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(54) Control cord for headsets and auxiliary devices

(57) A cord-based controller for an auxiliary device,
such as a headset, is provided for use with a portable
electronic device. A pressure-sensitive, and preferably
bendable, material such as a piezoelectric pressure sen-
sor is placed within or on an or cord of a headphone lead,
such as by wrapping it within the outer shielding of the
cord. A self-powered controlling sensor is arranged to
control the electronic device using a generated control
signal. The controlling sensor comprises a sensor mate-
rial. The control signal is generated by deformation of the
sensor material independent of power supplied to the
headset and independent of power supplied to the port-
able electronic device. This is achieved without requiring
a separate housing for the controller, which typically pro-
trudes from the cord. A plurality of control sensor ele-
ments can be provided, each producing a different control
signal voltage transmitted along a single control signal
electrical connector.
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Description

[0001] The presentdisclosure relates generally to port-
able electronic devices. More particularly, the present
disclosure relates to a control cord for an auxiliary device,
such as a headset, for use with a portable electronic de-
vice.

[0002] Portable electronic devices, such as mobile de-
vices or media players, provide a user with portable en-
tertainment and/or mobile productivity functionality. Aux-
iliary devices or accessories, such as headsets or head-
phones, are commonly used in conjunction with the port-
able electronic device. Other auxiliary devices include
Bluetooth™ devices, external keyboards, headsets with
an integrated microphone, and other hands-free acces-
sories.

[0003] Forexample, a headset permits a user to listen
to audio originating from the portable electronic device
by delivering the audio in-ear. The user can thus enjoy
music or other audio content, such as a telephone con-
versation, even in a noisy or crowded environment, such
as a bus, train, airport, or other public area. The headset
connects to the portable electronic device via an electric
cable or cord.

[0004] The term "headset" as used herein represents
any headset, headphone, ear bud, or other device or ap-
paratus capable of providing audio signals to a user. A
headset designed for use with a mobile device can in-
clude a microphone permitting the user to fully participate
in a telephone conversation.

[0005] While control of the portable electronic device
is provided by controls on the device itself, it can be de-
sirable to provide one or more controls remote from the
device. Such remote control can be integrated as part of
the auxiliary device, or as part of the cable or cord con-
necting the auxiliary device to the portable electronic de-
vice.

[0006] Figure 1 illustrates a known headset with a re-
mote device control housing on a cord connecting an
earpiece to the portable electronic device. A headset 100
typically includes: an earpiece 102, which typically in-
cludes either a single earpiece element, or a pair of ear-
piece elements, one for each ear; and a cord 104 con-
necting the earpiece to the portable electronic device
106. A remote device control housing 108 is attached to
the wire, and controls are mounted on, or in, the housing.
The housing 108 is typically implemented as a big plastic
box on the wire including the electronics and the buttons
for remote control of the device. Such a housing can be
very bulky. Especially for headphones without a micro-
phone, the control box is mainly used to house the various
control buttons.

GENERAL
[0007] Generally, the present disclosure may provide

a cord-based controller for an auxiliary device, such as
a headset, used with a portable electronic device. A pres-
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sure-sensitive, and preferably bendable, material such
as a piezoelectric pressure sensor may be placed within
or on an audio cable or cord of a headphone lead, such
as by wrapping it within the outer shielding, or insulation
sheath, of the cord. A self-powered controlling sensor
may be arranged to control the electronic device using a
generated control signal. The controlling sensor may
comprise a sensor material. The control signal may be
generated by deformation of the sensor material inde-
pendent of power supplied to the headset and independ-
ent of power supplied to the portable electronic device.
This may be achieved without requiring a separate hous-
ing for the controller, which typically protrudes from the
cord. A plurality of control sensor elements can be pro-
vided, each producing a different control signal voltage
transmitted along a single control signal electrical con-
nector.

[0008] Preferably the present disclosure obviates or
mitigates at least one disadvantage of previous control
cords for an auxiliary device used with a portable elec-
tronic device.

[0009] In an embodiment, the present disclosure may
provide a control cord for connecting a headset to a port-
able electronic device, and arranged to remotely control
the portable electronic device. The control cord may com-
prise: an earpiece connector provided at one end of the
cord; a device connector attached to another end of the
cord for connecting to a portable electronic device; and
a self-powered controlling sensor provided within the
cord and in electrical communication with the electronic
device. The self-powered controlling sensor may be ar-
ranged to control the electronic device using a generated
control signal. The controlling sensor comprises a sensor
material. The control signal may be generated by defor-
mation of the sensor material independent of power sup-
plied to the headset and independent of power supplied
to the portable electronic device.

[0010] The sensor material can comprise a piezoelec-
tric material. The cord can include a controller region and
a non-controller region. The controller region has a dis-
tinctive appearance characteristic compared to the non-
controllerregion, and the self-powered controlling sensor
is provided in the controller region.

