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Providing a flexible substrate having
signal outputting units embedded therein

Y
Applying a load on the flexible substrate
so as to displace the signal outputting units

Y
the signal detectors receiving signals to
detect the pressure and shear force applied
on the flexible substrate

FIG. 6
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PRESSURE AND SHEAR FORCE
MEASUREMENT DEVICE AND METHOD

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] The present invention relates to a measurement
device, and more particularly, to a measurement device and a
measurement method for simultaneously measuring pressure
and shear force.

[0003] 2. Description of Related Art

[0004] Pressure is force per unit area applied in a direction
perpendicular to a surface of an object. Shear force is force
applied tangentially to the surface that causes sliding or tor-
sional deformation. Since shear force is applied parallel to an
action plane, it is also called tangential force.

[0005] Shear force may be measured by a magneto-resis-
tive device and a capacitive device. A magneto-resistive
device may measure variation of the shear force by a sus-
pended magnet and magneto-resistive material. The magnet
and the magneto-resistive material are placed in two layers
respectively. A change of resistance can be used to calculate
the change of the relative position, so as to infer the applied
shear force. As for the capacitive device, the shear force can
be measured by the variation of the internal capacitance
value. An upper electrode and a lower electrode are included
within the capacitive device. The upper electrode and the
lower electrode are isolated by an insulator. The change in
relative positions of the upper electrode and the lower elec-
trode is calculated based on the capacitance values, and the
applied shear force is thus inferred by the change in the
relative positions.

[0006] During measuring the pressure and the shear force,
the pressure and the shear force are measured separately.
Currently, the pressure and the shear force on an object to be
measured can not be detected simultaneously by a device or a
method.

[0007] Moreover, since the conventional technique that
measure pressure and shear force rely on electrical signals,
consequently, the circuitry and transducer are coupled
together. However, when any component of the device is
damaged, the overall device will not be actuated and must be
replaced as a whole, and thus the cost will be increased.
[0008] Therefore, there is a need for simultaneously mea-
suring the pressure and the shear force on an object for the
industrial application.

SUMMARY OF THE INVENTION

[0009] The present invention provides a pressure and shear
force measurement device and a pressure and shear force
measurement method for simultaneously measuring pres-
sure, shear force, and a distribution of pressure and shear
force on an object to be measured.

[0010] The present invention provides a pressure and shear
force measurement device, comprising a flexible substrate; a
plurality of signal outputting units and a plurality of signal
detectors. The signal outputting units are embedded in the
flexible substrate for outputting signals. The signal detectors
are disposed at the peripheral of the flexible substrate for
receiving the signal outputted from the signal outputting
units. When, the flexible substrate is subjected to a load and
each of the signal outputting units experiences a displace-
ment, each of the signal detectors measures the pressure and
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the shear force exerted on the flexible substrate by the load
based on the signal received from the signal outputting units.
[0011] The present invention further provides a pressure
and shear force measurement method, comprising the steps
of: (1) embedding in a flexible substrate a plurality of signal
outputting units for outputting signals and disposing a plural-
ity of signal detectors at the peripheral of the flexible sub-
strate; (2) producing a displacement of each of the signal
outputting units when the flexible substrate is subjected to a
load; and (3) receiving signals outputted from the signal
outputting units by the signal detectors, and measuring a
pressure and a shear force exerted on the flexible substrate by
the load based on the signal received by the signal outputting
units.

[0012] Inlight of the above descriptions, the present inven-
tion is capable of measuring both the magnitude as well as the
distribution of the pressure and shear force of the flexible
substrate based on the displacement resulting from the
applied load.

[0013] Hence, the present invention achieves measuring the
pressure and shear force simultaneously.

[0014] Further, the pressure and shear force measurement
device ofthe present invention is provided without the need of
electrical circuitry. Furthermore, the flexible substrate and the
signal detectors are separated, such that when any component
of the pressure and shear force measurement device is dam-
aged, the damaged component may be replaced separately
without replacing the entire device, and consumption of the
material cost can be reduced effectively.

BRIEF DESCRIPTION OF DRAWINGS

[0015] The following illustrative embodiments are pro-
vided to illustrate the disclosure of the present invention and
its advantages, these and other advantages and effects being
apparent to those in the art after reading this specification.
[0016] FIG. 1 is a schematic view showing a pressure and
shear force measurement device according to a first embodi-
ment of the present invention.

[0017] FIG.2isa schematic view showing the arrangement
of signal outputting units according to the present invention.
[0018] FIG.3A s a schematic view showing the implement
of a pressure and shear force measurement device according
to the first embodiment of the present invention.

