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ABSTRACT

Background and Objectives: This study investigates a novel type of textile pressure sensor fabricated in a single production
step. The work characterizes two designs of electronic textile pressure sensor creating new knowledge into the operation of
these types of textile sensors. Interest in electronic flexible film and electronic textile pressure sensing has grown in recent
years given their potential in medical applications, principally in developing monitoring solutions for wheelchair users and
hospital patients to help prevent the formation of pressure ulcers. Materials and Methods: Two designs of textile pressure
sensor were produced using computerized flat-bed knitting. One design was produced in a single step, where the conductive
tracks were incorporated into the top and bottom surfaces of a knitted spacer structure (knitted spacer pressure sensor). The
other sensor was comprised of separate knitted layers. The response of the sensors was tested by changing the applied
pressure in two ways: By altering the applied force or changing the area of the applied force. Sensor hysteresis and how the
sensor thickness affected its response were also examined. Results: The two sensor designs behaved differently under the
tested conditions. The knitted spacer pressure sensor was pressure sensitive up to 25 kPa and showed no hysteretic effects
over the pressure range of interest. Conclusions: This study presents a fully textile pressure sensor that was produced with a
single production step and demonstrates its functionality over the pressure range of interest for monitoring wheelchair users.
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INTRODUCTION

sensor was developed to help combat the formation of

pressure ulcers.
This work presents a novel textile pressure sensor

concept, where an electronically functional textile
single-step
manufacturing process. The sensor is fully textile and

Ulceration in hospital patients and wheelchair users is a

pressure sensor was created using a

setious problem, with pressure ulcers cutrently costing
the UK National Health Service (NHS) between =1.4
and =2.1 billion a year (4% of the NHS budget).!" Pressutre
ulcers form when soft tissues and the skin are in prolonged

did not make use of lamination or printing methods.
Further, the work investigated the correct methodology

for testing this type of textile sensor. The pressure
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contact with a surface, as the pressure reduces the blood flow,
resulting in cell death. To prevent the formation of ulcers, it
is advisable for the weight of the person to be repositioned
frequently. Currently, in a hospital setting, this is achieved
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by moving prone patients once every 2 h; however, in some
cases, this is not possible given the time constraints on
medical staff. For a wheelchair user, this is more difficult;
users that cannot reposition themselves will be more likely
to develop ulcers, as it is recommended that they reposition
once every 15 min.” Subsequently, it is desirable to develop
a method to monitor the pressure applied at different points
on a seat or bedding (i.e., on a wheelchair or bed). With such
a technique if pressure is applied for a long time, a caregiver
or the end user can be informed and repositioning can be
carried out as a preventative measure.

A variety of pressure sensing modalities exist and have
been utilized for physiological measurements.’* While
these systems may provide highly accurate pressure
measurement, they may not be comfortable for the end
user to lay on or sit on. In the case of some systems,
such as film-based electronic sensors, the sensor might
bend, but these will not conform to the body, making it
noticeable to the end user.

Textiles provide a basis for making human pressure
measurements, as they are both comfortable, conformal,
andbreathable. Asaresult, therehasbeensignificantinterest
in recent years into the development of electronic textile
pressure sensors.”'? There are a variety of commercially
available pressure sensing products that are both thin
and flexible; however, many details are not forthcoming
and it is unclear whether these are true textiles or flexible
film-based systems.!"*"* Most electronic and electronic
textile pressure sensors use either a capacitive or resistive
measurement, where the application of pressure effects
one of these two properties. For nontextile capacitive
pressure sensors, there are certain reported advantages
in a medical situation, as they show less sensitivity to
temperature changes and humidity. Capacitive sensors
have also been reported to provide an average pressure
load over their surface, while resistive sensors provide a
peak pressure value.l! The academic literature has largely
focused on capacitance-based textile pressure sensing.”'?!
An overview of electronic textile pressure sensors is
available elsewhere.!>!]

The basic construction of most textile pressure sensors
consists of two fabric layers sandwiching a pressure
sensitive material, which is made of either a dielectric or a
highly electrically resistive material. The two fabric layers
contain electrically conductive electrodes crafted by either
printing a conductive ink on to the fabrics or by weaving or
knitting conductive yarns.[*">!"l As the fabric is deformed
by the application of pressure, the electrodes are brought

closer to one another, changing the capacitance or the
resistance recorded.

