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Description

FIELD OF THE INVENTION

[0001] This invention relates to a surface analysis device and method for determining measures of elasticity of a
receiving surface, and in particular determining measures corresponding to multiple directions across the receiving
surface.

BACKGROUND OF THE INVENTION

[0002] Analysis of elasticity of surfaces is of importance in many different industries and technical areas. By way of
example, any application in which a fabric, textile or other material is utilised for a technical function may benefit from
the capacity to assess elasticity of a surface of the material in a detailed manner. This may be to identify functional
technical parameters of a component, or to assess likely lifetime or durability of components or products. Examples
include analysis of textiles used in furnishings or clothing for instance, or of components used as force transfer parts
(such as belts) in machinery.
[0003] In addition, one further area in which surface analysis is of particular interest is that of analysis of skin.
[0004] Skin performs multiple functions critical for the human body. These include regulation of body temperature and
protection from water loss. There are measurable properties of skin directly related to these functions - namely elasticity
and hardness. It is known that these properties are directly affected by chronological ageing and photo-ageing, and also
that the degree of effect varies for different areas on the body.
[0005] The ability to quantify these properties is important, since it enables a characterisation of the aged status of a
person’s skin, which in turn can help in determining appropriate and effective skin-healing therapies to repair any damage.
[0006] Tools for assessing skin elasticity and hardness is hence an on-going area of interest. In particular, tools for
determining skin indentation resistance and also skin stretching capacity are of significant interest.
[0007] Various methods and approaches exist for evaluating skin elasticity and hardness in a laboratory setting. These
include Atomic Force Microscopy and tissue electrography. While these have proved effective in providing tissue elasticity
measures, they currently require complicated equipment which would be in appropriate for use in clinical or home settings.
This limits their applicability, and requires that potential patients (or other users) must visit dedicated laboratories staffed
by trained operators to achieve evaluations of the status of their skin. This is simply not practicable or scalable for large
numbers of patients. Of interest are devices capable of providing measures of skin elasticity in a clinical and home setting.
[0008] Some devices do exist which are more applicable to a non-laboratory setting. These include the ’Cutometer
MPA 580’ sold by Courage and Khazaka electronic. This device is more practical, but nonetheless remains a relatively
large and complex machine, which is unsuitable for miniaturisation and integration into a small-scale treatment and/or
measurement device for example. Small-scale device offer far greater practicality and usability and hence are of significant
interest.
[0009] Certain approaches do exist which are more applicable to small-scale or miniaturised devices. In particular,
these approaches are typically based on the application of in-plane or out-of plane deformations to a point on a user’s
skin, and measurement of a corresponding reaction force exerted by the skin at ether the same point or a different,
spatially displaced point.
[0010] US 2014/0352448 for example discloses a Piezoelectric Finger sensor capable of measuring both the Young’s
Modulus and shear modulus of a sample of tissue at given a single point. The finger sensor includes two layers of
piezoelectric material, one configured to deform to apply a force to the sample of tissue, and another configured to sense
a displacement of the first layer. By monitoring the sensed displacement value, a resistance force of the skin can be
determined, and hence an elasticity of the skin at the given point evaluated. A plurality of these devices may be applied
to a user’s skin to determine elasticity values at a plurality of different individual points.
[0011] While this approach is far more practical, it is limited to obtaining elasticity measurements at single isolated
points only. There is no disclosed means for obtaining measures of elasticity across an extended length of tissue for
instance, or for obtaining measures corresponding to different sample lengths, extending in different directions. Directional
data is highly valuable in the present context, since it is known that skin in particular exhibits anisotropy effects in its
elasticity, information about which would enable far more detailed and accurate characterisation of the state of ageing
of skin.
[0012] A paper by Y. Shi et al (Shi YY et al. An Analytic Model for Skin Modulus Measurement Via Conformal Piezo-
electric Systems. ASME. J. Appl. Mech. 2015;82(9)) discusses an analytical model for determining the Young’s modulus
of a sample of skin based upon deforming skin at a first point, and measuring a resultant pressure or force applied by
the skin at a second, spatially displaced point. The approach uses a linear arrangement of three PZT ribbons applied
to a layer of skin, one of which is electrically stimulated to contract, thereby inducing a consequent expansion of the
other two ribbons as a result of consequent deformation of the intervening skin tissue. The extent of this expansion is
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measured and a Young’s modulus thereby calculated.
[0013] While this approach enables measurement of skin elasticity across an extended length of tissue (extending
between the various ribbons), it is highly limited in its practical applicability. In particular, it provides no means for obtaining
multiple measures of elasticity corresponding to different lengths or regions of skin. Although sensor measurements are
taken at a plurality of distances from the contracting ribbon, the model assumes a constant and common elasticity at
every sensor location. It does not allow for detection and measurement of variations in elasticity occurring at different
linear locations.
[0014] The model also, as in the previous case, provides no means for obtaining multi-directional data. The model is
entirely premised on an exclusively linear arrangement of ribbons, and provides no indication for how the approach could
be expanded to provide multi-directional measures.
[0015] Finally, there exists a further device manufactured by Courage and Khazaka electronic, which is designed to
measure the direction of collagen and elastin fibres in the skin. It is based on measuring the resonance running time of
an acoustical shockwave through skin. The device comprises a single actuator, configured to generate the shockwave,
and a single sensor configured to detect arrival of the shockwave. The device can be manually rotated to enable analysis
of collagen and elastin fibre directionality in a number of different skin directions.
[0016] The device is of limited applicability to measuring skin elasticity per se, and again provides capacity for measuring
skin properties across only a single directional length of skin at any one time.
[0017] Documents US5879312 and EP1081235 show devices for determining elasticity with plural surface interaction
elements.

SUMMARY OF THE INVENTION

[0018] There is a general need in the art therefore for improved devices for analysing surface elasticity, maintaining
small form factor and simple operation, but capable of providing a greater quantity and range of different measurement
data, in a straightforward manner, to thereby enable a more detailed and insightful analysis of a given surface of interest.
[0019] It is an object of the invention to address the need at least partially. This object is achieved with the invention
as defined by the independent claims. The dependent claims define advantageous embodiments.
[0020] According to an aspect of the invention, there is provided a device for application to a receiving surface to
analyse an elasticity of said receiving surface across a plurality of different linear sections of said surface, the device
comprising
a carrier, having a surface;
an arrangement of three or more surface interaction elements mounted to the carrier surface, each element being
operable to perform only one of an actuation or pressure sensing function at any one time, and the elements being
spatially separated from one another and distributed in two dimensions across the carrier surface, and wherein the
arrangement includes at least a first surface interaction element operable to perform an actuation function and at least
a second surface interaction element operable to perform a pressure sensing function; and
a controller, operatively coupled with the surface interaction elements, and adapted to:

control the first surface interaction element to induce a deformation in the receiving surface at a first contact point,
control the second surface interaction element to measure a pressure and/or force exerted by the receiving surface
at a second, spatially separated, contact point, to enable determination of a measure of an elasticity of the receiving
surface between the first and second points, and
control one or more further surface interaction elements to either induce a deformation in, or measure a pressure
and/or force exerted by, the receiving surface at a further one or more contact points, in order thereby to enable
determination of a measure of elasticity between each of said further one or more points, and either the second or
first contact point.

[0021] Such a device can thus be designated a surface analysis device based on its capability to analyse an elasticity
of said receiving surface across a plurality of different linear sections of said surface.
[0022] Embodiments of the invention are hence based on the application of a plural array (or arrangement) of sensors
and actuators to a target area of a given receiving surface. Each actuator is operable to apply a force to the receiving
surface to induce some deformation at a given point, or across some small given area. Each sensor is operable to
measure a force or pressure applied to it by the receiving surface at a separate given point. By monitoring or otherwise
determining a change in the measured force or pressure at a given sensor point following application of a deformation
by a given actuator at the separate point, a measure of the surface stiffness between the actuator and the sensor may
be obtained. In particular, the stiffer the intervening section of receiving surface, the greater will be the measured change
in pressure or force at the sensor.
[0023] By activating different combinations of actuators and sensors within the array, a measure of the stiffness of the
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skin (or other target receiving surface) across multiple different linear stretches or sections of the skin can be obtained.
This allows for a richer and more detailed analysis of skin elasticity. In some cases, multiple measurements may be
obtained simultaneously. In other cases, multiple measurements may be obtained individually or sequentially.
[0024] The arrangement may be designed or configured to follow any desired pattern or layout. The larger or more
complex the provided pattern, the greater the variety and breadth of different measurements that can be obtained across
a target area of a receiving surface.
[0025] Furthermore, the arrangement of surface interaction elements extends laterally across two-dimensions, and
hence includes actuators and sensors displaced from one another at a variety of different angles. By selectively activating
different combinations of these, data pertaining to elasticity along multiple different directions can be obtained. As
discussed above, multi-directional data is highly valuable since it enables analysis of anisotropy effects. These can
provide a more detailed insight into the current state of a person’s skin.
[0026] In the simplest case, the arrangement comprises at least three surface interaction elements which includes at
least one capable of performing each of actuation and sensing. At least one further surface interaction may be operable
to perform either actuation or sensing. The controller is adapted to control the at least one further element simultaneously
with one or both of the first or second, depending upon which function (actuation or sensing) it is configured to perform.
If it is operating as a sensor, it may be activated to measure a pressure and/or force concurrently with activation of the
first (actuation) element. If it is operating as an actuator, it may be controlled to operate concurrently with the second
(sensing element). Alternatively, where more than three elements are provided, each further element may be activated
concurrently with at least one of the other further elements, the other further element being adapted to perform an
opposite function (of actuation and sensing).
[0027] In either case, one element of the arrangement (either the first or second) is effectively ’shared’ between at
least two other elements for the purposes of performing elasticity analysis. This enables two separate measures of
elasticity to be obtained (for different intervals, sections or stretches of skin) using only three elements (rather than, for
example, two dedicated pairs of two). This confers significant benefits in terms of operational efficiency, as well as in
minimising form factor.
[0028] In more sophisticated examples, more than three surface interaction elements may be provided, arranged
according to any desired pattern or configuration. In each case however, at least one element of the arrangement is
applied to provide some multiple measurement capability: at least one element provides measurements in combination
with multiple of the other elements. In this way, the invention achieves efficient sharing of surface interaction resources,
and maximises the density of data that can be obtained over a given sample surface area.
[0029] The receiving surface may be an area of skin, although the invention is not limited to use with skin. Embodiments
may usefully be applied to analysis of any flexible or compliant area of material. In the descriptions that follow, explanations
provided in terms of use with skin should be interpreted as exemplary only, and in each case the concept described
may be applied equally to any other flexible receiving surface.
[0030] Embodiments include an arrangement of surface interaction elements, each element operating for the purposes
of a given measurement as either a sensor or an actuator. Some elements may have a fixed operation: operating always
as a sensor or always as an actuator. Some elements may be operable in either mode. However, none is controlled to
operate as both simultaneously.
[0031] By requiring that each surface interaction element perform only one of an actuation or sensing at once, meas-
urement of elasticity across lateral stretches of the receiving surface between different points is more readily achievable.
On the contrary, simultaneous actuation by a given sensing element would fundamentally distort any lateral elasticity
measurement being made. The local deformation caused by this actuation at the sensing element would almost entirely
saturate the force measurements made, rendering it difficult or impossible to accurately measure any lateral elasticity
between a sensor and a laterally displaced actuator.
[0032] Each actuator-sensor pair enables determination of a measure of elasticity of the receiving surface between
that pair. The phrase ’measure of elasticity’ is intended broadly to refer generally to any value, trend or relationship for
instance which provides an indication or representation of a receiving surface elasticity. By elasticity is meant generally,
a stiffness, hardness, firmness, or compliancy. This term is not intended to limit the invention to any particular scientific
or academic definition of elasticity (the invention is not limited for example to enabling measure of a Young’s Modulus
of a receiving surface, although this may be possible using certain embodiments).
[0033] Embodiments of the invention are directed to the use of a plural arrangement of actuators and sensors to obtain
multiple different measures of elasticity, corresponding to different areas, linear sections or directions across the receiving
surface, and optionally corresponding to different kinds of elasticity measure (e.g. shear elasticity or compressional
elasticity). The term ’linear section’ refers to any linear interval along the surface, extending between two respective
points on the surface. It refers to a stretch or length or distance of skin between two points. In this respect two different
linear sections may overlap, but differ for example in either their direction or their specific length.
[0034] Each embodiment makes use of a plural set of at least three surface interaction elements to capture at least
two elasticity measurements. In some cases, these two measurements may be obtained simultaneously, in other cases
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they may be obtained individually or sequentially.
[0035] According to at least one set of embodiments for instance, the controller may be operable to selectively control
a plurality of different pairs of the surface interaction elements, each pair including one element operable to perform
actuation and one element operable to perform pressure and/or force sensing, to independently or simultaneously
perform respective pairs of surface-deformation and pressure/force sensing functions, to thereby enable a plurality of
independent or simultaneous elasticity measures across a plurality of different linear sections of said receiving surface.
[0036] Each pair in this arrangement consists of a single actuator and a single sensor, separated by a different particular
linear stretch of the receiving surface. Each pair is operable to achieve an individual measure of the surface elasticity,
corresponding to the particular linear stretch of receiving surface extending between them.
[0037] The pairs may overlap, such that a single element contributes to achieving the measurement for a plurality of
different linear surface sections. Where the shared element is an actuator, a plurality of measurements may be obtainable
in this way simultaneously. Wherein the actuator is a sensor, each individual measurement may be performed sequen-
tially.
[0038] According to a further set of example embodiments,
a plurality of the surface interaction elements may be operable to perform an actuation function, and wherein the controller
is adapted to control said plurality of elements to induce respective deformations in the receiving surface at a respective
plurality of contact points, and to control a single further surface interaction element to measure a pressure and/or force
exerted by the receiving surface at a further spatially displaced contact point; and/or
a plurality of the surface interaction elements may be operable to perform a pressure and/or force sensing function, and
wherein the controller is adapted to control a single further surface interaction element to induce a deformation in the
receiving surface at a single contact point, and to control said plurality of surface interaction elements to measure a
pressure and/or force exerted by the receiving surface at a further plurality of contact points.
[0039] In particular, in either case, the plurality of surface interaction elements may each be positioned adjacent to
said single surface interaction element (i.e. with no further elements situated in-between). There may be provided for
example a single central actuator surrounded by a plurality of sensors, or a single central sensor surrounded by a plurality
of actuators. Alternatively, the plurality of elements may be aligned linearly, and the single reciprocal element positioned
at a location laterally displaced from that line for example.
[0040] There is hence provided in each of these example embodiments a plural set of actuators in combination with
a single sensor, or a plural set of sensors, in combination with a single actuator. Between the single provided element
and each of the plurality of reciprocating elements is a different particular linear stretch of the receiving surface. Where
each of the plurality are positioned adjacent to the single element (i.e. with no elements lying in-between), then each of
these different linear stretches also extends in a different angular direction.
[0041] Each embodiment allows for a plurality of elasticity measurements to be performed, one for each of said different
linear stretches of the receiving surface lying between each of the plurality of elements and the single reciprocal element.
[0042] Such an arrangement carries the advantage of enabling a plurality of different measurements to be performed
while minimising the required number parts. Since a single sensor or single actuator can be paired respectively with
each of a plurality of further reciprocal elements, this avoids the need to provide a separate dedicated actuator-sensor
pair to perform each measurement. The single sensor or actuator is effectively shared between each of the plurality of
reciprocating actuators or sensors, and hence only one is required. This reduces costs of the device, and also minimises
the required form factor for achieving a given number of different measurements.
[0043] Depending upon the size of the overall arrangement of surface interaction elements, the arrangement may
include either one or both of the above described configurations in particular embodiments. Furthermore, either of these
arrangements or operation modes may be combined together with the previously described operation mode in which
pairs of actuators are simultaneously or separately activated.
[0044] According to one or more sets of embodiments, at least a subset of the surface interaction elements may be
operable to each perform a selected one of either actuation or pressure sensing. This provides considerable flexibility
and adaptability in the operation of the device.
[0045] In particular, according to these embodiments, the controller may be operable to selectively switch each of said
at least subset of surface interaction elements between performing an actuation function and a sensing function.
[0046] This allows the configuration of the surface interaction elements to be adapted and altered at will to provide
any arbitrary combination of actuators and sensors. This in turn enables a broader selection and variety of different
elasticity measurements to be obtained. By selectively switching different combinations of elements between actuation
and sensing functionalities, different stretches of the receiving surface, extending in different directions for example
and/or corresponding to different distances or lengths, can be analysed.
[0047] Additionally, this flexibility may allow for multiple different measures of elasticity to be gathered across a single
given linear stretch of a receiving surface. Different elasticity measures may require different configurations or combi-
nations of actuators and sensors to achieve. Where the operation of surface interaction elements is alterable, a multiplicity
of these different measures may in examples be achieved over the same given area or section of the receiving surface.
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[0048] According to this or any other embodiment of the invention, at least a subset of the surface interaction elements
may comprise an electroactive polymer material adapted to deform in response to application of an electrical signal,
and/or adapted to generate an electrical signal in response to a force or pressure exerted on the element.
[0049] Electroactive polymer materials enable in particular simultaneous actuation and sensing capabilities through
superposing high magnitude DC signals with low amplitude AC signals. The high amplitude DC signal induces a static
deformation, while the low-amplitude AC signal enables pressure sensing by means of monitoring capacitance changes.
[0050] In embodiments, the surface interaction elements may be adapted to operate according to different modes. In
particular, the actuators may be adapted either to induce in-plane deformations in the receiving surface (stretching)
and/or to induce out-of-plane deformations (indentations) in the receiving surface. The sensors likewise may be adapted
to detect or sense one or both of in-plane or out of plane pressure or force. These different modes may allow for different
measures of elasticity to be obtained.
[0051] More particularly, according to one or more embodiments, controlling of the surface interaction elements may
include:

controlling at least one surface interaction element to induce an out-of plane deformation in the receiving surface
at a respective contact point, and controlling at least a further surface interaction element to measure an out-of-
plane pressure and/or force exerted by the receiving surface at a further respective contact point; and/or
controlling at least one surface interaction element to induce an in-plane deformation in the receiving surface at a
respective contact point, and controlling at least a further surface interaction element to measure an in-plane or out-
of-plane pressure and/or force exerted by the receiving surface at a further respective contact point.

[0052] By in-plane is meant in a direction predominantly or substantially parallel with the receiving surface. By out-of-
plane is meant in a direction predominantly or substantially perpendicular or normal to the receiving surface.
[0053] These different modes of surface manipulation and sensing may enable provision of different measures of
surface elasticity. In particular, the first mode or configuration enables a measure of indentation resistance to be achieved.
By inducing an out-of-plane deformation (indentation) at a first point, and monitoring an out-of-plane pressure or force
exerted by the surface at a laterally displaced point, the resistance of the surface to indentation can be measured. The
stiffer the resistance, the greater a measured drop in pressure at the sensor. The weaker the resistance, the smaller a
measured drop in pressure at the sensor.
[0054] Additionally, where two actuators are provided surrounding a single sensor, and both actuators are controlled
to induce a simultaneous out-of-plane deformation, a measure of a convolution of a stretching capacity (or lateral/inter-
facial elasticity) and an indentation resistance can be obtained at the central sensor.
[0055] According to at least one or more examples, a time-varying out-of-plane deformation may also be generated
in some cases. This enables dynamic measures of elasticity to be determined.
[0056] The second mode or configuration allows, according to one or more examples, measurement of a stretching
capability (interfacial or shear elasticity). The second mode also allows, according to one or more embodiments, meas-
urement or evaluation of a wrinkle size or position. By applying a lateral deformation and determining the extent of
actuation required before a sensor response is activated, an estimated size of a wrinkle lying in-between the actuator
and sensor can be determined.
[0057] The second mode also allows for further measurement capability in the case that a time-varying in-plane
deformation is induced.
[0058] In particular, according to at least one set of embodiments, at least one surface interaction element may be
operable to induce an in-plane deformation, and at least a further surface interaction element may be operable to measure
an in-plane or out of plane pressure and/or force, and wherein the controller is adapted to apply a time-varying control
signal to said at least one element in order to control the at least one element to induce a time-varying in-plane deformation
in the receiving surface, and is further adapted to determine, based on an output from the further surface interaction
element, a time delay between generation of the time-varying deformation and detection of a pressure or force change
at the further element.
[0059] The time-varying deformation induces a surface acoustic (Lamb) wave to propagate across the receiving sur-
face, which can be detected by a pressure or force sensor spaced at a certain distance apart from the actuator. By
measuring the time delay between generating the wave and its being detected by the sensor, a velocity of the wave can
be determined. From this, a measurement of skin elasticity can be calculated. For skin in particular, the speed of the
Lamb wave enables a skin viscoelasticity to be determined.
[0060] According to one or more embodiments, at least one surface interaction element may be operable to induce
both an in-plane and out-of plane deformation simultaneously, and wherein the controller is further adapted to control
said at least one surface element to induce a non-time-varying out of plane deformation in the receiving surface.
[0061] The non-time varying out of-plane deformation applies a static (baseline) pressure to the receiving surface,
while the time-varying in-plane deformation generates surface acoustic waves (shear waves). By changing the out-of-
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plane deformation level, the static baseline pressure at which the shear waves are generated may be changed. This
provides a further degree of freedom to the system, and may provide a further level of depth to the gathered data,
enabling a more detailed picture of elasticity to be obtained.
[0062] Alternatively, changing the static out-of-plane deformation may enable adjustment of a coupling of the surface
interaction element with the receiving surface.
[0063] The simultaneous in-plane and out-of plane deformations may be achieved by a number of different particular
means. An EAP-based actuator may advantageously be applied, wherein a low-amplitude AC signal is superposed on
high magnitude DC signal. The DC signal generates the out of plane deformation. The AC signal generates the time-
varying in-plane deformation.
[0064] A dielectric elastomer may for example be used, or a PVDF-based relaxor polymer.
[0065] According to at least one set of embodiments, the controller may be operable to control a first surface interaction
element to induce an out-of-plane deformation in the receiving surface, and to control at least a further surface interaction
element to measure an out-of-plane pressure and/or force exerted in a direction towards the receiving surface, and
optionally wherein
the controller is adapted to control two surface interaction elements to induce respective out-of-plane deformations in
the receiving surface, the further surface interaction element being positioned in-between said two elements.
[0066] According to this set of embodiments, the sensor is adapted to measure a pressure or force exerted by the
receiving surface in a direction toward the receiving surface, i.e. effectively a pulling force being applied to the sensor.
[0067] This embodiment enables determination of a measure of skin friction or adhesion. Deformation of the skin
causes a pulling or peeling of the skin away from the sensor. Where there is low skin adhesion or friction, there will be
low or even zero pulling force exerted on the sensor; the skin will simply come away from the sensor. Where there is
high adhesion/friction, there will be high force exerted while the skin is being separated, followed by zero force once the
skin has separated.
[0068] According to one or more embodiments, one or more of the surface interaction elements may be further operable
to perform a temperature sensing function, and wherein the controller is adapted to control said element to measure a
temperature of the receiving surface, and optionally wherein the device further comprises a heating element operable
to heat the surface interaction element and/or a portion of the receiving surface.
[0069] It is known that temperature has an effect on material elasticity. These embodiments allow for elasticity meas-
urements to be corrected for temperature if necessary.
[0070] Additionally, where a heating element is provided, a systematic assessment of skin elasticity at different tem-
peratures can be performed. The behaviour of skin as a function of temperature provides a richer data-set than meas-
urement at a single temperature alone.
[0071] Temperature sensing may also be employed in embodiments in determining thermal properties of skin. This
may enable for instance identification of the position of an artery or other anatomical feature below the surface. This
may assist in positioning of the device for optimal measurements of a particular region of interest.
[0072] According to one or more embodiments, the carrier may be a compliant carrier for conforming to a topology of
the receiving surface. In these cases, the carrier is adapted to shape compliantly to the contours of the receiving surface
to which it is applied. This improves efficacy of the device by ensuring that all of the surface interaction elements are
uniformly applied to the receiving surface with minimal separation deistance.
[0073] In accordance with at least a set of embodiments, the device is for application to skin. In these cases, the carrier
may be flexible for molding to the surface contours of the skin receiving surface. The carrier should also preferably be
formed of a locally compressible material, to provide a soft, comfortable feel for users of the device. The carrier in
particular examples may be configured for forming part of a wearable device, the device arranged in use to hold the
carrier securely against the skin of the user.
[0074] According to a further aspect of the invention, there is provided a method of determining a measure of elasticity
of a receiving surface across a plurality of differently linear sections of said receiving surface, by means of a surface
analysis device, the surface analysis device comprising:

a carrier, having a surface; and
an arrangement of three or more surface interaction elements mounted to the carrier surface, each element being
operable to perform only one of an actuation or pressure sensing function at any one time, and the elements being
spatially separated from one another and distributed in two dimensions across the carrier surface, and wherein the
arrangement includes at least a first surface interaction element operable to perform an actuation function and at
least a second surface interaction element operable to perform a pressure sensing function;
the method comprising:

controlling the first surface interaction element to induce a deformation in the receiving surface at a first contact
point,
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controlling the second surface interaction element to measure a pressure and/or force exerted by the receiving
surface at a second, spatially separated, contact point, to enable determination of a measure of an elasticity of
the receiving surface between the first and second points, and
controlling one or more further surface interaction elements to either induce a deformation in, or measure a
pressure and/or force exerted by, the receiving surface at a further one or more contact points, in order to enable
determination of a further measure of elasticity between each of said further one or more points, and either the
second or first contact point.

