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Description
BACKGROUND

[0001] A deformation formed on a surface may lead to
adverse consequences. For example, a deformation on
a surface of bottom cover of an electric vehicle may dam-
age the battery package and place the vehicle in a dan-
gerous condition.

[0002] Applicant has identified many technical chal-
lenges and difficulties associated with detecting and
sensing the presence of deformation on a surface.
Through applied effort, ingenuity, and innovation, Appli-
cant has solved problems related to detecting and sens-
ing the presence of deformation on a surface by devel-
oping solutions embodied in the present disclosure,
which are described in detail below.

BRIEF SUMMARY

[0003] Various embodiments described herein relate
to methods, apparatuses, and systems for sensing. Var-
ious embodiments of the present disclosure provide a
sensing device comprising a support unit comprising a
first frame and a second frame, wherein a first end of the
first frame and a first end of the second frame are con-
figured to mechanically couple to a surface; and a pin
joint configured to mechanically couple the first frame to
the second frame, such that a first relative movement
between the first end of the first frame and the first end
of the second frame is amplified to a second relative
movement between a second end of the first frame and
a second end of the second frame; and a sensor me-
chanically coupled to the second end of the first frame
and the second end of the second frame, the sensor con-
figured to sense the second relative movement between
the second end of the first frame and the second end of
the second frame.

[0004] In various embodiments, a first distance be-
tween the pin joint and a first line passing through the
first end of the first frame and the first end of the second
frame is less than a second distance between the pin
joint and a second line passing through the second end
ofthe firstframe and the second end of the second frame.
[0005] Invarious embodiments, the first relative move-
mentis caused by a deformation of the surface. In various
embodiments, the surface is on a bottom cover of an
electric vehicle facing a battery of the electric vehicle. In
various embodiments, the battery comprises a battery
cell structure, wherein the battery cell structure and the
bottom cover form a chassis of the electric vehicle.
[0006] In various embodiments, the sensor comprises
a resistive strain gauge wherein a resistance varies due
to the second relative movement and wherein the defor-
mation is detected when the resistance is outside a nor-
mal resistance range.

[0007] In various embodiments, the sensor comprises
a capacitive strain gauge wherein a capacitance of the

10

15

20

25

30

35

40

45

50

55

strain gauge sensor varies due to the second relative
movement and wherein the deformation is detected when
the capacitance is outside a normal capacitance range.
[0008] In various embodiments, the sensor comprises
an inductive strain gauge wherein an inductance of the
strain gauge sensor varies due to the second relative
movement and wherein the deformation is detected when
the inductance is outside a normal inductance range.
[0009] In various embodiments, the sensor comprises
a piezoelectric material, wherein the piezoelectric mate-
rial generates a voltage due to the second relative move-
ment and wherein the deformation is detected when the
voltage is outside a normal voltage range.

[0010] Invarious embodiments, the first frame crosses
the second frame at the pin joint and the first and second
frames are each configured to pivot independently
around the pin joint.

[0011] Various embodiments of the presentdisclosure
provide a method comprising amplifying a first relative
movement between a firstlocation and a second location
on a surface using a first frame and a second frame me-
chanically coupled to the first and second locations re-
spectively and mechanically coupled to each other at a
pin joint; generating a second relative movement result-
ing from the amplification of the first relative movement
by the support unit; varying an electrical property of an
electrical component using the second relative move-
ment; and detecting a deformation of the surface using
an amount of variation in the electrical property.

[0012] Invarious embodiments, the method comprises
measuring the electrical property of the electrical com-
ponent, comparing the electrical property of the electrical
component with a first threshold and with a second
threshold, and determining the deformation of the surface
when the electrical property is higher than afirst threshold
or lower than a second threshold.

[0013] Invarious embodiments, the surface is on a bot-
tom cover of an electric vehicle facing a battery of the
electric vehicle. In various embodiments, the battery
comprises a battery cell structure, wherein the battery
cell structure and the bottom cover form a chassis of the
electric vehicle.

[0014] In various embodiments, the electrical compo-
nent comprises a resistive strain gauge and the electrical
property comprises a resistance configured to vary due
to the second relative movement and the method com-
prising detecting the deformation when the resistance is
outside a normal resistance range.

[0015] In various embodiments, the electrical compo-
nent comprises a capacitive strain gauge and the elec-
trical property comprises a capacitance configured to
vary due to the second relative movement and the meth-
od comprising detecting the deformation when the ca-
pacitance is outside a normal capacitance range.
[0016] In various embodiments, the electrical compo-
nent comprises a piezoelectric material and the electrical
property comprises a voltage generated by the piezoe-
lectric material due to the second relative movementand
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the method comprising detecting the deformation when
the voltage is outside a normal voltage range.

[0017] Invarious embodiments, the method comprises
generating an alarm when the deformation is detected.
[0018] Various embodiments of the present disclosure
provide a sensing system comprising a plurality of sup-
port units each comprising a first frame and a second
frame, wherein a first end of each first frame and a first
end of each second frame are configured to mechanically
couple to a surface; a pin joint configured to mechanically
couple each first frame to each corresponding second
frame, such that a first relative movement between the
first end of the first frame and the first end of the corre-
sponding second frame is amplified to a second relative
movement between a second end of the first frame and
a second end of the corresponding second frame; and a
sensor mechanically coupled to second ends of the plu-
rality of the first frames and second ends of the plurality
of the second frames, the sensor configured to sense the
second relative movement.

[0019] In various embodiments, the sensor comprises
an electrical component configured to have a variable
electrical property as a result of the second relative move-
ment, the sensing system comprising a controller config-
ured to determine a deformation of the surface using an
amount of variation in the electrical property.