[0011] The cord can comprise an outer cable shielding,
and the self-powered controlling sensor can be in direct
contact with the outer cable shielding. The control cord
can comprise a sensor shielding in which the self-pow-
ered controlling sensor is provided. The sensor shielding
can have direct contact with an exterior or interior surface
of the outer cable shielding. The self-powered controlling
sensor can be integrated within the outer cable shielding.
[0012] The control cord can further comprise a physical
indicator on an outer surface of the cord, the physical
indicator positioned to indicate a location of the control-
ling sensor. The self-powered controlling sensor can be
configured to generate first and second control signals.
[0013] The self-powered controlling sensor can com-
prise first and second sensor elements, the first and sec-
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ond sensor elements being configured to generate first
and second control signals, respectively. The control
cord can further comprise a single control signal wire
arranged to transport the first and second control signals.
The self-powered controlling sensor can include a plu-
rality of sensor elements, each of the plurality of sensor
elements configured to generate a unique control signal.
[0014] The first sensor element can be composed of
a first amount of piezoelectric material and the second
sensor element can be composed of a second amount
of piezoelectric material. The first sensor element can be
composed of piezoelectric material having a first thick-
ness, and the second sensor element can be composed
of piezoelectric material having a second thickness dif-
ferent from the first thickness.

[0015] The first and second sensor elements can be
composed of a substantially similar amount of piezoelec-
tric material. In that case, the control cord can further
comprise a pressure absorbing rib associated with the
first sensor element and arranged to absorb pressure
applied to the first sensor element. The pressure absorb-
ing rib consequently generates a modified first control
signal having a voltage that is different from a first control
signal voltage generated by deformation of the sensor
material of the first sensor element in the absence of the
pressure absorbing rib. The control cord can further com-
prise a level detector arranged to distinguish between
the first and second control signals based on a detected
voltage level.

[0016] In another embodiment, the present disclosure
may provide a headset including: a control cord for con-
necting the headset to a portable electronic device, and
arranged to remotely control the portable electronic de-
vice; an earpiece attached to one end of the cord and
connected to the cord via an earpiece connector; adevice
connector attached to another end of the cord for con-
necting to a portable electronic device; and a self-pow-
ered controlling sensor provided within the cord and in
electrical communication with the electronic device. The
self-powered controlling sensor may be arranged to con-
trol the electronic device using a generated control signal.
The controlling sensor comprises a sensor material. The
control signal may be generated by deformation of the
sensor material independent of power supplied to the
headset and independent of power supplied to the port-
able electronic device.

[0017] Ina further embodiment, the present disclosure
may provide an auxiliary device control cord for connect-
ing an auxiliary device to a portable electronic device,
and arranged to remotely control the portable electronic
device. The control cord may comprise an outer shielding
and a self-powered controlling sensor provided in direct
contact with the outer shielding of the cord and in elec-
trical communication with the electronic device. The self-
powered controlling sensor may be arranged to control
the electronic device using a generated control signal.
The controlling sensor may comprise a sensor material.
The control signal can be generated by deformation of
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the sensor material independent of any externally sup-
plied power. The control signal can be generated inde-
pendent of power supplied to the headset and independ-
ent of power supplied to the portable electronic device.
[0018] Other aspects and features of the present dis-
closure will become apparent to those ordinarily skilled
in the art upon review of the following description of spe-
cific embodiments in conjunction with the accompanying
figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Embodiments of the present disclosure will now
be described, by way of example only, with reference to
the attached Figures.

[0020] Figure 1 illustrates a known headset with a re-
mote device control on a cord connecting the earpiece
(s) to the portable electronic device.

[0021] Figure 2illustrates a control cord for connecting
an auxiliary device, such as a headset, to a portable elec-
tronic device according to an embodiment of the present
disclosure.

[0022] Figure 3 illustrates an end cross-section view
of a control cord including a self-powered controlling sen-
sor according to an embodiment of the present disclo-
sure.

[0023] Figure 4 illustrates an end cross-section view
of a control cord including a self-powered controlling sen-
sor according to another embodiment of the present dis-
closure.

[0024] Figure 5 illustrates an end cross-section view
of a control cord including a self-powered controlling sen-
sor according to a further embodiment of the present dis-
closure.

[0025] Figure 6 illustrates a longitudinal cross-section
view of a control cord including a self-powered controlling
sensor having first and second control sensor elements
according to an embodiment of the present disclosure.
[0026] Figure 7 illustrates a longitudinal cross-section
view of a control cord including a self-powered controlling
sensor having first and second control sensor elements
according to another embodiment of the present disclo-
sure.

[0027] Figure 8 illustrates a longitudinal cross-section
view of a control cord including a self-powered controlling
sensor having first and second control sensor elements
according to a further embodiment of the present disclo-
sure.

[0028] Figure 9 illustrates an example of detection of
actuation of a self-powered controlling sensor according
to an embodiment of the present disclosure.

[0029] Figure 10 is a graph illustrating transients
caused by actuation of a sensor element that is part of a
self-powered controlling sensor according to an embod-
iment of the present disclosure.
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DESCRIPTION OF PREFERRED EMBODIMENTS

[0030] Figure 2illustrates a control cord for connecting
an auxiliary device, such as a headset, to a portable elec-
tronic device according to an embodiment of the present
disclosure. A control cord 110 as shown in Figure 2 is for
connecting a headset, or other auxiliary device, to a port-
able electronic device 106, and arranged to remotely con-
trol the portable electronic device 106.