BRIEF DESCRIPTION OF THE DRAWINGS

[0075] Examples of the invention will now be described in detail with reference to the accompanying drawings, in which:

Fig. 1 schematically depicts an example surface analysis device in accordance with the invention;
Fig. 2 shows a known electroactive polymer device which is not clamped; Fig. 3 shows a known electroactive polymer
device which is constrained by a backing layer;
Fig. 4 schematically illustrates a first example elasticity measurement mode implementable in accordance with
embodiments of the invention;
Fig. 5 schematically illustrates an adaptor for reducing an application area of a force induced by an example actuator;
Fig. 6 schematically illustrates a second example elasticity measurement mode implementable in embodiments of
the invention;
Fig. 7 schematically illustrates a third example elasticity measurement mode implementable in accordance with
embodiments of the invention;
Fig. 8 schematically illustrates a skin adhesion or friction measurement means implementable in embodiments of
the invention;
Fig. 9 shows example actuator voltage vs sensor output curves achieved using the skin adhesion or friction meas-
urement method;
Fig. 10 schematically illustrates a wrinkle location and/or size measurement method implementable in embodiments
of the invention;
Fig. 11 shows example actuator voltage vs sensor output curves achieved using the wrinkle location and/or size
measurement method;
Fig. 12 schematically illustrates a fourth example elasticity measurement implementable in embodiments of the
invention;
Fig. 13 schematically illustrates a fifth example elasticity measurement mode implementable in embodiments of the
invention;
Fig. 14 schematically illustrates n example arrangement of surface interaction elements in accordance with embod-
iments of the invention;
Fig. 15 schematically illustrates a second example arrangement of surface interaction elements in accordance with
embodiments of the invention;
Fig. 16 illustrates an example operation mode for the second example arrangement of surface interaction elements;
Fig. 17 illustrates a second example operation mode for the second example arrangement of surface interaction
elements; and
Fig. 18 shows different stress-strain curves for a sample of skin measured at different temperatures.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0076] The invention provides a surface analysis device for application to a receiving surface to enable analysis of at
least one measure of an elasticity of said surface across multiple different linear stretches or sections of the surface.
The device includes a two-dimensional arrangement of actuators and sensors, comprising at least one actuating element,
at least one sensing element, and at least one further sensing or actuating element. Selected sets of two or more of
these elements are activated together by a controller, each set including at least one actuator and one sensor, to thereby
obtain a measure of elasticity between each actuator and sensor pair in the set. Elasticity measures are obtained based
on stimulating a deformation in the receiving surface at the actuator site, and measuring a resultant pressure and/or
force exerted by the receiving surface at a further displaced point. Sensors may monitor a change in the exerted pressure
and/or force for example.
[0077] A first basic example of a surface analysis device 6 in accordance with the invention is illustrated in Fig. 1. The
device comprises a carrier 8, to which is mounted an arrangement 10 of surface interaction elements 14, 16 and a
controller 20, the controller being operatively coupled with the elements.
[0078] For the example of Fig. 1, an arrangement 10 of three surface interaction elements is provided, which includes
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one element 14 operable to perform an actuation function and two elements 16 operable to perform pressure and/or
force sensing functions. The elements are arranged spatially separated from one another and form a triangle configuration.
[0079] Although an arrangement of one actuator and two sensors is provided in this example by way of illustration, in
alternative examples, one sensor and two actuators may alternatively be provided.
[0080] Additionally, the arrangement of three surface interaction elements 14, 16 represents only a simplest first
example of a possible configuration. In further examples, the arrangement may be expanded, and may include any
number of different surface interaction elements, arranged in any desired pattern or configuration. A broader arrangement
allows for a greater variety of different elasticity measurements to be obtained, corresponding to a greater number of
different sections of the receiving surface for example, or corresponding to different particular measures or metrics of
elasticity. More detailed examples of further possible arrangements and corresponding operation modes will be described
in more detail in passages to follow.
[0081] The carrier 8 is adapted to be applied to a region of a receiving surface, such that the surface interaction
elements are each inversely applied or pressed against a respective point or area on the receiving surface (a respective
contact point). This receiving surface may be skin for example (although the invention is by no means limited to use with
skin). In examples, the controller may be embedded within the body of the carrier, or otherwise covered by a flexible
shielding layer, such that the controller is not pressed against the receiving surface upon application of the carrier. This
might interfere with operation of the device for example or may be uncomfortable in the case that the device is applied
to a user’s skin.
[0082] The surface interaction elements may also each be covered or shielded by a flexible covering layer, either to
protect the element, or to improve device comfort for instance. The covering layer may be an insulator, to protect against
any electrical leakage or conduction from the elements to a user’s skin.
[0083] The carrier may be in the form of a thin, flexible patch or pad for easy application and/or adhesion to a user’s
skin. Such a patch or pad should be flexible, to allow for robust and even coupling with a user’s skin, but should also
retain sufficient rigidity to resist deformation by the actuator(s).
[0084] In operation, the controller 20 may be adapted to control the actuating element 14 to induce an (in-plane or
out-of plane) deformation in the receiving surface at a point or area of the surface lying directly beneath it. Concurrently
with activation of the actuating element 14, or at least while activation of this element is still on-going, the controller may
be adapted to further control one or both of the sensing elements 16 to measure or monitor a pressure and/or force
exerted upon them by an area or point of the receiving surface situated beneath them. By measuring and/or monitoring
this pressure and/or force, a measure of an elasticity (or stiffness) of the section or stretch of the receiving surface lying
between the actuating element 14 and each respective sensing element 16 may be obtained.
[0085] In particular, controller may control the sensing elements to monitor a pressure and/or force over time, such
that changes in pressure or force can be identified. Outputs of the sensing elements may be monitored both before and
after activation of the actuator, such that changes in pressure arising as a result of deformation of the receiving surface
(by the actuating element) can be identified.
[0086] The magnitude of the experienced changes in pressure or force is dependent on the elasticity or stiffness of
the intervening material. In particular, where the section of receiving surface lying between the actuating element and
a respective sensing element is relatively stiff, it is expected that a change in pressure or force experienced by the
sensing element will be relatively greater. Likewise, where the section of surface is less stiff, it is expected that any
change in force or pressure at the sensor will be smaller.
[0087] By evaluating or comparing measured pressure and/or force values (or measured changes in these values)
against a standard reference set of values, a corresponding measure of elasticity may be obtained. Alternatively a
physical model may be applied to calculate a corresponding elasticity measure based on detected sensor outputs, or
changes in said detected outputs.
[0088] In accordance with at least one set of advantageous embodiments, the actuating elements 14 and/or the sensing
elements 16 may be formed using an electroactive polymer material. Electroactive polymers (EAPs) are an emerging
class of materials within the field of electrically responsive materials. They can work as sensors or actuators and can
be easily manufactured into a variety of shapes allowing easy integration into a large variety of systems.
[0089] Advantages of EAPs include low power, small form factor, flexibility, noiseless operation, accuracy, the possibility
of high resolution, fast response times, and cyclic actuation. Materials in this field have undergone significant development
over the last ten years, and various characteristics such as actuation stress and strain have improved considerably.
Technology risks have also been reduced to acceptable levels for product development so that EAPs are commercially
and technically becoming of increasing interest.
[0090] The improved performance and particular advantages of EAP materials give rise to applicability to new appli-
cations. In general terms, an EAP device can be advantageously employed in any application in which a small amount
of movement of a component or feature is desired, based on electronic actuation. Similarly, the technology can be used
for sensing small movements.
[0091] The use of EAPs enables functions which were not possible before, and offers significant advantages in com-
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parison with other common sensor / actuator solutions, due to the combination of a relatively large deformation and
force in a small volume or thin form factor. EAPs also give noiseless operation, accurate electronic control, fast response,
and a large range of possible actuation frequencies, such as 0 - 1MHz, most typically below 20 kHz.
[0092] Devices using electroactive polymers can be subdivided into field-driven and ionic-driven materials.
[0093] Examples of field-driven EAPs include Piezoelectric polymers, Electrostrictive polymers (such as PVDF based
relaxor polymers) and Dielectric Elastomers. Other examples include Electrostrictive Graft polymers, Electrostrictive
paper, Electrets, Electroviscoelastic Elastomers and Liquid Crystal Elastomers.
[0094] Examples of ionic-driven EAPs are conjugated/conducting polymers, Ionic Polymer Metal Composites (IPMC)
and carbon nanotubes (CNTs). Other examples include ionic polymer gels.
[0095] Field-driven EAPs are actuated by an electric field through direct electromechanical coupling. They usually
require high fields (volts per meter) but low currents. Polymer layers are usually thin to keep the driving voltage as low
as possible. Ionic EAPs are activated by an electrically induced transport of ions and/or solvent. They usually require
low voltages but high currents. They require a liquid/gel electrolyte medium (although some material systems can also
operate using solid electrolytes). Both classes of EAP have multiple family members, each having their own advantages
and disadvantages.
[0096] A first notable subclass of field driven EAPs are Piezoelectric and Electrostrictive polymers. While the electro-
mechanical performance of traditional piezoelectric polymers is limited, a breakthrough in improving this performance
has led to PVDF relaxor polymers, which show spontaneous electric polarization (field driven alignment). These materials
can be pre-strained for improved performance in the strained direction (pre-strain leads to better molecular alignment).
Normally, metal electrodes are used since strains usually are in the moderate regime (1-5%). Other types of electrodes
(such as conducting polymers, carbon black based oils, gels or elastomers, etc.) can also be used. The electrodes can
be continuous, or segmented.
[0097] Another subclass of interest of field driven EAPs is that of Dielectric Elastomers. A thin film of this material may
be sandwiched between compliant electrodes, forming a parallel plate capacitor. In the case of dielectric elastomers,
the Maxwell stress induced by the applied electric field results in a stress on the film, causing it to contract in thickness
and expand in area. Strain performance is typically enlarged by pre-straining the elastomer (requiring a frame to hold
the pre-strain). Strains can be considerable (10-300%). This also constrains the type of electrodes that can be used: for
low and moderate strains, metal electrodes and conducting polymer electrodes can be considered, for the high-strain
regime, carbon black based oils, gels or elastomers are typically used. The electrodes can be continuous, or segmented.
[0098] A first notable subclass of ionic EAPs is Ionic Polymer Metal Composites (IPMCs). IPMCs consist of a solvent
swollen ion-exchange polymer membrane laminated between two thin metal or carbon based electrodes and requires
the use of an electrolyte. Typical electrode materials are Pt, Gd, CNTs, CPs, Pd. Typical electrolytes are Li+ and Na+
water-based solutions. When a field is applied, cations typically travel to the cathode side together with water. This leads
to reorganization of hydrophilic clusters and to polymer expansion. Strain in the cathode area leads to stress in rest of
the polymer matrix resulting in bending towards the anode. Reversing the applied voltage inverts bending. Well known
polymer membranes are Nafion® and Flemion®.
[0099] Another notable subclass of Ionic polymers is conjugated/conducting polymers. A conjugated polymer actuator
typically consists of an electrolyte sandwiched by two layers of the conjugated polymer. The electrolyte is used to change
oxidation state. When a potential is applied to the polymer through the electrolyte, electrons are added to or removed
from the polymer, driving oxidation and reduction. Reduction results in contraction, oxidation in expansion.
[0100] In some cases, thin film electrodes are added when the polymer itself lacks sufficient conductivity (dimension-
wise). The electrolyte can be a liquid, a gel or a solid material (i.e. complex of high molecular weight polymers and metal
salts). Most common conjugated polymers are polypyrolle (PPy), Polyaniline (PANi) and polythiophene (PTh).
[0101] An actuator may also be formed of carbon nanotubes (CNTs), suspended in an electrolyte. The electrolyte
forms a double layer with the nanotubes, allowing injection of charges. This double-layer charge injection is considered
as the primary mechanism in CNT actuators. The CNT acts as an electrode capacitor with charge injected into the CNT,
which is then balanced by an electrical double-layer formed by movement of electrolytes to the CNT surface. Changing
the charge on the carbon atoms results in changes of C-C bond length. As a result, expansion and contraction of single
CNT can be observed.
[0102] Figs. 2 and 3 show two possible operating modes for an EAP device.
[0103] The device comprises an electroactive polymer layer 28 sandwiched between electrodes 24, 26 on opposite
sides of the electroactive polymer layer 28.
[0104] Fig. 2 shows a device which is not clamped. A voltage is used to cause the electroactive polymer layer to
expand in all directions as shown.
[0105] Fig. 3 shows a device which is designed so that the expansion arises only in one direction. The device is
supported by a carrier layer 30. A voltage is used to cause the electroactive polymer layer to curve or bow.
[0106] Together, the electrodes, electroactive polymer layer, and carrier may be considered to constitute the overall
electroactive polymer structure.
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[0107] The nature of this movement for example arises from the interaction between the active layer which expands
when actuated, and the passive carrier layer. To obtain the asymmetric curving around an axis as shown, molecular
orientation (film stretching) may for example be applied, forcing the movement in one direction.
[0108] The expansion in one direction may result from the asymmetry in the EAP polymer, or it may result from
asymmetry in the properties of the carrier layer, or a combination of both.
[0109] An electroactive polymer structure as described above may be used both for actuation and for sensing. It hence
may be used to provide both actuating elements 14 in examples of the present invention, and sensing elements 16.
[0110] The most prominent sensing mechanisms are based on force measurements and strain detection. Dielectric
elastomers, for example, can be easily stretched by an external force. By putting a low voltage on the sensor, the strain
can be measured as a function of voltage (the voltage is a function of the area).
[0111] Another way of sensing with field driven systems is measuring the capacitance-change directly or measuring
changes in electrode resistance as a function of strain.
[0112] Piezoelectric and electrostrictive polymer sensors can generate an electric charge in response to applied
mechanical stress (given that the amount of crystallinity is high enough to generate a detectable charge). Conjugated
polymers can make use of the piezo-ionic effect (mechanical stress leads to exertion of ions). CNTs experience a change
of charge on the CNT surface when exposed to stress, which can be measured. It has also been shown that the resistance
of CNTs change when in contact with gaseous molecules (e.g. O2, NO2), making CNTs usable as gas detectors.
[0113] Given that EAPs are able to operate either in an actuating mode or in a sensing mode, use of these materials
carries the further significant advantage of allowing adaptability of surface interaction elements between operating either
as an actuator or as a sensor. According to one or more examples, the controller may be adapted to switch an operation
mode of one of more EAP-based surface interaction elements between actuation and sensing.
[0114] As noted above, this allows the configuration of the surface interaction elements to be adapted and altered to
enable a broader selection and variety of different elasticity measurements to be obtained. By selectively switching
different combinations of elements between actuation and sensing functionalities, different stretches of the receiving
surface extending in different directions and corresponding to different distances or lengths for example can be analysed.
[0115] Additionally, this flexibility may allow for multiple different measures of elasticity to be gathered for a single
given linear stretch of a receiving surface. Different elasticity measures may require different configurations of combi-
nations of actuators and sensors to achieve. Where the operation of surface interaction elements is alterable, a multiplicity
of these different measurements may in examples be performed over the same given area or section of the receiving
surface.
[0116] An EAP-based actuating or sensing element may be formed of an EAP stack comprising a plurality of elec-
troactive polymer electrode components, covered by a flexible insulator. When operating in actuation mode, the degree
of deformation of the receiving surface may be controlled by controlling the actuation voltage applied to the actuating
element.
[0117] Although EAPs are described as an advantageous example of a material for providing actuators and/or sensors,
the invention is not limited to the use of EAPs to provide either the actuating elements or the sensing elements. Other
alternative example materials for the actuating elements include other electroactive or electrically controllable materials
such as for example liquid crystal polymer networks, liquid crystal elastomers, electrorheological elastomers, shape
memory materials (e.g. heat activated shape memory materials), piezoceramics or magnetically controllable materials
such as magnetostrictive materials.
[0118] Furthermore, other kinds of actuator not including electroactive or electrically controllable materials may be
considered including for example actuators incorporating miniature actuator technologies based on inflatables, or MEMS
actuation devices.
[0119] Likewise, the sensing elements may be provided by other force and/or pressure sensitive devices including,
but not limited to, strain gauges, piezoelectric sensors (e.g. ceramics or PVDF-foils) and capacitive sensors.
[0120] In operation, measures of receiving surface elasticity may be obtained using surface interaction elements
according to a number of different methods and modes. A selection of these different possible modes will now be
described in detail. It is noted that any given embodiment of a surface analysis device may be adapted to implement
one or any combination of these modes. Depending upon the size of the arrangement of surface interaction elements,
multiple different modes may be implemented simultaneously, or may be implemented separately, by the controller.
[0121] Fig. 4 illustrates a first example mode or method for obtaining a measure of an elasticity of a receiving surface.
The figure shows a cross-sectional view of an example device being applied to a receiving surface 34. For the purposes
of the present example, it will be assumed that the receiving surface is skin, although the example mode may also be
applied to other receiving surfaces. A carrier 8 is shown supporting a single actuator 14 and single pressure sensor 16
against the surface of the skin 34. For the purposes of clarity, these two elements are shown only. However, it should
be understood that embodiments of the device in real cases will comprise more than just two elements, and the present
mode may be implementable using any pair of a larger given arrangement of elements.
[0122] Fig. 4a shows the arrangement in a first, inactive state, in which the actuating element 14 is idle. As shown in
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Fig. 4b, upon application of a control voltage by the controller (not shown in Fig. 4), the actuator deforms to expand in
a direction extending downward toward the receiving surface. This deformation has the effect of applying a force down-
wards onto the receiving surface 34, and thereby inducing an out-of-plane deformation (or indentation) in the surface of
the skin 34.
[0123] In non-limiting examples, the actuating element may be an EAP-based actuator comprising one or more layers
of EAP material, and adapted to deform in response to application of an electrical stimulus (as described above).
[0124] The sensing element 16 is adapted to measure a pressure applied to it by the receiving surface. This too may
be formed by one or more EAP components, and utilised to measure a pressure in accordance with the methods
described above. Alternatively, the sensing element may be a different kind of pressure and/or force sensor, such as a
stress gauge, a piezoelectric sensor (e.g. ceramics or PVDF-foils) or a capacitive sensor.
[0125] Fig. 4b shows an example in which the skin layer (receiving surface) 34 is relatively stiff (or firm or inelastic).
Fig. 4c by contrast shows an example in which the receiving surface is relatively less stiff (or firm, or more elastic). In
the case that the receiving surface is relatively stiffer, the relative diameter of the induced indentation in the receiving
surface 34 is greater. In the case that the receiving surface is less stiff, the relative diameter of the induced deformation
is smaller.
[0126] It is noted that the term ’stiff in the above description is to be interpreted broadly and may refer to skin which
is firmer or less elastic, or may alternatively refer to one or more other physical properties giving rise to the illustrated
behaviour. These properties may relate to the viscous behaviour of the skin for example or tension or slack in an upper
skin surface layer.
[0127] The term ’stiff’ or ’elastic’ or ’elasticity’ may refer to an ’effective elasticity’, in which multiple physical properties
and factors are taken into account. It may not refer directly to any particular classical measure of elasticity (such as
elastic modulus) but may be a more general or broad concept intended to cover a wider set of properties and factors
which can influence the deformation response of a typical region of skin.
[0128] This complex combination of various physical factors gives rise to the above-described result: that application
of a locally focussed force to a point on skin exhibiting greater ’effective elasticity’ or reduced ’stiffness’ results in an
indentation having smaller relative diameter.
[0129] As a result of the differing skin properties in each of Figs. 4a and 4b, the pressure or force sensing element
16, located laterally displaced from the actuator 14, experiences a change in its measured pressure which is different
in each of the two cases. In the case of the stiffer skin (Fig. 4b), in which the diameter of the induced indentation is
greater, a greater area of skin 34 is pulled away from the base of the sensor, and hence the overall pressure applied to
the sensor by the receiving layer is reduced. In the case of less stiff skin (Fig. 4c), in which the size of the induced
indentation is smaller, less skin, or even no skin at all, is pulled away from the sensor, and hence any sensed reduction
in pressure will be smaller.
[0130] By monitoring the pressure readings of the sensor 16 before and/or after deformation of the skin 34 therefore,
an indication of the degree of skin elasticity may be achieved. In particular, this mode of measurement enables a measure
of skin indentation resistance to be obtained (out-out-plane skin elasticity).
[0131] In particular examples, the pressure output of the sensor may be monitored both before and after activation of
the actuator, and a change in pressure values determined. In other examples, the raw pressure values following activation
alone may be captured.
[0132] In either case the captured or determined values may, in examples, further be compared or evaluated against
some standard set of reference values, in order thereby to achieve some quantitative measure of the degree of elasticity.
The values may also be input as variables into a physical model, the model enabling a quantitative measure of elasticity
to be determined.
[0133] In either case, this further processing may, according to one or more examples, be performed by the controller
itself or by a further analysis unit included in the device. Alternatively, the device may be adapted to output only the raw
values themselves, with any analysis performed subsequently by an external system or by a human operator.
[0134] Where an EAP based actuator is used, it is possible to induce not only static deformations of the actuator, but
also time-varying deformations, wherein the extent of actuator expansion varies as a function of time. A static deformation
is achieved by application of a DC control signal to the actuator. An oscillating deformation may by contrast be achieved
by applying an AC signal to the actuator.
[0135] Inducing a time-varying deformation in the actuator 14 causes the depth of the induced indentation to change
(for example cyclically) over time. This may enable further dynamic measures of elasticity to be obtained. For example,
a time varying deformation may induce travelling waves in the receiving surface 34. The velocity at which the waves
travel through the skin may provide an indication of the elasticity of the skin.
[0136] According to one or more examples, the actuating element 14 may be provided with an adaptor for changing
the area over which a force is applied to the receiving surface 34 by the actuating element. An example is shown in Fig.
5, which illustrates an adapter 38 designed to reduce the total area over which the deformation force of the actuator 14
is applied to the receiving surface. This consequently increases the pressure which is applied to the surface. Figs. 5a
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and 5b shows the arrangement in idle and actuated states respectively.
[0137] In further examples, a different adapter may be provided, for example an adapter designed to increase the
area over which a force is applied (and therefore reduce the magnitude of an applied pressure).
[0138] The example of Fig. 4 illustrates a method of determining indentation resistance of a receiving surface based
upon application of an out-of-plane deformation in the surface, and upon measuring an out-of-plane pressure and/or
