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57 ABSTRACT

Control means of a wearable electronic communication
device for control purpose and use thereof are claimed. The
wearable electronic communication device comprises a flex-
ible loop being at least partly flattened and comprising non-
twistable rigid members; an electronic unit; and push buttons
disposed on the rigid members at such a distance from each
other so as to avoid possibility of pushing two push buttons
simultaneously with one finger, wherein the push surface of
each push button does not project beyond the surface of the
rigid member bearing the push button, and a control signal is
generated only when two push buttons are pushed simulta-
neously.

16 Claims, 18 Drawing Sheets
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1
ACCESSORY FOR MOBILE ELECTRONIC
DEVICE

FIELD OF THE INVENTION

The invention relates to wearable electronic communica-
tion devices, in particular, to an accessory for a mobile elec-
tronic device.

DESCRIPTION OF THE RELATED ART

Nowadays, electronic communication devices tend to be
more and more compact, thus enabling them to be worn on the
user’s body when the devices are both in operation state and
in stand-by state. These devices include smart phones and
various accessories related to them provided in the form of
watches, headsets and necksets comprising earphones,
including those in the form of a necklace, spectacle frames
with embedded displays, or even systems comprising such
devices wired or wirelessly connected to each other and/or to
a smart phone. Some primary and auxiliary functions of the
main wearable device (like a computer or a smart phone) tend
to be transferred to peripheral equipment located at different
parts of the user’s body, thus enabling to bring the wearable
device closer to the natural human interface (like ears, eyes,
and fingers).

Nowadays, the main dimensions (length and width) of
smart phones are stable and depend on human anatomical and
physiological characteristics. However thickness of smart
phones continues to decrease, thus reducing mechanical
rigidity and power supply capacity; moreover, control of the
device becomes uncomfortable and non-informative, that is
why some of the main functions of a wearable device includ-
ing control functions are transferred to additional wearable
devices and accessories, thus enabling to press keys and but-
tons of an accessory in order to control the main wearable
device without pulling it out of a pocket or a bag.

In order to make interaction with a wearable device com-
fortable, its control means have to be as ergonomical as pos-
sible, i.e. they have to correspond to human anatomical char-
acteristics, and they should not stand out against the user’s
body when the user is wearing the device. Wearable devices
of little thickness have to have a rather big surface area adja-
cent to the user’s body, in order to provide enough space to
accommodate their equipment base; that requires the devices
to be flexible in those portions which are adjacent to the
human body, for replicating, without bristling, all bends
occurring in complex kinematics chains of the human body in
motion.

One way of making these devices comfortable for users
and barely visible for people around the users, is to wear the
devices under clothes. But in this case it may be difficult to
control them by keys and buttons without observing them. In
addition, erroneous actions of the keys and buttons of an
accessory having long wires must be avoided. These errone-
ous actions may occur due to movement of user’s trunk and
limbs, accidental pressing by a belt of a bag hanging over a
shoulder, or by a seat belt in a car. Further, it is desirable to
avoid twisting the device located on the user’s body, which
twisting may impede pressing a necessary button disappeared
from the area of tactile sensing.

This invention is aimed at providing a button control inter-
face for an electronic communication device wearable on the
user’s body, having control members which are easily acces-
sible for the user, while being protected against accidental
pressing, and not hindering the user’s movements, and which
are barely visible for people around the users.
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What is known is a modular interface belt (U.S. Pat. No.
7,618,260 B2, published on Nov. 17, 2009) comprising a belt
bearing electrically linked connectors for connecting to vari-
ous interface modules, wherein data exchange with external
devices is also provided. The belt may be mechanically closed
like aloop for wearing on the user’s body. This device advan-
tageously prevents twisting while wearing thereof. However
if a button-based control member is placed in one of the
connectors, the buttons could not be protected against acci-
dental pressing.

What is known is a multi-button control means for an
accessory of a mobile communication device (application US
2011/0263303 published on Oct. 17, 2011) comprising a set
of buttons, a controller detecting pressing one of the buttons
and generating a control signal for a processor selecting a
function according to the control signal. It does not provide
any way of affixing the accessory on the user’s body (like a
way of wearing the accessory being in the form of a loop),
button protection against accidental pressing is not provided,
and generating a control signal is performed upon a single
press of a button, which considerably limits quantity of avail-
able control signals and functionality of the set of buttons.