[0031] The control cord 110 includes an auxiliary de-
vice connector 112, shownin this example as an earpiece
connector, provided at one end of the control cord 110.
The auxiliary device 102, shown in this example as an
earpiece, is connected to the control cord 110 via the
auxiliary device connector 112. A device connector 114
is attached to another end of the control cord 110 for
connecting to the portable electronic device 106.
[0032] As described in relation to Figure 1, some
known approaches employ a housing provided in-line
with a cord that houses controls, in a way that is bulky
and typically has a significantly different form factor than
the cord itself. The control cord 110 in Figure 1 includes
a self-powered controlling sensor 116 provided within the
cord and in electrical communication with the electronic
device 106.

[0033] The self-powered controlling sensor 116 is ar-
ranged to control the electronic device 106 using a gen-
erated control signal 118. Prior approaches required the
use of externally supplied power to generate control sig-
nals to be sent to the device under control. In contrast,
embodiments of the present disclosure employ a self-
powered controlling sensor 116 that produces such con-
trol signals independent of any power supplied to the
device or headset, such as by deformation of the material
of which the controller is made.

[0034] One known approach described in United
States Patent No. 7,256,347 uses a number of conduc-
tors and resistors in the cord that are subjected to a short
circuit depending on the area under pressure. In this pre-
vious approach, the device had to integrate small resis-
tors in the sensor area to produce a desired voltage
based on externally supplied current. In an embodiment
of the present disclosure, the voltage generated is an
output of the sensor itself.

[0035] Embodiments of the present disclosure provide
a less complex and more realistic solution to the problem
by eliminating the need for current to be externally sup-
plied and subsequently short circuited. This approach
reduces the number of components used, the number of
conductors, or both, thereby permitting a less expensive
implementation that can be employed in a number of in-
stances in which no external power is supplied to, or re-
quired by, the auxiliary device. It also permits the control
cord 110 of embodiments of the present disclosure to be
differentiated by having a different shape with unique
style.

[0036] By pressing on the portion of the cable contain-
ing the controlling sensor, or pressure sensor, 116 a user
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can control the portable electronic device 106 to perform
certain functions. For example, if the portable electronic
device 106 comprises an audio player, the controlling
sensor can be used to change tracks, adjust volume, play
or pause a current track.

[0037] The controlling sensor 116 comprises, or is
composed of, a sensor material. The control signal 118
is generated by deformation of the sensor material, in-
dependent of power supplied to the auxiliary device and
independent of power supplied to the portable electronic
device. The controlling sensor 116 can comprise a volt-
age generating sensor, which is flexible, such as a pie-
zoelectric sensor. A piezoelectric sensor converts pres-
sure into an electrical signal. In an embodiment, the sen-
sor material comprises a piezoelectric material. One ex-
ample of a suitable material for the controlling sensor 116
is the P-876 DuraAct™ piezoelectric patch transducer
from PI (Physik Instrumente) GmbH & Co. of Germany.
[0038] A piezoelectric device is more reliable, and less
sensitive to bending compared to existing approaches.
The piezoelectric sensor is a material that, when affected
by aforce, willchange a voltage. The piezoelectric sensor
generates a voltage instead of a current. A generated
voltage is an easier way to transport a signal back to the
detection circuit, and is easier to manufacture. Ina known
approach, a current was either on or off and a separate
wire, or wire and resistor combination, was needed for
each control function. While the previous approach can
be adapted to have fewer wires, more resistors are then
needed.

[0039] The control cord 110 can include a controller
region 120 and a non-controller region 122. The control-
ler region 120 has a distinctive appearance characteristic
compared to the non-controller region 122. The self-pow-
ered controlling sensor 116 can be provided in the con-
troller region 120. In an example, the controller region
120 can have a wider width than the non-controller region
112. In an embodiment, a wider area of the control cord
can be provided with touch sensors, or piezoelectric sen-
sors, beneath the wire shielding. In another example, the
controller region 120 can have a different friction char-
acteristic than the non-controller region 122. When the
distinctive appearance characteristic is a distinctive
physical characteristic, this enables a user to use the
controls without having to look at them.

[0040] In another example, the controller region 120
includes one or more visual indicators to indicate the
presence of the control sensor 116. Such a visual indi-
cator can include: a printed label including an image or
alphanumeric representation of a function of the control
sensor; or the controller region having a different color
than the non-controller region. For example, a sideways
triangle with two vertical lines commonly associated a
play/pause functionality can be printed in the controller
region 120 above a control sensor 116, or control sensor
element within the control sensor, that performs such
functionality. In another example, small light emitting di-
odes (LEDs) can be placed in the wire to physically high-
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light certain areas. Such an indication can be beneficial
for use in low-light conditions.

[0041] According to an embodiment of the present dis-
closure, the control cord 110 generates a voltage/current
based on deformation of the piezoelectric material inde-
pendent of an external power supply. The control cord
110 generates a control signal 118 independent of power
supplied to the portable electronic device and/or power
supplied to the auxiliary device or accessory which is
associated with the cord.

