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(57) ABSTRACT

A sensing device comprises a substrate material layer and a
plurality of sensors provided on the substrate material layer.
The plurality of sensors is electrically connected to form a
loop. The loop has two output ends. There is a loop output
value between the two output ends. The loop output value
varies when the sensors are subjected to an external force.
Each sensor has one induction value. The induction value of
each sensor is different from each other. A total induction
value of any one or more sensors is different from a total
induction value of the other one or more sensors.
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SENSING DEVICE

TECHNOLOGICAL FIELD

[0001] This invention relates to sensing apparatus, espe-
cially apparatus with few output terminals and easy to oper-
ate.

TECHNOLOGICAL BACKGROUND

[0002] There are many sensors made on textile to detect
signals from human or animals. These sensors need to be
connected to transmission wires and signal processors for
further analysis, especially pressure sensors and strain
gauges. There are many types of pressure sensors and strain
gauges. For example, PCT/CN2005/001520 discloses an
electronic device having a sensor array for detecting pressure
points. However, each sensor in the array is identical. There-
fore, each sensor has to be connected to the signal processor
via its own transmission wires in order for the signal proces-
sor to distinguish individual pressure points. It is the same
situation in PCT/CN2008/001570, which discloses clothing
materials having separate inductive areas, and PCT/CN2008/
001571, which discloses clothing materials for forming elec-
tronic components.

[0003] FIG. 1 shows a side view schematic diagram of a
prior art sensing apparatus. The sensing apparatus has three
pressure sensors A, B, and C on textile (clothing material)
connected to processor 002 in parallel. Sensor A has two
output terminals 1 and 2. Terminal 2 is connected to sensing
area “111a”, and terminal 1 is connected to sensing area
“122a”. Sensor B has output terminals 3 and 4. Terminal 4 is
connected to “1115” and terminal 3 is connected to “1225”.
Sensor C has output terminals 5 and 6. Terminal 6 is con-
nected to “111¢” and terminal 5 is connected to “122¢”. The
sensors A, B, and C connect with the signal processor 002 via
four connection points. One of the connection points is com-
mon to output terminals 1, 3, and 5. The other three connec-
tion points are separately connected to output terminals 2, 4,
and 6. While not pressed, the sensors A, B, and C are in
open-circuit state such that the impedance between the ter-
minals is very high. When appropriate force is applied, these
sensors are in close-circuit state and the impedance is
approximately zero. With such prior art sensing apparatus,
when user presses any sensor, the processor 002 would sense
the signal. However, in such a sensing apparatus, the signal
processor has four connecting points connecting with four
terminals from three sensors. That is, there are four indepen-
dent signal transmission wires disposed on clothing materi-
als, increasing the costs of such materials. It is complicated to
arrange output wires on a cloth material, because unlike a
circuit board, one cannot implement multi-layer circuits on a
cloth or a leather material. In addition, more wires on a cloth
material increase the chance of malfunction. After washing, if
one of the wires breaks, the sensing apparatus would not
work. Furthermore, it is not easy to maintain isolation
between the wires. Such materials are not environmental
friendly and are prone to short circuits and broken circuits.
[0004] The values sensed by pressure sensor A can be
adjusted by changing the structure, thickness, or materials in
the upper sensing area 111 to produce different pressure
responses. For example, the materials can be cotton, nylon,
latex rubber, silicone rubber, synthesized sponge, etc. The
materials of the sensing area 111a or 1225 can be conductive
materials such as steel fiber, steel wire, silver fiber, silver
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wire, conductive rubber, copper fiber, nickel fiber, gold wire,
graphite fiber, or conductive plastics.

[0005] Referring to FIG. 2, which shows a schematic dia-
gram of a prior art sensing apparatus applied on bed sheet or
cushion. Fifteen pressure sensors are fixed on bed sheet to
measure posture changes during sleep, e.g., supine, lateral,
prone, spasm or no movements. The sensing apparatus can
also detect breathing and the time the sleeper lies on bed and
gets up. This apparatus has sixteen transmission wires to
connect to the input terminals of the signal processor 002.
This is tedious to manufacture.

[0006] Referringto FIG. 3, which shows another schematic
diagram of a prior art sensing apparatus. The bed sheet has
three independent signal transmission wires arranged in the X
axis and five independent signal transmission wires arranged
in the Y axis. The processor 002 connects with eight signal
transmission wires. The circuit is complicated and the signal
processor 002 cannot get all 15 point signals simultaneously.

[0007] Referring to FIG. 4, which shows a schematic dia-
gram of a prior art sensing apparatus. The garment has eight
joints (moving locations) on both elbows, shoulders, knees,
and hips. There are nine signal transmission wires to connect
with the input terminals of the signal processor 002. The lay
out design of the wires on the garment is complicated. Its cost
is high. With more wires on a garment, there are more chance
for wire breakage and itis more difficult to isolate these wires.
The materials are not environmental friendly, and they are
prone to short circuits or broken circuits.

[0008] Referring to FIG. 19, which shows a schematic dia-
gram of a prior art sensing apparatus applied on belt. This belt
can detect breathing. Five strain gauges with different tension
thresholds (100g, 150g, 200g, 250g, and 300g force thresh-
olds) need six output terminals to connect to the input termi-
nals on the signal processor 002.

[0009] In addition, related prior art includes the following:

[0010] 1.U.S. Pat. No. 6,826,968 discloses cloth materials
having sensing devices that use variations of capacitances to
detect pressure. As discussed above, assuming N wires in the
X axis and M wires in the Y axis, it would need N plus M
terminals to connect to the input terminals of a signal proces-
sor, which is inconvenient.

[0011] 2.U.S. Pat. No. 6,210,771 discloses cloth materials
having circuit wires running in two orthogonal directions.
The circuit wires crisscross; it is difficult to implement. If
there is any problem, it would be difficult to determine which
element is at fault. More conductive wires on a cloth would
make it heavier, and would also make it more likely to fail
based on statistics.

[0012] 3. U.S. Pat. No. 6,729,025 discloses an electrical
circuit system fixed on a fabric article, as illustrated in the
description. To fix a circuit onto a fabric article, such is
garment is complicated and it increases the weight and thick-
ness of the garment. It is not ergonomic, nor is it environment
friendly.

[0013] 4. The membrane switch disclosed in U.S. Pat. No.
6,600,120 is similar to the prior art shown above. Because the
upper and low conductors are the same, it needs multiple
terminals to connect with processor 002.

[0014] 5. The textile switching device disclosed in U.S. Pat.
No. 7,145,432 also needs multiple output transmission wires,
which make it complicated.
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[0015] 6. U.S. Pat. No. 6,642,467 discloses an electrical
switch, in which the upper and lower conductors are only
textile switch or pressure sensor, and it needs three compo-
nents.

[0016] 7.U.S. Pat. No. 6,714,117 discloses a position sen-
sor, which is comprised of two conductive layers and a mid
layer in between to detect the signal variations caused by
applied force. It is very complicated.

[0017] 8.U.S.Pat. No. 6,493,933 discloses a textile circuit,
in which each electronic component has its own transmission
line. Furthermore, components such as processors, IC, Blue-
tooth, batteries are not water-proof or washable and they
produce electromagnetic waves.

[0018] 9. U.S. Pat. No. 6,809,662 discloses a system with
multiple pressure sensors in which conductors are coated on
both sides of a polymer film as electrodes. However, trans-
ducers are needed to detect the variations of capacitance or
resistance at the pressed positions. If one part of the film is
broken, the whole system would fail.

[0019] The above-mentioned prior art designs need more
steps during operations. For example, the user has to connect
four sets of terminals if the sensing apparatus has four outputs
to signal processor. The designs in these prior patents involve
complicated components or too many wires. They are not
washable or too difficult to manufacture. It is also difficult to
repair once it fails, because it is difficult to find out the
locations and the reasons.

[0020] Thus, it can be seen that there still exist inconve-
nience and shortcomings in the structures and applications of
current sensors wirings. These would need further improve-
ments. To overcome the problems associated with sensor
apparatus wirings, manufacturers are eagerly looking for
solutions. However, it has been some time and no suitable
designs have been developed. The products available out
there do not have the proper structures for solving these
problems. This is apparently an urgent problem to be solved
in this field. Therefore, how to develop a novel sensing appa-
ratus that is low cost, easy to operate and manufacture, is an
important topic for the research and development, and an
important goal of the industry.

DESCRIPTION OF THE INVENTION

[0021] The present invention aims to overcome some of the
shortcomings of the prior art sensing apparatus and to provide
sensing apparatus with novel structures. The technical prob-
lems addressed by the present invention includes decreasing
the number of terminals such that it would be easy to operate
an would not be prone to short circuits.

[0022] The objectives of the present invention and the tech-
nical problems are solved with the following technical solu-
tions. In accordance with embodiments of the invention, a
sensing apparatus is comprised of a base layer and a plurality
of sensors disposed on the base layer. The plurality of sensors
form a circuit with two output terminals. The two output
terminals produce a “circuit output,” which varies according
to the forces applied on the sensors. Each sensor has a unique
“sensor output,” which is different from any other sensor. Any
sensor or a combination of more than one sensor gives a sum
“circuit output” value that is different from a value of any
other individual sensors or any other combinations of sensors.
[0023] Inaddition, an objective of the present invention and
solutions to the technical problems can also be implemented
with the following approaches:
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[0024] An above-described sensing apparatus may include
a signal processor connected to the two terminals. The signal
processor senses and detects the “circuit output” value.
[0025] In an above-described sensing apparatus, a signal
processor can sense and detect where the output sensor is
located on the base layer.

