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(57) ABSTRACT 

The present invention relates to a device for measuring the 
pressure and/or the tension exerted at different points of a 
flexible, foldable and/or extensible textile material capable of 
being used as a garment, lapel, or the like, said device is 
remarkable in that it includes, on the one hand, at least one 
sensor obtained from a single layer (1), formed of an arrange 
ment of at least three types of fibers, piezoresistive fibers 
forming piezoresistive areas (2), conductive fibers forming 
electrically-conductive areas (3), and insulating fibers form 
ing electrically-insulating areas (4) and, on the other hand, an 
electronic circuit (5) capable of measuring the electric resis 
tance variation of the piezoresistive areas Submitted to one or 
several forces. 

19 Claims, 2 Drawing Sheets 
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DEVICE INTENDED FOR MEASURING 
PRESSURE FROMA FLEXIBLE, FOLDABLE, 
AND/OR EXTENDABLE OBJECT MADE OF A 
TEXTILE MATERAL AND COMPRISINGA 

MEASUREMENT DEVICE 

BACKGROUND 

The present invention relates to a device of pressure mea 
surement from a flexible or foldable object such as a fabric, 
for example, which is particularly adapted to a pressure mea 
Surement to prevent the occurrence of pressure ulcers in 
people Suffering from chronic diseases, for example, a loss of 
mobility or of sensitivity. 

BACKGROUND OF THE INVENTION 

It is well known that measuring the pressure, and more 
generally the distribution of forces on a determined surface, 
may be achieved by means of so-called capacitive pressure 
sensors. Said capacitive pressure sensors comprise one or 
several capacitive cells which are appropriately arranged on 
the sensor contact surface. Each capacitive cell comprises a 
pair of panels obtained in an electrically-conductive material 
and a layer of insulating or dielectric material positioned 
between the conductive panels. 

The pressure acting on the capacitive sensor cells is mea 
Sured by measuring the capacitance variation of the capaci 
tive cells caused by the variation of the distance between the 
conductive panels having a pressure exerted thereon. 

This is especially featured in European patent application 
EP 1211633, which describes a device for measuring the 
pressure distribution on a Surface. Pressure measurement 
devices comprising so-called resistive pressure sensors are 
also known. 

This is especially featured in U.S. Pat. No. 6,155,120, 
which describes a method and a device for measuring the 
pressure of a foot by means of the piezoresistance variation. 
Said device comprises a rectangular array of piezoresistive 
force sensors enclosed within a thin polymer envelope which 
is introduced into a shoe, or which is incorporated to a sock 
likely to be worn on a foot or on a hoof The preferred embodi 
ment of the invention uses piezoresistive elements for detect 
ing pressures or normal forces, which comprise a polymer 
fabric mesh impregnated with conductive particles in Suspen 
sion in an elastomeric vehicle, preferably silicon rubber. The 
meshed piezoresistive layer is sandwiched between an array 
of row and column conductor Strip laminations, preferably 
formed of a Nylon(R) mesh impregnated with printed metal 
tracks. In a variation of the basic embodiment, each normal 
force detection element is bordered with pairs of shear force 
detection elements, arranged laterally and longitudinally, 
each of the shear force detection elements comprising a pair 
of adjacent resilient piezoresistive pads which have lateral 
Surfaces in longitudinal contact. Such pads are slidably move 
able, and when urged into more or less intimate contact as a 
response to shear forces directed perpendicularly to their 
tangent contact plane, the electric resistance between pads 
varies in a predetermined way as a function of the shear 
forces. 
US patent application 2009/01281 68 is also known, which 

describes multifunctional conductive polymer structures, and 
more specifically the use of conductive polymers as sensors in 
distributed detection systems, as sensors and actuators in 
multifunctional devices, and for multifunctional fabrics com 
prising such conductive polymers for controlling humidity, 
breathing, heart rate, blood pressure, skin temperature, 
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2 
weight and motions, in a sensor System integrated to clothing, 
for example. A fabric comprising conductive polyaniline 
fibers which may be used both to distribute energy in a resis 
tive heating and to measure the fabric temperature is 
described as an example of multifunctional fabric sensor. In 
an alternative embodiment, a fabric comprising polyaniline 
fibers for forming a pressure sensor is described, the pressure 
being directly deduced from the resistance variation of the 
polyaniline fibers. 