[0042] An embodiment of the present disclosure pro-
vides a voltage generating sensor, which is easier to
manufacture. The overall device is less costly and re-
quires fewer parts. Itis not necessary to bring any current
to the sensor. In fact, in previous approaches, sending
currentto a sensor can introduce transients having noise-
like behavior on a microphone line. A self-powered con-
trol sensor 116 of an embodiment the present disclosure
converts mechanical work, or pressure, into electrical po-
tential, as opposed to re-routing current, which is the
known approach.

[0043] An advantage of embodiments of the present
disclosure is the ability to use a control cable with a head-
set or other auxiliary device without any battery or micro-
phone. There is no need to supply external power to the
control cable, since the voltage is generated by the con-
trol sensor 116 itself, such as by way of a piezoelectric
material.

[0044] In known devices, without a microphone, there
is no existing current or power supply in the cord. So,
you could not use this approach in the previous US patent
unless you add another wire or provide two power sourc-
es. The microphone needs a bias current to operate, but
the bias will disappear as long as a control key is pressed
or activated. Providing a different voltage needs another
wire.

[0045] A control cord 110 according to an embodiment
of the present disclosure generates a control signal 118
indicating a desired control command without needing
an external power supply, such that it is independent of
any power supply. The detection of the control signal 118
is therefore less sensitive to variations in supply.
[0046] As described in relation to Figure 2, the self-
powered controlling sensor 116 is provided within the
control cord 110 and in electrical communication with the
electronic device 106.

[0047] AsshowninFigures 3to 5, the control cord 110
can include an outer cable shielding 124. In an embodi-
ment, the self-powered controlling sensor 116 has direct
contact with the outer cable shielding 124. The control
cord can further comprise a sensor shielding 126 in which
the self-powered controlling sensor 116 is provided.
[0048] In the end cross-section view of Figure 3, the
sensor shielding 126 including the self-powered control-
ling sensor has direct contact with an interior surface of
the outer cable shielding 124. In the end cross-section
view of Figure 4, the sensor shielding 126 has direct con-
tact with an exterior surface of the outer cable shielding
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124. In the end cross-section view of Figure 5, the self-
powered controlling sensor 116 is integrated within the
outer cable shielding 124.

[0049] As described earlier, an exterior surface of the
outer cable shielding 124 can comprise a physical indi-
cator, the physical indicator positioned to indicate a lo-
cation of the controlling sensor.

[0050] By having a piezoelectric material wrapped
around, or within, the cord, the piezoelectric material will
generate a voltage depending on the amount of pressure
applied on it. The sensor shielding can be provided as a
rubber hose with the piezoelectric material, and can be
provided either directly beneath or above the existing ca-
ble shielding.

[0051] When a control cord 110 according to an em-
bodiment of the present disclosure is used to remotely
control a portable electronic device, it can be advanta-
geous to generate more than one control signal 118 as
shown in Figure 1. In an embodiment, the self-powered
controlling sensor 116 is configured to generate first and
second control signals. In another embodiment, the self-
powered controlling sensor 116 comprises a plurality of
sensor elements, each of the plurality of sensor elements
configured to generate a unique control signal.

[0052] Figure 6 illustrates a longitudinal cross-section
view of a control cord including a self-powered controlling
sensor having first and second control sensor elements
128 and 130 according to an embodiment of the present
disclosure. The first and second control sensor elements
128 and 130 are configured to generate first and second
control signals 132 and 134, respectively. A single control
signal wire 136, or control signal electrical conductor, is
arranged to transport the first and second control signals
132 and 134. This is in contrast to known approaches in
which a separate electrical conductor is used to transport
each different control signal.

[0053] In an embodiment of the present disclosure,
separate areas are defined with their own piezoelectric
material. In this approach, the detection mechanism is
simpler. There are two leads coming out of each piezo-
electric material: one of which is shown connected to the
single control signal electrical conductor 136; the other
is not shown and is connected to common ground. The
detection mechanism looks for a certain voltage at a cer-
tain spot.

[0054] Previously, it could be very complex because
you end up with many wires going to one end of the cable.
For example, to have two different control features or
functionalities, two separate wires go to the end of the
cable. Each wire is connected to ground, and a control
functionisinitiated/detected by detecting a shortbetween
the voltage and ground on each of the wires. Adding a
wire for each control is more expensive, less flexible, and
makes a thicker control. The detection circuitry can be
provided in a plug that connects the cord to the portable
electronic device.

[0055] Embodiments of the present disclosure use a
different amount of piezoelectric material to generate a
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different voltage, or control signal. For instance, if twice
as much material is provided in sensor 1 than at sensor
2, sensor 1 will generate a voltage of 2x whereas sensor
2 generates a voltage of x. Rather than detecting a short
on a plurality of wires, embodiments of the present dis-
closure detect a voltage and determine a control signal
in response to a detected voltage level. In an embodi-
ment, a large gap can be provided between steps of the
voltage in order to more easily distinguish between gen-
erated control signals.