[0026] In an above-described sensing apparatus, the base
layer may be made of textile or leather.

[0027] In an above-described sensing apparatus, the sen-
sors include pressure sensors, tension sensors, photo sensors,
or temperature sensors.

[0028] An above-described sensing apparatus may also
include a two-sectioned switch on a cloth base layer.

[0029] An above-described sensing apparatus may com-
prise a pressure sensor or a strain gauge.

[0030] In an above-described sensing apparatus, a sensor
includes a first sensing area disposed on the base layer; an
accessory disposed on the base layer correspondent to the first
sensing area; a second sensing area disposed on the accessory
and also correspondent to the first sensing area; and an elec-
tronic component electrically connected to the first or second
sensing area.

[0031] Inan above-described sensing apparatus, said elec-
tronic component may be a resistor, an inductor, or a capaci-
tor.

[0032] In an above-described sensing apparatus, said sen-
sor may include a light-emitted-diode (LED) electrically con-
nected to the first or second sensing area.

[0033] The objectives of the present invention and solu-
tions to the technical problem can be implemented using the
following approaches: according to embodiments of the
invention provide a bed sheet, a garment, a seat, a vehicle that
includes the sensing apparatus described above.

[0034] The objectives of the present invention and solu-
tions to the technical problems can be implemented as fol-
lows: according to embodiments of the invention, a physi-
ological function detecting system for detecting a
physiological function of a user is provided. The system
comprises a sensing apparatus described above, which senses
the posture changes of the user’s body and responds the
posture changes by generating a circuit output; at least one
detector to detect physiological functions based on a trigger
signal and to generate a corresponding signal; and a signal
processor that connects to the sensing apparatus and the
detector, to receive the circuit outputs and the signals, and to
send a trigger signal, according to a first criterion, to trigger
the at least one detector to detect the physiological functions.
[0035] The objectives of the present invention and solu-
tions to the technical problems can also be implemented as
follows: according to embodiments of the invention, a physi-
ological function detecting system is provided for detecting a
physiological function of a user. The system comprises an
above-described sensing apparatus, which senses changes in
the user’s body posture and, in response to the posture
changes, sends a circuit output; at least one therapy device;
the sensing apparatus senses physiological functions based
on a trigger signal and generates a signal; and a signal pro-
cessor that connects to the sensing apparatus and the therapy
device. The signal processor is to receive the circuit output
and the signal of the sensing apparatus, and to selectively send
the trigger signal based on a first criterion to initiate the at
least one therapy device. The therapy device can be a heater,
atranscutaneous electrical nerve stimulator (TENS), an ultra-
sonic device, or an electrical shock device.
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[0036] Objectives of present invention and solution to the
technical problems can be implemented as follows: according
to embodiments of the invention,

[0037] asensing apparatus is provided, which comprises at
least one first layer containing at least one first sensing area;
at least one accessory, made of Velcro®, containing at least
one second sensing area at a location corresponding to a
location of the first sensing area on the first layer. A Velcro®
is provided on a clothing material corresponding to the acces-
sory to allow attachment of the accessory. The first sensing
area is coupled to the second sensing area, and the coupling
state changes depending on an applied force.

[0038] Intheabove sensing apparatus, to conductive circuit
on the accessory is comprised of a conductive Velcro®.
[0039] In the above sensing apparatus, the accessory is
surrounded by a coil, and the first sensing area or the second
sensing area is made of a magnetic material such that a current
is induced in the coil with changes in the applied force.
[0040] Objectives of the present invention and solution to
the technical problem can also be implemented as follows:
according to embodiments of the invention, a

[0041] sensing apparatus is provided, which comprises a
textile layer containing at least one crevice surrounded by a
coil; and an inductance sensor area comprising a first sensing
area and a second sensing area disposed on both sides of the
crevice. The first sensing area and the second sensing area
comprise a magnetic material. The shapes of the crevice and
the inductance sensor area change according to the applied
force, and changes in the applied force induce a current in the
coil.

[0042] Objectives of the present invention and solution to
the technical problem can also be implemented as follows:
according to embodiments of the invention, a

[0043] sensing apparatus is provided, which comprises at
least one first layer having at least a first sensing area; at least
an extended part having at least one accessory; and at least
one connector connected to the accessory. At least a second
sensing area is disposed on the extended part at a location
correspondent to the first sensing area, wherein the first and
the second sensing areas are inductively coupled (connected),
the inductive state changes with the applied force. The acces-
sory is surrounded by a coil and the first and the second
sensing areas comprise a magnetic material such that a cur-
rent is induced in the coil when the applied force changes.
[0044] Compared with current art, the present invention has
obvious advantages and benefits. As shown in the above
description, sensing apparatus of the present invention have
substantial improvements and utility such that they can be
widely applied in the industry. Their advantages include at
least the following:

[0045] 1. Sensing apparatus of the invention have fewer
transmission wires. They are easy to operate by the user and
are less prone to having short circuits

[0046] 2. Sensing apparatus of the invention have can be
applied to fabric, leather, apparel, bed sheets, and seats. They
have fewer connectors so that a user feel more comfortable;
[0047] 3. Sensing apparatus of the invention can readily
detect a location of a mal-functioning sensor such that it is
easy to repair and replace.

[0048] Theabovedescriptionisonly a summary of embodi-
ments of the invention. In order to facilitate better understand-
ing of embodiments of the present invention such that one can
follow the description to practice the invention, as well as to
make embodiments of the invention and their objectives,
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characteristics and advantages easier to understand, the fol-
lowing sections use examples, together with drawings, to
explain in more details.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] FIG. 1 shows a side view shematic diagram of a
current sensing apparatus;

[0050] FIG. 2 shows a shematic diagram of a prior art
sensing apparatus applied in a bed sheet or a seat cushion;
[0051] FIG. 3 shows a schematic diagram of another prior
art sensing apparatus applied in a bed sheet;

[0052] FIG. 4 shows a shematic diagram of a prior art
sensing apparatus applied on a garment;

[0053] FIG. 5 shows a shematic diagram of the first pre-
ferred embodiment of the present invention;

[0054] FIG. 6 shows a shematic diagram of the second
preferred embodiment of the present invention;

[0055] FIG. 7 shows a shematic diagram of the third pre-
ferred embodiment of the present invention;

[0056] FIG. 8 shows a shematic diagram of the fourth pre-
ferred embodiment of the present invention;

[0057] FIG. 9 shows a shematic diagram of the fifth pre-
ferred embodiment of the present invention;

[0058] FIG. 10 shows a shematic diagram of the sixth pre-
ferred embodiment of the present invention;

[0059] FIG. 11 shows a shematic diagram of the seventh
preferred embodiment of the present invention;

[0060] FIG. 12 shows a shematic diagram of the eighth
preferred embodiment of the present invention;

[0061] FIG. 13 shows a shematic diagram of the ninth pre-
ferred embodiment of the present invention;

[0062] FIG. 14 shows a shematic diagram of the tenth pre-
ferred embodiment of the present invention;

[0063] FIG. 15 shows a shematic diagram of the eleventh
preferred embodiment of the present invention;

[0064] FIG. 16 shows a shematic diagram of the twelfth
preferred embodiment of the present invention;

[0065] FIG. 17 shows a shematic diagram of the preferred
embodiment of the physiological function signal detecting
system by the present invention;

[0066] FIG. 18 shows a shematic diagram of the preferred
embodiment of the bed sheet by the present invention;
[0067] FIG. 19 shows a shematic diagram of the preferred
embodiment of the belt by the present invention;

[0068] FIG. 20 shows a shematic diagram of the preferred
embodiment of the socks and shoes by the present invention;
[0069] FIG. 21 shows a shematic diagram of the preferred
embodiment of the suit and pants present invention;

[0070] FIG. 22 shows a shematic diagram of the thirteenth
preferred embodiment of the present invention;

[0071] FIG. 23 shows a shematic diagram of the fourteen
preferred embodiment of the present invention;

[0072] FIG. 24 shows a shematic diagram of the fifteenth
preferred embodiment of the present invention;

[0073] FIG. 25 shows a shematic diagram of the sixteenth
preferred embodiment of the present invention;

[0074] FIG. 25A-25D show shematic diagrams of a switch
of the present invention;
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[0075] FIG. 26 shows a shematic diagram of the seven-
teenth preferred embodiment of the present invention;

THE PREFERRED EMBODIMENTS

[0076] To further illustrate embodiments of the invention
and their objectives and benefits, the following description,
using drawings and examples, explains in detail sensing
apparatus of the invention, their applications, structure, char-
acteristics, and functions.

[0077] Sensing apparatus of the present invention each
comprise a base layer and a plurality of sensors. The plurality
of sensors are disposed on the base layer and electrically
connected to form a circuit with two output terminals. The
two output terminals give a “circuit output” value that varies
with the forces applied on the sensors. Each sensor has its
unique “sensor output” value that is different for different
sensors. A lump sum of sensor output value of any one or
more sensors is different from any other sensor output values
of another one or more combination of sensors. The form of
the “sensor output” values can be resistance, capacitance, or
inductance. The said sensor can be pressure sensors or strain
gauges.