All these devices comprising capacitive or resistive sensors 
have the disadvantage of having a low flexibility, which con 
siderably limits their field of application, such devices being 
insufficiently comfortable to be used in garments, for 
example. Further, Such devices have high manufacturing 
costs, due to the use of specific means of production, which 
are incompatible with a large-scale distribution, and the pres 
Sure measured by capacitive sensors depends on ambient 
phenomena Such as temperature and/or humidity. 

SUMMARY OF THE INVENTION 

One of the aims of the invention thus is to overcome these 
disadvantages by providing a device for measuring the pres 
sure distribution on a flexible or foldable surface such as a 
fabric, for example, of simple design and low cost, providing 
a pressure measurement independent from ambient phenom 
ena Such as the temperature and/or the humidity present at the 
fabric surface. 

For this purpose, the invention provides a device for mea 
suring the pressure and/or the tension exerted at different 
points of a flexible, foldable, and/or extensible textile mate 
rial, capable of being used as a garment, lapel, or the like; said 
device is remarkable in that it comprises, on the one hand, at 
least one sensor obtained from a single layer formed of an 
arrangement of at least three types of fibers, piezoresistive 
fibers forming piezoresistive areas, conductive fibers forming 
electrically-conductive areas, and insulating fibers forming 
electrically-insulating areas, and on the other hand an elec 
tronic circuit capable of measuring the electric resistance 
variation of the piezoresistive areas submitted to one or sev 
eral forces. 

Said layer is formed of at least one piezoresistive area and 
of at least two conductive areas insulated from each other by 
insulating areas in contact by pairs with the piezoresistive 
area, and each of said areas may beformed of one or of several 
rows of fibers. 

Preferably, the device according to the invention is formed 
of several piezoresistive areas, a common conductive area 
connecting a cluster of piezoresistive areas to decrease the 
number of pairs of conductive areas. 

Advantageously, the layer formed by the insulating, 
piezoresistive, and conductive areas is obtained from knitted, 
woven, nonwoven, or plaited textile fibers. 

Further, the piezoresistive material is an intrinsically con 
ducting polymer (ICP) and/or an organic metal, and prefer 
ably polyaniline and/or polypyrrole and/or carbon nanotubes. 

Moreover, the conductive yarns are silver and/or nickel 
yarns. 
The rows of conductive fibers, of insulating fibers, and of 

piezoresistive fibers are obtained from rows in the weft direc 
tion or rows in the warp direction of the fabric, and the areas 
may be formed of one or of several fiber rows. 

Said electronic circuit comprises means for measuring an 
electric resistance variation from the scanning of the cluster 
of sensors, the scanning being obtained from the sequential 
selection of one of the electrodes forming the pair of conduc 
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tive areas, the reading of the sensor resistance variation being 
obtained from an analog-to-digital converter. 

Secondarily, the electronic circuit contains a processor per 
forming the pressure analysis and including methods 
enabling to process applications, and means enabling to send 
the data measured from the sensors and the result of the 
processing operations. 

Another object of the invention relates to a sensor for 
measuring a pressure and/or a tension, capable of being con 
nected to an electronic circuit measuring the electric resis 
tance variation when a pressure and/or a tension is exerted on 
said sensor, the pressure and/or the tension being a function of 
the resistance variation; said sensor is remarkable in that it is 
formed of an arrangement of at least three types of fibers 
forming a single layer, piezoresistive fibers forming piezore 
sistive areas, conductive fibers forming electrically-conduc 
tive areas, and insulating fibers forming electrically-insulat 
ing areas and, on the other hand, an electronic circuit capable 
of measuring the electric resistance variation of the piezore 
sistive areas submitted to one or several forces. 