[0056] Inthe embodiments of Figures 6 and 7, the first
sensor element 128 is composed of a first amount of
piezoelectric material and the second sensor element
130 is composed of a second amount of piezoelectric
material. The controller can differentiate between "press-
es" in different regions of the piezoelectric sensor by us-
ing areas of different thickness, thereby allowing multiple
"buttons" along the length of the sensor-bearing cord
without the need to include additional sensor pads. To
differentiate between presses in different areas, different
thickness of the piezoelectric material can be used.
[0057] In the embodiment illustrated in Figure 6, the
first sensor element 128 is composed of piezoelectric
material having a first thickness and the second sensor
element 130 is composed of piezoelectric material having
a second thickness different from the first thickness. In
Figure 7, the first and second sensor elements 128 and
130 have the same thickness, but different widths, ac-
counting for the different amounts of piezoelectric mate-
rial in each.

[0058] Figure 7 also illustrates an example of a con-
troller region having a distinctive appearance character-
istic. In this example, one distinctive appearance char-
acteristic comprises a visual indicator 138 arranged to
indicate the presence of the first control sensor 128. In
this example, the visual indicator 138 comprises a locator
rib, or a pair of locator ribs provided near outer edges of
a first controller region in which the first control sensor
128 is provided. The locator rib also functions as a dis-
tinctive physical characteristic, not just a distinctive visual
characteristic. Small ribs can be used to change the tac-
tile feel of a sensor area to guide a user to different func-
tionality. A second visual indicator 140 indicates the pres-
ence of the second control sensor 130 in a second con-
troller region.

[0059] While the second visual indicator 140 is shown
in Figure 7 to protrude from the exterior surface of the
outer cable shielding 124, in another embodiment the
second visual indicator 140 can be printed or incorporat-
ed directly onto the exterior surface of the outer cable
shielding. This provides a distinctive appearance char-
acteristic without having a protrusion.

[0060] Figure 8 illustrates a longitudinal cross-section
view of a control cord including a self-powered controlling
sensor having first and second control sensor elements
according to a further embodiment of the present disclo-
sure. This embodiment describes an approach to create
different control signals from control sensor elements
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having substantially the same amount of piezoelectric
material. This can be done, for example, by introducing
plastic or rubber ribs to take some of the pressure off the
piezoelectric material and by doing so changing the out-
put voltage with the same amount of pressure.

[0061] Inthe embodiment of Figure 8, the firstand sec-
ond sensor elements 128 and 130 are composed of a
substantially similar amount of piezoelectric material.
The control cord 110 of Figure 8 further comprises a pres-
sure absorbing rib 142 associated with the first sensor
element 128 and arranged to absorb pressure applied to
the first sensor element 128 and consequently generate
a modified first control signal 144. The voltage of the
modified first control signal 144 is different from a voltage
of afirst control signal 132 (shown in Figure 6) generated
by deformation of the sensor material of the first sensor
element 128 in the absence of the pressure absorbing
rib 142.

[0062] Inembodiments of the present disclosure, a dif-
ferent number of sensor elements and corresponding
control signals can be provided. In one embodiment, one
button is provided, having play/pause, or hang up, func-
tions, or the like. In another embodiment, three sensor
elements can be provided, having exemplary functions
such as: play/pause; skip forward; skip backward. In a
further embodiment, five sensor elements and corre-
sponding actuators or buttons can be provided with the
same exemplary functions as the three-function exam-
ple, plus volume up and volume down.

[0063] One way to implement this plurality of control
actuators is to have five equivalent sensors, but then six
wires are required: one with ground reference, and the
five others connected to each of the sensors. Another
approach is to design each sensor area to create a dif-
ferent voltage. So, in that case, only one wire is needed,
or two wires along the cord, which is advantageous. A
more sophisticated level detector may be employed at
the other end.

[0064] Figure 9 illustrates an example of detection of
actuation of a self-powered controlling sensor according
to an embodiment of the present disclosure. A level de-
tector 146 as shown in Figure 9 can be implemented as
an analog to digital converter (ADC). One output from
each of the first and second sensor elements 128 and
130 is connected to ground. A control signal output from
the first and second sensor elements 128 and 130, ar-
ranged to transport the first and second control signals
132 and 134 (shown in Figures 6 and 7), respectively, is
connected to, or coupled to, a single control signal wire
136, as described earlier. The level detector 146 is ar-
ranged to distinguish between the first and second con-
trol signals 132 and 134 based on a detected voltage
level. The points at which the sensor outputs are added
on the control signal wire 136 are typically positioned
close to the sensor itself, though other positioning such
as in Figure 9 can also be used.

[0065] Inthe example where the level detector 146, or
detection circuit, is an ADC, the ADC can have an input
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impedance of about 50 to about 100 kOhms. An ADC
provides a quantized and time sampled version of the
input signal. The output of the ADC 146 can be in the
range of about 10 mV to about 500 mV for realistic size
piezo material. In an embodiment, the ADC 146 is sam-
pling fast enough to catch the depression transient.
[0066] Since piezo material can be inefficient at main-
taining the voltage under constant pressure, the depres-
sion and release of the material can be the trigger for the
button press event. Therefore, in an embodiment, actu-
ation of the self-powered controlling sensor can be de-
fined as the depression and release of the sensor mate-
rial. The level of the transient will then determine which
key, or which sensor element, was pressed.