What is known is a device in the form of a button equipped
with a timer for starting an application (U.S. Pat. No. 6,727,
830 B2, published on Apr. 27,2004), in which device the time
of pressing the button is measured and double pressing is
detected, thus causing a processor to generate a control signal
according to the time of pressing the button or the number of
pushes of the button. However, while using this device in a
wearable mobile device configured to be placed on the user’s
body, there is a risk of generating an erroneous signal upon
occidental pressing one button by a foreign object or by the
user.

What is known is an electronic device equipped with con-
figurable buttons (U.S. Pat. No. 8,717,199 B2, published on
May 6, 2014), comprising input members, sensors for detect-
ing objects, and control mechanisms. This device protects the
button interface against occidental pressing, but it does not
provide possibility of pressing buttons through clothes; more-
over, the layout of the buttons assuring tactile choice of nec-
essary buttons by the user is not disclosed.

What is known is a wireless accessory for mobile device
Sony SBH 80, provided in the form of an open loop bearing
members for control the device. The accessory has the fol-
lowing limitations:
it tends to twist while wearing by the user, so access to keys
may be lost;
two adjacent keys are disposed too close to each other, so they
may be pressed simultaneously with one finger, and it may
cause activation of a non-intended function;
the keys project beyond the surface of the bearing members,
and this may also result in occidental pressing.

Thus, until now, there is no a device intended for continu-
ous wearing, the device optimized for wearing it under
clothes when the device is both in operation state and in
stand-by state, the device having loose wires of minimal
length, which wires adjoin the user’s body but do not restrict
movements of the user and at the same time enable control the
device with no visual contact with it, based on tactile orien-
tation as necessary control keys are found by touch. Providing
such a device will increase usability and reliability of affixing
on the user’s body, and will prevent the device from failure
and damage due to catching on neighboring objects.

BRIEF SUMMARY OF THE INVENTION

The invention is aimed at providing a constantly wearable
electronic communication device optimized for wearing
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thereof under clothes when the device is both in operation
state and in stand-by state, with loose wires of minimal
length, which wires adjoin the body but do not restrict move-
ments of the user, and at the same time enable control the
device with no visual contact therewith, based on tactile ori-
entation when necessary control means are found by touch,
and non-intended pushing the control means is hampered.

This problem is solved by providing a wearable electronic
communication device comprising a flexible loop being at
least partly flattened and comprising at least two rigid mem-
bers connected to each other so as to impede twisting the rigid
members relative to each other; at least one electronic unit;
control means comprising at least two push buttons electri-
cally connected to the electronic unit and disposed on the
rigid members at such a distance from each other so as to
avoid possibility of pushing two push buttons simultaneously
with one finger, wherein the push surface of each push button
does not project beyond the surface of the rigid member
bearing the push button, and a control signal for the device is
generated when two of the push buttons are pushed simulta-
neously.

It is advantageous that the electronic unit of the wearable
electronic communication device is disposed in one of the
rigid members.

It is expedient that at least one of the rigid members further
comprises a power source.

It is expedient that the flexible loop of the wearable elec-
tronic communication device is open.

It is advantageous that in the wearable electronic commu-
nication device while wearing thereof by the user, the push
surface of the push button is disposed substantially in parallel
with the front surface of the user’s chest.

It is expedient that the push surface of the push button
occupies a major portion of the rigid member surface.

It is preferable that at least one of the rigid members further
comprises a microphone.

It is advantageous that the wearable electronic communi-
cation device comprises more than two push buttons and
control signals are generated when two push buttons are
pushed simultaneously, by selection of various combinations
from the at least three push buttons.

It is preferable that the wearable electronic communication
device further comprises at least one earphone electrically
connected to the electronic unit.

It is advantageous that the control means are configured to
generate acoustic signals transmitted to the earphone upon
pushing the push buttons.

It is expedient that the push buttons are provided in the
form of keys with mechanically driven contacts.

It is advantageous that the push buttons are provided in the
form of piezoelectric transducers.

It is preferable that the electronic unit further comprises at
least one wireless communication transceiver.

It is advantageous that the electronic unit further comprises
an audio recording and/or playing device.