[0078] In one of the preferred embodiments, the present
invention may contain two sensors.

[0079] A sensing apparatus of the invention may also
include a signal processor that connects to the two output
terminals for detecting the “circuit output” values and sends a
signal about the location of the sensor that experiences the
applied force. The “circuit output” value is unique for each
sensor. Therefore, the sensing apparatus has the ability to
identify the location of a sensor.

The following, using examples, further explains the inven-
tion.

The First Preferred Embodiment

[0080] Referring to FIG. 5, which shows a sensing appara-
tus of the invention. A sensing apparatus of this example
includes a textile layer 10" and sensors A', B, and C'. The
sensors A', B', and C' are disposed on the textile layer 10' and
electrically connected.

[0081] Sensor A' comprises a sensing area 112a, an acces-
sory el, and two output terminals 7, 8, wherein the sensing
area 112a is disposed on the textile layer 10", and the acces-
sory el is disposed above the textile layer 10" at a location
corresponding to the location of sensing area 112a. The
accessory el includes a sensing area 1114, one end of which
is connected to a 100Q2 resistor R1. The accessory el has a
hemisphere shape. The output terminal 7 is connected to both
the sensing area 112a and the resistor R1, and the output
terminal 8 is connected to the other end of the sensing area
111a. The accessory el is flexible. The sensing areas 111a
and 112a touch each other when pressed to short circuit the
resistor R1. When the applied force is removed, the sensing
areas 111a and 112a will return to the original shape/configu-
ration.

[0082] Sensor B' comprises a sensing area 1125, an acces-
sory €2, and two output terminals 9, 10. The structure of
sensor B' is same as that of sensor A', while the resistor R2 is
30092. Its output terminal 10 is connected to output terminal
7 of sensor A'.

[0083] Sensor C' comprises a sensing area 112C, an acces-
sory €3, and two output terminals 11, 12. The structure of
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sensor B' is same as that of A", while the resistor R2 is 500Q.
Its output terminal 12 is connected to output terminal 9 of
sensor B'.

[0084] Sensor A', B', and C' are electrically connected to
form a circuit with output terminals 8 and 11.

[0085] Inthis example, the sensing apparatus also includes
a signal processor 002 that electrically connects with output
terminals 8 and 11.

[0086] Inthisexample, processor 002 comprises a device to
measures the resistance. It needs only two wires and two
terminals, very economical in the use of materials.

[0087] Inthis sensing apparatus example, when no external
force is applied to the sensors A", B', and C', the resistance
measured by the signal processor 002, i.e., the “circuit out-
put”, is 900Q. When only sensor A' is pressed, the circuit
output detected by the processor 002 is 800Q2. When only
sensor B' is pressed, the circuit output detected by the pro-
cessor 002 is 600L2. When only sensor C' is pressed, the
circuit output detected by the processor 002 is 400Q. When
both sensor A' and B' are pressed, the circuit output detected
by the processor 002 is 500Q2. When both sensor A' and C' are
pressed, the circuit output detected by the processor 002 is
300Q. When both sensor B' and C' are pressed, the circuit
output detected by the processor 002 is 100Q. When all
sensors are pressed, the circuit output detected by the proces-
sor 002 is 0Q. That is, the output values detected by the
processor are different in all these situations. Each circuit
output of any one or any combinations of sensors under
pressure is different from that of any other one or other
combinations of sensors.

[0088] When this embodiment is applied in socks or shoes,
the signal processor 002 needs only two terminals to detect
changes in three pressure points for the analysis of the right
foot or left foot walking status of a user. For example, it can
identify whether the user fell or not by determining whether
none of the sensors are pressed.

[0089] This sensing apparatus example can also includes an
LED. As shown in FIG. 5, an LED dA is placed between the
sensing area 112a and the output terminal 7. Because it has
LEDdA, when a sensor (e.g., sensor A') is pressed, it will light
up. If it won’t light up, it would indicate that the sensor at this
location has a problem. Therefore, addition of LED makes it
more fun and can also help indicate whether a sensor has any.
This example can also be applied in a keyboard.

The Second Preferred Embodiment

[0090] Referring to FIG. 6, which shows a second exem-
plary embodiment of the invention.

[0091] This second example is similar to the first, but the
resistors are placed above the sensing areas on the base layer,
and no LED is installed.

[0092] In the above two examples, the resistance values
detected by the signal processor 002 is sufficient to identify
the changing conditions of sensors A', B' and C', and this is
very efficient because the signal processor 002 uses only two
input terminals to read one signal, and therefore the signal
processor 002 can have spare terminals for receiving other
signals. In contrast, the structure shown in FIG. 1 would
request four terminals to read three signals.

The Third Preferred Embodiment

[0093] Referring to FIG. 7, which shows a schematic of a
third exemplary embodiment. A sensing apparatus according
to this third example comprises a cloth layer 10" and sensors
E,F, and G.
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[0094] In the cloth layer 10', there are three crevices 100,
200, and 300. The sensors E, F, G are strain gauges and are
placed near crevices 100, 200, and 300.

[0095] The sensor E comprises two inductive sensing areas
al and a2 on both sides of the crevice 100, an accessory a, and
two output terminals 13 and 14. The accessory a may be a
conductive material and is connected to the sensing areas al
and a2 located at two ends of the crevice 100. In addition, the
accessory is equipped with a 1002 resistor R1. In the absence
of applied force, the resistance of to the sensor E is zero.
When a force is applied to pull the crevice 100 apart and
separate the sensing areas al and a2, the resistance of the
sensor E becomes that of the resistor R1, 100£2.

[0096] Thestructures ofthe sensors E, F and G are basically
the same, but their resistors are 1009, 30022, and 5009,
respectively.

[0097] The above-described sensors E, F, and G are elec-
trically connected to form a circuit with output terminals 13
and 18. Between the output terminal 13 and output terminal
18, there is an inductance value.

[0098] In this example, the sensing apparatus further
includes a processor 002, which is connected with the output
terminals 13 and 18.

[0099] Inthis example, the signal processor 002 includes a
resistance sensor for detecting a resistance of the circuit. The
processor 002 needs only two terminals and two transmission
wires, very economical in using materials.

[0100] In this example sensing apparatus, when sensors E,
F, and G are not subjected to any external force, the resistance
detected by the processor 002 is 0. When strain sensor E is
under an external force that pulls crevice 100 open, the resis-
tance detected by the processor 002 is close to 100Q2. When
strain sensor F is under an external force that pulls crevice 200
open, the resistance detected by the processor 002 is close to
300Q. When strain sensor G is under an external force that
pulls crevice 300 open, the resistance detected by the proces-
sor 002 is close to 500Q2. When strain sensors E, F are under
an external force that pulls crevices 100 and 200 open, the
resistance detected by the processor 002 is close to 400Q.
When strain sensors E, G are under an external force that pulls
crevices 100 and 300 open, the resistance detected by the
processor 002 is close to 600Q2. When strain sensors F, G are
under an external force that pulls crevices 200 and 300 open,
the resistance detected by the processor 002 is close to 800€2.
When strain sensors E, F, G are under an external force that
pulls crevices 100, 200, and 300 open, the resistance detected
by the processor 002 is close to 900€2. That is, the resistance
values produced by these sensors are different. Any sensor
value sum produced by one or more sensors is different from
a value produced by any other one or more sensors.

[0101] Inaddition, the accessories a, b, ¢ are also protective
devices to prevent the structures of the strain sensors form
being destroyed by excessive force. For example, assuming
the threshold of the sensor E is 500 grams, and under a force
greater than 100 grams, the crevice 100 may be torn or acquire
prematurely elastic fatigue. With accessory a, with a force
greater than 500 grams, the crevice is open and the accessory
a is also stretched. Therefore, excess force would not affect
crevice 100. That is, crevice 100 will not be subjected to an
external force greater than 1000 grams. In addition, when the
tension force is too large, accessories a, b, ¢ would break first.
The signal processor 002 can detect such breakage. For
example, if accessory a breaks, under the serial connection
configuration, when crevice 100 is open, the obtained resis-
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tance value would be very large. In this case, a new accessory
a can be sew back on, without having to replacing the entire
sensor E. The process is easy and environmentally friendly,
saves resources, and is easy to repair.

The Fourth Preferred Embodiment

[0102] Referring to FIG. 8, which shows a sensing appara-
tus of a fourth preferred embodiment of the invention. This
sensing apparatus comprises a cloth base layer 10' and sen-
sors K, L, and M. These sensors K, L, M are disposed on the
base layer 10" and electrically connected.

[0103] The sensor K comprises a sensing area 13a, an
accessory 700, and two output terminals 25 and 26. The
sensing area 13a is disposed on the base layer 10", and serially
connected to a resistor R1 with the two output terminals 25
and 26. The accessory 700 is disposed above the base layer 10"
at a location correspondent to the sensing area 13a. The
accessory includes an elastic sphere g1, which is fixed onto
the base layer 10' by two connectors 18; and a sensing area
172a that spans from the elastic sphere gl to the output
terminals 26. the accessory gl is elastic. The sensing area 13a
and sensing area 172a contact each other under an applied
force to cause a short circuit of the resistor R1; they return to
the original shape once the pressing force disappear.