force exerted by the receiving surface.
[0139] According to further examples, one or more measures of in-plane elasticity may also be achieved. In a simple
first example, this may be obtained using a variant of the example arrangement of Fig. 4, wherein two actuators 14 are
provided, one positioned either side of the sensor and which are operable to expand laterally (in a direction substantially
parallel with the receiving surface). The sensor 16 is provided operable to measure a lateral force applied across its
lower active surface.
[0140] By stimulating the two actuators to laterally deform simultaneously, a stretching of the region of skin lying
between them is achieved (i.e. an in-plane deformation of the skin is effected). The sensor positioned between the two
actuators is controlled to monitor the lateral (in-plane) forces exerted across its lower surface by the receiving surface.
Depending upon the elasticity of the skin, a different magnitude of force will be measured by the sensor for a given lateral
deformation of the actuators. In particular, the measured force after deformation will be greater for skin which is relatively
stiffer, and will be lower for skin which is relatively looser or more elastic.
[0141] Again, the controller may be configured to calculate a change in the measured force (before and after actuation),
or simply to capture the raw force values. These calculated or raw values may again be compared with some standard
set of reference values in order to obtain a quantitative measure of skin (or other surface) in-plane elasticity. The values
may alternatively be processed using a physical model to thereby obtain a quantitative elasticity measure.
[0142] According to a further example variation, the example mode of Fig. 4 may simply be extended to include two
actuating elements 16 (positioned either side of the sensing element 18) both operable to induce out-of-plane deforma-
tions (indentations).
[0143] The two actuators may be stimulated by the controller to induce simultaneous indentations in the surface on
either side of the sensing element. In this case, a combination of both indentation and stretching is achieved. The sensor
may measure a convolution of these two effects.
[0144] The sensor in this case may be operable to measure a lateral force applied across its lower active surface, or
may be operable to measure an out-of-plane (i.e. perpendicular to the receiving surface) force applied to its lower active
surface. In either case, the sensor signal output may be affected by both indentation and stretching effects, and the
obtained pressure/force measurements may therefore provide a measure which reflects both of these physical effects.
[0145] Fig. 6 shows a further example operating and measurement mode by means of which a further alternative
measure of surface elasticity can be obtained. In this case, the provided carrier 8 of the device holds an arrangement
which includes an actuating element 14 operable to produce in-plane deformations, and a sensing element 16 operable
to sense in-plane or out-of-plane pressures and/or forces. Again, although only two elements are shown for the purposes
of this example, true embodiments of the invention include arrangements comprising more than two elements. Multiple
pairs of such arrangements may be controlled in accordance with the present operating mode to achieve multiple elasticity
measurements.
[0146] As shown in Fig. 6b, the actuating element 14 is stimulated with a time-varying control voltage, causing it to
deform laterally in a time-varying fashion, thereby inducing a time-varying in-plane deformation in the receiving surface
34. This manifests in the generation of a surface (acoustic) Lamb wave 40 which propagates across the surface 34.
[0147] As shown in Fig. 6c, this wave 40 is detected by the sensing element 16 as a pressure wave after a time delay
Δt. Based on the time delay, a velocity of the wave can be calculated.
[0148] There is a positive correlation between the speed of elastic shear wave propagation and the stiffness of the
material through which it is travelling. As a consequence, the value of the wave velocity provides an indication of the
receiving surface elasticity. In particular, in the case that the method is applied to skin, the velocity of this surface acoustic
(Lamb) wave may provide an indication of the viscoelasticity of a user’s skin.
[0149] This mode of measurement (or the mode illustrated in Fig. 4) may be expanded in further examples by inclusion
of additional sensing elements 16 positioned in proximity to the actuating element 14. Each sensing element may in
examples be positioned adjacent to the actuator (with no other elements in-between), for example forming an annular
arrangement which surrounds a central sensor.
[0150] Such a configuration enables multiple elasticity measures (either indentation or viscoelasticity measures) to
be obtained simultaneously, since a single deformation pattern generated by the central actuator can be sensed or
monitored by each of the surrounding sensing elements at the same time Such a configuration allows for faster data
recording for example, and more efficient power consumption.
[0151] Fig. 7 shows a variation on the example operating mode of Fig. 6, in which the actuation element 14 is operable
to expand both laterally and perpendicularly (i.e. both parallel and perpendicular to the receiving surface 34). As shown
in Fig. 7b, the actuator is first controlled to deform statically in a direction perpendicular (normal) to the receiving surface
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to induce a static (non-time varying) out-of-plane deformation (indentation) in the receiving surface.
[0152] As shown in Fig. 7c, the actuator 14 is then simultaneously controlled to deform laterally in a time-varying
fashion. The time-varying lateral expansion stimulates a resultant surface acoustic (Lamb) wave 40 which propagates
along the (already indented) receiving surface 34 in the direction of a laterally displaced sensing element 16. The sensing
element is configured to detect arrival of the wave, as in the example of Fig. 6. Based on a measured time of arrival, the
velocity of the wave can again be determined.
[0153] The static out-of plane deformation serves to adjust a static (baseline) pressure of the actuator 14 on the
receiving surface 34. This may enable adjustment of the coupling of the actuator to the receiving surface, or may enable
multiple measurements of wave 40 velocity to be attained, corresponding to different static pressures. The static pressure
in the latter case provides an additional degree of freedom in the system, which may allow a richer and more detailed
analysis of surface elasticity to be achieved.
[0154] The simultaneous stimulation of both static perpendicular and time-varying lateral expansion of the actuator
may be achieved in examples by applying superposed DC and AC signals to an EAP element. A high-magnitude DC
signal generates the static expansion in a direction normal with the receiving surface and a low-amplitude AC signal
generates the time-varying expansion parallel with the receiving surface. This may work best with use of a dielectric
elastomer. PVDF-based relaxor polymers may also be used, although achievable displacement is smaller.
[0155] In accordance with a further example operating mode, a measure of skin adhesion and friction can be obtained.
This is achieved by measuring a so-called peel-off force of a sample of skin upon indentation and displacement of the
skin. Fig. 8 schematically depicts an example configuration for achieving this measurement. The arrangement includes
two actuators 14 operable to generate out-of-plane deformations in the skin surface 34, the actuators positioned sur-
rounding a central sensing element 16.
[0156] The sensing element 16 in this case must be operable to measure both positive and negative forces/pressures;
it must be operable to measure a force or pressure exerted by the receiving surface in a direction inwards towards the
surface (i.e. a ’pulling force’ away from a lower surface of the sensing element itself) as well as a force in a direction
upwards towards its own lower surface.
[0157] As shown in Fig. 8, upon activation of both actuators 14, the resultant deformation in the skin surface 34 applies
a downward force which acts to pull the skin away from the surface of the sensing element 16. As the skin is pulled
away, it pulls down on the sensor 16 with a magnitude which is dependent upon the skin adhesion. The peak value of
this downward pulling force is known as the ’peel-off force.
[0158] For improved sensitivity, the peel off force can be enhanced by using a relatively smooth and/or soft sensor
surface which may amplify the skin adhesion properties. Skin adhesion and skin friction are correlated, and hence a
measure of the adhesion (or ’stickiness’) provides an indication of the friction.
[0159] The peel-off force (and hence skin adhesion) can be determined from the actuator voltage - sensor output
curve. Two examples of such curves are shown on the graph of Fig. 9, in which the x axis represents actuator 14 voltage
and the y-axis represents force measured by the sensing element 16.
[0160] Curve 44 shows the output curve which is attained for skin having low adhesion and friction. Here, the measured
force approximately linearly decreases to zero as the deformation of the actuators is increased, and then remains at
zero for all further actuation voltages. This indicates that there is zero experienced peel-off force; skin adhesion is too
low to cause any measurable sticking of the skin to the sensor 16.
[0161] Curve 46 shows the output curve which is attained for skin having high(er) adhesion and friction. Here, again,
measured force decreases linearly to zero with increasing voltage, but then continues to decline into negative force
measurements, reaching a minimum value indicated by dashed line 48. The dashed line 48 indicates the ’peel-off force’:
the force necessary for the skin to begin to separate from the sensor. Past the peel off force, the measured force increases
approximately linearly again up to zero, indicating that the skin is slowly unpeeling itself.
[0162] By analysing obtained actuation voltage vs sensor output curves, the peel-off force for a given skin sample can
be determined and a measure of skin adhesion and friction therefore obtained.
[0163] In variations, one actuator and one sensor only may be used to measure peel off force, provided that the two
are placed sufficiently close together.
[0164] According to a further example operating mode, measurement of a size and/or location of a skin wrinkle may
be performed. This mode is illustrated in Fig. 10. An actuator 14 operable to deform laterally is utilised in combination
with a sensor 16 operable to measure either in-plane or out-of plane forces or pressures. It is assumed that a wrinkle
52 is located in-between the actuator and sensor. Upon activation of the actuator, a lateral in-place force is applied to
the skin, pulling it in a direction indicated by the arrow.
[0165] Depending upon the size of the wrinkle 52 (and whether or not there is a wrinkle present at all), different actuation
voltage vs sensor output curves are obtained. Fig. 11 shows a number of different example curves corresponding to
different wrinkle scenarios, in which the x-axis represents actuator voltage, and the y-axis represents sensor output.
[0166] Where there is a wrinkle between the sensor 16 and actuator 14, the sensor initially registers zero output (or
at least a very weak output), while the wrinkle 52 is being ’unfolded’. After the wrinkle has been fully unfolded, the sensor
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output rapidly increases due to the inherent skin elasticity. The actuator voltage (i.e. the displacement) necessary to
fully unfold the wrinkle (’threshold voltage’) provides an indication of the size of the wrinkle (width, depth, volume).
[0167] This is illustrated in Fig. 11, in which curves 64 and 66 represent output curves corresponding to a smaller and
larger wrinkle 52 respectively. In each case, sensor output remains close to zero up to a given threshold voltage. Once
this threshold is passed, the sensor output begins to increase. The threshold voltage for the larger wrinkle trend-line 66
is illustrated on the graph by arrow 68. The smaller wrinkle has a smaller threshold voltage.
[0168] Curve 62 corresponds to the case in which no wrinkle is present. As shown, here the sensor output simply
increases with increasing voltage, without any initial delay or pause.
[0169] By analysing the obtained actuation voltage vs sensor output curve, the presence and/or size of a wrinkle can
be evaluated.
[0170] Fig. 12 illustrates a further example operating mode in accordance with embodiments of the invention. An
arrangement is used which includes two actuating elements 14 operable to induce out-of-plane deformations in the
receiving surface 34, and a sensing element 16 situated in-between the two actuators, operable to measure an out-of
plane pressure and/or force exerted by the receiving surface in a direction upward toward the sensor.
[0171] This arrangement effectively represents an expansion of the example measuring mode illustrated with reference
to Fig. 4, wherein two deforming actuators 14 are provided instead of one.
[0172] Fig. 12a shows an initial inactive state. Fig. 12b illustrates activation of both actuators 14 in the case of relatively
stiffer skin. Fig. 12c illustrates activation of both actuators in the case of relatively less stiff skin.
[0173] In the case of stiffer skin (Fig. 12b), activation of both actuators 14 causes a large pressure drop at the sensor
16. Indeed, Fig. 12b shows an extreme case in which the skin is fully separated from the sensor, resulting therefore in
100% pressure drop. This effectively represents the same result as is expected to be achieved in the example mode of
Fig. 4, but with a greater overall induced pressure drop.
[0174] In the case of less stiff skin (Fig. 12c), more interesting results may be obtained. In a first instance, lower-
stiffness skin will result in a lower measured pressure drop at the sensor 16 (as was the case for the Fig. 4 example).
However, in some cases, there may in fact be measured a net pressure rise, occurring as a result of an induced doming
arising from the application of symmetric pressure on both sides.
[0175] More flexible skin allows the downward pressure applied by the actuators 14 on either side of the sensor 16 to
be re-directed at least partially inward and upward toward the sensor. This pressure may in some cases manifest itself
in an upward applied pressure onto the lower sensing surface of the sensor (as shown in Fig. 12c). The degree of doming
will depend upon the stiffness of the skin. Hence, this extended arrangement incorporating two indenting actuators allows
for additional information about the skin stiffness to be obtained in comparison with the configuration and operating mode
of Fig. 4.
[0176] Fig. 13 shows a further example operating mode for obtaining a measure of an elasticity of a receiving surface.
This example effectively represents a ’reverse’ of the previous mode illustrated with reference to Fig. 12. Here, two
actuating elements 14 are utilised, positioned on either side of a central sensing element 16. The sensing element is
adapted to measure an out-of-plane pressure and/or force exerted by the receiving surface 34 in a direction away from
the receiving surface.
[0177] Each of the actuators 14 is operable to deform in a direction away from the receiving surface 34 as illustrated
in Figs. 13b and 13c. Since the surrounding carrier 8 matrix is applied firmly to the receiving surface, this deformation
produces an effective vacuum effect within the gap left vacant by the actuator deformation. This vacuum effect causes
the skin (or other receiving surface) below to be partially pulled upward to occupy a part of said gap created by the
deformation. This effectively induces an undulation in the skin, which causes the region of the skin lying symmetrically
between the two actuators to drop downwards. Where this region is aligned with the sensor element 16, this dropping
will be detected as a fall in applied upward force or pressure.
[0178] The magnitude of the measured pressure drop will depend upon the stiffness of the skin 34. Fig. 13b shows
the case for a sample of stiff skin. Here, the fall in the central region of skin is small, and hence the measurement pressure
drop is small. Fig. 13c shows the case for less stiff skin. Here the pressure drop is much greater. By analysing the output
values of the sensor, a measure of the skin elasticity or stiffness may be obtained.
[0179] In variant examples, the sensor 16 may be a displacement sensor instead of a pressure or force sensor.
[0180] Any of the above-described modes and configurations may be advantageously incorporated or implemented
in any example embodiment of the invention. Multiple different modes may be implemented simultaneously in certain
cases, or the controller may be adapted to switch between different modes to achieve different forms of measurement.
[0181] The first example device embodiment of Fig 1 described in previous passages above, illustrates a simplest
case of the present invention, in which an arrangement of only three surface interaction elements is provided. However,
the concept of the invention allows advantageous expansion to cover arrangements including any number of different
elements, arranged to follow any desired pattern or configuration. More complex patterns may allow for a richer or more
detailed set of measurement data to be obtained.
[0182] Fig. 14 shows for instance a first alternative example arrangement 10 of surface interaction elements which
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may be incorporated within example embodiments. The arrangement comprises a hexagonal annular arrangement of
six sensing elements 16 surrounding a central actuating element 14. The arrangement allows for multiple elasticity
measures to be obtained corresponding to different directions. As discussed above, multi-directional information enables
anisotropy information to be obtained.
[0183] For example, one elasticity measure may be obtained for each stretch of skin lying between each sensor 16
and the central actuator. This may be achieved by activating the central sensor to induce a deformation (in-plane or out
of plane, in accordance with any of the modes described above), and controlling each of the surrounding to sensors to
measure a resultant pressure. Sensor readings may in this case be taken concurrently, thereby achieving six measures
of elasticity, corresponding to six different directions, at the same time.
[0184] In a variation on the arrangement of Fig 14, an annular array of multiple actuators may instead be provided
surrounding a single sensing element. This arrangement also allows elasticity measures to be obtained for each of the
skin sections lying between each of the actuators and the central sensor.
[0185] However, this variant arrangement also allows for implementation of certain other of the modes of elasticity
measurement described above. For example, each pair A-B, C-D, E-F of actuators may be activated in combination
with the central sensor to achieve a measurement in accordance with the mode described with reference to Fig. 12 above.
[0186] Where an appropriate sensor is provided (one operable to measure both positive and negative pressures), a
measuring mode in accordance with the example of Fig. 8 may additionally be implemented.
[0187] Where appropriate actuators are provided (i.e. ones operable to deform away from the receiving surface), the
measurement method of Fig. 13 may also be implemented. Multiple different varieties of actuator may be provided to
enable implementation of a plurality of these different modes.
[0188] Although a hexagonal arrangement is illustrated by way of example, any configuration may equally be utilised,
for example rectangular, pentagonal, or any other regular or irregular shape or configuration. A hexagonal arrangement
confers the advantage of allowing multiple different directional measures to be obtained, while also providing good
tessellation between neighbouring arrangements to thereby allow for expansion of the arrangement to an arbitrary size.
[0189] In further examples, the shape or size of each surface interaction element may be varied, or the pitch between
neighbouring elements varied across the arrangement.
[0190] As noted above, the arrangement of sensors and actuators may be expanded to any arbitrary desired size.
Fig. 15 shows an example arrangement of multiple tessellated hexagonal configurations of sensors 16 and actuators 14.
[0191] The arrangement effectively comprises a plurality of the arrangements of Fig. 14. Each pair of neighbouring
hexagonal ’cells’ or configurations share two of their six sensing elements between them. This sharing of elements leads
to efficient utilisation of sensing resources, enabling large numbers of different elasticity measures to be obtained using
a reduced total number of sensing parts.
[0192] The controller may control any arbitrary sensor-actuator pair in the arrangement 10 to provide a respective
elasticity measurement. This enables large numbers of measures to be obtained, not only for different directions, but
also across different distances and for different local locations.
[0193] Figs. 16 and 17 illustrate utilisation of different example selections of elements within the arrangement 10 of
Fig. 15 to enable elasticity measures corresponding to different distances across a receiving surface. The bold outlined
elements are elements being actively controlled by the controller.
[0194] As shown in Fig. 16, an initial set of measurements may be taken between a central actuator 14 and each of
six immediately surrounding sensors 16. Once these measures are obtained, the six sensors located one ’layer’ out
from the first hexagonal ring may be utilised in combination with the central actuators to obtain a further six elasticity
measures, corresponding to the same set of directions, but across a wider distance.
[0195] These represent just two example operation or activation modes, and clearly any arbitrary combination or
pattern of elements may be activated to achieve different sets of measurements. Individual pairs of elements may be
activated for instance, or rings or patterns of sensing elements following a non-hexagonal shape. Lines of multiple
elements may be utilised for multiple measurement, or multiple lines utilised simultaneously or sequentially.
[0196] In accordance with any example arrangement, multiple different elasticity measures may in some examples
be averaged or otherwise combined, to provide average or amalgamated elasticity measures for a given area. For
instance multiple measures for different directions may be averaged, to provide a single measure of elasticity for a
particular area or region.
[0197] As discussed briefly above, use of EAP-based sensing and actuating allows for bi-functional surface interaction
elements to be provided, each element operable to function either as an actuator or as a sensor, as required. Use of
such bi-directional elements allows for a far denser set of data to be obtained with a given arrangement of elements that
would otherwise be possible. This is because bi-directional elements allow for arbitrary combinations of actuators and
sensors to be realised.
[0198] Such bi-functionality may also be realised in alternative examples by adding separate dedicated sensing func-
tionality to one or more actuators. This may be achieved by, for example, adding a pressure (or force or bending) sensor
to the actuator. In one or more examples, such a sensor device or element may be attached underneath the actuator,
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on the receiving-surface-facing lower surface of the actuator. This would allow sensing to be performed where desired,
but without necessarily interfering with actuation function. Such a sensor may consist in examples of a resistive, capacitive
or piezoelectric flexible film element which may be bonded to the actuator using adhesive for instance or by direct printing
onto the actuator.
[0199] Although bi-functional actuator is operable to achieve either sensing or actuation, the two would not be utilised
simultaneously. The added functionality confers advantages only in that it allows arbitrary switching between the two
different operation modes.
[0200] According to one or more example embodiments, temperature sensing capability may be advantageously
incorporated into one or more of the surface interaction elements. Skin elasticity properties are highly dependent upon
temperature. This is illustrated in Fig. 18 which shows 5 different example stress-strain curves for samples of skin, each
corresponding to a different skin temperature. The x-axis represents stress (in MPa) and the y-axis represents strain.
From uppermost to lowermost, the curves correspond to skin temperatures of 10°C, 15°C, 40°C, 50°C and 60°C re-
spectively.
[0201] Incorporation of temperature sensing may enable elasticity measurements to be corrected for temperature,
and hence more accurate and reliable results to obtained.
[0202] Temperature sensing may be directly achieved using EAP-based actuators, since these are capable of meas-
uring temperature simultaneously with actuation. This may be achieved in examples by superposing a low-amplitude
AC signal for determining temperature with a high magnitude DC signal for inducing actuation. An appropriate AC signal
may cause an exhibited impedance across the EAP element to change depending upon the temperature at which
actuation is performed (as well as the DC drive signal applied).
[0203] A calibration process may be performed in advance of operation, wherein an inductance across the EAP element
is measured for each of an anticipated possible range of applied DC drive signals, at each of a desired range of different
temperatures. A look-up table of corresponding exhibited impedances for applied DC signal at each different temperature
may accordingly be generated. This look-up table may be used in operation of embodiments of the device to determine,
based on a measured impedance and upon a known applied DC drive signal, an estimated temperature of the EAP
element.
[0204] Further to this, it may be of advantage to obtain measures of skin elasticity at a range of different temperatures.
The elastic behaviour of skin as a function of temperature provides a richer dataset than measurement at a single
temperature alone.
[0205] To achieve this, in accordance with one or more example embodiments, a heater element may be incorporated
with one or more of the actuators, for example affixed behind the actuator, which allows the actuator and the skin beneath
it to be heated.
[0206] Temperature may be sensed in these examples again as outlined above, and a series of elasticity measurements
may be performed at different temperatures in order to achieve analysis of elasticity as a function of temperature.
[0207] Alternatively, a heating element may be place in front of the actuator (on the skin-facing side). However, this
may interfere with the actuation performance of the actuator in some cases, by preventing close contact between the
actuator and the skin.
[0208] A heater/cooler element (such as a Peltier element) may be used in some examples for more accurate tem-
perature control.
[0209] Additionally, temperature sensing functionality may be used to determine thermal properties of the skin. For
instance, temperature sensing may enable the position of one or more anatomical features (such as arteries) to be
identified. For the case of locating the position of an artery for example, the difference in heat conductivity of the skin
may be determined. The heat conductivity will be higher in the vicinity of an artery close to the skin surface due to the
transport of heat by the flowing blood. By tracking the decrease in temperature of each sensor after deactivating the
heating element, regions with the highest thermal conductivity can be identified. This may indicate presence of an artery
under the skin surface.
[0210] An artery or other anatomical feature may be a region of interest for performing elasticity measurements for
example.
[0211] Use of multiple sensor outputs (as described in examples above) may enable more accurate results by allowing
for noise to be eliminated through calculation of one or more differential sensor results. For example a differential sensor
output may be calculated as follows: 