Said layer is formed of at least one piezoresistive area and 
of at least two conductive areas insulated from each other by 
insulating areas in contact by pairs with the piezoresistive 
area, and each of said areas may beformed of one or of several 
rows of fibers. 

Preferably, the sensor is formed of several piezoresistive 
areas, a common conductive area connecting a cluster of 
piezoresistive areas to decrease the number of pairs of con 
ductive areas. 

Further, the piezoresistive material is an intrinsically con 
ducting polymer (ICP) and/or an organic metal, and prefer 
ably polyaniline and/or polypyrrole and/or carbon nanotubes. 

Moreover, said conductive yarns are silver and/or nickel 
yarns. 
A last object of the invention relates to a method for manu 

facturing at least one sensor for measuring a pressure and/or 
a tension capable of being connected to an electronic circuit 
measuring the electric resistance variation when a pressure 
and/or a tension is exerted on said sensor, the pressure and/or 
the tension being a function of the resistance variation; said 
method is remarkable in that it comprises forming on a single 
layer an arrangement by weaving, knitting, or plaiting of at 
least three types of fibers, piezoresistive fibers, conductive 
fibers, and insulating fibers to form a textile area comprising 
at least one piezoresistive area, at least two electrically-con 
ductive areas, and at least one electrically-insulating area. 

It should be observed that the textile structure forms the 
sensor. Given that there is no external sensor integration, 
conversely to most prior art devices, the textile structure has 
no extra thickness. It is thus possible to use this technique to 
manufacture, for example, Socks capable of measuring pres 
sures with no discomfort for the user, and which can be worn 
permanently. 

Further, since the textile structure can be manufactured by 
means conventional in the textile industry, the manufacturing 
cost is very low. It is thus possible to manufacture Socks on 
conventional Sock making looms. 

Finally, due to the textile structure of the device, the latter 
is advantageously permeable to air. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified perspective representation of the 
pressure-measurement device according to the invention, 

FIG. 2 is a simplified representation of the pressure-mea 
Surement device according to the invention, 
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FIG. 3 is a simplified representation of the electronic cir 

cuit of the pressure-measurement device according to the 
invention, 

FIG. 4 is a partial top view of the measurement device 
according to the invention obtained in weft knitting, 

FIG. 5 is a partial perspective view of the measurement 
device according to the invention obtained in weft knitting, 
shown in FIG. 4. 

DETAILED DESCRIPTION 

Referring to FIGS. 1 to 3, the device for measuring the 
pressure and/or the tension exerted on a Surface according to 
the invention is formed of a single layer 1 formed of an 
arrangement of at least three types of fibers, piezoresistive 
fibers forming piezoresistive areas 2, conductive fibers form 
ing electrically-conductive areas 3, and insulating fibers 
forming electrically-insulating areas 4. 

In this specific embodiment, the device is formed of several 
piezoresistive areas 2, a common conductive area 3 connect 
ing a cluster of piezoresistive areas 2, each piezoresistive area 
forming a sensor, to decrease the number of pairs of conduc 
tive areas. 
Of course, layer 1 may be formed of any number of 

piezoresistive areas arranged in any manner on layer 1, the 
number and the position of said piezoresistive areas depend 
ing on the envisaged application and, generally, layer 1 is 
formed of at least one piezoresistive area 2 and of at least two 
conductive areas 3 insulated from each other by insulating 
areas 4 and in contact by pairs with piezoresistive area 2. 
where each of said areas 2, 3, 4 may be formed of one or 
several rows of fibers. 

Advantageously, layer 1 formed by insulating, piezoresis 
tive, and conductive areas, respectively 4, 2, and 3, is obtained 
from knit, woven, nonwoven, or plaited textile fibers. 