The aim of this study is to present an innovative
electronically functional textile pressure sensor where the
capacitance of the sensor changes with the application of
pressure. The sensor is constructed from a single-layer
knitted spacer structure produced using the state-of-the-art
computerized flat-bed knitting technology. The knitted
spacer is a three-dimensional (3D) structure consisting of
two outer surfaces joined by a central fibrous structure.

During the manufacturing, process electrodes were
incorporated on to the two outer surfaces of the spacer
structure using the intarsia technique with silver-plated
nylon yarn and with polyester fibers between the surfaces
acting as a dielectric layer. This sensor is referred to
as the knitted spacer pressure sensor throughout this
publication. Rectangular electrodes were formed, with
the top electrodes and bottom electrodes perpendicular
to one another creating an addressable grid of discrete
junctions where the electrodes overlap.

This novel approach offers significant advantages over
alternative designs as producing the pressure sensor in
this manner would ensure that the electrodes were fixed
in place and would not move relative to one another,
improving resilience. This also substantially simplifies the
manufacturing process of the sensor, reducing its cost,
and increasing its commercial viability, which is essential
for widespread adoption.

It is also highly important to correctly characterize the
behavior of these sensors when pressure is applied;
changing pressure by either altering the applied force or the
area over which the force is applied must be considered.
The methodology used to characterize other pressure
sensor types (i.e., thin films, bladder based pressure sensors,
etc.) may not be valid in a textile setting. The flex and shear
properties of a textile mean that the deformation of the
material will alter the shape of the textile away from the point
where the pressure is applied. Therefore, deformation of the
textile away from the point where the electrodes intersect
may or may not influence results. Similarly, the structure
of the knitted spacer structure will have an influence on
the deformation of the textile. The complex deformation
of a textile structure is difficult to accurately model, and
therefore, this behavior has to be studied experimentally.

To better characterize these effects and to understand
how the knitted spacer pressure sensor’s construction
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could affect its performance, a second capacitive sensor
design was employed, where a textile pocket of separate
textile electrodes was produced where a spacer structure
could be placed inside, referred to as the knitted pocket
pressure sensor in this publication. This created a pressure
sensor with three discrete layers, which more closely
represent other contemporary capacitive fabric sensors
such as those by Meyer ¢ 2/ or Hoffmann e a/!"”)
use multiple separate layers to create capacitive textile
pressure sensors.

who

The design requirements of the pressure sensors
developed in this study were informed by the literature.
The focus was to create a system suitable for wheelchair
users in the first instance; hence, a minimum junction size
of 14 mm X 14 mm was chosen, based on the maximum
suitable diameter of a pressure sensing element identified
in the literature.'! There is a wealth of literature that
discuss the pressure at the seat-body interface; however,
wotk by Hobson!"! has been used to determine the
maximum pressure of interest in this study into the
knitted spacer pressure sensor. Hobson’s work compared
data from nondisabled individuals and individuals with
spinal cord injuries, observing higher maximum pressures
at the interface for the latter group. This group would be
more representative of the intended users for developing
a wheelchair pressure monitoring solution. A maximum
pressure of around 190 mmHg (25.3 kPa) was presented
in Hobson’s work, and therefore, an operational
pressure range covering 0-25 kPa was desirable for the
characterization of the knitted spacer pressure sensor.
This pressure range would also be suitable for monitoring
the pressure applied by a patient lying prone in a bed
for long period of time, where the range of interest is
up to 7.7 kPa.'"¥ The sensor would have to be capable
of taking readings at intervals on the order of minutes,
given the time frame that ulcers form over. As a result,
the step-response time of the sensor was not investigated
as part of this study.

In this study, two textile pressure sensors (knitted spacer
pressure sensor and knitted pocket pressure sensor)
were produced and then characterized by changing the
applied pressure by both altering the applied force and
by changing the area over which force was applied. This
allowed the response of the textile sensor to be fully
understood over a range of circumstances that it might be
subjected to operationally.

The hysteresis of the produced textile pressure sensors was
examined by incrementally applying and then removing
force and examining the sensor response. Hysteresis is

a known problem for textile sensors presented in the
literature.")