[0104] The sensor I comprises a sensing area 1354, an
accessory 800, and two output terminals 27 and 28. The
structure of sensor L is similar to that of sensor K, but the
resistor R2 has a resistance of 300€2. Output terminal 27 is
connected to output terminal 26.

[0105] The sensor M includes a sensing area 13¢, an acces-
sory 900 and two output terminals 29,30. The structure of
sensor M is similar to that of sensor L, but the resistance of
resistor R3 is 500€2. Output terminal 29 is connected to output
terminal 28.

[0106] The sensors K, L, and M are electrically connected
to form a circuit with output terminals 25' and 30.

[0107] In this example, the sensing apparatus further
includes a processor 002, which is electrically connected with
output terminal 25' and output terminal 30.

[0108] With a sensing apparatus of this example, when
sensors K, L, and M are not pressed by an external force, the
resistance detected by the processor 002 is 900€2. When sen-
sor K is pressed, sensing areas 13a and 172a touch to short
circuit the R1, and the resistance detected by the processor
002 is 800€2. When sensor L is pressed, the resistance
detected by the processor 002 600€2. When sensor M is
pressed, the resistance detected by the processor 002 400Q.
When sensor L. and sensor M are pressed, the resistance
detected by the processor 002 100Q. When sensor K and
sensor M are pressed, the resistance detected by the processor
002 300L2. When sensor K and sensor L are pressed, the
resistance detected by the processor 002 500Q2. When sensors
K, L, and M are pressed, the resistance detected by the pro-
cessor 002 0. That is, the detected values are all different.
The sum value of any one or more sensors is different from
that of any other sensor or other combination of sensors.

The Fifth Preferred Embodiment

[0109] Referring to FIG. 9, which shows a fifth preferred
embodiment of the invention. Compared with example 4, the
resistors in a sensing apparatus of this embodiment are dis-
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posed on the accessories, and the output terminals of the
sensors are connected to the two ends in the sensing areas on
the accessories.

[0110] Inthis embodiment, all the resistance values should
be different and no sum or difference of any arbitrary com-
bination of the resistors would produce the same value, to
prevent the processor 002 from making an incorrect identifi-
cation. For example, the resistances can be proportional to a
geometric series with a ratio of 1, 2, 4, 8, 16, 32, and 64 to
ensure that no sum of two or more of these numbers would be
the same. Of course, one can also use values of a combination
ofthree different magnitudes, e.g., 122, 102, 100Q2. Then, any
sensor will not produce a same result. Of course, the above-
described approaches are not the only ways to ensure that the
resistance values would be different.

[0111] Hereisone example wherein wrong resistance vales
are selected. Assuming the resistance of the sensor 13a is
1002, the resistance of the sensor 135 is 20022, the resistance
of the sensor 13 is 30022, then the circuit output of resistors
13a and 135 is 300€2, the same values as resistor 13¢. With
this circuit output, the signal processor 002 cannot determine
whether sensors 1 and 2 are pressed or only sensor 3 is
pressed.

The Sixth Preferred Embodiment

[0112] Referring to FIG. 10, which shows a sixth preferred
embodiment of the invention. This sensing apparatus com-
prises a cloth base layer 10" and sensors N, O, and U.

[0113] The sensors N, O, U are disposed on the base layer
10' and electrically connected.

[0114] The sensor N comprises a sensing area 13a, an
accessory 1000, and two output terminals 37 and 38. The
sensing area 13a is disposed on both sides of an opening in the
base layer 10'. The accessory 1000 is disposed above the base
layer 10" at a location correspondent to the sensing area 13a.
The accessory 1000 comprises a column f1. The column 1 is
fixed on the cloth base layer 10" by two connectors 18, and a
sensing area 172a on the column f1. The sensing area 172a
comprises three sensing areas with different resistances,
which are 100Q, 300Q2, 500€2, respectively. All three differ-
ent resistors are connected to output terminal 37. The column
f1 penetrates the opening in the base layer 10" and contacts the
sensing area 13a on both sides of the opening. The output
terminal 38 is electrically connected to the sensing area 13a.
When an external force is applied to the accessory 1000, it
moves up or down to give a displacement relative to the base
layer 10 to produce 1009, 300€2, or 500€2, three different
resistance values.

[0115] The structures of sensors O and U are the same as
that of the sensor N, but the resistors on column 2 are 1000£2,
3000€2, and 50009, and the resistors on column {3 are
10000€2, 30000L2, and 50000€2.

[0116] The sensors N, O, and U are electrically connected
to form a circuit with the output terminals 37 and 42.

[0117] The sensing apparatus in this embodiment also
includes a signal processor 002 to electrically connect to the
output terminals 37 and 42.

[0118] With a sensing apparatus of this example, an exter-
nal force is applied to press a sensor N, O, or U, or to pull the
base layer 10" to give an up-and-down relative displacement.
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Thus, the signal processor 002 can detect the changes in
resistance and identify the sensor that produces the resistance
change.

The Seventh Preferred Embodiment

[0119] Referring to FIG. 11, which shows a seventh pre-
ferred embodiment. This sensing apparatus comprises a base
layer 10" and sensors X, Y, and Z.

[0120] The sensors X, Y, and Z are disposed on the base
layer 10" and electrically connected.

[0121] The sensor X is connected to give analog outputs.
The accessory 1300 of the sensor X comprises a column h1,
two connecting parts 18 fixed on the cloth base layer, wherein
column h1 has a sensing area 182a made of a variable resistor
with resistance ranging from 1000€2 to 2000€2, and an output
terminal 43. The sensor X’s accessory (column h1) penetrates
an opening in the base layer 10'. A first sensing area 14a,
having a resistance of 0, is located at the opening. The sensing
area 14a directly contacts accessory 1300 and connects with
output terminal 44. The accessory 1400 of the sensor Y com-
prises a column h2, two connecting parts 18 fixed on the cloth
base layer. A sensing area 1826 on column h2 comprises a
variable resistor with resistance ranging from 2100Q to
40009, connected to an output terminal 45. The sensor Y’s
accessory (column h2) penetrates an opening in the base layer
10'. A first sensing area 145 is located at the opening and has
aresistance of about 0. The sensing area 145 directly contacts
the accessory 1400 and connects with an output terminal 46.
The accessory 1500 of the sensor Z comprises a column h3,
two connecting parts 18 fixed on the cloth base layer. The
column h3 has a sensing area 182¢, which is a variable resistor
with resistance ranging from 6100Q to 800022, connected to
an output terminal 47. The accessory 1500 of sensor Z pen-
etrates an opening in the base layer 10'. A first sensing area
14c is disposed at the opening, which has aresistance of about
0. The sensing area 14¢ directly contacts the accessory 1500
and connects with output terminal 48. Every accessory 1300,
1400 or 1500 uses connecting parts 18 to connect with the
base layer such that the accessories are fixed on the cloth base
layer and their output terminals 43, 45, 47 are connected to the
cloth base layer 10' via the connecting parts 18.

[0122] Theoutputterminal 43 ofthe sensor X is electrically
connected to the output terminal46 of the sensor Y. The output
terminal 45 of the sensor Y is electrically connected to the
output terminal48 of the sensor Z. The output terminal 44 of
the sensor X and the output terminald47 of the sensor Z are
separately connected to the two input terminals of the signal
processor 002, for form a serial connection. Thus, the resis-
tance variation caused by applied forces can be measured by
the signal processor 002 via the two input terminals.

The Eighth Preferred Embodiment

[0123] Referring to FIG. 12, which shows an eighth pre-
ferred embodiment of the invention. This sensing apparatus
comprises a base layer 10', and sensors HA, HB, and HC.
[0124] The sensors HA, HB, and H C are disposed on the
base layer 10" and electrically connected.

[0125] The accessory 400 of the sensor HA includes a
sensing area 201a. The accessories 400, 500. and 600 are
separately fixed on the cloth base layer 10'. On the base layer,
at a location corresponding to the location of sensing area
201a, are placed two open circuit points 200a and 2005,
connected by a 100Q resistor R1. The two open circuit points
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2004g and 2005 are connected to terminals 166 and 167. The
accessory 500 of the sensor HB includes a sensing area 2015.
The accessories 400, 500, and 600 are separately fixed on the
cloth base layer 10'. On the base layer, at a location corre-
sponding to the location of the sensing area 2015, are placed
two open circuit points 210a and 2105, connected by a 300€2
resistor R1. The two open circuit points 210a and 2105 are
connected to terminals 168 and 169. The accessory 600 of the
sensor HC includes a sensing area 201¢. The accessories 400,
500, and 600 are separately fixed on the cloth base layer 10'.
On the base layer, at a location corresponding to the location
of the sensing area 201c¢, are placed two open circuit points
220a and 2205, connected by a 5002 resistor R1. The two
open circuit points 220a and 2204 are connected to terminals
170 and 171. The accessories have a cap shape and are made
ofplastic, latex rubber, silicone rubber, synthesized sponge or
other elastic material. They would change shapes under an
applied force and will return to their original shapes when the
external force is removed. The output terminal 166 is con-
nected to the processor 002. The terminal 167 is connected to
the terminal 168, so is 169 and 170. The terminal 171 is
connected to the other terminal of the signal processor 002 to
form a circuit. When no external force is applied, the resis-
tance of this circuit is 900Q2. When only the sensor HA is
pressed, the sensing area 201a contacts the two open circuit
points 200a, 2005 on the base layer to form a short circuit. The
resistance for the entire circuit becomes 800€2. When the
external force is removed, the open circuit points 200a, 2005
become open circuit again, and the resistance of the entire
circuit returns to 900Q2. The same analysis applies to sensors
HB and HC.