[0020] The foregoing illustrative summary, as well as
other exemplary objectives and/or advantages of the dis-
closure, and the manner in which the same are accom-
plished, are further explained in the following detailed
description and its accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The description of the illustrative embodiments
may be read in conjunction with the accompanying fig-
ures. It will be appreciated that, for simplicity and clarity
of illustration, elements illustrated in the figures have not
necessarily been drawn to scale, unless described oth-
erwise. For example, the dimensions of some of the el-
ements may be exaggerated relative to other elements,
unless described otherwise. Embodiments incorporating
teachings of the present disclosure are shown and de-
scribed with respect to the figures presented herein, in
which:

FIG. 1A illustrates an example schematic diagram
depicting a battery cell structure and coverin accord-
ance with the prior art;

FIG. 1B illustrates an example schematic diagram
depicting an electric vehicle having a battery cell
structure and cover in accordance with the prior art;
FIG. 1C illustrates example damages to a surface
as in accordance with the prior art;

FIG. 2 is a schematic diagram illustrating a sensor
device in accordance with various embodiments of
the present disclosure;

FIG. 3Ais a schematic diagram illustrating a support
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unit in accordance with various embodiments of the
present disclosure;

FIG. 3B is a schematic diagram illustrating a support
unit in accordance with various embodiments of the
present disclosure;

FIG. 3C is a schematic diagramiillustrating a support
unit in accordance with various embodiments of the
present disclosure;

FIG.4Ais a schematic diagramillustrating a resistive
strain gauge in accordance with various embodi-
ments of the present disclosure;

FIG.4Bis a schematic diagramillustrating a resistive
strain gauge in accordance with various embodi-
ments of the present disclosure;
FIG.4Cisaschematicdiagramillustrating a resistive
strain gauge in accordance with various embodi-
ments of the present disclosure;

FIG.5is a schematic diagramillustrating a capacitive
strain gauge in accordance with various embodi-
ments of the present disclosure;

FIG. 6 is a schematic diagram illustrating an induc-
tive strain gauge in accordance with various embod-
iments of the present disclosure;

FIG. 7 is a schematic diagram illustrating a piezo
electric element in accordance with various embod-
iments of the present disclosure;

FIG. 8 is a schematic diagram illustrating a system
in accordance with various embodiments of the
present disclosure;

FIG. 9 is a schematic diagram illustrating a sensing
system in accordance with various embodiments of
the present disclosure;

FIG. 10is a schematic diagram illustrating a sensing
system in accordance with various embodiments of
the present disclosure;

FIG. 11 is a schematic diagram illustrating a sensing
system installed on a bottom cover of a vehicle in
accordance with various embodiments of the
present disclosure;

FIG. 12 is a schematic diagram illustrating a control-
ler in accordance with various embodiments of the
present disclosure;

FIG. 13 is a flowchartillustrating a method in accord-
ance with various embodiments of the present dis-
closure; and

FIG. 14 is a flowchartillustrating a method in accord-
ance with various embodiments of the present dis-
closure.

DETAILED DESCRIPTION OF THE INVENTION

[0022] Some embodiments of the present disclosure
will now be described more fully hereinafter with refer-
ence to the accompanying drawings, in which some, but
not all embodiments of the disclosure are shown. Indeed,
these disclosures may be embodied in many different
forms and should not be construed as limited to the em-
bodiments set forth herein; rather, these embodiments
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are provided so that this disclosure will satisfy applicable
legal requirements. Like numbers refer to like elements
throughout.

[0023] The components illustrated in the figures rep-
resent components that may or may not be present in
various embodiments of the present disclosure de-
scribed herein such thatembodiments may include fewer
or more components than those shown in the figures
while not departing from the scope of the present disclo-
sure. Some components/aspects may be omitted from
one or more figures or shown in dashed line for visibility,
clarity, and/or illustrative purposes, for example for visi-
bility of the underlying components.

[0024] The phrases "in an example embodiment,"
"some embodiments," "various embodiments," and the
like generally mean that the particular feature, structure,
or characteristic following the phrase may be included in
at least one embodiment of the present disclosure, and
may be included in more than one embodiment of the
presentdisclosure (importantly, such phrases do not nec-
essarily refer to the same embodiment).

[0025] The word "example" or "exemplary" is used
herein to mean "serving as an example, instance, or il-
lustration." Any implementation described herein as "ex-
emplary" is not necessarily to be construed as preferred
or advantageous over other implementations.

[0026] If the specification states a component or fea-
ture "may," "can," "could," "should," "would," "preferably,"
"possibly," "typically," "optionally," "for example," "often,"
or "might" (or other such language) be included or have
a characteristic, that a specific component or feature is
not required to be included or to have the characteristic.
Such components or features may be optionally included
in some embodiments, or may be excluded.

[0027] The terms "electronically coupled" or "in elec-
troniccommunication with" in the present disclosure refer
to two or more electrical elements (for example, but not
limited to, a controller, sensor, strain gauge, detection
module, an example processing circuitry, communication
module, input/output module, memory) and/or electric
circuit(s) being connected through wired means (for ex-
ample but not limited to, conductive wires or traces)
and/or wireless means (for example but not limited to,
wireless network, electromagnetic field), such that data
and/or information (for example, electronic indications,
signals) may be transmitted to and/or received from the
electrical elements and/or electric circuit(s) that are elec-
tronically coupled.

[0028] The term "mechanically coupled” in the present
disclosure refers to two or more mechanical elements
(for example, but not limited to, a frame, a surface, a
support unit, a joint, etc.) being physically connected di-
rectly or indirectly in various ways such as using fasten-
er(s), screws, nails, clasps, clamps, joints, pin joint, axle,
hinge, adhesive, welding, soldering, and/or any other in-
termediary part or component, etc. The term "mechani-
cally coupled" may refer to any of movable, turntable,
swiveling, pivoting, fixed, and/or stationary, etc.
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[0029] Various surfaces may require monitoring with
respect to deformation(s) and detection of a deformation
on the surface. A deformation may include any of distor-
tion, twist, buckle, bend, warp, crack, and/or hole and
may be resulted from a damage, collision, degradation,
and/or an external force, etc. on the surface.

[0030] In various embodiments, methods, systems,
devices, and/or apparatuses are provided to detect a de-
formation on a surface. For example, the surface may be
on a bottom cover of an electric vehicle, such as a surface
on the bottom cover facing a battery of the electric vehi-
cle. In various embodiments, any other surface such as
other surfaces of vehicles, containers, airplanes, ships,
and/or building structures, foundations, etc. may be mon-
itored. In example embodiments, the surface is moni-
tored continually and/or at various time intervals to detect
the deformation.

[0031] Referringnow to FIG. 1A, FIG. 1B, andFIG.1C
a schematic diagram illustrating an electric vehicle bat-
tery and bottom cover is provided in accordance with the
priorart. As used in various embodiments herein, an elec-
tric vehicle 120 may include a cell to chassis battery pack
and/or a battery cell structure 102. In various embodi-
ments, the battery cell structure may for example include
a honeycomb structure as for example shown in the bat-
tery cell structure 102. In various embodiments, a bottom
cover 104 is mechanically coupled to the battery cell
structure directly or indirectly. The bottom cover 104 may
also be part of the battery structure. In various embodi-
ments, the bottom cover is configured to protect the bat-
tery. In various embodiments, the battery cell structure
and the bottom cover form a chassis of the electric vehi-
cle.