It is expedient that the push buttons are configured to
trigger functions selected from the following:
switch the wearable electronic communication device on and
off;
answer a mobile communication call;
end a mobile communication call;
pause audio play;
resume audio play;
change audio volume;
select audio track or program;
fast forward/backward;
activate and deactivate voice control.
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It is advantageous that the functions triggered by the push
buttons are configured by the user.

It is preferable that while wearing the wearable electronic
communication device by the user, the push buttons are dis-
posed within an area in the form of an isosceles triangle
having the base connecting proximal ends of clavicle and the
vertex directed downwards to xiphisternum of the user.

Additionally, the above-stated problem is solved by the use
of the wearable electronic communication device for control

purpose.
BRIEF DESCRIPTION OF DRAWINGS

The invention is further explained via description of pre-
ferred embodiments referring to the following accompanying
drawings.

FIG. 1 shows a general view of the wearable electronic
communication device according to the invention.

FIG. 2 shows change in the form of flexible inextensible
members of the wearable electronic communication device
according to the invention, occurring upon rotation thereof.

FIG. 3 shows a general view of the wearable electronic
communication device according to the invention, having an
electronic unit disposed in a rigid member.

FIG. 4 shows a general view of the wearable electronic
communication device according to the invention, in which
the loop is open.

FIG. 5 shows a general view of one embodiment of the
wearable electronic communication device according to the
invention.

FIGS. 6 and 7 show embodiments of protection of push
buttons, according to the invention.

FIG. 8 shows possible arrangement of electronic compo-
nents of the electronic unit, according to the invention.

FIGS. 9 and 10 show implementation of button control
function in an embodiment of the wearable electronic com-
munication device according to the invention.

FIG. 11 shows exemplary flowcharts of algorithm proce-
dures performed upon pushing buttons, according to the
invention.

FIG. 12 shows a general view of an embodiment of the
wearable electronic communication device according to the
invention, indicating main functional elements.

FIGS. 13, 14 and 15 show schematic diagrams of embodi-
ments of the wearable electronic communication device
according to the invention.

FIGS. 16, 17 and 18 show different schematic diagrams of
button connections, according to the invention.

FIGS. 19, 20 show general views of different embodiments
of the wearable electronic communication device according
to the invention.

DETAILED DESCRIPTION OF THE INVENTION

Terms and expressions used herein have the following
meanings which may be different from their general mean-
ings.

Accessory (in the form of a headset, or a neckset, or a
chestset) is an assembly of mechanically and electrically
connected wires, earphones and electrical connectors config-
ured to be worn on the user’s body and intended to be con-
nected to a mobile electronic device by wire or wireless
means.

Earphone is a device for individual listening to music,
speech or any other sound signals configured to be disposed
inside the user’s outer ear.
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Neck loop is a ring-shaped article made of a linear material
like a rope, a wire, a strip of fabric or leather, or a chain,
secured at the ends thereof, provided in the form of a loop, a
ring, a collar, a yoke, a necklace, or a neckerchief, intended to
be worn on the user’s neck and chest and configured to bear
electrical and mechanical devices therein.

Electronic unit is an electrical device configured to be
disposed on a neck loop and intended to be connected to
another components located on the neck loop and beyond, by
wire or wireless means.

Control means is a component of the interface between an
accessory and the user provided in the form of mechanical,
piezoelectric or any other type of button or key comprising a
limited surface, exerting pressure upon which surface causes
change in operation of the device connected to the accessory.

Hereinafter explanation of reasons for proposed design of
the wearable electronic communication device is given.

Assume that in order to assure wearing a device on the
user’s body without additional support it is expedient to pro-
vide the device in the form of a loop or a half-loop.

This assumption is proved by the form of clothing articles
(like panties, belts, pants) and wrist watches which are held
on the human body since they are based on the loop form
which assures fixation thereof on the body.