The Ninth Preferred Embodiment

[0126] Referring to FIG. 13, which shows a ninth preferred
embodiment i of the invention. This sensing apparatus com-
prises a base layer 10', and sensors ZA, ZB, and ZC.

[0127] The operating principle of the pressure sensors ZA,
7B, ZC is the same as that of the eighth example, but the
sensing areas 201a, 2015, and 201c¢ of the accessories 400,
500, and 600 can directly touch the both ends of the resistors
R1,R2, and R3 to short circuit 300a and 3005, 310a and 3105,
or 320qa and 3205, when the sensor is pressed.

The Tenth Preferred Embodiment

[0128] Referring to FIG. 14, which shows a tenth preferred
embodiment of the invention. this sensing apparatus com-
prises a base layer 10", and sensors KA, KB, and KC.

[0129] The sensors KA, KB, and KC are connected in par-
allel to the signal processor 002 by two output transmission
wires 178 and 184. The accessory 400" includes two insulator
layers L1 and L2 fixed on the base layer 10' connected by a
connector 18. On the connector 18, there is a sensing area
301a having a 1 KQ resistor. The accessory 500" includes two
insulator layers L1 and L2 fixed on the base layer 10' and
connected by a connector 18. On the connector 18, there is a
sensing area 3015 having a 2 KQ resistor. The accessory 600’
includes two insulator layers .1 and [.2 fixed on the base
layer 10" and connected by a connector 18. On the connector
18, there is a sensing area 301c having a 4 KQ resistor.
Correspondent to the location of the sensing area 301a, two
open circuit points 70a and 705 are placed, which are con-
nected by two output transmission wires 178 and 179. Cor-
respondent to the location of the sensing area 3015, two open
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circuit points 80a and 805 are placed, which are connected by
two output transmission wires 181 and 182. Correspondent to
the location of the sensing area 301¢, two open circuit points
90a and 9054 are placed, which are connected by two output
transmission wires 183 and 184. The output transmission
wires 178, 181, and 183 are connector together to the signal
processor 002. The output transmission wires 179, 182, and
184 are also connected together and then connected to the
other terminal of the signal processor 002. When no external
force is applied, the resistance is infinite. When only sensor
KA is pressed by an external force, the sensing area 301a
touches both open circuit points 70a and 705. The resistance
ofthe resulting circuit becomes 1 kQ2. When the external force
is removed, the sensor returns to its original shape and the
resistance of the circuit becomes infinite again. The same
analysis applies to sensors KB and KC.

[0130] In addition, in the structure of FIG. 14, resistor R1
can be connected directly to the open circuit points 70a and
705. Resistor R2 can be directly connected to the open circuit
points 80a and 805. Resistor R3 can be directly connected to
the open circuit points 90a and 905. At the same time, the
resistances of the sensing area on the connector 18 should be
change to zero. The circuit will give same effects as that
shown in FIG. 14, except that the resistors are now on the base
layer.

[0131] In such a configuration, R1 can be a thermistor to
allow the processor 002 to measure the outside or body tem-
perature changes. If the outside temperature is very low, the
signal processor can initiate a heater to keep the user warm.
When the sensor KA is pressed, the signal processor can
measure the resistance change at the pressed location to infer
the body temperature change. Therefore, the sensor KA is not
only a pressure sensor, but also a thermometer.

[0132] By the same token, R1 can also be a photo resistor or
color sensor which can reflect the intensity or color of inci-
dent light by its resistance. When pressed, the signal proces-
sor 002 can determine whether the light is on or off, blue or
red, and responds accordingly. For example, when the light is
off, the signal processor 002 can turn on the LED or optic
fibers on a cloth. When light transmission sensor detects
different lights, the signal processor 002 can produce differ-
ent response, allowing the color or strength of a cloth material
to change with the environment. Thus, the sensor is not only
a pressure sensor but also a photo or color sensor.

[0133] As describe in the eighth embodiment, the acces-
sory can be an arch-shaped structure, and be made of plastic,
latex rubber, silicone rubber, synthesized sponge or other
elastic materials, wherein a sensing area made of'a conductive
material (such as a conductive silicone) is designed to contact
the two open circuit points on the base layer. The sensors can
be connected in parallel to two output wires to the signal
processor 002.

[0134] There is a common feature in the eighth, ninth, and
tenth preferred embodiments (examples), i.e., no output ter-
minals, but sensing areas, are disposed on the accessories. All
circuits are on the base layer 10', which makes it easier to
manufacture, using fewer wires, and more environmentally
friendly.

The Eleventh Preferred Embodiment

[0135] Referring to FIG. 15, which shows an eleventh pre-
ferred embodiment of the invention. This sensing apparatus
comprises a base layer 10", and sensors W1, W2, and W3.



US 2011/0282164 Al

[0136] The sensors W1, W2, and W3 are disposed on the
base layer 10" and electrically connected.

[0137] The accessory 666 of the sensor W1 includes a
sensing area 666a. Corresponding to the location of accessory
666a, two sensing areas 6665 and 666¢ are disposed on the
base layer 10', and a piece of dielectric material is placed
between sensing areas 6665 and 666¢ to form a 10 pF capaci-
tor C1. The accessory 667 of the sensor W2 includes a sensing
area 667a. Corresponding to the location of accessory 6674,
two sensing areas 6675 and 676¢ are disposed on the base
layer 10", and a piece of dielectric material is placed between
sensing areas 6675 and 667¢ to form a 20 pF capacitor C2.
The accessory 668 of the sensor W3 includes a sensing area
668a. Corresponding to the location of accessory 668a, two
sensing areas 6685 and 668¢ are disposed on the base layer
10', and a piece of dielectric material is placed between sens-
ing areas 668b and 668c¢ to form a 100 pF capacitor C3. One
terminal of capacitor C1, i.e., the sensing area 6665, is con-
nected with a transmission wire 771, and the other terminal of
capacitor C1, i.e., sensing area 666¢, is connected with a
transmission wire 772. One terminal of capacitor C2, i.e., the
sensing area 6675, is connected with a transmission wire 773,
and the other terminal of capacitor C2,1.e., sensing area 667c,
is connected with a transmission wire 774. One terminal of
capacitor C3, i.e., the sensing area 6684, is connected with a
transmission wire 775, and the other terminal of capacitor C3,
i.e., sensing area 666¢, is connected with a transmission wire
776.

[0138] The transmission wires 771, 773, and 775 are con-
nected together as one terminal to the signal processor 002,
and the transmission wires 772, 774, and 776 are also con-
nected together as another terminal to the signal processor
002. When only sensor W1 is pressed, the sensing area 666a
touches both ends of capacitor C1 to short circuit the capaci-
tor C1, thereby the capacitance detected by the signal proces-
sor 002 changes from 130 pF (which is the value when no
external force is applied) to 120 pF. When only sensor W2 is
pressed, the sensing area 667a touches both ends of capacitor
C2 to short circuit the capacitor C2, thereby the capacitance
detected by the processor 002 changes from 130 pF to 110 pF.
When only sensor W3 is pressed, the sensing area 668a
touches both ends of capacitor C3 to short circuit the capaci-
tor C3, thereby the capacitance detected by the processor 002
changes from 130 pF to 30 pF. When both sensors W2 and W3
are pressed, the value detected by the processor 002 is 100 pF.
When both sensors W1 and W3 are pressed, the value
detected by the processor 002 is 20 pF. When all three sensors
are pressed, the value detected by the processor 002 is O pF.
Thus, the sensing apparatus can detect the body movement of
a user.

The Twelfth Preferred Embodiment

[0139] The sensor of this embodiment can use capacitors.
As shown in FIG. 16, a sensing apparatus according to twelfth
embodiment of the invention comprises a base layer 10" and
sensors Q1, Q2, and Q3.

[0140] Thesensors Q1,Q2, and Q3 are disposed on the base
layer 10" and electrically connected.