[0032] In various embodiments, the bottom cover 104
is located at a bottom of the electric vehicle and is con-
figured to protect the battery from outside hazards such
as rocks or other debris from the road and/or any other
objects. The bottom cover 104 may be damaged in cir-
cumstances where the electric vehicle is involved in a
collision, or when objects strike the bottom cover. As a
result of the damage to the bottom cover 125, deforma-
tion including but not limited to any of dents or holes 204,
buckle 208, etc. may appear on the surface 106 of the
bottom cover 104.

[0033] In various embodiments, collision, impact by
other objects, and/or forces from any direction, such as
from the z direction 125, from the front direction 126 of
the vehicle in the x-y plane, from the rear direction 127
of the vehicle in the x-y plane and/or any combination
thereof, or any direction in the x, y, z dimensions may
cause deformation on the surface 106.

[0034] Thedriverorotheroccupants of the vehicle may
not realize occurrence of a deformation on the surface
106. For example, the impact by objects striking the bot-
tom cover 104 may not be noticed by a driver or occu-
pants of the vehicle, or a deformation caused by such
may go unnoticed. However, the deformation may
squeeze one or more battery cells, which could lead to
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some potential risks such as a thermal runaway which
may put the vehicle and/or the occupants in danger of
fire and/or smoke. A thermal runaway may be caused by
a chain reaction causing heat and/or fire starting at one
battery cell spreading rapidly to the other battery cells.
For example, the thermal runaway may occur when the
heat release rate from the chain reaction is larger than
the cooling rate of the battery. When thermal runaway
occurs, the battery may rapidly release large amount of
heat and/or release flammable and/or toxic materials. It
is therefore desirable to prevent thermal runaway and
detect any condition that may trigger thermal runaway at
an early stage.

[0035] The deformation may also damage the cooling
system and/or any other supporting systems of the bat-
tery. It is therefore desirable to monitor the surface 106
and detect any deformation when it occurs.

[0036] Various embodiments of the present disclosure
provide for monitoring the surface 106 continuously or at
various time intervals. Various embodiments of the
present disclosure provide for amplification of a defor-
mation on the surface 106, for example for a more accu-
rate and reliable detection of the deformation. Various
embodiments of the present disclosure provide early
warning of a deformation for example before the defor-
mation causes any or any significant damage to the bat-
tery and/or before it results in any hazardous condition.
[0037] Referring now to FIG. 2, a schematic diagram
illustrating various aspects of a sensing device 200 is
illustrated in accordance with various embodiments of
the present disclosure. In various embodiments, the
sensing device 200 includes a supporting unit 250 and
a sensor 210 mechanically coupled to the supporting unit
250. In various embodiments, the supporting unit is me-
chanically coupled to a surface 206. In example embod-
iments, the surface 206 is the surface of a bottom cover
of an electric vehicle facing the battery. In example em-
bodiments, the surface 206 is any surface requiring mon-
itoring such as but not limited to a surface on the bottom
cover of an electric vehicle, or other surfaces of vehicles,
containers, airplanes, ships, and/or building structures,
foundations, etc.

[0038] In various embodiments, when a deformation
occurs on the surface 206, the support unit 250 is con-
figured to transfer a movement generated by the defor-
mation on the surface 206 to the sensor 210. In various
embodiments, the sensor 210 is configured to detect the
movement transferred to it by the support unit 250. In
various embodiments, the support unit 250 amplifies the
movement caused by the deformation on the surface 206
and transfers the amplified movement to the sensor 210.
[0039] Referring now to FIG. 3A a schematic diagram
illustrating the support unit 250 is provided in accordance
with various embodiments of the present disclosure. In
various embodiments, the support unit 250 includes a
first frame 260 and a second frame 270. The first frame
may include a first end of the first frame 261 and the
second end of the first frame 262. The second frame may
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include the first end of the second frame 271 and the
second end of the second frame 272. In various embod-
iments, the first end of the first frame 261 and the first
end of the second frame 271 are configured to mechan-
ically couple to a surface, for example surface 206 with
reference to FIG. 2.

[0040] In various embodiments, the support unit 250
includes a pin joint 252 configured to mechanically couple
the first frame 260 to the second frame 270 such that a
first relative movement between the first end of the first
frame 261 and the first end of the second frame 271 is
amplified to a second relative movement between the
second end of the first frame 262 and the second end of
the second frame 272. In various embodiments, the first
frame crosses the second frame at the pin joint and the
first and second frames are each configured to pivot in-
dependently around the pin joint for example in a scis-
sors-like movement.

[0041] In various embodiments, a first distance 255 is
a distance between the pin joint 252 and a first line 256
passing through the first end of the first frame 261 and
the first end of the second frame 271. In various embod-
iments, the distance is measured as a length of a line
perpendicular to the first line 256 and connecting a center
of the pin joint 252 with the first line 256.

[0042] Invarious embodiments, a seconddistance 257
is a distance between the pin joint 252 and a second line
258 passing through the second end of the first frame
262 and the second end of the second frame 272. In
various embodiments, the distance is measured as a
length of a line perpendicular to the second line 258 and
connecting a center of the pin joint 252 with the second
line 258.

[0043] In various embodiments, the first distance 255
is less than the second distance 257. In various embod-
iments, the support unit 250 amplifies the first relative
movement between the first ends of the first and second
frames proportional to a ratio of the second distance 257
to the first distance 255. For example, if the second dis-
tance 257 is N times the first distance 252, the second
relative movement is N times the first relative movement.
[0044] In example embodiments, N may have any real
or integer values. In example embodiments, 1<N<15. In
example embodiments, 1<N<12. In example embodi-
ments, 1<N<10. In example embodiments, 2<N<10. In
example embodiments, 3<N<10. Various embodiments
herein are not limited to any of the values described here-
in and any other values may be used.