Finally, additional experiments were conducted to
optimize the design of the knitted spacer pressure sensor.
There are three major factors that will affect the sensors’
performance such as the electrode size, the dielectric
properties of the material between the electrodes, and the
electrode separation. The electrode size was informed by
the literature and could not be made significantly larger
without the sensor losing the necessary spatial resolution,
and therefore, electrode size was not explored in this
study. The dielectric properties of the material between
the electrodes, in this case, polyester, would potentially be
influenced by moisture content; however, it was assumed
that the very low moisture absorbency of polyester meant
that moisture content was unlikely to influence results.
The separation of the electrodes was investigated, and two
thinner knitted spacer pressure sensors were produced
and characterized.

This work has generated the fundamental scientific base
necessary to create a textile pressure sensor as a single
fabric layer and manufactured in a one-stage process.
This will allow for the creation of a larger pressure sensor
suitable for use by wheelchair users and for hospital
bedding in the future; however, the development of this
system was beyond the scope of this study.

MATERIALS AND METHODS

Pressure sensor design and fabrication

Two distinct types of pressure sensor were presented
in this work. Both sensors were 170 mm X 155 mm
and included five complete 12-mm wide knitted silver
conductive electrodes (conductive yarn: Shieldex® 235/32
dtex—2—ply-HC +B silver yarn, Shieldex®, Bremen,
Germany) on either surface. The electrodes were separated
by 12 mm, and the electrodes on the top of the sensors
were perpendicular to those on the bottom creating a 2D
grid of junctions [Figure 1]. The samples were produced
using a Stoll ADF 3 E14 fully computerized flat-bed
knitting machine (Stoll, Reutlingen, Germany). The
nonconductive threads used in the samples were made
from polyester yarn (164/48 dtex).

Two variations of pressure sensors were produced: one
made in a single stage (knitted spacer pressure sensor)
and one produced as a pocket in which a spacer fabric
could be inserted (knitted pocket pressure sensor). The
knitted spacer pressure sensor was produced in a single
step and was approximately 3.2-mm thick. The knitted
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pocket pressure sensor had a space to insert a separated
2.9-mm thick knitted spacer fabric giving the final sensor
a thickness of approximately 3.2 mm.

Additional optimization experiments were conducted
for the knitted spacer pressure sensor. Two additional
knitted spacer pressure sensor were produced, one
with a thickness of 2.6 mm and one with a thickness of
2.8 mm. Ultimately, for the comfort of the end user, it
was desirable to create a pressure sensor that was as thin
as possible. For clarity, Table 1 shows the characteristics
of each of the samples explored in this work.

Pressure sensor testing procedure

Textile fabrics are soft materials and do not behave in the
same way as rigid structures or even thin films, making any
assumptions about how a textile capacitor would behave to
changing the force applied to it, or the area of the applied
force naive. This is particulatly true for thicker structures,
such as those described in this wotk, as a thicker material is
more likely to deform in complex ways; therefore, pressure
changes due to both changes in force and changes in the
area over which force was applied needed to be understood,
as the result would not necessarily be identical.

Knitted surface with

silver knitted electrodes

Fibrous spacer structure

Knitted surface with silver knitted electrodes
E (these electrodes run parallel to the top layer)

Figure 1: Knitted spacer pressure sensor. (a) Schematic of the knitted
spacer pressure sensor. The upper and lower surfaces of the spacer
fabric had knitted conductive silver electrodes, with the electrodes
perpendicular to one another to create a grid of discrete junctions.
The upper and lower fabric surfaces were separated by a fibrous
middle layer. (b) Photograph of the knitted spacer pressure sensor
from above. The surface of the knitted spacer pressure sensor and
outer layer of the knitted pocket pressure sensor look identical. Note
that there is an incomplete sixth track at the bottom of the sensor

The pressure sensors were tested using round bespoke
acrylic disks (15-70-mm diameter) and weights (cast zinc
alloy and cast iron, Breckland Scientific, Liverpool, UK).
This allowed for either the force or the area of the
applied force to be altered in a repeatable way. In the data
presented, the central junction of the pressure sensors
was used [i.e., at the center of the sensor, Figure 1b].

For experiments where area was changed, seven disks
with diameters ranging between 15 and 70 mm, with a
corresponding area of 1.8 X 107 m*-3.8 X 107 m?, were
used. A fixed force of 9.8 N was applied for each experiment
giving an overall pressure range of 2.5-55.5 kPa.