[0019] FIG. 3B is a schematic view showing the distribu-
tion of pressure and shear force on a flexible substrate accord-
ing to the present invention.

[0020] FIG. 4 is a schematic view showing a pressure and
shear force measurement device according to a second
embodiment of the present invention.

[0021] FIG. 5 is a schematic view showing the measure-
ment of the pressure and shear force measurement of the
second embodiment of the present invention.

[0022] FIG. 6 is a flow diagram showing a pressure and
shear force measurement method according to the present
invention.

DETAILED DESCRIPTIONS OF EMBODIMENTS

[0023] These detailed descriptions may include exemplary
embodiments in an example manner with respect to structures
and/or functions and thus a scope of the present disclosure
should not be construed to be limited to such embodiments. In
other words, the present disclosure may be embodied in many
different forms and should not be construed as limited to the
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embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the disclosure to
those skilled in the art. The present disclosure is defined only
by the categories of the claims, and a scope of the present
disclosure may include all equivalents to embody a spirit and
idea of the present disclosure.

[0024] Theterminology used in the present disclosure is for
the purpose of describing particular embodiments only and is
not intended to limit the disclosure. For example, the termi-
nology used in the present disclosure may be construed as
follows.

[0025] As used in the disclosure and the appended claims,
the singular forms “a”, “an” and “the” are intended to include
the plural forms as well, unless context clearly indicates oth-
erwise. It will be further understood that the terms “comprise”
and/or “comprising and/or “include” and/or “including” and/
or “have” and/or “having™ when used in this specification,
specify the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0026] Reference throughout the specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure, or characteristic described in connection
withan embodiment is included in at least one embodiment of
the subject matter disclosed. Thus, the appearance of the
phrases “in one embodiment” or “in an embodiment” in vari-
ous places throughout the specification is not necessarily
referring to the same embodiment. Further, the particular
features, structures or characteristics may be combined in any
suitable manner in one or more embodiments.

[0027] Referring to FIGS. 1 and 2, FIG. 1 is a schematic
view showing a pressure and shear force measurement device
according to a first embodiment of the present invention, and
FIG. 2 is a schematic view showing the arrangement of the
signal outputting units. The pressure and shear force mea-
surement device 1 of the present invention includes a flexible
substrate 10, a plurality of signal outputting units 11, and a
plurality of signal detectors 12.

[0028] The plurality of signal outputting units 11 are
embedded in the flexible substrate 10 for outputting signal.
The signal outputting units 11 may emit light signal initia-
tively, or may emit signal passively by external energy. The
plurality of signal outputting units 11 described herein refer
to the plurality of signal outputting units 11 for outputting
signal distributed on the same plane in the flexible substrate
10. The plurality of signal outputting units 11 distributed on
the same plane may be on one layer or more layers in the
present invention.

[0029] The signal detectors 12 are placed at the peripheral
of the flexible substrate 10, for respectively receiving the
signals outputted from the plurality of signal outputting units
11. When aload is applied on the flexible substrate 10 to move
the plurality of signal outputting units 11, the plurality of
signal detectors 12 detect the pressure and shear force applied
on the flexible substrate 10 based on the signals respectively
received by the signal outputting units. The positions of the
plurality of signal detectors 12 may correspond to the plural-
ity of signal outputting units 11 optionally.

[0030] The plurality of signal outputting units 11 are dis-
posed in, but not limited to be disposed in, two layers in the
figures. The signal outputting units 11 can be disposed in a
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single layer, two or more layers according to the circum-
stances in the implementation.

[0031] Referring to FIGS. 3A and 3B, FIG. 3A is a sche-
matic view showing a pressure and shear force measurement
device according to a first embodiment of the present inven-
tion, and FIG. 3B is a schematic view showing the distribution
of pressure and shear force on a flexible substrate.

[0032] As shown in FIGS. 3A and 3B, the pressure and
shear force measurement device 1 of the present invention
outputs signals by the plurality of signal outputting units 11
embedded in the flexible substrate 10, and the plurality of
signal detectors 12 respectively receive signals outputted
from the signal outputting units 11, to detect the positions of
the plurality of signal outputting units 11. In the present
embodiment, the signal outputting units 11 are signal genera-
tors. The signal outputting units 11 may be, but not limited to,
infrared outputting units, and can generate and output signals
to the plurality of signal detectors 12.

[0033] During measuring the pressure and shear force, a
load 2 is applied on the flexible substrate 10 for generating the
pressure at the radial direction I as well as the shear force at
the axial direction D on the flexible substrate 10. At this time,
the flexible substrate 10 is deformed because of the pressure
and shear force resulting from the load 2, such that the signal
outputting units 11 embedded in the flexible substrate 10 have
displacements at the radial direction I and the axial direction
D.