[0045] Invarious embodiments, the firstrelative move-
ment may for example be caused by a deformation of
the surface where the first ends of the first and second
frames are mechanically coupled to. As previously de-
scribed, the surface may be on a bottom cover of an
electric vehicle facing a battery of the electric vehicle. In
various embodiments, the battery may include a battery
cell structure, where the battery cell structure and the
bottom cover form a chassis of the electric vehicle.
[0046] In various embodiments, with reference to FIG.
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2, the sensor 210 is mechanically coupled to the second
end of the first frame 262 and the second end of the
second frame 272. The sensor may be mechanically cou-
pled to the second ends of the frames. In various em-
bodiments, the sensor 210 is configured to sense the
second relative movement between the second end of
the first frame 262 and the second end of the second
frame 272. In various embodiments, the sensor 210 may
be a strain gauge sensor where one or more of its elec-
trical properties may vary as a result of a strain or com-
pression imposed on the sensor due to the second rela-
tive movement. For example, the sensor 210 may include
any of a resistive, capacitive, and/or inductive strain
gauge sensor and/or any combination thereof.

[0047] Invarious embodiments, the first frame 260 and
the second frame 270 are made from rigid materials such
as metal, hard plastic, Acrylonitrile Butadiene Styrene
(ABS), and/or any thermoplastic polymer, etc. In various
embodiments, the first frame 260 and the second frame
270 may have any geometrical shapes. In various em-
bodiments, the first frame 260 and the second frame 270
may have similar or different shapes. For example, the
first and/or second frame may have linear shapes. For
example, any of the first and/or second frames may have
curved shapes. For example, a first part of the first frame
from the first end of the first frame to the pin joint may
have a convex shape and a second part of the first frame
form the pin joint to the second end of the first frame may
have a concave shape as for example shown in FIG. 3A.
For example, a first part of the second frame from the
first end of the second frame to the pin joint may have a
convex shape and a second part of the first frame form
the pin joint to the second end of the second frame may
have a concave shape as for example shown in FIG. 3A.
The first and second frame may have various other
shapes and combinations thereof.

[0048] Referring now to FIG. 3B a schematic diagram
illustrating the supportunit is provided in accordance with
various embodiments of the present disclosure. In vari-
ous embodiments, the surface 206 includes an approx-
imately flat surface area where the first end of the first
frame 261 and the first and of the second frame 271 are
mechanically coupled. In various embodiments, the first
frame and the second frame may include a linear shape
as for example illustrated by FIG. 3B. In various embod-
iments, as previously described, the first and second
frames may include any other shape(s).

[0049] Referring now to FIG. 3C a schematic diagram
illustrating the supportunitis provided in accordance with
various embodiments of the present disclosure. In vari-
ous embodiments, the first end of the first frame 261 is
mechanically coupled to a first surface 306 and and the
firstand of the second frame 271 is mechanically coupled
to a second surface 308. In example embodiments, first
surface 306 and the second surface 308 are in different
planes with respect to each other. In various examples,
the first and second surfaces may be in two different in-
tersecting planes as for example illustrated in FIG. 3C.
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In example embodiments, the first and second surfaces
are in parallel planes that are offset with respect to each
other.

[0050] In example embodiments, the first and second
surfaces are surfaces of two different components that
are mechanically coupled to each other. In example em-
bodiments, the first and second surfaces are two facets
of the same component. For example, the first and sec-
ond surfaces are surfaces around a joint, seam, edge,
etc. In example embodiments, joints, seams, edges, etc.
may be more vulnerable to movements, breaks, and/or
deformation. In various embodiments, the support unit is
used to monitor various surfaces for example surround-
ing ajoint, seam, edge, etc., to detectrelative movements
and/or deformations.

[0051] In various embodiments, the pin joint 252 is
placed closer to a first line passing through the first ends
of the frames than a second line passing through the
second ends of the frames as for example described
above. In various embodiments, the pin joint 252 is
placed closer to the first end of the first frame than the
second end of the first frame, and/or closer to the first
end of the second frame than the second end of the sec-
ond frame.

[0052] Referring now to FIGS. 4A-4C a schematic di-
agramillustrating a resistive strain gauge 400 is provided
in accordance with various embodiments of the present
disclosure. In various embodiments, a resistance of the
resistive strain gauge 400 varies when it is stretched
and/or compressed. In various embodiments, the resis-
tive strain gauge 400 includes a resistive strain sensitive
element 402. The resistance of the resistive strain sen-
sitive element 402 is changed when the resistive strain
gauge 400 is stretched for example as shown in FIG. 4C
and/or compressed for example as shown in FIG. 4C. In
various embodiments, the resistive strain sensitive ele-
ment 402 may include conductive material where a cross
section area of parts or all of the resistive strain sensitive
element 402 and consequently its resistance as meas-
ured at the terminals 404 changes due to a tension and/or
a movement causing stretch 410 or compression 420 on
the sensor.

[0053] For example, as a result of the stretch 410 the
cross-section area of part or all of the resistive strain sen-
sitive element 402 decreases and the resistance of the
resistive strain sensitive element 402 increases. For ex-
ample, as a result of the compression 420 the cross-
section area of part or all of the resistive strain sensitive
element 402 increases and the resistance of the resistive
strain sensitive element 402 decreases.

[0054] In various embodiments, the resistance be-
tween the terminals 404 changes due to and proportional
to a tension causing any combination of stretch and/or
compression on various parts of the resistive strain sen-
sitive element 402. In various embodiments, the tension
on the resistive strain gauge 400 causes the resistance
between the terminals 404 to change.

[0055] In various embodiments, the tension on the re-
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sistive strain gauge 400 is due to and proportional to the
second relative movement. The change in resistance be-
tween the terminals 404 may therefore be used to deter-
mine the presence of the second relative movement be-
cause the change in the resistance is proportional to the
second relative movement. In various embodiments, the
second relative movement is due to a deformation on the
surface 206. In various embodiments, a second relative
movement lager than a movement threshold is an indi-
cation of a deformation on the surface 206. In various
embodiments, the deformation on the surface 206 is de-
tected when the resistance is outside a normal resistance
range, which implies that the second relative movement
is larger than the movement threshold.

[0056] Referring now to FIG. 5 a schematic diagram
illustrating the sensor 210 is provided in accordance with
various embodiments of the present disclosure. In vari-
ous embodiments, the sensor 210 comprises a capaci-
tive strain gauge. In various embodiments, a capacitance
of the strain gauge sensor varies due to and proportional
to the second relative movement. The second relative
movement may cause a strain on the sensor 210 which
may cause a stretch, a compression, and/or any combi-
nation of stretch and compression in various locations
on the sensor 210.

[0057] In various embodiments, any of the stretch
and/or compression causes plates of a capacitor 500 to
move relative to each other, hence causing the capaci-
tance of the capacitor 500 to vary. In various embodi-
ments, the deformation is detected when the capacitance
is outside a normal capacitance range.