[0141] The capacitance between two conductor plates is
C=EA/d, wherein € is the dielectric constant. Using materi-
als of different dielectric constants, different areas A, and
different distance d between the conductor plates, one can
design capacitors with different capacitance values.
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[0142] AsshowninFIG.17,theaccessory 333 ofthe sensor
Q1 includes a sensing area 333a with an area A1, under which
adielectric material with dielectric constant c1 is disposed. At
a location corresponding to the location of sensing area 333a
on the base layer 10/, there is another sensing area 33356 with
area Al. A distance between the two sensing areas 333a and
3335 is d1. Likewise, the accessory 334 of the sensor Q2
includes a sensing area 334a with an area A2, under which a
dielectric material with dielectric constant €2 is disposed. At
a location corresponding to the location of sensing area 334a
on the base layer 10/, there is another sensing area 3345 with
an area A2. A distance between sensing areas 334a and 3345
is d2. The accessory 335 of the sensor Q3 includes a sensing
area 335q with an area A3, under which a dielectric material
with dielectric constant €3 disposed. At a location corre-
sponding to the location of sensing area 335a on the base
layer 10', there is another sensing area 3355 with an area A3.
A distance between sensing areas 335a and 33554 is d3. The
capacitance of the capacitor formed by sensor Q1 is c1. The
capacitance of the capacitor formed by sensor Q2 is c2. The
capacitance of the capacitor formed by sensor Q3 is ¢3. At the
same time, a transmission wire 444 is connected to 333a; a
transmission wire 445 is connected to 334a; a transmission
wire 446 is connected to 335q; a transmission wire 447 is
connected to 33354; a transmission wire 448 is connected to
3345b; and a transmission wire 449 is connected to 3355. The
transmission wires 444, 445, and 446 are connected together
to one input terminal of the signal processor 002. Transmis-
sion wires 447, 448, and 449 are connected together to the
other input terminal of the signal processor 002. The capaci-
tance of the sensor Q1 is ¢1 and changes with applied force.
Thus, as long as the capacitances of Q1, Q2, and Q3 do not
overlap, processor 002 would know which sensor is being
pressed. In FIG. 16 the sensors are connected in parallel. The
same can also be applied to serially connected sensors.

The Thirteenth Preferred Embodiment

[0143] Referring to FIG. 22, which shows a thirteenth pre-
ferred embodiment of the invention. This sensing apparatus
comprises a base layer 10', and sensors K1, L1, and M1.
[0144] The accessory 7001 of the sensor K1 comprises a
piece of non-electrically-conductive Velcro® as a substrate,
which contains a sensing area 1721a that is lower than the
thickness of the surrounding Velcro. The sensor K has output
terminals 250 and 251, wherein the output terminal 250 is
made of a piece of electrically-conductive Velcro®, and is
connected to a conductive Velcro® 250" on a cloth material.
Therefore, when the accessory and the cloth material are
matched, output terminals 250 and 251 connect and remain
connected. When the accessory 7001 is attached to the base
layer, the Velcro 888 is “loop and hooked” by its counterpart
888' on the base layer 10, and the sensing area 1721a is
electrically connected to terminal 251 through 250 and 250"
and furthermore to the sensing area 1315 of the sensor LL1.
The terminal 251 is also connected to a 100Q resistor R1,
which is serially connected to the sensing area 131a on the
base layer 10' under the sensing area 1721a. When the acces-
sory 7001 is pressed, both sensing areas 1721a and 131a
contact to short circuit the R1. The sensing area 131a is also
connected to the output terminal 255' and furthermore to one
of the input terminals of the signal processor 002.

[0145] The accessory 8001 of the sensor L1 is comprised of
a piece of non-electrically-conductive Velcro 888 as a sub-
strate, a piece of electrically-conductive Velcro 252 as a out-
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put terminal, and a sensing area 17214 electrically connected
to the Velcro 252, placed on the center of the two Velcro with
lower altitude such that it can contact its conductive counter-
part 252' on the base layer while pressed. The 252" is electri-
cally connected to an output terminal 253. When the acces-
sory 8001 is attached to the base layer, the Velcro 888 is “loop
and hooked” by its counterpart 888' on the base layer 10, and
the sensing area 17215 is electrically connected to terminal
253 through 252 and 252" and furthermore to the sensing area
131c of the sensor M1. The terminal 253 is also connected to
a 300Q2 resistor R2, which is serially connected to the sensing
area 1314 on the base layer 10' under the sensing area 17215.
When the accessory 8001 is pressed, both sensing areas
17215 and 13154 contact to short circuit the R2.

[0146] The accessory 9001 of the sensor M1 is comprised
of a piece of non-electrically-conductive Velcro 888 as a
substrate, a piece of electrically-conductive Velcro 254 as a
output terminal, and a sensing area 1721c¢ electrically con-
nected to the Velcro 254, placed on the center of the two
Velcro with lower altitude such that it can contact its conduc-
tive counterpart 254' on the base layer while pressed. The 254"
is electrically connected to an output terminal 255. When the
accessory 9001 is attached to the base layer, the Velcro 888 is
“loop and hooked” by its counterpart 888' on the base layer
10, and the sensing area 1721c¢ is electrically connected to
terminal 255 through 254 and 254' and furthermore to the
input terminal of the signal processor 002. The terminal 255
is also connected to a 500Qresistor R3, which is serially
connected to the sensing area 131¢ on the base layer 10" under
the sensing area 1721¢. When the accessory 9001 is pressed,
both sensing areas 1721¢ and 131¢ contact to short circuit the
R3.

[0147] The sensors K1, L1, and M1 are thus serially con-
nected to the input terminals 255 and 255' of the signal pro-
cessor 002. When none of the sensors are pressed, the resis-
tance in between the terminals 255 and 255' is 900Q2; when
only K1 pressed, R1 is short circuited, thus the resistance is
800€2; when only L1 pressed, R2 is short circuited, thus the
resistance is 600Q; when only M1 pressed, 400€2; when both
K1 and L1 pressed, 500Q2; when both K1 and M1 pressed,
30092; when both L1 and M1 pressed, 100Q2; when all sensors
pressed, zero Q. None of the different condition give same
resistance, thus the signal processor 002 can determine which
sensor or sensors are pressed.

The Fourteenth Preferred Embodiment

[0148] The fourteenth preferred embodiment is shown in
FIG. 23, where the sensing apparatus is comprised of a base
layer 10", and sensor SA, SB, and SC placed on the base layer
10" and electrically parallel connected by two transmission
wires 911 and 916 to the signal processor 002. The accessory
559 ofthe sensor SA includes a sensing area 302a witha 1 KQ
resistor R1; the accessory 560 of the sensor SB includes a
sensing area 3025 with a 2 KQ resistor R2; the accessory 561
of the sensor SC includes a sensing area 302b¢ with a 4 KQ
resistor R3. The sensing areas and resistors are fastened by
Velcro 888 and 889, which are fixed by their counterpart
Velcro 888' and 889' on the base layer.

[0149] Correspondent to the sensing area 3024, two termi-
nals 701a and 7015 are placed on the base layer, which are
connected by transmission wires 911 and 912, respectively.
Likewise to the sensing area 3024, two terminals 801a and
8015 are placed on the base layer, which are connected by
transmission wires 913 and 914, respectively. To the sensing
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area302c¢, two terminals 901a and 9015 are placed on the base
layer, which are connected by transmission wires 915 and
916, respectively. The transmission wires 911, 913, and 915
are connected together to the signal processor as one of the
input terminals. The transmission wires 912,914, and 916 are
also connected together to the signal processor as the other
input terminals. When none of the sensor pressed, the resis-
tance measured by the signal processor is infinite; when only
sensor SA pressed, the sensing area 302a contacts both the
terminal 701a and 7015, the resistance turns from infinite to 1
k€. When the forced goes out, the resistance goes back to
infinite.

[0150] Alternatively, the resistor R1 in FIG. 23 can be con-
nected directly to the terminal 701a and 7015 instead; so can
R2 to 801a and 8015, and R3 to 901a and 9015. In the mean
while, the resistances of the sensing areas should be revised to
approximate zero. Thus the sensing apparatus can give the
same results.

[0151] By the configuration shown in FIG. 23, R1 can be a
thermistor to measure the body temperature of the wearer. If
the environment is so cold such that the body temperature is
too low, then the signal processor can ignite a heater. When
the sensor SA pressed, the signal processor 002 can measure
the temperature of the position where the sensor SA placed.
Thus, the sensor SA is not only a temperature sensor but also
a pressure sensor. By the same principle, R1 can also be a
photo resistor or color sensor which can reflect the intensity or
color of incident light by its resistance. When pressed, the
signal processor can determine whether the light is on or off,
blue or red; and response accordingly. For example, when the
light off, the signal processor 002 can turn on the LED on the
shirt; when the light turns red, the signal processor 002 can
turn on the blue LED. Thus, the sensor is not only a pressure
sensor but also a photo or color sensor.

[0152] The threshold of the force that activates the sensor is
determined by the structure and materials of the accessory
and the Velcro, e.g., thickness, hardness, elasticity, and the
area ratio of the Velcro over the accessory. Higher the ratio,
high the elasticity, the thicker, the harder, then the threshold
will be higher.

[0153] The structure of this embodiment can be the same to
the eighth embodiment, to make a hat-shape accessory by
plastic, latex rubber, silicone rubber, synthesized sponge, etc.
The Velcro is to fix the accessory on the base layer, and the
sensing area in the center of the accessory can be made of
conductive silicone rubber to conduct the two terminals under
the accessory.

The Fifteenth Preferred Embodiment

[0154] The fifteenth preferred embodiment is shown in
FIG. 24, where the sensing apparatus is based on the structure
disclosed on the second preferred embodiment. The acces-
sory el of the sensor A' is like a hemisphere, where the
sensing area 111a on the accessory el or the sensing area
1124 is a magnetic conductor that emits magnetic field lines,
and transmission wires that made of steel fiber are stitched as
a coil such that current can be induced while the hemisphere
is pressed by an applied force. By the same principle, a
magnetic conductor and a coil can be stitched around the clips
shown in FIG. 7 to induce current by pulling the clip. This
method can also be applied to other sensors B' and C', and
copper wire or silver wires can also be used to form a coil like
steel fiber.
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[0155] The sensing apparatus can be applied to implement
a physiological function signal detecting system, which is
comprised of a said sensing apparatus which senses changes
of the user’s body and responses the posture changes by its
circuit output; at least one detector to detect physiological
function signal; and a signal processor that connects to the
said sensing apparatus and detector, to receive the circuit
output and the signal of the sensing apparatus, and to begin to
record the signal according to a first criterion.