 where Sm and Sn are sensor outputs corresponding to the same transmitted signal generated by the same actuator
and sensed by each of sensor m and n respectively. |Stot| represents a differential sensor result in which noise has been
cancelled out.
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[0212] Applications for embodiments of the invention are wide and varied.
[0213] The invention is applicable generally in the field of surface analysis. A range of industries may benefit from the
improved capacity offered by the invention to measure and analyze elasticity of lateral stretches of a receiving surface
extending in multiple directions. The present invention enables anisotropy in the lateral elasticity of a surface to be
measured and analyzed.
[0214] Example applications may include the testing of fabric elasticity, such as for clothing, carpets, seating, or other
fabric furnishings such as curtains. The capacity to analyze elasticity with greater sophistication and detail may be useful
for instance in assessment of probable lifetime of fabrics or materials used in such applications. For instance the device
might be used to assess the surface elasticity across different linear regions of an area of fabric for a chair. This may
enable assessment, based also on typical weight distribution of persons when sitting on a chair, of likely areas of most
wear or strain in the material, and likely useable lifetime. The areas predicted to experience most strain might be
strengthened or thickened by an amount dependent on the elasticity measurements obtained using embodiments of the
invention.
[0215] Similarly, for application to materials for curtains, it may be useful for instance to assess the elasticity in different
directions of the material, so as to determine in which orientation to cut the fabric for least gravity-induced stretching of
the curtains. There are likewise applications for materials used in a wide range of industrial or commercial areas in which
in-plane elasticity of the material when in use is an important factor.
[0216] It also known that analysis of elasticity of animal hides is a useful tool, and the added ability of the present
invention to measure anisotropy in elasticity across different stretches of the hide may be a valuable additional function-
ality.
[0217] Further to the above examples, a wide range of applications exist relating in particular to skin analysis.
[0218] Example devices, especially when implemented as in a thin, flexible patch for instance, would be suitable in
beauty therapy applications. Measurements of skin elasticity may be used to subsequently advise on treatment of the
skin, especially effects of ageing on the elasticity of the skin. Other causes (besides aging) might be Cutis laxa, Erythema
multiforme, sun damage and weight loss.
[0219] Also diseases can be related to changes in elasticity. The skin normally stretches and returns to its normal
position if it is well hydrated and healthy. Hyper elastic skin stretches beyond the normal limit. Although this is not usually
cause for concern, hyper elastic skin can be a symptom of many diseases and conditions. For instance Ehlers-Danlos
syndrome, the Marfan syndrome, the Brittle bone disease and the Aarskog syndrome.
[0220] A further application may be to assess the elasticity of suspicious birthmarks or other skin defects as a means
of differentiating them from non-malignant defects. The pitch of actuators and sensors in this case may be small to
enable a plurality of these elements to cover a small skin defect.
[0221] Proposed embodiments could be used in applications where elastic materials have to be characterized.
[0222] Besides the uses outlined above, potential applications include:

- Identifying positions of arteries for the purpose of PPG blood pressure/heart rate monitoring. Actuators positioned
above the artery where blood pressure has to be measured may be activated;

- Elasticity variation information across a region of facial skin may be advantageous used to adapt a shaver rotation
of oscillation speed for a smoother shave (a mini EAP-Sensor array may be incorporated within a skin-contacting
portion of a shaver for instance);

- Elasticity information can be used to optimize topical dosing to the skin, for example of moisturizers or other creams;
- Skin friction can be measured by moving an example device over the skin to characterize skin friction variations at

different locations. This information can be used to optimize beauty treatments for instance.

[0223] Materials suitable for the EAP component are known. Electro-active polymers include, but are not limited to,
the sub-classes: piezoelectric polymers, electromechanical polymers, relaxor ferroelectric polymers, electrostrictive pol-
ymers, dielectric elastomers, liquid crystal elastomers, conjugated polymers, Ionic Polymer Metal Composites, ionic gels
and polymer gels.
[0224] The sub-class electrostrictive polymers includes, but is not limited to:
Polyvinylidene fluoride (PVDF), Polyvinylidene fluoride - trifluoroethylene (PVDF-TrFE), Polyvinylidene fluoride - trifluor-
oethylene - chlorofluoroethylene (PVDF-TrFE-CFE), Polyvinylidene fluoride - trifluoroethylene - chlorotrifluoroethylene)
(PVDF-TrFE-CTFE), Polyvinylidene fluoride- hexafluoropropylene (PVDF - HFP), polyurethanes or blends thereof.
[0225] The sub-class dielectric elastomers includes, but is not limited to:
acrylates, polyurethanes, silicones.
[0226] The sub-class conjugated polymers includes, but is not limited to:

polypyrrole, poly-3,4-ethylenedioxythiophene, poly(p-phenylene sulfide), polyanilines.
Ionic devices may be based on ionic polymer - metal composites (IPMCs) or conjugated polymers. An ionic polymer
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- metal composite (IPMC) is a synthetic composite nanomaterial that displays artificial muscle behavior under an
applied voltage or electric field.

[0227] In more detail, IPMCs are composed of an ionic polymer like Nafion or Flemion whose surfaces are chemically
plated or physically coated with conductors such as platinum or gold, or carbon-based electrodes. Under an applied
voltage, ion migration and redistribution due to the imposed voltage across a strip of IPMCs result in a bending deformation.
The polymer is a solvent swollen ion-exchange polymer membrane. The field causes cations travel to cathode side
together with water. This leads to reorganization of hydrophilic clusters and to polymer expansion. Strain in the cathode
area leads to stress in rest of the polymer matrix resulting in bending towards the anode. Reversing the applied voltage
inverts the bending.
[0228] If the plated electrodes are arranged in a non-symmetric configuration, the imposed voltage can induce all
kinds of deformations such as twisting, rolling, torsioning, turning, and non-symmetric bending deformation.
[0229] In all of these examples, additional passive layers may be provided for influencing the electrical and/or me-
chanical behavior of the EAP layer in response to an applied electric field.
[0230] The EAP component of each unit may be sandwiched between electrodes. The electrodes may be stretchable
so that they follow the deformation of the EAP material. Materials suitable for the electrodes are also known, and may
for example be selected from the group consisting of thin metal films, such as gold, copper, or aluminum or organic
conductors such as carbon black, carbon nanotubes, graphene, poly-aniline (PANI), poly(3,4-ethylenedioxythiophene)
(PEDOT), e.g. poly(3,4-ethylenedioxythiophene) poly(styrenesulfonate) (PEDOT:PSS). Metalized polyester films may
also be used, such as metalized polyethylene terephthalate (PET), for example using an aluminum coating.
[0231] The invention can be applied in many EAP and photoactive polymer applications, including examples where
a passive matrix array of actuators or sensors, or combined sensor and actuators is of interest.
[0232] EAP actuators for example provide unique benefits mainly because of the small form factor, the flexibility and
the high energy density. Hence EAPs and photoresponsive polymers can be easily integrated in soft, 3D-shaped and /
or miniature products and interfaces. Examples of such applications are:

Skin cosmetic treatments such as skin actuation devices in the form of a responsive polymer based skin patches
which apply a constant or cyclic stretch to the skin in order to tension the skin or to reduce wrinkles;
Respiratory devices with a patient interface mask which has a responsive polymer based active cushion or seal, to
provide an alternating normal pressure to the skin which reduces or prevents facial red marks;
Electric shavers with an adaptive shaving head. The height of the skin contacting surfaces can be adjusted using
responsive polymer actuators in order to influence the balance between closeness and irritation;
Oral cleaning devices such as an air floss with a dynamic nozzle actuator to improve the reach of the spray, especially
in the spaces between the teeth. Alternatively, toothbrushes may be provided with activated tufts;
Consumer electronics devices or touch panels which provide local haptic feedback via an array of responsive polymer
transducers which is integrated in or near the user interface;
Catheters with a steerable tip to enable easy navigation in tortuous blood vessels.

[0233] Other variations to the disclosed embodiments can be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the drawings, the disclosure, and the appended claims. In the claims,
the word "comprising" does not exclude other elements or steps, and the indefinite article "a" or "an" does not exclude
a plurality. The mere fact that certain measures are recited in mutually different dependent claims does not indicate that
a combination of these measures cannot be used to advantage.
[0234] Any reference signs in the claims should not be construed as limiting the scope.

Claims

1. A device (6) for application to a receiving surface (34) to analyse an elasticity of said receiving surface across a
plurality of different linear sections of said surface, the device comprising

- a carrier (8), having a surface;
- an arrangement (10) comprising:

- three or more surface interaction elements (14, 16) mounted to the carrier surface, each one of the surface
interaction elements being operable to perform only one of an actuation or pressure sensing function at
any one time, and being spatially separated from one another and distributed in two dimensions across the
carrier surface;
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- a first surface interaction element (14) operable to perform an actuation function; and
- a second surface interaction element (16) operable to perform a pressure sensing function; and

- a controller (20), operatively coupled with the surface interaction elements (14, 16), and adapted to:

- control the first surface interaction element (14) to induce a deformation in the receiving surface (34) at
a first contact point;
- control the second surface interaction element (16) to measure a pressure and/or force exerted by the
receiving surface (34) at a second, spatially separated, contact point, to enable determination of a measure
of an elasticity of the receiving surface between the first and second points; and
- control one or more further surface interaction elements, simultaneously with at least the second and/or
first element, to either induce a deformation in, or measure a pressure and/or force exerted by, the receiving
surface (34) at a further one or more contact points, in order thereby to enable determination of a measure
of elasticity between each of said further one or more points, and either the second or first contact point.

2. A device (6) as claimed in claim 1, wherein the controller (20) is operable to selectively control a plurality of different
pairs of the surface interaction elements (14, 16), each pair including one element operable to perform actuation
and one element operable to perform pressure and/or force sensing, to independently or simultaneously perform
respective surface-deformation and pressure/force sensing functions, to thereby enable a plurality of independent
or simultaneous elasticity measures across a plurality of differently angled linear sections of said receiving surface
(34).

3. A device (6) as claimed in claim 1 or 2, wherein the controller is adapted to control one or more of the surface
interaction elements (14, 16) to measure a change in the pressure and/or force exerted by the receiving surface
(34) at a respective contact point following inducement of a deformation by a further surface interaction element at
a further spatially separated point.

4. A device (6) as claimed in any preceding claim, wherein the controller (20) is further adapted to process a plurality
of pressure and/or force measurements obtained from one or more surface interaction elements (14, 16), in order
to enable analysis of an average or aggregate elasticity measurement for a plurality of different linear sections of
said receiving surface (34).

5. A device (6) as claimed in any preceding claim, wherein

- a plurality of the surface interaction elements (14, 16) are operable to perform an actuation function, and
wherein the controller (20) is adapted to control said plurality of elements to induce respective deformations in
the receiving surface (34) at a respective plurality of contact points, and to control a single further surface
interaction element to measure a pressure and/or force exerted by the receiving surface at a further spatially
displaced contact point; and/or
- a plurality of the surface interaction elements (14, 16) are operable to perform a pressure and/or force sensing
function, and wherein the controller (20) is adapted to control a single further surface interaction element to
induce a deformation in the receiving surface (34) at a single contact point, and to control said plurality of surface
interaction elements to measure a pressure and/or force exerted by the receiving surface at a further plurality
of contact points.

6. A device (6) as claimed in claim 5, wherein said plurality of surface interaction elements (14, 16) are each positioned
adjacent to said single surface interaction element.

7. A device (6) as claimed in any preceding claim, wherein at least a subset of the surface interaction elements (14,
16) are each operable to perform a selected one of either actuation or pressure sensing, and optionally wherein
the controller (20) is operable to selectively switch each of said subset of surface interaction elements (14, 16)
between performing an actuation function and performing a sensing function.

8. A device (6) as claimed in any preceding claim, wherein at least a subset of the surface interaction elements (14,
16) comprises an electroactive polymer material adapted to deform in response to application of an electrical signal,
and/or adapted to generate an electrical signal in response to a force or pressure exerted on the element.