[0058] Referring now to FIG. 6 a schematic diagram
illustrating sensor 210is provided in accordance with var-
ious embodiments of the present disclosure. In various
embodiments, the sensor 210 comprises an inductive
strain gauge. In various embodiments, an inductance of
the strain gauge sensor varies due to and proportional
to the second relative movement. The second relative
movement may cause a strain on the sensor 210 which
may cause a stretch, a compression, and/or any combi-
nation of stretch and compression in various locations
on the sensor 210.

[0059] In various embodiments, any of the stretch
and/or compression causes loops of an inductor 500 to
move relative to each other, hence causing the induct-
ance of the inductor 500 to vary. In various embodiments,
the deformation is detected when the inductance is out-
side a normal inductance range.

[0060] In various embodiments, the sensor 210 may
include a stain gauge including any combination of the
resistive, capacitive and/or inductive strain gauges.
[0061] Referring now to FIG. 7 a schematic diagram
illustrating sensor 210is provided in accordance with var-
ious embodiments of the present disclosure. In various
embodiments, the sensor 210 comprises a piezoelectric
material 700. The second relative movement may cause
a strain on the sensor 210 which may cause a stretch, a
compression, and/or any combination of stretch and
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compressionin various locations on the piezoelectric ma-
terial 700. The piezoelectric material may produce a volt-
age as a result of and proportional to the stretch, com-
pression, and/or any combination of stretch and com-
pression in various locations on it.

[0062] In various embodiments, the second relative
movement causes the strain on the sensor 210, conse-
quently the piezoelectric material generates a voltage
due to and proportional to the second relative movement.
In various embodiments, the deformation is detected
when the voltage is outside a normal voltage range.
[0063] Referring now to FIG. 8 a schematic diagram
illustrating a system 800 for communicating with the sen-
sor is provided in accordance with various embodiments
of the present disclosure.

[0064] In various embodiments, the electric vehicle
may include a Battery Management System (BMS) 802.
In various embodiments, the BMS 802 may be part of or
electronically coupled to a Vehicle Control Unit (VCU).
The BMS 802 may include a detection module 804. The
detection module 804 communicates with the sensor210
to determine a variation in the electrical property of an
electrical component of the sensor 210.

[0065] In various embodiments, the detection module
804 includes a voltmeter configured to determine the volt-
age generated by the piezoelectric material of the sensor
210.

[0066] In various embodiments, the detection module
804 includes a resistance meter configured to determine
a resistance of the resistive strain gauge of the sensor
210. For example, the module 804 may include a current
source to generate a current that passes through the re-
sistive strain gauge and a voltage meter configured to
determine the resulting voltage. In various embodiments,
avoltage source may be applied a voltage to the resistive
strain gauge and the resulting current may be measured.
In various embodiments, the resistance of the resistive
strain gauge is determined using the ratio of the voltage
to current. In various examples, the current may be direct
current (DC) or alternating current (AC).

[0067] In various embodiments, the detection module
804 includes a capacitance meter configured to deter-
mine a capacitance of the capacitive strain gauge of the
sensor 210. For example, the module 804 may include
a current source to generate a current that passes
through the capacitive strain gauge and a voltage meter
configured to determine the resulting voltage. In various
embodiments, the capacitance of the capacitive strain
gauge is determined using a ratio of the measured volt-
age change rate to the applied current.

[0068] In various embodiments, the detection module
804 includes a capacitance meter configured to deter-
mine a capacitance of the capacitive strain gauge of the
sensor 210. For example, the module 804 may include
avarying currentsource to generate a currentthatpasses
through the capacitive strain gauge and a voltage meter
configured to determine the resulting voltage. In various
embodiments, the capacitance of the capacitive strain
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gauge is determined using a ratio of the measured volt-
age change rate to the applied current.

[0069] In various embodiments, the detection module
804 includes an inductance meter configured to deter-
mine an inductance of the indictive strain gauge of the
sensor 210. For example, the module 804 may include
a varying voltage source to generate a voltage that is
applied to the inductive strain gauge and a current meter
configured to determine the resulting current. In various
embodiments, the inductance of the inductive strain
gauge is determined using a ratio of the measured current
change rate to the applied voltage.

[0070] In various embodiments, the BMS 802 may de-
tect the deformation using any of the voltage generated
by the piezoelectric material, resistance value of the re-
sistive strain gauge, capacitance of the capacitive strain
gauge, and inductance of the inductive strain gauge,
and/or any combination of the above when the senor 210
includes two or more of the strain gauges described here-
in. In various embodiments, the BMS 802 provides ap-
propriate outputs, such as warning on a display of the
vehicle and/or communicate with emergency services
when a deformation is detected on the bottom cover of
the vehicle, for example the bottom cover 104.

[0071] In various embodiments, a deformation may
cause the frames of a support unit to break, and or any
of the sensor 210 (which may include any of or any com-
bination of the types of sensors described above)to break
or malfunction. In various embodiments, when the sensor
210 does not operate as intended, the BMS 802 deter-
mines that there is a deformation cause the malfunction.
[0072] Referring now to FIG. 9, a schematic diagram
illustrating various aspects of a sensing system 900 is
provided in accordance with various embodiments of the
presentdisclosure. In various embodiments, the sensing
system 900 includes two or more support units 950. In
various embodiments, each support unit of the support
units 950 include a first frame and a second frame similar
to the support unit 250 described above for example with
reference to FIGS. 3A-3C. In various embodiments, a
firstend of each first frame and a first end of each second
frame of the support units are configured to mechanically
couple to a surface 906. In example embodiments, the
surface 906 is a surface of a bottom cover 104 of an
electric vehicle facing the battery pack of the vehicle.
[0073] In various embodiments, a pin joint 952 is con-
figured to mechanically couple each first frame to each
corresponding second frame of the support units 950. In
various embodiments, the pin joint 952 is configured to
mechanically couple each firstframe to each correspond-
ing second frame such that a first relative movement be-
tween the first end of the first frame and the first end of
the corresponding second frame is amplified to a second
relative movement between a second end of the first
frame and a second end of the corresponding second
frame for example in a similar way as described with ref-
erence to FIGS. 3A-3C. In various embodiments, the pin
joint 952 is shared among the support units 950. In var-
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ious embodiments, the support units 950 share an axle
where each first frame and the corresponding second
frame of the support units cross each other. In various
embodiments, each supporting unit has its own pin joint,
where the pin joints of any two adjacent supporting units
of the supporting units 950 are mechanically coupled to
each other.