Referring to FIGS. 4 and 5, layer 1 is made of piezoresis 
tive, conductive and insulating areas, respectively, 2, 3, and 4. 
obtained by weft knitting offibers obtained in a piezoresistive 
material, of fibers obtained in a conductive material, and 
respectively of fibers obtained in an insulating material. For 
example, the piezoresistive material is an intrinsically con 
ducting polymer (ICP) and/or an organic metal, and prefer 
ably polyaniline and/or polypyrrole and/or carbon nanotubes. 
Further, the conductive yarns are silver and/or nickel yarns. 
Further, the insulating fibers are fibers of cotton, nylon, or any 
other fiber or material having electrical insulation features, or 
a mixture of such fibers. 

It should be observed that the deformation of the piezore 
sistive fibers when a tension is exerted on the layer (FIG. 4) or 
when a pressure is exerted on said layer 1 (FIG. 5) causes an 
electric resistance variation which may be measured to deter 
mine the tension and/or the pressure exerted on layer 1, as will 
be detailed hereafter. 
The rows of conductive fibers, of insulating fibers, and of 

piezoresistive fibers are obtained from rows in the weft direc 
tion or rows in the warp direction of the knitted or weaved 
fabric, where the areas may be formed of one or of several 
rows of fibers. 

Ofcourse, the different areas 2.3, and 4 may be obtained by 
any type of knitting Such as a warp knitting, or a weft Stitch 
obtained by any type of weaving or plaiting while remaining 
within the spirit and scope of the invention. 

Further, referring to FIG. 3, the device according to the 
invention comprises an electronic circuit 5 capable of mea 
Suring the electric resistance variation of the piezoresistive 
areas submitted to one or several forces. Said electronic cir 
cuit 5 comprises means for measuring an electric resistance 
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variation from the scanning of the cluster of sensors, that is, of 
piezoresistive areas 2, the Scanning being obtained from the 
sequential selection of one of the electrodes, that is, of one of 
the conductive areas 3, forming the pair of conductive areas 3. 
the reading of the sensor resistance variation being obtained 5 
from an analog-to-digital converter. 

Thus, conductive yarns of conductive areas 3 in contact 
with a piezoresistive area 2 are connected to a power Supply 
source 6 and the other conductive yarns 5 are connected to a 
bus 7 selectively collecting the charges created by the 
piezoresistive material in piezoresistive areas 2 when a pres 
Sure and/or a tension is exerted on at least one of these areas. 
Said bus 7 is connected to an analog interface 8 connected to 
an A/D (Analog-to-Digital) converter 9 for the processing of 
the measured data. 

Secondarily, electronic circuit 5 contains a processor, Such 
as the processor of a PC-type computer or the like, not shown 
in the drawings, performing the pressure analysis and includ 
ing methods enabling to process applications, and means 
enabling to send the data measured from the sensors and the 
result of the processing operations. Said data transmission 
means may comprise any wire or wireless transmission 
means such as wi-fi, bluetooth, RFID or the like, well known 
by those skilled in the art. Due to the simplicity of the elec 
tronic assembly, the system may be embarked and operate 
from an electric power Supply source Such as a battery oracell 
of small size, of lithium cell type, for example. 

According to an alternative embodiment, referring to 
FIGS. 1 to 3, the device according to the invention is formed 
of at least one fabric area 2 coated with a piezoresistive 
material, of conductive yarns 3 in contact with said area 1 and 
an electronic circuit 5 capable of measuring the electric 
charge created in said area 2 by piezoresistive effect when a 
pressure is exerted on said area 2, the pressure being propor 
tional to the measured electric charge. 

In the rest of the description, term fabric means a flexible 
resistant Surface formed of a regular assembly of interlaced 
textile yarns, either woven or meshed, or of a synthetic film or 
an assembly of synthetic films. Further, piezoresistive mate 
rial means a material capable of providing a resistance varia 
tion of said material when the material is submitted to a 
mechanical stress such as a pressure, for example. 