[0034] FIG. 3B showsatop view f1 and aside view {2 of the
flexible substrate 10, showing the distribution of the pressure
and shear force on the flexible substrate 10 when the load 2 is
applied on the surface of the flexible substrate 10. As shown
in FIG. 3B, when the load 2 is applied on the flexible substrate
10, the load 2 generates the pressure at the radial direction I
perpendicular to the flexible substrate 10 and the shear force
at the axial direction on the flexible substrate 10, such that the
signal outputting units 11 have displacements corresponding
to the pressure at the radial directions and the shear force at
the axial direction. The shear force on the flexible substrate 10
may include a first component D1 and a second component
D2.

[0035] In order to present the displacement of the signal
outputting units 11 in the flexible substrate 10 withstanding a
load, FIG. 3A shows the side view of the signal outputting
units 11 and the flexible substrate 10, and the shear force
resulting from the load 2 on the flexible substrate 10 is indi-
cated by D in FIG. 3A.

[0036] Since the signal outputting units 11 output signals to
the plurality of signal detectors 12, the intensity or distribu-
tion of the signals received by the plurality of signal detectors
12 will be changed due to the displacement of the signal
outputting units 11, and thus the pressure and shear force
resulting from the load 2 applied on the flexible substrate 10
can be calculated. Simultaneously, by the displacements of
the plurality of signal outputting units 11, distribution of the
pressure and shear force can be obtained. In detail, according
to the strength of the signal received by the signal detectors
12, the pressure and the pressure distribution on the flexible
substrate 10 can be obtained. Moreover, based on the orien-
tation of the signal received by the signal detectors 12, the
shear force and the shear force distribution on the flexible
substrate 10 can be obtained.

[0037] FIG. 4 is a schematic view showing a pressure and
shear force measurement device according to a second
embodiment of the present invention. FIG. 5 is a schematic
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view showing the measurement of the pressure and shear
force according to the second embodiment of the present
invention. As shown in FIGS. 4 and 5, the pressure and shear
force measurement device of this embodiment is similar to
that of the first embodiment, and the same reference numerals
are used for indicating the same elements. The differences
between the first embodiment and the second embodiment are
that the signal outputting units 11 of the second embodiment
are radiators for absorbing the light source to radiate the light
signal to the plurality of signal detectors 12. As shown in
FIGS. 5 and 6, the pressure and shear force measurement
device 3 further comprises a light source unit 30 and a filter
31. The filter 31 may be a dichroic mirror, for example. The
light source unit 30 is used for outputting the light source to
the signal outputting units 11, such that the signal outputting
units 11 absorb the light source to radiate the light signal to
the plurality of signal detectors 12. The filter 31 is placed
between the signal outputting units 11 and the signal detec-
tors 12 for reflecting the light source outputted by the light
source unit 30 to the signal outputting units 11 and transmit-
ting the light signal radiated by the signal outputting units 11
to the signal detectors 12.

[0038] When the pressure and shear force measurement
device 3 1s implemented, the light source unit 30 outputs the
light, the light is reflected to the signal outputting units 11
through the filter 31, such that the signal outputting units 11
absorb the light and radiate the light signal, and the light
signal radiated by the signal outputting units 11 can be trans-
mitted to the signal detectors 12 by penetrating the filter 31.
[0039] Themethod of measuring the pressure and the shear
force in this embodiment is similar to that of the first embodi-
ment. The load 2 is applied on the flexible substrate 10, and
the load 2 results in the pressure at the radial direction I and
the shear force at the axial direction on the flexible substrate
10, such that the signal outputting units 11 have displace-
ments, the strength or orientation of the signal received by the
plurality of signal detectors 12 changes due to the displace-
ment of the signal outputting units 11, and then the pressure
and the shear force on the flexible substrate 10 are calculated.
Meanwhile, the distribution of the pressure and the shear
force can be obtained from the displacement of the signal
outputting units 11.

[0040] When the load 2 is applied on the flexible substrate
10, the shear force at the axial direction D resulting from the
load 2 on the flexible substrate 10 includes the first compo-
nent D1 and the second component D2. In FIG. 5, in order to
depict the displacement of the plurality signal outputting
units 11 on the flexible substrate 10, the shear force at the
axial direction resulting from the load 2 on the flexible sub-
strate 10 is indicated by D.

[0041] Tt is noted that since the light from the light source
unit 30 is radiated to the surrounding, in order to centralize
and project the light source from the light source unit 30 onto
the signal outputting units 11, a collimator 32 is disposed
between the light source unit 30 and the filter 31 in the present
embodiment for correcting the optical path 321 between the
light source unit 30 and the filter 31.