[0156] The preferred embodiment of a physiological func-
tion signal detecting system is shown in FIG. 17. The physi-
ological function signal detecting system is comprised of a
sensing apparatus, four physiological function signal detec-
tors, and a signal processor 003, where the sensing apparatus
is comprised of a base layer 10", sensor A4, B4, C4, and D4,
and two output terminals 91 and 98.

[0157] The sensor A4 is comprised of a sensing area 5555
placed on the base layer 10", an accessory 555 placed above
the sensing area 5555, and two output terminals 91 and 92.
The hemisphere-shape accessory 555 is comprised of a sens-
ing area 5554 correspondent to the sensing area 5554 on the
base layer 10', and a 100Q2 resistor connected to 5554 and the
output terminal 92, which is also connected to the sensing
area 5555, and the output terminal 91 connected to the other
end of the sensing area 555a. The accessory 555 is made of
elastic material such that the sensing area 5554 can contact
555b to short circuit R1 while pressed, and it goes back
without contacting while the applied force is gone.

[0158] Thestructures ofthe sensor B4, C4, and D4 are same
as Ad, while their resistors are 200€2, 400€2, and 800L.
[0159] The output terminals of the sensors are serially con-
nected, i.e., 92 t0 93, 94 t0 95, 96 to 97, to form a circuit with
the output terminal 91 and 98 to the signal processor 003. The
sensing apparatus described above can sense the movement
of the wearer and output a unique resistance to the signal
processor accordingly.

[0160] The four physiological function signal detectors are
placed in the four sensors A4, B4, C4, and D4. Each physi-
ological function signal detector is comprised of a sensing
area on the base layer (K2, M2, N2, and F2), a sensing area on
the accessory (K1, M1, N1, and F1), and an output transmis-
sion wire (81, 82, 83, 84) connected to the sensing area on the
accessory. The 81 and 83 are connected together to the signal
processor 003, so are 82 and 84, and the four sensors A4, B4,
C4, and D4. The signal processor 003 also measures the
resistance in between terminal 91 and 98 to determine the
movement or posture of the wearer, and then selects the
physiological function signal to record according to a first
criterion.

[0161] In practical application, the physiological function
signal can be but not limit to electrocardiogram, heartbeat,
heart sound and lung sound, respiration (including thoracic
breathing, abdominal breathing, thoracic and abdominal
combined breathing), Oxygen saturation, body temperature,
sweatiness, blood pressure, electromyogram, body imped-
ance, body movement, etc.

[0162] The present physiological function signal detecting
system can be applied to detect the electrocardiogram during
sleep. The sensor A4 and B4 are placed on the correspondent
position of the right and left chest of the wearer of the paja-
mas. The sensor C4 and D4 are placed on the correspondent
position of the right and left back of the wearer of the pajamas.
When the wearer lies on supine position, the sensor C4 and
D4 are pressed to output a resistance such that the signal
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processor 003 can determine the posture of the wearer and
initiate the K1 and M1 to detect the electrocardiogram of the
wearer according to the first criterion, that is, initiates K1 and
M1 when the resistance is 1200€2. By the same principle,
when the resistance is 300Q, the signal processor initiates N1
and F1. Thus, the physiological function signal system not
only can record the sleeping posture but also detect electro-
cardiogram. By the same principle, it can also be applied to
detect electromyogram, electroencephalogram, and biologi-
cal element.

[0163] In FIG. 17, the sensing area K1 can be a photo
sensor, humidity sensor, or temperature sensor, by which the
light or temperature can be detected. In this application, K2 is
not necessary. By the same principle, K2 is necessary while
K1 is not in some application. For example, K2 is a thermistor
to detect the temperature of the contact position, or an ultra-
sonic probe to observe the inside body, or a microphone to
detect heart sound or lung sound, such as temperature of the
armpit or chest heart sound. In this application, a independent
transmission wire necessary to send the signal to the signal
processor 003. In addition, the sensing area K2 can be a
heating wire to keep the body warm. In another application,
the sensing areas K2 and M2 can be electrodes connected to
the signal processor by two independent wires to give trans-
cutaneous electrical nerve stimulation (TENS) or electrical
shock when necessary.

The Sixteen Preferred Embodiment

[0164] The sixteen preferred embodiment is shown in FIG.
25, where the sensing apparatus is comprised of a base layer
10", a sensor group AA, a sensor group BB, a single-pole
double-throw switch LL, and a signal processor 002.

[0165] Both sensor group AA and BB are comprised of five
electrically connected sensors. The sensor group AA and BB
use a common transmission wire to connect to the signal
processor 002. Individually, the sensor group AA is con-
nected to the switch LL by a transmission wire 1' and BB to
LL by another transmission wire 2'. The switch LL is con-
nected to the signal processor 002 by a transmission wire 3'.
In the present embodiment, within the tolerance error of the
resistors, the number of the sensor in a group can be
increased.

[0166] The switch LL selects sensor group AA or BB to
connect to the signal processor 002, and the structure of
which is shown in FIG. 25. The switch includes an accessory
nnwhich is comprised of a column nn1 and two connectors 18
to constrain the column nn1 in an open on the base layer 10'.
The column nnl includes two separate conductors L1 and
LL2 and a conductor LL3 is placed on the side of the open,
where conductor LL1 is connected by the transmission wire
1',LL2by2',and LL3 by 3'. When a force applied, the column
nnl can be moved accordingly such that LL1 is electrically
connected to LL3, or LL2 to LL3. The switch LL can be
stitched on a shirt or pants such that it switches according to
the wearer’s body motion.

[0167] Another structure of the switch LL is shown in FIG.
25B, where the hat-shaped accessory nn includes a conductor
spring LL1 and conducting area .13, and a conducting area
LL2 placed on base layer 10" at the correspondent position to
LL3. The transmission wires 1', 2' and 3' are connected to the
LL1, LL2, and LL3, respectively. Without a force applying,
the conducting area .13 is connected to LL1 and not to LL2.
When a force applied, LL.3 moves downwards to leave LL1
and contact LL2.
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[0168] Another structure of the switch LL is also shown is
FIG. 25C, where switch is comprised of two parallel con-
nected clips on the base layer 10', where the clip w1 has two
conducting area, LL1 and LL3, at both end, so does w2, LL.2
and LL3. The transmission wires 1', 2' and 3' are connected to
the LL1, LL2, and LL3, respectively. When the applied ten-
sion force opens the clip w1 but not w2, LL2 is connected to
LL3, thus the sensor group BB was selected to connect the
signal processor. When the applied tension force opens the
clip w2 but not w1, LL1 is connected to LL3, thus the sensor
group AA was selected to connect the signal processor. With-
out force applied, both clips are close, which means it is not
used by the wearer. When both clips are pulled open, the
applied force may be too large, or one or components mal-
functioned.

[0169] Another structure of the switch LL is also shown is
FIG. 25D, where switch includes an accessory nn, which is
comprised of a column nnl and two connectors 18 to con-
strain the column nn1 on the base layer 10'. The column nnl
includes a conductor LL.3, and another two conductors LL1
and LL2 are placed on the upper layer and lower layer of a
open on the base layer 10', where LL1 is connected with the
transmission wire 1', LL2 with 2', and LLL.3 with 3'. When a
force applied to the column nnl, the column will move
accordingly such that either L1 or LL.2 may contact LL3.
Thus, two groups of sensors can be selected by the switch LL
to connect to the signal processor through only two transmis-
sion wires, where the switch LL is controlled by the body
movement of the wearer.

The Seventeen Preferred Embodiment

[0170] The seventeen preferred embodiment is shown in
FIG. 26, where the structure of the sensing apparatus is dis-
closed by the third preferred embodiment. The sensing areas
al and a2 of strain gauge E is made of conductive magnet,
such as Nd—Fe—B alloy, and two coils are stitched on the
accessory a and base layer 10' around the clip 100. Thus,
when the strain gauge E is distorted by a force, current can be
induced though the coils, and so do sensor F and G.

[0171] The resistors in FIG. 26 can be made of conductive
rubber, graphite powder, carbon fiber, nano carbon tube, etc.
The resistance of a material is R=pL/A, where p is the mate-
rial resistance coefficient, L is the length, and A is the cross-
sectioned area. Different resistances can be implemented by
choosing length, cross-sectioned area, and the material. For
example, choosing the thickness of a carbon or metal film, or
lengthen the resistor by stitching the resistor with a z pattern.
[0172] Resistors and capacitors are used to describe the
embodiments; however, other components can also be used,
suchas inductors. As long as each sensor output is unique, and
each circuit output of the combinations of sensor is different
from the others, the signal processor can determine which one
sensor or sensors are pressed or pulled without mix up.

The First Example of Application

[0173] FIG. 18 shows the schematic diagram of the appli-
cation of the present invention on a body sensing bed sheet,
which includes a base layer and fifteen sensors, which are
serially connected such that only two terminals are necessary
to connect to the signal processor 002. The signal processor
uses only one ohmmeter to detect which one sensor or sensors
are pressed such that the posture or movement of the sleeper
can be analyzed. All transmission wires do not overlap such
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that it is very easy to manufacture, operate, and maintain. This
structure can be also applied in keyboard, control panel, seat,
cushion, etc.