In this specific embodiment, the device according to the 
invention is formed of an insulating fabric 1, made of cotton, 
nylon, or any other fiber or material having electric insulation 
features, or a mixture of Such fibers, forming an insulating 
Support and on which a piezoresistive material, preferably an 
intrinsically conducting polymer (ICP) and/or an organic 
metal such as polyaniline (PANT) sold by ORMECONTM, for 
example, and/or polypyrrole (PPY), for example, and/or car 
bon nanotubes, is deposited in several areas 2 of the upper 
Surface of fabric 4. Areas 2 have any geometrical shape. Such 
as a rectangular, square, round shape, etc...The number and 
the position of areas 2 on the upper Surface of insulating fabric 
1 will especially depend on the envisaged application. It 
should be observed that areas 2 may also be indifferently 
positioned on the upper and/or lower Surface of the insulating 
fabric. 
Of course, the piezoresistive material may be any piezore 

sistive material well known by those skilled in the art while 
remaining within the spirit and scope of the invention. 
The piezoresistive material is preferably deposited in areas 

2 by a coating method well know by those skilled in the art; 
however, the piezoresistive material may be deposited in said 
areas 2 in any other Suitable way, such as by projection, for 
example, while remaining within the spirit and scope of the 
invention. 
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As a variation, the piezoresistive material may be a 

piezoresistive fabric capable of being attached to insulating 
fabric 1 in any suitable way Such as by bonding, Stitching or 
the like. 

Further, the device according to the invention comprises 
conductive yarns 3 connected by pairs to each of said coated 
areas 2. Conductive yarns 3 are for example silver yarns in 
contact with two opposite sides of each coated area 2. Con 
ductive yarns 3 may be placed in contact with areas 2 in any 
Suitable way Such as by weaving in the fabric weft, by sewing 
in the fabric, by bonding, etc... well known by those skilled 
in the art. 

Referring to FIG. 3, one of conductive yarns 3 in contact 
with a coated area 2 is connected to a power Supply source 6 
and the other conductive yarns 3 are connected to a bus 7 
selectively collecting the charges created by the piezoresis 
tive material in piezoresistive coated areas 1 when a pressure 
is exerted on at least one of these areas. Said bus is connected 
to an analog interface 8 connected to an A/D (Analog-to 
Digital) converter 9 for the processing of the measured data. 

It should be noted that the device according to the invention 
will find a large number of applications for sensors capable of 
taking various shapes. Their flexibility and their comfort 
enable to specifically use them to measure pressures around 
the human body. They may for example be used to measure 
excessive pressures which might cause the occurrence of 
pressure ulcers, particularly on Soft Surfaces Such as cushions 
or hospital beds; but also between the body and a scoliosis 
corset. Given that such sensitive textiles can be easily inte 
grated to clothing, they may equip a pressure-sensitive under 
garment or piece of clothing Such as Socks, for example, 
which analyze plantar pressures as well as pressures around 
the foot. 

Finally, it should be obvious that the examples which have 
just been given are specific illustrations only and that they by 
no means limit the fields of application of the invention. 
The invention claimed is: 
1. A device for measuring a pressure and/or a tension 

exerted at different points of a flexible, foldable, and/or exten 
sible material, capable of being used as a garment, lapel, or 
the like, characterized in that it comprises at least one sensor 
having a single layer comprising an arrangement of at least 
three types offibers, the at least three types offibers including 
piezoresistive fibers forming piezoresistive areas, conductive 
fibers forming electrically-conductive areas, and insulating 
fibers forming electrically-insulating areas, and an electronic 
circuit capable of measuring the electric resistance variation 
of the piezoresistive areas submitted to at least one force. 

2. The device of claim 1, characterized in that the layer 
comprises at least one piezoresistive area and at least two 
electrically-conductive areas insulated from each other by at 
least one electrically-insulating area and in contact with the at 
least one piezoresistive area, and each of said piezoresistive, 
electrically-conductive and electrically-insulative areas are 
formed of at least one row of fibers. 

