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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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IIpu ucnonvzosanuyu OpmMoneOUYecKUx annapamos O Koppekyuu oegpopmayuu KOHeUHOCMU Ul CIMONnbl OAMYUK 0a8IeHUs YaACmO
UCNONBL3YIOM OISl OYEHKU 8eUUUHbL U NOJIOJNHCEHUs Koppekmupyrowell cunvl. 3uauenue dasnenus (IP) mesrcdy cmonoil u opme3om 8 3motl
pabome usMepAIOCy ¢ NOMOWBIO U320MOBIEHHO20 annapama ¢ damyuxom oasenenus (MPS). Komnonenmamu annapama (MPS) sens-
romcs: naeHka oamyuxa cunvl (43,5 x 43,5 mm), coedunumenvuvie npogoda, JKK-oucnneii u Arduino. Annapam (MPS) onucvieaemcs
Kax nezkoe npucnocodienue, y0obHoe 8 nepemewjeHuu U Heoopo2oe No CPAGHEHUIo ¢ OPYeUMU YCMPOUCMEAMU Ol USMEPEHUSL CUTbL.
Annapam (MPS) 6vin useomognen u 3anpoepammuposan 0isi mo2o ymoosl usmepums 0agieHue, NPUKIaobléaemoe mMexncoy opmesom u
NOOOWBOL CMONbL 8 MPex Yacmsx, u cpaguenusi ¢ oamuukom F-eneszoa (FSS). Dxcnepumenmanvhoe ucnvimanue Oblio npoeeoeHo Ha
nayuenme, cmpaoaiouwjem om HecmaduibHoCmu npagoll Hoau. B obnacmsax (yenmp namounoii kocmu L1, ocnosanue musunya L2 u oc-
Hosanue borvutoco nanvya L3) Oaenenue emewamenscmea paccuumuléanocs 08yMs CHOCOOAMU MeHcOy HOOOWBOTU CIONbL U OPME3OM.
Pesynomamer nepeoco memooa c ucnonvzosanuem ycmpoiicmea (MPS) cocmasnaiom 110,173 u 147 xlla, a pe3ynomamul 6mopozo me-
mooa c ucnoavzosanuem ycmpoticmea (FSS) cocmasnarom 118; 166 u 141 klla coomeemcmeaenno. Omo daem HAM MOYHOCMb NOKA3A-
HUll ycmpoucmea 0amyuka 0asieHus 8 OaHHOM uccredoganuu. Hecmomps na npocmylo KoHCmMpyKyuio, annapam modicem npeoocma-
8UMb NEPCOHATY DOTLHUYLL YEHHYIO UHDOPMAYUIO O COCIMOAHUU NAYUEHMA 8 PeabUTUMAYUOHHBII NePUOO.

KmoueBble ciioBa: opres; Arduino; moorBa cTombl, nHTepBeHironnoe aasienue (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-
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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
Vce and the second to ground through a pull-down resis-
tor, the RPDR is the constant resistance and the Rrgg is
the variable resistance for the FSR.

Fig. 2. FSR layers

When combined the resistance Rpsg and Rppr 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-

XD UNC)

ing the FSR resistance. The voltage of the analog output
can be calculated by using the following equation.

RppRr
Vo=— Vcc
RppR + RaSPS

SFR

LCD

12C GND

nr—
10K

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.
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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
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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.
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Fig. 6. (@) 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)
L1 118
FSS L2 166
L3 141
L1 110
MPS L2 173
L3 147
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Fig. 12. Interface Pressure L3 region, by using (MPS)
Conclusion tained by the (FSS) device. This means that the manufac-

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-
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