9. A device (6) as claimed in any preceding claim, wherein said controlling includes:
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- controlling at least one surface interaction element (14) to induce an out-of plane deformation in the receiving
surface (34) at a respective contact point, and controlling at least a further surface interaction element (16) to
measure an out-of-plane pressure and/or force exerted by the receiving surface at a further respective contact
point; and/or
- controlling at least one surface interaction element (14) to induce an in-plane deformation in the receiving
surface (34) at a respective contact point, and controlling at least a further surface interaction element (16) to
measure an in-plane or out-of-plane pressure and/or force exerted by the receiving surface at a further respective
contact point.

10. A device (6) as claimed in claim 8, wherein at least one surface interaction element (14) is operable to induce an
in-plane deformation, and at least a further surface interaction element (16) is operable to measure an in-plane or
out of plane pressure and/or force, and wherein the controller (20) is adapted to apply a time-varying control signal
to said at least one element (14) in order to control the at least one element to induce a time-varying in-plane
deformation in the receiving surface (34), and is further adapted to determine, based on an output from the further
surface interaction element (16), a time delay between generation of the time-varying deformation and detection of
a pressure or force change at the further element.

11. A device (6) as claimed in claim 9, wherein said at least one surface interaction element (14) is operable to induce
both an in-plane and out-of plane deformation simultaneously, and wherein the controller (20) is further adapted to
control said at least one surface interaction element to induce a non-time-varying out of plane deformation in the
receiving surface (34).

12. A device (6) as claimed in any preceding claim, wherein the controller (20) is operable to control a first surface
interaction element (14) to induce an out-of-plane deformation in the receiving surface (34), and to control at least
a further surface interaction element (16) to measure an out-of-plane pressure and/or force exerted in a direction
towards the receiving surface, and optionally wherein the controller is adapted to control two surface interaction
elements to induce respective out-of-plane deformations in the receiving surface, the further surface interaction
element being positioned in-between said two elements.

13. A device (6) as claimed in any preceding claim, wherein one or more of the surface interaction elements (14, 16) is
further operable to perform a temperature sensing function, and wherein the controller (20) is adapted to control
said element to measure a temperature of the receiving surface (34), and optionally wherein the device further
comprises a heating element operable to heat the surface interaction element and/or a portion of the receiving surface.

14. A device (6) as claimed in any preceding claim wherein the carrier is a compliant carrier for conforming to a topology
of the receiving surface, and optionally wherein the carrier is for application to skin.

15. A method of determining a measure of elasticity of a receiving surface (34) across a plurality of linear sections of
said surface, by means of a surface analysis device (6), the surface analysis device comprising:

- a carrier (8), having a surface; and
- an arrangement (10) comprising:

- three or more surface interaction elements (14, 16) mounted to the carrier -surface, each one of the surface
interaction elements being operable to perform only one of an actuation or pressure sensing function at
any one time, and being spatially separated from one another and distributed in two dimensions across the
carrier surface,
- a first surface interaction element (14) operable to perform an actuation function,
- a second surface interaction element (16) operable to perform a pressure sensing function;

the method comprising:

- controlling the first surface interaction element (14) to induce a deformation in the receiving surface (34) at a
first contact point,
- controlling the second surface interaction element (16) to measure a pressure and/or force exerted by the
receiving surface (34) at a second, spatially separated, contact point, to enable determination of a measure of
an elasticity of the receiving surface between the first and second points, and
- controlling one or more further surface interaction elements to either induce a deformation in, or measure a
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pressure and/or force exerted by, the receiving surface at a further one or more contact points, in order to enable
determination of a further measure of elasticity between each of said further one or more points, and either the
second or first contact point.

Patentansprüche

1. Vorrichtung (6) zum Aufbringen auf eine empfangende Oberfläche (34) zur Analyse einer Elastizität der empfan-
genden Oberfläche über eine Vielzahl an verschiedenen linearen Abschnitten der Fläche, wobei die Vorrichtung
umfasst

- einen Träger (8) mit einer Fläche;
- eine Anordnung (10), umfassend:

- drei oder mehrere Flächeninteraktionselemente (14, 16), die an der Trägerfläche angebracht sind, wobei
ein jedes der Flächeninteraktionselemente betreibbar ist, um jeweils nur eine Betätigungs- oder Drucker-
fassungsfunktion zu jeder Zeit auszuführen, und die räumlich voneinander getrennt und zweidimensional
über die Trägerfläche verteilt sind;
- ein erstes Flächeninteraktionselement (14), das betreibbar ist, um eine Betätigungsfunktion auszuführen;
und
- ein zweites Flächeninteraktionselement (16), das betreibbar ist, um eine Druckerfassungsfunktion aus-
zuführen; und
- eine Steuerung (20), die betriebwirksam mit den Flächeninteraktionselementen (14, 16) gekoppelt und
ausgelegt ist, um:

- das erste Flächeninteraktionselement (14) so zu steuern, dass an einem ersten Kontaktpunkt eine
Verformung der empfangenden Oberfläche (34) induziert wird;
- das zweite Flächeninteraktionselement (16) zum Messen eines Drucks und/oder einer Kraft zu steuern,
die von der empfangenden Oberfläche (34) an einem zweiten räumlich getrennten Kontaktpunkt aus-
geübt werden, um die Bestimmung eines Maß für eine Elastizität der empfangenden Oberfläche zwi-
schen dem ersten und zweiten Punkt zu ermöglichen; und
- eines oder mehrere weitere Flächeninteraktionselemente gleichzeitig mit mindestens dem zweiten
und/oder ersten Element zu steuern, um entweder eine Verformung in der empfangenden Oberfläche
(34) an einem oder mehreren weiteren Kontaktpunkten zu induzieren oder einen von ihr ausgeübten
Druck und/oder Kraft zu messen, um dadurch die Bestimmung eines Elastizitätsmaßes zwischen jedem
der weiteren einen oder mehreren Punkten und entweder dem zweiten oder ersten Kontaktpunkt zu
ermöglichen.

2. Vorrichtung (6) nach Anspruch 1, wobei die Steuerung (20) betreibbar ist, um eine Vielzahl an verschiedenen Paaren
der Flächeninteraktionselemente (14, 16) selektiv zu steuern, wobei jedes Paar ein Element enthält, das betreibbar
ist, um eine Betätigung durchzuführen, und ein Element, das betreibbar ist, um eine Druck- und/oder Krafterfassung
durchzuführen, um unabhängig oder gleichzeitig jeweilige Flächenverformungs- und Druck- / Krafterfassungsfunk-
tionen auszuführen, um dadurch eine Vielzahl an unabhängigen oder gleichzeitigen Elastizitätsmaßen über eine
Vielzahl an unterschiedlich abgewinkelten linearen Abschnitten der empfangenden Oberfläche (34) zu ermöglichen.

3. Vorrichtung (6) nach Anspruch 1 oder 2, wobei die Steuerung ausgelegt ist, um eines oder mehrere der Flächen-
interaktionselemente (14, 16) zu steuern, um eine Änderung des Drucks und/oder der Kraft zu messen, die von der
empfangenden Oberfläche (34) an einem jeweiligen Kontaktpunkt nach Induzierung einer Verformung durch ein
weiteres Flächeninteraktionselement an einem weiteren räumlich getrennten Punkt ausgeübt werden.

4. Vorrichtung (6) nach einem der vorhergehenden Ansprüche, wobei die Steuerung (20) zudem ausgelegt ist, um
eine Vielzahl an Druck- und/oder Kraftmessungen zu verarbeiten, die von einem oder mehreren Flächeninterakti-
onselementen (14, 16) erhalten werden, um die Analyse einer durchschnittlichen oder aggregierten Elastizitätsmes-
sung für eine Vielzahl an verschiedenen linearen Abschnitten der empfangenden Oberfläche (34) zu ermöglichen.

5. Vorrichtung (6) nach einem der vorhergehenden Ansprüche, wobei

- eine Vielzahl an Flächeninteraktionselementen (14, 16) betreibbar ist, um eine Betätigungsfunktion auszufüh-



EP 3 506 814 B1

23

5

10

15

20

25

30

35

40

45

50

55

ren, und wobei die Steuerung (20) ausgelegt ist, um die Vielzahl an Elementen zu steuern, um jeweilige Ver-
formungen in der empfangenden Oberfläche (34) an einer jeweiligen Vielzahl an Kontaktpunkten zu induzieren,
und um ein einzelnes weiteres Flächeninteraktionselement zu steuern, um einen Druck und/oder Kraft zu mes-
sen, die von der empfangenden Oberfläche an einem weiteren räumlich versetzten Kontaktpunkt ausgeübt
werden; und/oder
- eine Vielzahl an Flächeninteraktionselementen (14, 16), betreibbar ist, um eine Druck- und/oder Krafterfas-
sungsfunktion auszuführen, und wobei die Steuerung (20) ausgelegt ist, um ein einzelnes weiteres Flächenin-
teraktionselement zu steuern, um eine Verformung in der empfangenden Oberfläche (34) an einem einzelnen
Kontaktpunkt zu induzieren und um die Vielzahl an Flächeninteraktionselementen zu steuern, um einen Druck
und/oder Kraft zu messen, die von der empfangenden Oberfläche an einer weiteren Vielzahl an Kontaktpunkten
ausgeübt werden.

6. Vorrichtung (6) nach Anspruch 5, wobei die Vielzahl an Flächeninteraktionselementen (14, 16) jeweils neben dem
einzelnen Flächeninteraktionselement positioniert sind.

7. Vorrichtung (6) nach einem der vorhergehenden Ansprüche, wobei mindestens eine Teilmenge der Flächeninter-
aktionselemente (14, 16) jeweils betreibbar ist, um eine ausgewählte entweder Betätigungs- oder Druckerfassung
durchzuführen, und wahlweise wobei
die Steuerung (20) betreibbar ist, um selektiv eine jede der Teilmenge von Flächeninteraktionselementen (14, 16)
zwischen dem Ausführen einer Betätigungsfunktion und dem Ausführen einer Erfassungsfunktion umzuschalten.

8. Vorrichtung (6) nach einem der vorhergehenden Ansprüche, wobei mindestens eine Teilmenge der Flächeninter-
aktionselemente (14, 16) ein elektroaktives Polymermaterial umfasst, das ausgelegt ist, um sich als Reaktion auf
das Anlegen eines elektrischen Signals zu verformen, und/oder ausgelegt ist, um ein elektrisches Signal als Reaktion
auf eine/n auf das Element ausgeübte/n Kraft oder Druck zu erzeugen.

9. Vorrichtung (6) nach einem der vorhergehenden Ansprüche, wobei die Steuerung enthält:

- Steuern mindestens eines Flächeninteraktionselements (14), um eine Verformung außerhalb der Ebene in
der empfangenden Oberfläche (34) an einem jeweiligen Kontaktpunkt zu induzieren, und Steuern mindestens
eines weiteren Flächeninteraktionselements (16), um einen Druck und/oder Kraft außerhalb der Ebene zu
messen, die von der empfangenden Oberfläche an einem weiteren jeweiligen Kontaktpunkt ausgeübt werden;
und/oder
- Steuern mindestens eines Flächeninteraktionselements (14), um eine Verformung innerhalb der Ebene in der
empfangenden Oberfläche (34) an einem jeweiligen Kontaktpunkt zu induzieren, und Steuern mindestens eines
weiteren Flächeninteraktionselements (16), um einen Druck und/oder Kraft außerhalb der Ebene zu messen,
die von der empfangenden Oberfläche an einem weiteren jeweiligen Kontaktpunkt ausgeübt werden.

10. Vorrichtung (6) nach Anspruch 8, wobei mindestens ein Flächeninteraktionselement (14) betreibbar ist, um eine
Verformung innerhalb der Ebene zu induzieren, und mindestens ein weiteres Flächeninteraktionselement (16) be-
treibbar ist, um einen Druck und/oder Kraft innerhalb der Ebene oder außerhalb der Ebene zu messen, wobei die
Steuerung (20) ausgelegt ist, um ein zeitlich veränderliches Steuersignal an das mindestens eine Element (14)
anzulegen, um das mindestens eine Element zu steuern, um eine zeitlich veränderliche Verformung innerhalb der
Ebene in der empfangenden Oberfläche (34) zu induzieren und ist zudem ausgelegt, um basierend auf einer Ausgabe
des weiteren Flächeninteraktionselements (16) eine Zeitverzögerung zwischen der Erzeugung der zeitlich verän-
derlichen Verformung und Erfassung von einer Druck- oder Kraftänderung am weiteren Element zu bestimmen.

11. Vorrichtung (6) nach Anspruch 9, wobei das mindestens eine Flächeninteraktionselement (14) betreibbar ist, um
gleichzeitig sowohl eine Verformung innerhalb der Ebene als auch außerhalb der Ebene zu induzieren, und wobei
die Steuerung (20) zudem ausgelegt ist, um das mindestens eine Flächeninteraktionselement zu steuern, um eine
nicht zeitlich veränderliche Verformung außerhalb der Ebene in der empfangenden Oberfläche (34) zu induzieren.

12. Vorrichtung (6) nach einem der vorhergehenden Ansprüche, wobei die Steuerung (20) betreibbar ist, um ein erstes
Flächeninteraktionselement (14) zu steuern, um eine Verformung außerhalb der Ebene in der empfangenden Ober-
fläche (34) zu induzieren, und um mindestens ein weiteres Flächeninteraktionselement (16) zu steuern, um einen
Druck und/oder Kraft außerhalb der Ebene zu messen, die in einer Richtung zur empfangenden Oberfläche ausgeübt
werden, und wahlweise wobei die Steuerung ausgelegt ist, um zwei Flächeninteraktionselemente zu steuern, um
jeweilige Verformungen außerhalb der Ebene in der empfangenden Oberfläche zu induzieren, wobei das weitere
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Flächeninteraktionselement zwischen den beiden Elementen positioniert ist.