Experiments exploring the effect of the applied force
on the sensors’ response covered 0.1-29.4 N, which
corresponded to a 1.4-41.6 kPa pressure change. For
these experiments, the force was applied over an area of
7.1 X 107" m? (as a comparison, the sensor had a junction
size of 1.4 X 107 m?).

The effect of hysteresis on the sensors’ response was also
investigated. A range of forces (1.0-23.4 N) was applied
to a 7.1 X 107" m? area resulting in a pressure range of
1.4-41.6 kPa. Pressure was applied incrementally and
then removed showing the effect of both increasing and
decreasing the pressure.

All capacitance values were measured using an
Agilent 4192A LF impedance analyzer (Agilent
Technologies, Santa Clara, USA), with readings taken
using a 100 kHz signal. Values were recorded once the
capacitance readings had stabilized; it was observed
that the capacitance readings stabilized 10-20 s after
the pressure was changed. Values in this work are
presented as a difference in capacitance; this being
the capacitance recorded minus the capacitance value
when no pressure was applied. The capacitance value
when no pressure was applied was taken before each
set of experiments.

Table 1: Summary of the pressure sensor characteristics

Dimensions (thickness X
width X length), mm

Construction

Knitted pocket pressure 3.2 X 170.0 x 155.0
sensor

Knitted spacer pressure
sensor

Knitted spacer pressure
sensor (2.6 mm)
Knitted spacer pressure
sensor (2.8 mm)

3.2 x 170.0 x 155.0

2.6 x 170.0 x 155.0

2.8 x 170.0 x 155.0

Knitted pocket structure with conductive electrodes
on either side and a removable knitted spacer fabric
Knitted spacer with conductive electrodes on either
side. Produced in a single step
Knitted spacer with conductive electrodes on either
side. Produced in a single step
Knitted spacer with conductive electrodes on either
side. Produced in a single step
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Samples were tested under normal laboratory conditions.
Changes in humidity were not believed to have an effect
on the results given the low moisture absorbency of
polyester fibers.

All experiments were conducted four times, and the
standard deviation in the results was used to provide an
estimation of the experimental error. The graphs in this
work were produced using IGOR Pro (Version 7.0.2.2;
Wavemetrics, Tigard, USA).

RESULTS

Pressure sensor characterization

The knitted pocket pressure sensor was subjected to different
pressures with pressures varied by either changing the applied
force or the area of the applied force. A range of pressures
between 0 and 56 kPa was explored. The results are shown
in Figure 2a. Identical experiments were conducted on the
knitted spacer pressute sensors as shown in Figure 2b.

Figure 2 clearly highlights the importance of fully
characterizing and understanding the behavior of textile
pressure sensors: Different pressures through changing
either the force or area of applied force elicited different
responses depending on the sensors’ design. Figure 2a
clearly showed that the knitted pocket pressure sensor was
not pressure sensitive, with its response being a complex
relationship between the applied force and the area over
which force was applied.

By contrast, the knitted spacer pressure sensor was
pressure sensitive, with the change in capacitance inversely

related to the applied pressure regardless of whether the
pressure change was due to a change in force or the area
of the applied force. For both experiments, the data
are in close agreement below 25 kPa. As a comparison,
there was a ~20% measurement difference at ~30 kPa.
Despite variations in the actual values recorded, under
both conditions, the capacitance readings increased which
would provide a suitable indicator of the application of
pressure.

The difference between the two sensor designs is likely due
to the multilayer structure of the knitted pocket pressure
sensor as gaps can form between the electrode layers and
central spacer structure: This may result in the different
layers deforming differently under different conditions.
This would not occur for the knitted spacer pressure
sensor as the structure only comprised a single layer.

The hysteretic behavior of the two sensors was

subsequently examined. Pressure was increasingly
applied to each sensor in discrete steps up to 42 kPa,
with capacitance measured at each point. The pressure
was then reduced back to 0 kPa in the same discrete
steps, with the capacitance measured at each increment.
Figure 3a shows the hysteretic behavior of the knitted
pocket pressure sensor when pressure was applied and
removed, with Figure 3b showing the same data for the

knitted spacer pressure sensor.