[0074] In various embodiments, a sensor 910 is me-
chanically coupled to second ends of the first frames and
second ends of the second frames of the support units
950. In various embodiments, the sensor 910 is config-
ured to sense the second relative movement between
the second ends of any of the supporting units. In exam-
ple embodiments, the sensor 910 is configured to detect
deformation in a plane perpendicular to the surface 906
and parallel to the direction 920. For example, the defor-
mation may be any of a stretch, tear, hole, and/or open-
ing, etc. in the direction 920 on the surface 952, or any
of a dent, buckle, bent, etc. in a plane perpendicular to
the surface 906 and in the direction 920. In example em-
bodiments, when the deformation moves firstends of one
or more pair of corresponding first, and second frames
of the supporting units 950. Any deformation that moves
any pair of first ends and is amplified to a second relative
movementbetween a pair of second ends may be sensed
by the sensor 910.

[0075] In various embodiments, the sensor 910 in-
cludes an electrical component configured to have a var-
iable electrical property as a result of the second relative
movement. For example, similar to and with refence to
FIGS. 4-7, the sensor 910 may include any of the resis-
tive, capacitive, and/or inductive strain gauge sensors.
In various embodiments, the sensor 910 may include a
piezoelectric material. In various embodiments, the sen-
sor 910 may be similar to, share, and/or include any fea-
tures or components of sensor 210 as described above.
[0076] In various embodiments, the sensing system
may include a control unit such as the BMS 802 with
reference to FIG. 8 configured to determine a deforma-
tion of the surface 906 using an amount of variation in
the electrical property of the sensor 910. In various em-
bodiments, the sensor 910 may be used similar to the
senor 210 in the system 800.

[0077] Referring now to FIG. 10 a schematic diagram
illustrating various aspects of a sensing system 1000 is
provided in accordance with various embodiments of the
present disclosure. In various embodiments, two or more
supporting units 1050 may be placed adjacent to each
other. In various embodiments, each of the supporting
units 1050 is similar to the supporting unit 250 illustrated
with reference to FIG. 3A-3C. In various embodiments,
first ends of the supporting units are mechanically cou-
pled to a surface 1006 which may be a surface of a bottom
cover of an electric vehicle. In various embodiments, a
sensor 1010 is mechanically coupled to the second ends
of the supporting unit.

[0078] In various embodiments, the supporting units
are placed nextto each other such that they form a curved
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arrangement. In various embodiments, the supporting
units may form any linear, curved, zigzag, and/or any
combination thereof, etc. arrangement. In various em-
bodiments, the support units may detect deformations in
the direction of the double-sided arrows shown in FIG.
10 or in a plane perpendicular to the surface 1006 and
parallel to the double-sided arrows.

[0079] In example embodiments, arranging the sup-
porting units in various shapes other than and/or in ad-
dition to a straight line provides for detection of deforma-
tions in different and more diverse directions.

[0080] Referring now to FIG. 11 a schematic diagram
illustrating various aspects of a bottom cover 1100 of an
electric vehicle is provided in accordance with various
embodiments of the present disclosure. In various em-
bodiments, the bottom cover 1100 includes various slots
1102. In various embodiments, the location of various
slots and/or other variation in a surface of the bottom
cover 1102 may result in different need for monitoring for
deformation in different locations on the bottom cover
1100. In various embodiments, different directions on the
bottom cover 1100 may require closer monitoring for de-
formation than other directions.

[0081] In example embodiments, various arrange-
ments and shapes of the sensing system 1000, such as
arrangements 1102, 1106, 1108 provide for required
monitoring in different areas and different directions on
the bottom cover 1100.

[0082] In various embodiments, the sensor systems
for example sensing systems 900, 1000 described herein
may be located on any other surfaces and/or types of
surfaces where detecting a deformation is desired.
[0083] Referring now to FIG. 12, a schematic diagram
depicting an example controller 212 of an example ap-
paratus in electronic communication with various other
components in accordance with various embodiments of
the present disclosure is provided. For example, as de-
scribed herein, the controller 212 may be in electronic
communications with any of the sensor devices and/or
with the BMS or VCU. In various embodiments, any of
the BMS or the VCU may include the controller 212. As
shown, the controller 212 comprises processing circuitry
502, a communication module 508, input/output module
506, a memory 504 and/or other components configured
to perform various operations, procedures, functions or
the like described herein.

[0084] In various embodiments, the controller 212
(such as the processing circuitry 502, communication
module 508, input/output module 506 and memory 504)
is electrically coupled to and/or in electronic communi-
cation with the sensors, detection module, BMS, and/or
VCU. In various embodiments, any of the sensors, de-
tection module, BMS, and/or VCU may exchange (e.g.,
transmit and receive) data with the processing circuitry
502 of the controller 212.

[0085] The processing circuitry 502 may be imple-
mented as, for example, various devices comprising one
or a plurality of microprocessors with accompanying dig-
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ital signal processors; one or a plurality of processors
without accompanying digital signal processors; one or
a plurality of coprocessors; one or a plurality of multi-core
processors; one or a plurality of controllers; processing
circuits; one or a plurality of computers; and various other
processing elements (including integrated circuits, such
as ASICs or FPGAs, or a certain combination thereof).
In some embodiments, the processing circuitry 502 may
comprise one or more processors. In one exemplary em-
bodiment, the processing circuitry 502 is configured to
execute instructions stored in the memory 504 or other-
wise accessible by the processing circuitry 502. When
executed by the processing circuitry 502, these instruc-
tions may enable the controller 212 to execute one or a
plurality of the functions as described herein. No matter
whether it is configured by hardware, firmware/software
methods, or a combination thereof, the processing cir-
cuitry 502 may comprise entities capable of executing
operations according to the embodiments of the present
invention when correspondingly configured. Therefore,
for example, when the processing circuitry 502 is imple-
mented as an ASIC, an FPGA, or the like, the processing
circuitry 502 may comprise specially configured hard-
ware for implementing one or a plurality of operations
described herein. Alternatively, as another example,
when the processing circuitry 502 is implemented as an
actuator of instructions (such as those that may be stored
in the memory 504), the instructions may specifically con-
figure the processing circuitry 502 to execute one or a
plurality of methods, algorithms and operations de-
scribed herein, such as those discussed with reference
to any of the figures herein.