[0067] Figure 10 is a graph illustrating transients
caused by actuation of a sensor element that is part of a
self-powered controlling sensor according to an embod-
iment of the present disclosure. In an example, a first
transient 148 is a result of pressing, or depression of, a
sensor element, such as 128 or 130 shown in Figure 9,
and the second transient 150 is a result of releasing the
sensor element. The transients produced in different im-
plementations may have different shapes, amplitudes,
or both, compared with those shown in Figure 10.
[0068] AsshowninFigure 10, between the depression
and release of a sensor element or self-powered control-
ling sensor, the voltage output can be non zero. Actuating
a first sensor element can have an associated first volt-
age threshold, and actuating a second sensor element
can have an associated second voltage threshold. Press-
ing and holding a sensor element can produce a pulse-
like voltage output response.

[0069] Referring back to Figure 9, the level detector
146 of Figure 9 can be used to make determinations
based on the detected voltage level. The level detector
146 can be arranged to distinguish between first and sec-
ond control signals in response to a detected voltage
level. For example, if the detected voltage level exceeds
a first voltage threshold, then the level detector 146 can
determine that the first sensor element has been actuat-
ed. Ifthe detected voltage level exceeds a second voltage
threshold, then the level detector 146 can determine that
the second sensor element has been actuated.

[0070] If the detected voltage level is non-zero but
does not exceed a stored voltage threshold, the level
detector 146 can determine that a sensor element has
been depressed but not released. This can be used to
determine whether a subsequent depression detection
should be disregarded, or should be treated differently.
Forexample, the system can be designed such that main-
taining depression of one sensor element while depress-
ing another sensor element generates a different output
signal, and corresponding function, than depressing ei-
ther of the sensor elements individually. This can provide
for an increased number of functions with the same
number of sensor elements.

[0071] Inthe preceding description, for purposes of ex-
planation, numerous details are set forth in order to pro-
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vide a thorough understanding of the embodiments.
However, it will be apparent to one skilled in the art that
these specific details are not required. In other instances,
well-known electrical structures and circuits are shown
in block diagram form in order not to obscure the under-
standing. For example, specific details are not provided
as to whether the embodiments described herein are im-
plemented as a software routine, hardware circuit,
firmware, or a combination thereof.

[0072] The above-described embodiments are intend-
ed to be examples only. Alterations, modifications and
variations can be effected to the particular embodiments
by those of skill in the art without departing from the
scope, which is defined solely by the claims appended
hereto.

Claims

1. A control cord (110) adapted to connect a headset
to a portable electronic device (106), and arranged
to remotely control the portable electronic device
(106), the control cord (110) comprising:

an earpiece connector (112) provided at one end
of the control cord;

a device connector (114) attached to another
end of the control cord adapted to connect to
the portable electronic device; and

a self-powered controlling sensor (116) provid-
ed within the control cord (110) and in electrical
communication with the portable electronic de-
vice (106), and arranged to control the portable
electronic device (106) using a generated con-
trol signal (118), the controlling sensor (116)
comprising a sensor material, the control signal
(118) being generated by deformation of the
sensor material independent of power supplied
to the headset and independent of power sup-
plied to the portable electronic device.

2. The control cord of claim 1 wherein the sensor ma-
terial comprises a piezoelectric material.

3. The control cord of claim 1 or claim 2 wherein the
control cord comprises a controller region (120) and
a non-controller region (122) , the controller region
(120) having a distinctive appearance characteristic
compared to the non-controller region (122), the self-
powered controlling sensor (116) being provided in
the controller region (120).

4. The control cord of any one of claims 1 to 3 wherein
the control cord comprises an outer cable shielding
(124), and wherein the self-powered controlling sen-
sor (116) is integrated within the outer cable shield-
ing (124).
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The control cord of any one of claims 1 to 3 wherein
the control cord comprises an outer cable shielding
(124), and wherein the self-powered controlling sen-
sor (116) is in direct contact with the outer cable
shielding (124), preferably in direct contact with an
interior surface or an exterior surface of the outer
cable shielding (124).

The control cord of any one of claims 1 to 4 wherein
the control cord further comprises a physical indica-
tor on an outer surface of the control cord, the phys-
ical indicator positioned to indicate a location of the
self-powered controlling sensor.

The control cord of any one of claims 1 to 6 wherein
the self-powered controlling sensor (116) is config-
ured to generate first and second control signals
(132,134), and preferably comprises first and sec-
ond sensor elements (128,130), the first and second
sensor elements (128,130) configured to generate
first and second control signals (132,134), respec-
tively.

The control cord of claim 7 further comprising asingle
control signal wire (136) arranged to transport the
first and second control signals (132,134).

The control cord of claim 7 or claim 8 wherein the
first sensor element (128) is composed of a first
amount of piezoelectric material and the second sen-
sor element (130) is composed of a second amount
of piezoelectric material.

The control cord of claim 7 or claim 8 wherein the
firstand second sensor elements (128,130) are com-
posed of a substantially similar amount of piezoelec-
tric material, and further comprising a pressure ab-
sorbing rib (142) associated with the first sensor el-
ement and arranged to absorb pressure applied to
thefirst sensor element (128) and consequently gen-
erate a modified first control signal (144) having a
voltage that is different from a voltage of afirst control
signal (132) generated by deformation of the sensor
material of the first sensor element (128) in the ab-
sence of the pressure absorbing rib (142).