[0042] FIG. 6 is a flow diagram showing a pressure and
shear force measurement method according to the present
invention. As shown in FIG. 6, at step S1, signal outputting
units for outputting signal are embedded in a flexible sub-
strate, and signal detectors are disposed at the peripheral of
the flexible substrate. Next, at step S2. the signal outputting
units may be signal generators for generating and outputting
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signals. The signal outputting units may be radiators for
absorbing the light and radiating the light signal.

[0043] Atstep S2, aload is applied on the flexible substrate
and thus the signal outputting units have a displacement.
Then, step S3 is performed.

[0044] At step S3, the signal detectors at the peripheral of
the flexible substrate receive the signals outputted by the
signal outputting units, and measure the pressure and shear
force resulting from the load onthe flexible substrate based on
the signals received by the signal outputting units.

[0045] Inaddition to detecting the pressure and shear force,
the signal detectors may detect the distribution of the pressure
and shear force resulting from the load on the flexible sub-
strate.

[0046] In summary, in the pressure and shear force mea-
surement device and the pressure and shear force measure-
ment method of the present invention, a load is applied on a
flexible substrate having signal outputting units embedded
therein, and the signal outputting units in the flexible sub-
strate have a displacement due to the load, such that the
strength and the direction of the signal received by the signal
detectors at the peripheral of the flexible substrate are also
changed, and thus the changes of the pressure and shear force
are detected. For example, when a person stands on the flex-
ible substrate, the pressure and shear force resulting from the
feet of the person on the flexible substrate can be measured.
The pressure and shear force measurement device and the
pressure and shear force measurement method can be used in
various engineering fields for measuring the pressure and
shear force simultaneously.

[0047] The above-described descriptions of the detailed
embodiments are to illustrate the preferred implementation
according to the present invertion, and are not intended to
limit the scope of the present invention. Accordingly, many
modifications and variations completed by those with ordi-
nary skill in the art will fall within the scope of present
invention as defined by the appended claims.

What is claimed is:

1. A pressure and shear force measurement device, com-
prising:

a flexible substrate;

aplurality of signal outputting units disposed in the flexible

substrate for outputting signals; and

aplurality of signal detectors disposed at a peripheral of the

flexible substrate for receiving at least a signal outputted
from the signal outputting units,
wherein when the flexible substrate has a load applied thereon
and each of the signal outputting units has a displacement,
each of the signal detectors detects a pressure and a shear
force resulting from the load on the flexible substrate based on
the signal received from the signal outputting units.

2. The pressure and shear force measurement device of
claim 1, wherein the signal outputting units are signal gen-
erators for generating and outputting the signal to the signal
detectors.

3. The pressure and shear force measurement device of
claim 1, wherein the signal outputting units are radiators for
absorbing a light from a light source to radiate a light signal to
the signal detectors.

4. The pressure and shear force measurement device of
claim 3, further comprising a filter disposed between the
radiators and the signal detectors for reflecting the light to the
radiators and transmitting the light signal radiated by the
radiator to the signal detectors.
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5. The pressure and shear force measurement device of
claim 4, further comprising a collimator disposed between the
light source and the filter for correcting an optical path
between the light source and the filter.

6. The pressure and shear force measurement device of
claim 1, wherein the plurality of signal detectors detect a
distribution of the pressure and the shear force resulting from
the load on the flexible substrate.

7. A pressure and shear force measurement method, com-
prising steps of:

(1) disposing in a flexible substrate a plurality of signal
outputting units for outputting signals, and embedding a
plurality of signal detectors at a peripheral of the flexible
substrate;

(2) producing a displacement of each of the signal output-
ting units when the flexible substrate has a load applied
thereon; and

(3) receiving signals outputted from the signal outputting
units by the plurality of signal detectors, and detecting a
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pressure and a shear force resulting from the load on the
flexible substrate based on the signal received by the
signal outputting units.

8. The pressure and shear force measurement method of
claim 7, wherein the signal outputting units are signal gen-
erators.

9. The pressure and shear force measurenient method of
claim 7, wherein the signal outputting units are radiators, the
step (1) further comprises absorbing a light from a light
source and radiating a light signal by radiators, and the step
(3) further comprises receiving the light signal radiated by the
radiators by the signal detectors and detecting the pressure
and the shear force resulting from the load on the flexible
substrate based on the signal received from the radiators.

10. The pressure and shear force measurement method of
claim 7, wherein the step (3) further comprises detecting a
distribution of the pressure and the shear force resulting from
the load on the flexible substrate based on the signal received
by the signal outputting units.
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