13. Vorrichtung (6) nach einem der vorhergehenden Ansprüche, wobei eines oder mehrere der Flächeninteraktionse-
lemente (14, 16) zudem betreibbar sind, um eine Temperaturerfassungsfunktion auszuführen, und wobei die Steu-
erung (20) ausgelegt ist, um dieses Element zu steuern, um eine Temperatur der empfangenden Oberfläche (34)
zu messen und wahlweise wobei die Vorrichtung zudem ein Heizelement umfasst, das zum Erwärmen des Flä-
cheninteraktionselements und/oder eines Abschnitts der empfangenden Oberfläche betreibbar ist.

14. Vorrichtung (6) nach einem der vorhergehenden Ansprüche, wobei der Träger ein nachgiebiger Träger zum An-
passen an eine Topologie der empfangenden Oberfläche ist und wahlweise wobei der Träger zum Aufbringen auf
die Haut bestimmt ist.

15. Verfahren zum Bestimmen eines Elastizitätsmaßes einer empfangenden Oberfläche (34) über eine Vielzahl an
linearen Abschnitten der Fläche mittels einer Flächenanalysevorrichtung (6), wobei die Flächenanalysevorrichtung
umfasst:

- einen Träger (8) mit einer Fläche; und
- eine Anordnung (10), umfassend:

- drei oder mehrere Flächeninteraktionselemente (14, 16), die an der Trägerfläche angebracht sind, wobei
ein jedes der Flächeninteraktionselemente betreibbar ist, um jeweils nur eine Betätigungs- oder Drucker-
fassungsfunktion zu jeder Zeit auszuführen, und räumlich voneinander getrennt und zweidimensional über
die Trägerfläche verteilt sind,
- ein erstes Flächeninteraktionselement (14), das betreibbar ist, um eine Betätigungsfunktion auszuführen,
- ein zweites Flächeninteraktionselement (16), das betreibbar ist, um eine Druckerfassungsfunktion aus-
zuführen;

wobei das Verfahren umfasst:

- Steuern des ersten Flächeninteraktionselements (14), so dass an einem ersten Kontaktpunkt eine Verformung
der empfangenden Oberfläche (34) induziert wird,
- Steuern des zweiten Flächeninteraktionselements (16) zum Messen eines Drucks und/oder Kraft, die von der
empfangenden Oberfläche (34) an einem zweiten räumlich getrennten Kontaktpunkt ausgeübt werden, um die
Bestimmung eines Maßes für eine Elastizität der empfangenden Oberfläche zwischen dem ersten und zweiten
Punkt zu ermöglichen, und
- Steuern eines oder mehrerer weiterer Flächeninteraktionselemente, um entweder eine Verformung in der
empfangenden Oberfläche an einem oder mehreren Kontaktpunkten zu induzieren oder einen von dieser aus-
geübten Druck und/oder Kraft zu messen, um die Bestimmung eines weiteren Elastizitätsmaßes zwischen
jedem der weiteren einen oder mehreren Punkte und entweder dem zweiten oder dem ersten Kontaktpunkt zu
ermöglichen.

Revendications

1. Dispositif (6) destiné à être appliqué sur une surface de réception (34) pour analyser une élasticité de ladite surface
de réception à travers une pluralité de sections linéaires différentes de ladite surface, le dispositif comprenant

- un support (8), comportant une surface ;
- une disposition (10) comprenant :

- trois éléments d’interaction (14, 16) de surface ou plus montés sur la surface du support, chacun des
éléments d’interaction de surface pouvant être actionné pour effectuer une seule des fonctions d’action-
nement ou de détection de pression à tout moment, et étant séparés les uns des autres dans l’espace et
répartis en deux dimensions sur la surface du support ;
- un premier élément d’interaction (14) de surface pouvant être actionné pour exécuter une fonction
d’actionnement ; et
- un second élément d’interaction (16) de surface pouvant être actionné pour effectuer une fonction de
détection de pression ; et
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- un contrôleur (20), fonctionnellement couplé aux éléments d’interaction (14, 16) de surface, et adapté pour :

- commander le premier élément d’interaction (14) de surface pour induire une déformation dans la
surface de réception (34) en correspondance d’un premier point de contact ;
- commander le second élément d’interaction (16) de surface pour mesurer une pression et/ou une
force exercée par la surface de réception (34) en correspondance d’un second point de contact, séparé
dans l’espace, pour permettre la détermination d’une mesure d’une élasticité de la surface de réception
entre les premier et second points ; et
- commander un ou plusieurs éléments d’interaction de surface supplémentaires, simultanément avec
au moins le second et/ou le premier élément, pour induire soit une déformation dans, soit mesurer une
pression et/ou une force exercée par la surface de réception (34) en correspondance d’un ou plusieurs
points de contact supplémentaires, afin de permettre ainsi la détermination d’une mesure de l’élasticité
entre chacun desdits un ou plusieurs points supplémentaires, et soit le second ou le premier point de
contact.

2. Dispositif (6) selon la revendication 1, dans lequel le contrôleur (20) peut être actionné pour commander sélectivement
une pluralité de paires différentes d’éléments d’interaction (14, 16) de surface, chaque paire incluant un élément
pouvant être actionné pour effectuer un actionnement et un élément pouvant être actionné pour effectuer une
détection de pression et/ou de force, pour effectuer indépendamment ou simultanément des fonctions respectives
de détection de déformation de surface et de pression/force, pour permettre ainsi une pluralité de mesures d’élasticité
indépendantes ou simultanées sur une pluralité de sections linéaires à angles différents de ladite surface de réception
(34).

3. Dispositif (6) selon la revendication 1 ou 2, dans lequel le contrôleur est adapté pour commander un ou plusieurs
des éléments d’interaction (14, 16) de surface pour mesurer une modification de la pression et/ou de la force exercée
par la surface de réception (34) en correspondance d’un point de contact respectif suite à l’incitation d’une déformation
par un autre élément d’interaction de surface en correspondance d’un point supplémentaire séparé dans l’espace.

4. Dispositif (6) selon l’une quelconque des revendications précédentes, dans lequel le contrôleur (20) est de plus
adapté pour traiter une pluralité de mesures de pression et/ou de force obtenues à partir d’un ou plusieurs éléments
d’interaction (14, 16) de surface, afin de permettre l’analyse d’une mesure d’élasticité moyenne ou globale pour
une pluralité de sections linéaires différentes de ladite surface de réception (34).

5. Dispositif (6) selon l’une quelconque des revendications précédentes, dans lequel

- une pluralité d’éléments d’interaction (14, 16) de surface peut être actionnée pour exécuter une fonction
d’actionnement, et dans lequel le contrôleur (20) est adapté pour commander ladite pluralité d’éléments pour
induire des déformations respectives dans la surface de réception (34) en correspondance d’une pluralité
respective de points de contact, et pour commander un seul élément d’interaction de surface supplémentaire
pour mesurer une pression et/ou une force exercée par la surface de réception en correspondance d’un point
de contact supplémentaire déplacé dans l’espace ; et/ou
- une pluralité d’éléments d’interaction (14, 16) de surface peut être actionnée pour réaliser une fonction de
détection de pression et/ou de force, et dans lequel le contrôleur (20) est adapté pour commander un seul
élément supplémentaire d’interaction de surface pour induire une déformation dans la surface de réception (34)
en correspondance d’un seul point de contact, et pour commander ladite pluralité d’éléments d’interaction de
surface pour mesurer une pression et/ou une force exercée par la surface de réception en correspondance
d’une pluralité supplémentaire de points de contact.

6. Dispositif (6) selon la revendication 5, dans lequel ladite pluralité d’éléments d’interaction (14, 16) de surface sont
chacun positionnés de manière adjacente au dit élément d’interaction de surface unique.

7. Dispositif (6) selon l’une quelconque des revendications précédentes, dans lequel au moins un sous-ensemble
d’éléments d’interaction (14, 16) de surface peuvent chacun être actionnés pour effectuer soit un actionnement soit
une détection de pression sélectionné(e), et éventuellement dans lequel
le contrôleur (20) peut être actionné pour commuter sélectivement chacun desdits sous-ensembles d’éléments
d’interaction (14, 16) de surface entre l’exécution d’une fonction d’actionnement et l’exécution d’une fonction de
détection.
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8. Dispositif (6) selon l’une quelconque des revendications précédentes, dans lequel au moins un sous-ensemble
d’éléments d’interaction (14, 16) de surface comprend un matériau polymère électroactif adapté pour se déformer
en réponse à l’application d’un signal électrique, et/ou adapté pour générer un signal électrique en réponse à une
force ou à une pression exercée sur l’élément.

9. Dispositif (6) selon l’une quelconque des revendications précédentes, dans lequel ledit contrôle inclut :

- commander au moins un élément d’interaction (14) de surface pour induire une déformation hors plan dans
la surface de réception (34) en correspondance d’un point de contact respectif, et commander au moins un
élément d’interaction (16) de surface supplémentaire pour mesurer une pression et/ou une force hors plan
exercée par la surface de réception en correspondance d’un point de contact respectif supplémentaire ; et/ou
- commander au moins un élément d’interaction (14) de surface pour induire une déformation dans le plan dans
la surface de réception (34) en correspondance d’un point de contact respectif, et commander au moins un
élément d’interaction (16) de surface supplémentaire pour mesurer une pression et/ou une force dans le plan
ou hors plan exercée par la surface de réception en correspondance d’un point de contact respectif supplé-
mentaire.

10. Dispositif (6) selon la revendication 8, dans lequel au moins un élément d’interaction (14) de surface peut être
actionné pour induire une déformation dans le plan, et au moins un élément d’interaction (16) de surface supplé-
mentaire peut être actionné pour mesurer une pression et/ou une force dans le plan ou hors plan, et dans lequel le
contrôleur (20) est adapté pour appliquer un signal de commande variant dans le temps au dit au moins un élément
(14) afin de commander ledit au moins un élément pour induire une déformation dans le plan variant dans le temps
dans la surface de réception (34), et est de plus adapté pour déterminer, sur la base d’une sortie de l’élément
d’interaction (16) de surface supplémentaire, une temporisation entre la génération de la déformation variant dans
le temps et la détection d’un changement de pression ou de force en correspondance de l’élément supplémentaire.

11. Dispositif (6) selon la revendication 9, dans lequel ledit au moins un élément d’interaction (14) de surface peut être
actionné pour induire à la fois une déformation dans le plan et hors plan simultanément, et dans lequel le contrôleur
(20) est de plus adapté pour commander ledit au moins un élément d’interaction de surface pour induire une
déformation hors plan non variable dans le temps dans la surface de réception (34).

12. Dispositif (6) selon l’une quelconque des revendications précédentes, dans lequel le contrôleur (20) peut être ac-
tionné pour commander un premier élément d’interaction (14) de surface pour induire une déformation hors plan
dans la surface de réception (34), et pour commander au moins un élément d’interaction (16) de surface supplé-
mentaire pour mesurer une pression et/ou une force hors plan exercée dans une direction vers la surface de
réception, et éventuellement dans lequel le contrôleur est adapté pour commander deux éléments d’interaction de
surface pour induire des déformations hors plan respectives dans la surface de réception, l’élément d’interaction
de surface supplémentaire étant positionné entre lesdits deux éléments.

13. Dispositif (6) selon l’une quelconque des revendications précédentes, dans lequel un ou plusieurs des éléments
d’interaction (14, 16) de surface peuvent de plus être actionnés pour effectuer une fonction de détection de tempé-
rature, et dans lequel le contrôleur (20) est adapté pour commander ledit élément pour mesurer une température
de la surface de réception (34), et éventuellement dans lequel le dispositif comprend de plus un élément chauffant
pouvant être actionné pour chauffer l’élément d’interaction de surface et/ou une partie de la surface de réception.

14. Dispositif (6) selon l’une quelconque des revendications précédentes, dans lequel le support est un support souple
pour se conformer à une topologie de la surface de réception, et éventuellement dans lequel le support est destiné
à être appliqué sur la peau.

15. Procédé de détermination d’une mesure d’élasticité d’une surface de réception (34) sur une pluralité de sections
linéaires de ladite surface, au moyen d’un dispositif d’analyse (6) de surface, le dispositif d’analyse de surface
comprenant :

- un support (8), comportant une surface ;
- et une disposition (10) comprenant :
- trois éléments d’interaction (14, 16) de surface ou plus montés sur la surface du support, chacun des éléments
d’interaction de surface pouvant être actionné pour effectuer une seule des fonctions d’actionnement ou de
détection de pression à tout moment, et étant séparés les uns des autres dans l’espace et répartis en deux
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dimensions sur la surface du support,
- un premier élément d’interaction (14) de surface pouvant être actionné pour exécuter une fonction d’action-
nement,
- un second élément d’interaction (16) de surface pouvant être actionné pour effectuer une fonction de détection
de pression ;

le procédé comprenant :

- commander le premier élément d’interaction (14) de surface pour induire une déformation dans la surface de
réception (34) en correspondance d’un premier point de contact,
- commander le second élément d’interaction (16) de surface pour mesurer une pression et/ou une force exercée
par la surface de réception (34) en correspondance d’un second point de contact, séparé dans l’espace, pour
permettre la détermination d’une mesure d’une élasticité de la surface de réception entre les premier et second
points, et
- commander un ou plusieurs éléments d’interaction de surface supplémentaires pour induire soit une défor-
mation dans, soit mesurer une pression et/ou une force exercée par la surface de réception en correspondance
d’un ou plusieurs points de contact supplémentaires, afin de permettre ainsi la détermination d’une mesure
supplémentaire d’élasticité entre chacun desdits un ou plusieurs points supplémentaires, et soit le second ou
le premier point de contact.
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测量在另一个位移点处接收表面施加的合成压力和/或力，来获得弹性措
施。 传感器可以监视例如施加的压力和/或力的变化。
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