive layer are electrical structures (non-

conductive and conductive). The resistance of a conduc-

tive polymer is changed by applying pressure to the sur-

face of the polymer, one (FSR) terminal is connected to 

Vcc and the second to ground through a pull-down resis-

tor, the RPDR is the constant resistance and the RFSR is 

the variable resistance for the FSR. 

 

 
Fig. 2. FSR layers 

 

When combined the resistance RFSR and RPDR provide 

an analog output voltage as Vo, which is then used at the 

point of the analog output as Vcc. The STL, SDA, VCC 

and GND pins on the I2C LCD were connected to the Ar-

duino by same pins cod order. The data will be displayed 

on the Liquid Crystal Display as shown in (Fig. 3). The 

current conductivity is determined by the resistance be-

tween the film sensor and conductive polymer. The ele-
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ments of active points are added to the conductive polymer 

as pressure is applied to the FSR surface, giving a high 

protected area for current conduction, that means the high 

pressure applied created the high contact channels, reduc-

ing the FSR resistance. The voltage of the analog output 

can be calculated by using the following equation. 

Vo = 
    

            
     

 

 
Fig. 3. Pressure measuring system components 

Force Sensor Calibration 

The force sensor calibration procedure must be per-

formed to ensure the correct operation of the (MPS) in this 

study. The calibration procedure was tested by applying 

many known masses on the force sensor and reading the 

resulting voltages for each mass. The voltage for each mass 

will be displayed directly by LCD. To transform the cali-

bration chart from a relationship between voltage and mass 

(v & m) to a relationship between voltage and force (v & 

f), each mass is multiplied by the ground gravity value (g). 

Then, dividing each force value on the sensor area. Now 

the relationship between the (v & f) is converted to the 

pressure and voltage relationship (v & p) as shown in (Fig. 

4). To prepare for a pressure measurement operation, all 

these calibration data were entered in the Arduino settings. 

 

 

 
Fig. 4. Calibration curve 

 

Experimental work 

As shown in (Fig. 5a) the (MPS) device consists of 

FSR, Arduino, power supply and LCD. The resistance is 

converted to voltage by modified voltage divider using a 

switching circuit.  The data of acquisition module receive 

the serial data from Arduino, which it displays as pressure 

in (KPa) on the LCD. The test was done by a pathological 

person suffering from instability in the left ankle joint the 

subject wore the orthosis (AFO) to treat his deformation 

case. Two measuring methods are used in this work to 

measure the pressure between the patient foot-sole and 

(AFO), in three areas (calcaneus center L1, little toe-base 

L2 and big toe-base L3) as shown in (Fig 5b). The first 

method by using the (MPS) device and second method by 

using the (FSS) device as shown in (Fig. 6), and the devic-

es results method were compared to ensure that the meas-

urement sensor was manufactured in this study is working 

properly. 

 

y = 0.016x +0.149 
R² = 0.999 

0

50

100

150

200

250

0 2000 4000 6000 8000 10000 12000 14000

P
r
e
ss

u
r
e
 (

K
P

a
) 

Voltage (mV) 



Системы Методы Технологии. T.S. Hussein и др. Microprocessor system … 2023 № 1 (57) с. 80-86 

 

83 

 
(а)                                                              (b) 

Fig. 5. (a) Manufactured force sensor device and (b) Patient foot areas 

 

  

        (a)                                                                      (b) 

Fig. 6. (a) F-Socket device (FSS) method and (b) Manufactured pressure sensor (MPS) method  

 

Results and discussion 
Now the experimental part is completed, we found that 

the calculating results of the applied pressure between the 

patient foot-sole and the orthosis (AFO) in the  (calcaneus 

center L1, little toe-base L2 and big toe-base L3 region), 

respectively the results for both pressure sensors devices 

(MPS & FSS) are very close together in same regions, the 

experimental results value showed that when using the 

(MPS) device were (110, 173 and 147 KPa) while the re-

sults value of the F-Socket sensor (FSS) device were (113, 

164 and 139 KPa) as shown in the (figs 7-12) and Table 1. 

Through the values of the results obtained from both pres-

sure sensors, we note the reliability of the manufactured 

pressure sensor (MPS) and calibration method was effec-

tive in achieving good results despite the simplicity of the 

factory device and its low material cost. 

 

Table. 1. Interface pressure value in three regions by using (FSS & MPS) 

Method Test Region Pressure Value (KPa) 

 

FSS 

L1 118 

L2 166 

L3 141 

 

MPS 

L1 110 

L2 173 

L3 147 
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Fig. 7. Interface Pressure L1 region, by using (FSS) 

 

Fig. 8. Interface Pressure L2 region, by using (FSS) 

 

Fig. 9. Interface Pressure L3 region, by using (FSS) 

 

Fig. 10. Interface Pressure L1 region, by using (MPS) 
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Fig. 11. Interface Pressure L2 region, by using (MPS) 

 

Fig. 12. Interface Pressure L3 region, by using (MPS) 

 

Conclusion 

1. The experimental results showed that the measure re-

sults for the (FSS) device of (118, 166 and 141 KPa) and 

the (MPS) device of (110, 173 and 147 KPa) are in same 

regions respectively.  

2. As the results showed, the pressure readings of the 

(MPS) device are very close to the pressure readings ob-

tained by the (FSS) device. This means that the manufac-

tured pressure sensor (MPS) device, despite the low cost 

and simplicity of components, has good performance com-

pared with the (FSS). 
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