The control cord of any one of claims 7 to 10 further
comprising a level detector (146) arranged to distin-
guish between the first and second control signals
(132,134) based on a detected voltage level.

A headset comprising:

a control cord according to any one of claims 1
to 11 adapted to connect the headset to the port-
able electronic device, and arranged to remotely
control the portable electronic device; and

an earpiece attached to one end of the cord and
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13.

14.

15.

connected to the cord via the earpiece connec-
tor.

An auxiliary device control cord (110) adapted to
connect an auxiliary device to a portable electronic
device (106), and arranged to remotely control the
portable electronic device (106), the control cord
(110) comprising:

an outer shielding (124); and

a self-powered controlling sensor (116) provid-
ed in direct contact with the outer shielding (124)
of the control cord and in electrical communica-
tion with the portable electronic device (106),
and arranged to control the portable electronic
device (106) using a generated control signal
(118), the controlling sensor (116) comprising a
sensor material, the control signal (118) being
generated by deformation of the sensor material
independent of power supplied to the headset
and independent of power supplied to the port-
able electronic device.

The auxiliary device control cord of claim 13 wherein
the sensor material comprises a piezoelectric mate-
rial.

An auxiliary device control cord (110) adapted to
connect an auxiliary device to a portable electronic
device (106), and arranged to remotely control the
portable electronic device (106), the control cord
(110) comprising:

an outer shielding (124); and

a self-powered controlling sensor (116) provid-
ed in direct contact with the outer shielding (124)
of the cord and in electrical communication with
the electronic device (106), and arranged to con-
trol the electronic device (106) using a generat-
ed control signal (118), the controlling sensor
(116) comprising a piezoelectric material, the
control signal (118) being generated by defor-
mation of the piezoelectric material independent
of any externally supplied power.

Amended claims in accordance with Rule 137(2)

EPC.

1. A control cord (110) adapted to connect a headset
to a portable electronic device (106), and arranged
to remotely control the portable electronic device
(106), the control cord (110) comprising:

an earpiece connector (112) provided atone end
of the control cord;

a device connector (114) attached to another
end of the control cord adapted to connect to
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the portable electronic device; and

a self-powered controlling sensor (116) provid-
ed within the control cord (110) and in electrical
communication with the portable electronic de-
vice (106), and arranged to control the portable
electronic device (106) using a generated con-
trol signal (118), the controlling sensor (116)
comprising a sensor material, the control signal
(118) being generated by deformation of the
sensor material independent of power supplied
to the headset and independent of power sup-
plied to the portable electronic device.

2. The control cord of claim 1 wherein the sensor
material comprises a piezoelectric material.

3. The control cord of claim 1 or claim 2 wherein the
control cord comprises a controller region (120) and
a non-controller region (122) , the controller region
(120) having a distinctive appearance characteristic
compared to the non-controller region (122), the self-
powered controlling sensor (116) being provided in
the controller region (120).

4. The control cord of any one of claims 1 to 3 wherein
the control cord comprises an outer cable shielding
(124), and wherein the self-powered controlling sen-
sor (116) is integrated within the outer cable shield-
ing (124).

5. The control cord of any one of claims 1 to 3 wherein
the control cord comprises an outer cable shielding
(124), and wherein the self-powered controlling sen-
sor (116) is in direct contact with the outer cable
shielding (124), preferably in direct contact with an
interior surface or an exterior surface of the outer
cable shielding (124).

6. The control cord of any one of claims 1 to 4 wherein
the control cord further comprises a physical indica-
tor on an outer surface of the control cord, the phys-
ical indicator positioned to indicate a location of the
self-powered controlling sensor.

7. The control cord of any one of claims 1 to 6 wherein
the self-powered controlling sensor (116) is config-
ured to generate first and second control signals
(132,134), and preferably comprises first and sec-
ond sensor elements (128,130), the first and second
sensor elements (128,130) configured to generate
first and second control signals (132,134), respec-
tively.

8. The control cord of claim 7 further comprising a
single control signal wire (136) arranged to transport
the first and second control signals (132,134),
wherein the first and second sensor elements
(128,130) are connected to a common ground po-
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tential as common reference.

9. The control cord of claim 7 or claim 8 wherein the
first sensor element (128) is composed of a first
amount of piezoelectric material and the second sen-
sor element (130) is composed of a second amount
of piezoelectric material, the second amount of pie-
zoelectric material being different from the first
amount of piezoelectric material.

10. The control cord of claim 7 or claim 8 wherein
the first and second sensor elements (128,130) are
composed of a substantially similar amount of pie-
zoelectric material, and further comprising a pres-
sure absorbing rib (142) associated with the first sen-
sor element and arranged to absorb pressure ap-
plied to the first sensor element (128), wherein dif-
ferent voltages are generated if the deformation
force on the first and second sensor elements
(128,130) is the same..

11. The control cord of any one of claims 7 to 10
further comprising a level detector (146) arranged to
distinguish between the first and second control sig-
nals (132,134) based on a detected voltage level.