The knitted pocket pressure sensor [Figure 3a] showed
notable hysteresis beyond the experimental error;
at 27.8 kPa, the change in capacitance was 320% larger

3.0
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Figure 2: Knitted pressure sensors tested with different pressures. Pressure was changed by either changing the area of applied force (black) or
the applied force (red). (a) Data collected using the knitted pocket pressure sensor. The sensor was sensitive to changes in the applied force (®)
and changes in the area over which force was applied (®); however, in both cases, the responses were different making extracting meaningful
pressure data problematic. (b) Pressure against the change in capacitance collected using the knitted spacer pressure sensor. Below 25 kPa,
the sensor gave a similar response regardless of whether pressure was changed by altering the force (™) or the area that the force was applied
to (m). The relationship was similar regardless of whether force or area of applied force was changed
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Figure 3: An analysis of the hysteresis for the two knitted pressure sensors. Pressure was gradually increased (A,

decreased (V,¥). (a) The knitted pocket pressure sensor with (

) and then

,¥). (b) The knitted pressure sensor (A,¥). Unlike designs shown in the

literature, the knitted pressure sensor overcame hysteretic effects, likely due to it comprising of only a single layer

when pressure was applied compared to when it was
removed. This hysteresis was in line with results for
similar multilayer capacitive sensors presented in the

literature.'l

Within the pressure range of interest, the knitted pressure
sensor did not experience significant hysteretic effects,
providing similar difference in capacitance results
regardless of whether pressure was applied or removed.
This was likely due to it comprising a single-layer knitted
structure. In a system with multiple layers deformation
between the layers can occur; for example, an air gap
between the outer layer and spacer could form. This
would not happen for the knitted pressure sensor as the
entire material would change shape.

Knitted spacer pressure sensor optimization
Additional experiments were conducted to optimize the
design of the knitted spacer pressure sensor, where two
additional thicknesses of knitted spacer pressure sensor
were produced: 2.6 and 2.8 mm (the original knitted
spacer pressure sensor was 3.2 mm). Thicker sensors were
not produced as it was desirable to have a pressure sensor
that was as thin as possible to maximize the comfort of
the end user. A thinner sensor with a smaller separation
between the top and bottom electrodes would also give
the largest change in capacitance with pressure changes.
Sensors thinner than 2.6 mm or thicker than 3.2 mm
were not produced given the technical limitations of the
flat-bed knitting machines.

Figure 4 shows the response of both sensors as a function
of applied pressure.

The 2.6-mm thick knitted spacer pressure sensor was
only sensitive to pressure changes up to 7.8 kPa, making
it unsuitable for monitoring pressure for wheelchair users.
At higher pressures, there was electrical contact between
the upper and lower electrodes, preventing the sensor
from operating correctly. Pressure changes induced by
either changing the applied force or the area over which
the force was applied gave similar but not identical results.

The 2.8-mm thick knitted spacer pressure sensor was
consistently sensitive to changes in pressure up to 20
kPa. While the sensor operated correctly up to 41.6
kPa when the applied force was changed, applying
a force of 9.8 N over a smaller area (3.1 X 10~ * m?
and 1.8 X 10~ *m?, or 31.2 and 55.5 kPa, respectively)
produced inconsistent results, with the sensor not
consistently operating correctly for all experiments [as
a note only measurements where four consecutive
repeats were obtained are shown in Figure 4b].
This inconsistency is likely due to loose silver fibers
becoming dislodged from the conductive yarn and
creating electrical contact between the electrodes on
either surface.

Of the three knitted spacer pressure sensors tested, only
the 3.2-mm thickness sensor was suitable for monitoring
the pressure applied by wheelchair users, as it was the only
sensor design that could consistently measure pressures
exceeding 25 kPa.

Summary of the pressure sensor designs tested
For clarity, the operating limitations of each of the four
sensor designs explored in this work have been detailed
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Figure 4: Knitted pressure sensors tested with different pressures. Pressure was changed by either changing the area of the applied force
(#,®) or the applied force (®,®). (a) Data collected using the 2.6 mm thick knitted spacer pressure sensor. The sensor was sensitive to changes
pressure up to 7.8 kPa. At higher pressure, the sensor did not work. Changes in pressure by changing the applied force () or by changing the
area over which force was applied (), gave similar, but not identical results. (b) Data collected using the 2.8-mm thick knitted spacer pressure
sensor. The sensor was constantly sensitive to changes pressure up to 20 kPa. Above this point, the sensor still functioned correctly up to 41.6
kPa when force was applied over a 7.1 x 10~ m? area, however gave inconsistent results when a 9.8 N of force was applied over areas of
3.1 x 10 m2 and 1.8 x 104 m? (corresponding to 31.2 and 55.5 kPa, respectively). Changes in pressure by changing the applied force (#) or
changes in the area over which force was applied (#) were in agreement with one another within the experimental error

below in Table 2. The maximum pressure that the sensors
consistently operated up to have been presented for
both of the testing methods used in this work. Change
in capacitance values at 0.9 and 7.8 kPa, for experiments
conducted where the applied force or the area of applied
force was changed, respectively, is also tabulated to
demonstrate the level of sensitivity of each sensor design.