[0086] The memory 504 may comprise, for example,
a volatile memory, a non-volatile memory, or a certain
combination thereof. Although illustrated as a single
memory in FIG. 5, the memory 504 may comprise a plu-
rality of memory components. In various embodiments,
the memory 504 may comprise, for example, a hard disk
drive, arandom access memory, a cache memory, aflash
memory, a Compact Disc Read-Only Memory (CD-
ROM), a Digital Versatile Disk Read-Only Memory (DVD-
ROM), an optical disk, a circuit configured to store infor-
mation, or a certain combination thereof. The memory
504 may be configured to store information, data, appli-
cation programs, instructions, and etc., so that the con-
troller 212 can execute various functions according to
the embodiments of the presentdisclosure. For example,
in at least some embodiments, the memory 504 is con-
figured to cache input data for processing by the process-
ing circuitry 502. Additionally or alternatively, in at least
some embodiments, the memory 504 is configured to
store program instructions for execution by the process-
ing circuitry 502. The memory 504 may store information
in the form of static and/or dynamic information. When
the functions are executed, the stored information may
be stored and/or used by the controller 212.

[0087] The communication module 508 may be imple-
mented as any apparatus included in a circuit, hardware,



17 EP 4 428 484 A1 18

a computer program product or a combination thereof,
which is configured to receive and/or transmit data
from/to another component or apparatus. The computer
program product comprises computer-readable program
instructions stored on a computer-readable medium (for
example, the memory 504) and executed by a controller
212 (for example, the processing circuitry 502). In some
embodiments, the communication module 508 (as with
other components discussed herein) may be at least par-
tially implemented as the processing circuitry 502 or oth-
erwise controlled by the processing circuitry 502. In this
regard, the communication module 508 may communi-
cate with the processing circuitry 502, for example,
through a bus. The communication module 508 may
comprise, for example, antennas, transmitters, receiv-
ers, transceivers, network interface cards and/or sup-
porting hardware and/or firmware/software, and is used
for establishing communication with another apparatus.
The communication module 508 may be configured to
receive and/or transmit any data that may be stored by
the memory 504 by using any protocol that can be used
for communication between apparatuses. The commu-
nication module 508 may additionally or alternatively
communicate with the memory 504, the input/output
module 506 and/or any other component of the controller
212, for example, through a bus.

[0088] In some embodiments, the controller 212 may
comprise an input/output module 506. The input/output
module 506 may communicate with the processing cir-
cuitry 502 to receive instructions input by the user and/or
to provide audible, visual, mechanical or other outputs
to the user. Therefore, the input/output module 506 may
be in electronic communication with supporting devices,
such as a keyboard, a mouse, a display, a touch screen
display, and/or other input/output mechanisms. Alterna-
tively, at least some aspects of the input/output module
506 may be implemented on a device used by the user
to communicate with the controller 212. The input/output
module 506 may communicate with the memory 504, the
communication module 508 and/or any other compo-
nent, for example, through a bus. One or a plurality of
input/output modules and/or other components may be
included in the controller 212.

[0089] In various embodiments, various steps of the
methods herein may be performed by any of a BMS,
VCU, detection module, and/or controller 212. As noted
above the BMS, VCU, and/or the detection module may
include the controller 212 described above in regard to
FIG. 12 and may similarly comprise processing circuitry
502, a communication module 508, an input/output mod-
ule 506 and a memory 504. In some examples, the mem-
ory of the controller may store computer program instruc-
tions.

[0090] Referring now to FIG. 13, a flowchart diagram
illustrating a method 1300 in accordance with various
embodiments of the present disclosure is provided. In
various embodiments, at step 1302, a controller (such
as, but not limited to the controller 212 of any of the senor
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systems described herein) may determine an electrical
property of an electrical component of the sensor. In var-
ious embodiments, the electrical property may be any of
aresistance, capacitance, inductance, and/or generated
voltage as described herein.

[0091] In various embodiments, at step 1304, the con-
troller compares the electrical property with a first thresh-
old. When the electrical property is greater than the first
threshold, in various embodiments, the controller gener-
ates an outputin step 1308. The output may be an alarm
signal, warning signal, and/or any other signal generated
for display of a warning generated on a display or for
further examination. In various embodiments, the output
may be sent to any of the BMS or VCU.

[0092] When the electrical property is not higher than
the first threshold, in various embodiments, the controller
compares the electrical property with a second threshold.
When the electrical property is lower than the second
threshold, in various embodiments, the controller gener-
ates the outputin step 1308. When the electrical property
is higher than the second threshold, in various embodi-
ments, the controller continues to determine the electrical
property at step 1302. In various embodiments, the sec-
ond threshold is lower than the first threshold. In various
embodiments, the determination of the electrical property
occurs in real-time or continuously. In various embodi-
ments, the determination of the electrical property occurs
in various time intervals.

[0093] Referring now to FIG. 14 a flowchart illustrating
a method 1400 is provided in accordance with various
embodiments of the present disclosure. In various em-
bodiments, at step 1402, the method 1400 amplifies a
first relative movement between a first location and a
second location on a surface. In various embodiments,
a first frame and a second frame that are mechanically
coupled to the first and second locations respectively and
are mechanically coupled to each other at a pin joint are
used to provide the amplification, for example as de-
scribed above with reference to FIGS. 2-10.

[0094] In various embodiments, at step 1404, the
method 1400 generates a second relative movement re-
sulting from the amplification of the first relative move-
ment by the support unit. For example, the second rela-
tive movement is generated between a second end of
the first and second frames as described above with ref-
erence to FIGS. 2-10.

[0095] In various embodiments, at step 1406, the
method 1400 varies an electrical property of an electrical
component using the second relative movement. For ex-
ample, any of the sensors described above, using any
of the resistive, capacitive, and/or inductive strain gauge
and/or piezoelectric element may be used to vary the
electrical property.

[0096] In various embodiments, at step 1408, the
method 1400 detects a deformation of the surface using
an amount of variation in the electrical property. In various
embodiments, a detection module as described above
for example with reference to FIG. 8 determines the
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amount of variation of the electrical property. In various
embodiments, the controller as described above detects
the deformation using the variation in the electrical prop-
erty.

[0097] Invarious embodiments, the surface is on a bot-
tom cover of an electric vehicle facing a battery of the
electric vehicle. In various embodiments, a deformation
on any other surface may be determined using the de-
vices, systems, and/or methods described herein.
[0098] In various embodiments, the battery comprises
a battery cell structure, wherein the battery cell structure
and the bottom cover form a chassis of the electric vehi-
cle.