12. A headset comprising:

a control cord according to any one of claims 1
to 11 adapted to connect the headset to the port-
able electronic device, and arranged to remotely
control the portable electronic device; and

an earpiece attached to one end of the cord and
connected to the cord via the earpiece connec-
tor.

13. An auxiliary device control cord (110) adapted
to connect an auxiliary device to a portable electronic
device (106), and arranged to remotely control the
portable electronic device (106), the control cord
(110) comprising:

an outer shielding (124); and

a self-powered controlling sensor (116) provid-
ed in direct contact with the outer shielding (124)
of the control cord and in electrical communica-
tion with the portable electronic device (106),
and arranged to control the portable electronic
device (106) using a generated control signal
(118), the controlling sensor (116) comprising a
sensor material, the control signal (118) being
generated by deformation of the sensor material
independent of power supplied to the headset
and independent of power supplied to the port-
able electronic device.

14. The auxiliary device control cord of claim 13
wherein the sensor material comprises a piezoelec-
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tric material.

15. An auxiliary device control cord (110) adapted
to connect an auxiliary device to a portable electronic
device (106), and arranged to remotely control the
portable electronic device (106), the control cord
(110) comprising:

an outer shielding (124); and

a self-powered controlling sensor (116) provid-
ed in direct contact with the outer shielding (124)
of the cord and in electrical communication with
the electronic device (106), and arranged to con-
trol the electronic device (106) using a generat-
ed control signal (118), the controlling sensor
(116) comprising a piezoelectric material, the
control signal (118) being generated by defor-
mation of the piezoelectric material independent
of any externally supplied power.

10

20

25

30

35

40

45

50

55

10

18



EP 2 403 270 A1

102 1

104

Earpiece

108 fL
Device Control

Remote

Housing

Portable
Electronic
Device

FIG. 1

Prior Art

11

\/\100

L Mos



EP 2 403 270 A1

100 7\ _| Earpiece

Earpiece

112 P

, /\/Connector f 110
) Control

Cord

[Controlling
116 \/\ Sensor

122 ”’_ﬁ\\\\__,,» 118

Control

Device .
114 Signal
/\/ Connector g

Portable

106 /-\/ Electronic ——

Device

FIG. 2

12



EP 2 403 270 A1

<t
N
-—

126

™
O
LL

FIG. 4

124

126

124

FIG. 5

13



EP 2 403 270 A1

128 130

AT {

x\\\\\\\\\l\l\l\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ﬁ

132N
S é1 34

136

R

FIG. 6

138 140

—
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\?

128« ULLLHTHITHIT TN 130

132
% C1 34

136

A

FIG. 7

14

124



EP 2 403 270 A1

142

AN

128, /L

144—) S C.1 34

136

R R Y

FIG. 8

15



EP 2 403 270 A1

128

136 S
S Level
130 detector

FIG. 9

mVA 148 i
h \Vil
Press Release

FIG. 10

16



EP 2 403 270 A1

)

Européisches
Patentamt

European
Patent Office

EUROPEAN SEARCH REPORT

Office européen
des brevets

w

EPO FORM 1503 03.82 (P04C01)

Application Number

EP 10 16 7758

DOCUMENTS CONSIDERED TO BE RELEVANT
Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
Y US 2007/237170 Al (PROCTOR DAVID W [US] ET|1-15 INV.
AL) 11 October 2007 (2007-10-11) HO4R1/10
* column 2, line 7 - line 18 *
* column 4, line 36 - line 38 *
* column 6, line 43 - line 49 *
* column 7, line 36 - Tine 37; figures
3,8,9 *
Y US 4 975 616 A (PARK KYUNG T [US]) 1-15
4 December 1990 (1990-12-04)
* paragraphs [0023], [0025], [0026],
[0029], [0035]; claim 6 *
y US 4 568 851 A (SONI PRAVIN L [US] ET AL) |4,5,
4 February 1986 (1986-02-04) 7-11,
13-15
* column 1, line 13 - line 17 *
A EP 2 164 277 A2 (YAMAHA CORP [JP]) 1
17 March 2010 (2010-03-17)
¢ abstract » e,
* figure 1 *
----- HO1L
HO3K
HO4R
HO1H
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner

Munich 29 November 2010

Heiner, Christoph

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

17




EPO FORM P0459

EP 2 403 270 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 10 16 7758

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

29-11-2010
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2007237170 Al 11-10-2007 WO 2007120413 Al 25-10-2007
US 4975616 A 04-12-1990 DE 3927306 Al 22-02-1990
GB 2222014 A 21-02-1990
JP 2103823 A 16-04-1990
US 4568851 A 04-02-1986  CA 1228151 Al 13-10-1987
DE 3584655 D1 19-12-1991
EP 0174837 A2 19-03-1986
JP 1800079 C 12-11-1993
JP 5003688 B 18-01-1993
JP 61071506 A 12-04-1986
EP 2164277 A2 17-03-2010  CN 101674509 A 17-03-2010
JP 2010068299 A 25-03-2010
US 2010061582 Al 11-03-2010

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

18



EP 2 403 270 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

US 7256347 B [0034]

19



	bibliography
	description
	claims
	drawings
	search report