3. The device of claim 1, characterized in that the layer 
comprises a plurality of piezoresistive areas, and a common 
conductive area connecting the plurality of piezoresistive 
aaS. 

4. The device of claim 1, characterized in that the at least 
three types of fibers comprise knit, woven, nonwoven, or 
plaited textile fibers. 

5. The device of claim 1, characterized in that the piezore 
sistive fibers comprise an intrinsically conducting polymer 
and/or an organic metal, and/or carbon nanotubes. 

6. The device of claim 5, characterized in that the piezore 
sistive fibers comprise polyaniline. 
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7. The device of claim 5, characterized in that the piezore 
sistive fibers comprise polypyrrole. 

8. The device of claim 1, characterized in that the electri 
cally-conductive fibers comprise silver. 

9. The device of claim 1, characterized in that the electri 
cally-conductive fibers comprise nickel. 

10. The device of claim 1, characterized in that the electri 
cally-conductive fibers, electrically-insulating fibers, and 
piezoresistive fibers comprise rows that are obtained from 
rows in a weft direction or rows in a warp direction of the 
fabric, and the piezoresistive, electrically-conductive, and 
electrically-insulative areas are formed of at least one row of 
fibers. 

11. The device of any of claim 1, characterized in that the 
electronic circuit measures an electric resistance variation 
from the scanning of a plurality of sensors, the scanning being 
obtained from a sequential selection of an electrode forming 
a pair of electrically-conductive areas, the reading of the 
sensor resistance variation being obtained from an analog-to 
digital converter. 

12. The device of claim 11, characterized in that the elec 
tronic circuit contains a processor performing the pressure 
analysis and processing operations, and a transmitter for 
transmitting data measured by the sensors and resulting from 
the processing operations. 

13. A sensor for measuring a pressure and/or a tension, 
capable of being connected to an electronic circuit measuring 
the electric resistance variation when a pressure and/or a 
tension is exerted on said sensor, the pressure and/or the 
tension being a function of the resistance variation, charac 
terized in that it comprises an arrangement of at least three 
types of fibers forming a single layer, the at least three types 
of fibers including piezoresistive fibers forming piezoresis 
tive areas, conductive fibers forming electrically-conductive 
areas, and insulating fibers forming electrically-insulating 
aaS. 
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14. The sensor of claim 13, characterized in that the layer 

comprises at least one piezoresistive area and at least two 
electrically-conductive areas insulated from each other by 
electrically-insulating areas and in contact with the at least 
one piezoresistive area, and each of said piezoresistive, elec 
trically-conductive, and electrically-insulative areas are 
formed of at least one row of fibers. 

15. The sensor of claim 13, characterized in that the layer 
comprises a plurality of piezoresistive areas, and a common 
conductive area connecting the plurality of piezoresistive 
aaS. 

16. The sensor of claim 13, characterized in that the 
piezoresistive fibers comprise an intrinsically conducting 
polymer and/or an organic metal, and/or carbon nanotubes. 

17. The sensor of claim 16, characterized in that the 
piezoresistive fibers comprise polyaniline and/or polypyr 
role. 

18. The sensor of any of claim 13, characterized in that the 
electrically-conductive fibers comprise silver and/or nickel. 

19. A method for manufacturing at least one sensor for 
measuring a pressure and/or a tension, capable of being con 
nected to an electronic circuit measuring the electric resis 
tance variation when a pressure and/or a tension is exerted on 
said sensor, the pressure and/or the tension being a function of 
the resistance variation, characterized in that it comprises 
forming a single layer comprising an arrangement by weav 
ing, knitting, or plaiting of at least three types of fibers, the at 
least three types of fibers comprising piezoresistive fibers, 
conductive fibers, and insulating fibers to form a textile area 
comprising at least one piezoresistive area, at least two elec 
trically-conductive areas, and at least one electrically-insu 
lating area. 