[0099] In various embodiments, the method 1400 may
further includes generating an alarm and/or a visual in-
dication when the deformation is detected. In various em-
bodiments, any of BMS, VCU, and/or the controller as
described above may generate the alarm and/or the vis-
ual indication.

[0100] In some examples, one or more of the proce-
dures and/or methods described herein may be embod-
ied by computer program instructions, which may be
stored by a memory (such as a non-transitory memory)
of a system employing an embodiment of the present
disclosure and executed by a processing circuitry (such
as a processor) of the system. These computer program
instructions may direct the system to function in a partic-
ularmanner, such that the instructions stored in the mem-
ory circuitry produce an article of manufacture, the exe-
cution of which implements the function specified in the
flow diagram step/operation(s). Further, the system may
comprise one or more other circuitries. Various circuitries
of the system may be electronically coupled between
and/or among each other to transmit and/or receive en-
ergy, data and/or information.

[0101] In some examples, embodiments may take the
form of a computer program product on a non-transitory
computer-readable storage medium storing computer-
readable program instruction (e.g., computer software).
Any suitable computer-readable storage medium may be
utilized, including non-transitory hard disks, CD-ROMs,
flash memory, optical storage devices, or magnetic stor-
age devices.

[0102] Many modifications and other embodiments of
the present disclosure set forth herein will come to mind
to one skilled in the art to which these embodiments per-
tain having the benefit of the teachings presented in the
foregoing descriptions and the associated drawings.
Therefore, it is to be understood that the disclosure are
not to be limited to the specific embodiments disclosed
and that modifications and other embodiments are in-
tended to be included within the scope of the appended
claims. Moreover, although the foregoing descriptions
and the associated drawings describe example embod-
iments in the context of certain example combinations of
elements and/or functions, it should be appreciated that
different combinations of elements and/or functions may
be provided by alternative embodiments without depart-
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ing from the scope of the appended claims. In this regard,
for example, different combinations of elements and/or
functions than those explicitly described above are also
contemplated as may be set forth in some of the append-
ed claims. Although specific terms are employed herein,
they are used in a generic and descriptive sense only
and not for purposes of limitation.

Claims
1. A sensing device comprising:

a supportunit comprising a first frame and a sec-
ond frame, wherein a first end of the first frame
and a first end of the second frame are config-
ured to mechanically couple to a surface;

a pin joint configured to mechanically couple the
first frame to the second frame, such that a first
relative movement between the first end of the
first frame and the first end of the second frame
is amplified to a second relative movement be-
tween a second end of the first frame and a sec-
ond end of the second frame; and

a sensor mechanically coupled to the second
end of the first frame and the second end of the
second frame, the sensor configured to sense
the second relative movement between the sec-
ond end of the first frame and the second end
of the second frame.

2. The sensing device of claim 1, wherein a first dis-
tance between the pin joint and a first line passing
through the first end of the first frame and the first
end of the second frame is less than a second dis-
tance between the pin jointand a second line passing
through the second end of the first frame and the
second end of the second frame.

3. The sensing device of claim 2, wherein the first rel-
ative movement is caused by a deformation of the
surface.

4. The sensing device of claim 3, wherein the surface
is on a bottom cover of an electric vehicle facing a
battery of the electric vehicle.

5. The sensing device of claim 4, wherein the battery
comprises a battery cell structure, wherein the bat-
tery cell structure and the bottom cover form a chas-
sis of the electric vehicle.

6. The sensing device of claim 3, wherein the sensor
comprises a resistive strain gauge wherein a resist-
ance varies due to the second relative movement
and wherein the deformation is detected when the
resistance is outside a normal resistance range.
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The sensing device of claim 3, wherein the sensor
comprises a capacitive strain gauge wherein a ca-
pacitance of the strain gauge sensor varies due to
the second relative movement and wherein the de-
formation is detected when the capacitance is out-
side a normal capacitance range.

The sensing device of claim 3, wherein the sensor
comprises an inductive strain gauge wherein an in-
ductance of the strain gauge sensor varies due to
the second relative movement and wherein the de-
formation is detected when the inductance is outside
a normal inductance range.

The sensing device of claim 3, wherein the sensor
comprises a piezoelectric material, wherein the pie-
zoelectric material generates a voltage due to the
second relative movement and wherein the defor-
mation is detected when the voltage is outside a nor-
mal voltage range.

The sensing device of claim 1, wherein the first frame
crosses the second frame at the pin joint and the first
and second frames are each configured to pivot in-
dependently around the pin joint.

A method comprising:

amplifying a first relative movement between a
first location and a second location on a surface
using a first frame and a second frame mechan-
ically coupled to the first and second locations
respectively and mechanically coupled to each
other at a pin joint;

generating a second relative movement result-
ing from the amplification of the first relative
movement by the support unit;

varying an electrical property of an electrical
component using the second relative move-
ment; and

detecting a deformation of the surface using an
amount of variation in the electrical property.

The method of claim 11, further comprising:

measuring the electrical property of the electri-
cal component;

comparing the electrical property of the electri-
cal component with a first threshold and with a
second threshold; and

determining the deformation of the surface when
the electrical property is higher than a first
threshold or lower than a second threshold.

The method of claim 11, wherein the electrical com-
ponent comprises a resistive strain gauge and the
electrical property comprises a resistance config-
ured to vary due to the second relative movement
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and the method comprising detecting the deforma-
tion when the resistance is outside a normal resist-
ance range.

14. A sensing system comprising:

a plurality of support units each comprising a
first frame and a second frame, wherein a first
end of each first frame and a first end of each
second frame are configured to mechanically
couple to a surface;

a pin joint configured to mechanically couple
each first frame to each corresponding second
frame, such that a first relative movement be-
tween the first end of the first frame and the first
end of the corresponding second frame is am-
plified to a second relative movement between
a second end of the first frame and a second
end of the corresponding second frame; and

a sensor mechanically coupled to second ends
of the plurality of the first frames and second
ends of the plurality of the second frames, the
sensor configured to sense the second relative
movement.

15. The sensing system of claim 14, wherein the sensor

comprises an electrical component configured to
have a variable electrical property as a result of the
second relative movement, the sensing system com-
prising a controller configured to determine a defor-
mation of the surface using an amount of variation
in the electrical property.
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