The Second Example of Application

[0174] FIG. 19 shows the schematic diagram of the appli-
cation of the present invention on a breath sensing belt, which
includes a base layer 10' and five sensors FA, FB, FC, FD, and
FE. Each sensor is comprised of an accessory (a, b, ¢, d, and
e), a resistor (R4, R5, R6, R7, and R8), and a clip (198a to
198¢). The threshold tension forces to pull open the clips are
100, 150, 200, 250, and 300 grams for each clip, respectively;
so are the resistance 2K, 4K, 8K, 16K, and 32K for each
resistor. The signal processor 002 needs only a ohmmeter and
two terminals to measure the tension force by five segments.
It’s easy to manufacture, maintain, and operate.

The Third Example of Application

[0175] FIG. 20 shows the schematic diagram of the appli-
cation of the present invention on a gait sensing sock, which
includes a base sock and two sensors GA and GB that are
electrically connected to the signal processor 002. Thus the
signal processor 002 can record and analyze the gait of the
wearer.

The Forth Example of Application

[0176] FIG. 21 shows the schematic diagram of the appli-
cation of the present invention on a shirt and pants, which
include base layers and eight sensors DA to DH that are
serially connected such that only two terminals are used to
connect to the signal processor 002. Only one ohmmeter is
needed to detect the states of each sensor. Thus the body
movements or postures of the wearer, such as walking, sitting,
lying, swimming, bending, sleeping, driving, and biking, can
be determined.

[0177] The present invention has the following advantages:
[0178] 1. Conventional stitching or gluing techniques are
used to fix sensors on base layer, just like ordinary garment or
leather. It is washable, easy to assemble and disassemble.
[0179] 2. Only one circuit is necessary, and the wires does
not overlap, i.e., no interlacing, such that easy to manufacture.
[0180] 3.Only afew wires are necessary such that the wires
can go along the seams or joints on garments, bed sheet, and
cushion. It is hard to see the wires.

[0181] 4. Only a few components are used in the present
invention, such that the weight increased is very light. Thus,
the wearer will not feel heavy or uncomfortable.

[0182] 5. Thenon-washable components, such as the signal
processor, battery, Bluetooth module, are connected to the
washable components by a detachable connector such that the
sensors and the transmission wires are fully washable and
they can be washed together with the garment.

[0183] 6. The present invention can allocate the malfunc-
tion component, such that it is easy to maintain and repair.
[0184] 7. The terminal of the sensor circuit can be con-
nected by conventional parts that are widely used in textile
industry, such as hook, button, magnetic button, Velcro, etc. It
is fully compatible to garment.

[0185] 8. LEDs can be installed in the sensors to indicate
which sensor or sensors are activated, or malfunction.
[0186] 9. All wires can be installed on the base layer, not on
the accessory. Thus, the whole circuit is on the base layer such
that it is simple and easy to manufacture.
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[0187] 10. Another sensing area can be installed nearby or
on the outer surface of an accessory while not connected to
the sensor. Thus, when a force activates the sensor, the said
sensing area can still give physiological function signals from
the position of the activated sensor, such as electrocardio-
gram, body temperature, electromyogram, biological ele-
ment, electroencephalogram, lung sound, heart sound, ultra-
sound, environmental temperature, light, sweatiness, etc.
[0188] 11. An electrode pad or a heating pad can be
installed nearby or on the outer surface of an accessory while
not connected to the sensor. Thus, when a force activates the
sensor, the said pad can heat up the body or give electrical
therapy such as TENS or electrical shock.

[0189] 12.The pressure and strain gauge shown above can
be used to detect the posture, movement, breath, gait, falling,
and action while sleeping of the wearer.

[0190] 13.The sensor can give more than one physiological
function signals, such as body temperature, breath, heartbeat,
sweatiness, light, sound, and posture. The user of the present
invention can easily customize it by just install the sensor or
sensors in need without buying a whole new product.

[0191] Shown above are only the examples of preferred
embodiments, it is not to limit the present invention in any
form. Although the preferred embodiments have been dis-
closed above, they should not be used to limit the range of the
present invention. Any person, who is familiar with this pro-
fessional technology, can utilize the content of the disclosed
invention with modification or variation within the scope of
the technological scheme of the disclosed invention to imple-
ment an equivalent embodiment. However, any form of modi-
fication or variation done to the disclosed invention, is still
within the scope of the technological scheme of the disclosed
invention.

1. A sensing apparatus comprising:

a base layer, and,

a plurality of sensors disposed on the base layer, wherein
the plurality of sensors are connected to form a circuit
with two output terminals configured to output a circuit
output that varies with a force applied on one or more
sensors in the plurality of sensors; wherein each of the
plurality of sensors is configured to output a unique
sensor output, and a sum of any one or more sensor
outputs is different from a sum of any other one or more
sensor outputs.

2. The sensing apparatus of claim 1, further comprising a
signal processor connected to the output terminals for detect-
ing the circuit output.

3. The sensing apparatus of claim 2 wherein the signal
processor can identify one or more locations on the base layer
of one or more sensors among the plurality of sensors that
produce the circuit output.

4. The sensing apparatus of claim 1 wherein the base layer
is made of textile or leather.

5. The sensing apparatus of claim 1, wherein the plurality
of sensors comprise one or more of the following: a pressure
sensor, a strain gauge, a switch, a humidity sensor, an ultra-
sound sensor, a microphone, a photo sensor, and a tempera-
ture sensor.

6. The sensing apparatus of claim 1, further comprising a
multi-stage switch made on a textile material.

7. The sensing apparatus of claim 6, wherein the multi-
stage switch comprises a pressure sensor or a strain gauge.

8. The sensing apparatus of claim 1, wherein the sensor
includes:
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a first sensing area disposed on the base layer;

an accessory disposed above the first sensing area on the
base layer;

a second sensing area disposed on the accessory at a posi-
tion corresponding to a position of the first sensing area;
and

an electronic component electrically connected to the first
and second sensing areas.

9. The sensing apparatus of claim 8, wherein the sensor
includes one of the following: a resistor, a capacitor, and an
inductor.

10. The sensing apparatus of claim 1, wherein the sensor
comprises a light-emitting-diode.

11. (canceled)

12. (canceled)

13. (canceled)

14. (canceled)

15. A physiological function detecting system, comprising:

the sensing apparatus of claim 1 to sense a posture change
of a user’s body;

a detector to detect a physiological function; and

a signal processor connected to the plurality of sensors and
the detector to receive a signal from one or more of the
plurality of sensors, and to trigger the detector to detect
the physiological function according to a first criterion.

16. A physiological function signal detecting system, com-
prising:

a sensing apparatus of claim 1 to sense a posture change of

a user’s body;

a treatment device; and

a signal processor connected to the sensing apparatus and
the treatment device, for initiating the treatment device,
according to a first criterion.

17. A physiological function detecting system of claim 16,
wherein the treatment device is a heater, a transcutaneous
electrical nerve stimulator, an ultrasonic device, or an elec-
trical shock device.

18. A sensing apparatus, comprising:

a base layer, comprising a first sensing area, and;

an accessory based on a Velcro, comprising a second sens-
ing area at a position corresponding to a position of said
first area, and a counterpart Velcro placed on the base
material layer at a position corresponding to the position
of the second sensing area, wherein the first and the
second sensing areas are connected, and wherein a state
of connection varies with an applied force.

19. The sensing apparatus of claim 18 wherein the con-

ducting circuit is implemented by conductive Velcro.

20. The sensing apparatus of claim 18, wherein

a base layer, comprising a crevice that is surrounded by a
coil, and;

a first sensing area and a second sensing area containing a
magnetic material, placed on both sides of the crevice,
wherein a shape of the crevice can be distorted by an
applied force such that a current is induced in the coil.

21. A sensing apparatus, comprising:

a base layer, comprising a first sensing area; and

an extender comprising an accessory and a connector,
wherein the connector is to connect the accessory to the

base layer;

a second sensing area is disposed on the extender at a
position corresponding to a position of the first sensing
area on the base layer, wherein the first and the second
sensing areas are connected such that a state of the
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connection varies with an applied force wherein the

accessory is surrounded by a coil and the first and second

sensing areas contain a magnet material such that a

current is induced in the coil when a force is applied.

22. A sensing apparatus comprising:
a base layer, comprising a first sensing area; and
an extender comprising an accessory and a connector,
wherein the connector is to connect the accessory to the
base layer;

a second sensing area is disposed on the extender at a
position corresponding to a position of the first sens-
ing area on the base layer, wherein the first and the
second sensing areas are connected such that a state of
the connection is varied according to the varies with
an applied fore;
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wherein the accessory is surrounded by a coil and the first
and second sensing areas contain a magnet material such
that a current is induced in the coil when a force is
applied.

23. The physiological function detecting system of claim
15, wherein the physiological function is selected from the
group consisting of EKG function, heart rate, pulmonary
function, respiration, blood oxygen concentration, body tem-
perature, sweat function, blood pressure, muscle elec-
trograph, body resistance, concentrations of biological ele-
ments, and limb movement.
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