The data show a clear increase in sensitivity when a
thinner pressure sensor is used; however, the thinner
sensors were not able to operate at higher pressures.

CONCLUSIONS

This work has considered the response of two different
textile pressure sensors, with pressure monitoring for
wheelchair users being the targeted application. Three
major factors have been considered and explored such as
the force response of the sensor, the area of applied force
response of the sensor, and the hysteresis of the sensor.
In addition, experiments were conducted to optimize the
sensors’ thickness.

Two sensor designs were investigated: a knitted pocket
pressure sensor which used two layers of fabric with
knitted silver electrodes in which spacer materials could
be inserted and a knitted spacer pressure sensor, where
a knitted 3D spacer fabric with knitted silver electrodes
on either face of the fabric was produced as a single
fabric layer. The former was similar to other sensors
previously described in the literature. The study showed
that the knitted spacer pressure sensor was not pressure

sensitive; instead, its response was dictated by a complex
combination of the force applied and area that the force
was applied over.

Conversely, the knitted spacer pressure sensor operated
up to 25 kPa, which was the maximum pressure of interest.
At higher pressures, measurement errors were incurred
for absolute pressure measurement (~20% at ~30 kPa);
however, the general trend of an increase in pressure
leading to an increase in the change in capacitance was
still observed. This would be able to provide a suitable
indicator of the application of pressure to the sensor.

The effects of hysteresis were also examined observing
that the knitted pocket pressure sensor was subject to
hysteretic effects, while the hysteresis was less significant
for the knitted spacer pressure sensor. This was likely due
to the single-layer structure of the knitted spacer pressure
sensor, which offers a distinct advantage over the other
design.

The thickness of the knitted spacer pressure sensor was
optimized by exploring three different thicknesses. It was
observed that the two thinner sensors (2.6 mm, 2.8 mm)
could not consistently measure pressures up to 25 kPa. It
was therefore determined that the 3.2-mm thick knitted
spacer pressure sensor was the most suitable design
tested.

Ultimately, this work has characterized two designs
of textile sensor. The research has shown that the
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Table 2: Summary of operational limitations of the pressure sensor

Upper limit of

Upper limit of

Change in capacitance Change in capacitance

operation: Fixed force operation: Fixed area at 7.8 kPa for fixed force at 6.9 kPa for fixed area

experiments (kPa)

experiments (kPa)

measurements (pF) measurements (pF)

Knitted pocket pressure sensor 55.5 (not pressure

sensitive)
Knitted spacer pressure sensor 55.5
Knitted spacer pressure sensor (2.6 mm) 7.8
Knitted spacer pressure sensor (2.8 mm) 20.0

41.6 (not pressure 0.8+0.2 0.5+0.1
sensitive)

41.6 1.2+0.1 0.9+0.2

6.9 1.7+0.1 1.6+0.2

41.6 1.6+0.1 1.4+0.1

knitted pocket pressure sensor did not act as a true
pressure sensor in the pressure range of interest.
A novel knitted spacer pressure sensor was developed
and characterized, which was shown to be pressure
sensitive up to 25 kPa.

Future work will scale up the prototype sample to create
a wheelchair cushion cover and design supporting
electronics. This will necessitate a further characterization
of the chosen knitted pressure sensor exploring the
pressure sensitivity at smaller pressure increments than
presented in this work. The step-response time of
the sensor should also be investigated, although it is
envisioned that the final system will operate under mostly
static conditions, requiring measurements every 1-2 min;
higher frequency data collection may be necessaty for
other applications. As this sensor has been shown to be
pressure sensitive in the 0—8 kPa pressure range, further
investigations will explore creating a mattress cover for
pressure monitoring for patients prone to formation of
ulcers (bed sores) in hospitals.
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