Further a few embodiments of a wearable electronic com-
munication device intended for wearing under clothes e.g. in
the form of'a neck loop or a half-loop are described. The most
ergonomic solution is disposing a button interface in the
region having form of an isosceles triangle having horizontal
base located between proximal ends of clavicle and the vertex
directed downwards in the vicinity of xiphisternum in men
and somewhat above in women. The reach of hands in this
case is based on particularities of the user’s clothes, when
considering a male dressed in standard European clothes not
only in warm but also in cold climate. This layout of the
buttons allows managing the electronic device with no pull-
ing it from under the clothes, by pressing keys and buttons
which are easily addressable by touch through the standard
clothes; the keys and buttons are substantially unmovable and
projected to substantially the same spot of the user’s body,
and they are tactually distinguishable from each other and
able to provide a feedback in the form of a tactile or sound
response (a click) upon pressing thereof.

FIG. 1 shows an embodiment of the claimed wearable
electronic communication device provided in the form of a
loop, wherein the wearable device comprises rigid flat shells
connected to each other by pairs of cables comprising wires.
This type of design is stipulated by the following require-
ments applicable to constantly wearable accessories suitable
for wearing under clothes:

(1) the wearable electronic communication device shall be
flexible enough in order to be able to adjust to the user’s body
shape;

(2) the push buttons shall be located on rigid members;

(3) the wearable device shall be stiff enough in order to avoid
flip-over of the buttons located on the rigid members;

(4) the interface buttons shall be disposed in readily acces-
sible places in order to assure comfortable access and control.

In order to provide enough flexibility, the used cables with
wires arranged inside the cables have to be flexible. In order
to improve reliability of electrical connections, the wires shall
have some excess length so as the tension force caused by
bent of the cables do not affect considerably the soldering
points of the wires. In order to reduce twisting the wearable
electronic communication device during wearing thereof,
cross-section dimension, optimal length and the number of
the cables have to be determined.
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Usually in accessories, the shells containing electronic
functional devices are mounted directly on the wire, thus
often causing the wire twist in turn causing the buttons being
out of body field reachable by the user.

The torsional strain concept for a sole wire connecting
rigid members may be expressed by an equation characteriz-
ing torsional strain of a cylinder, which equation establishes
correspondence between the moment T of restoring force and
the twist angle ¢:

T=GJy/! (D

wherein G is shear modulus; I, is geometrical polar moment
of'inertia; 1 is the wire length. When considering the cylinder
shape, J,=nr*/2, wherein r is the cylinder base radius. The
equation (1) shows that decrease in the length 1 and increase
in the cylinder radius r increases the moment of forces imped-
ing the twist. However the increase in the cylinder radius i.e.
the wire gage in between the rigid members of the wearable
electronic communication device causes great discomfort
while wearing thereof; so it is found expedient to shift from a
circular wire to a flat wire disposed in parallel with the human
body surface while wearing the wearable electronic commu-
nication device. In this case a model of an inextensible tape
shall be considered instead, since deformation of a tape
occurs in the form of bending strain rather than shear strain.
By using a flexible but inextensible tape, additional rigidity
in view of rotation of the rigid members relative to the longi-
tudinal axis of the tape may be achieved, still retaining the
tape flexibility in the cross-section thereof. As the tape mate-
rial is inextensible and incompressible, the length of the tape
edges is not changed upon twisting the tape to the angle ¢ and
the tape edges are disposed along spiral geodesic curves on
the surface of a cylinder circumscribed by the tape. Thus, if
the length L ofthe tape edges is not changed, then the cylinder
height is changed, which height h;, may be determined based
on the length of the geodesic curve on the cylinder surface:

h=(L2-¢>D?/4)'2 @

The equation (2) shows that fixation of the geodesic curve
length corresponding to inextensibility of the tape leads to a
limitation of possible rotation angle, resulting from the fol-
lowing condition:

1?—¢?D?/4=0 3)

Upon button flip-over, ¢=m, then:

127202420 ]

FIG. 2 shows examples of change in shape of flexible
inextensible members upon twisting thereof. In the central
part of FIG. 2 a flexible member having the length of L. and the
diameter of D is shown. A twisted tape is shown in the right
part of this figure, and a pair of cables secured to rigid mem-
bers is shown in the left part, wherein the planes of securing
are rotated to 180° relative to each other.

If the length L and the diameter D are selected so that the
inequality (4) is false, then button flip-over is impossible due
to inextensibility of the tape i.e. in order to prevent button
flip-over, it is required that the following condition is met:

®

If rigid shells having width of D are connected with two
cables having the edge length of L and disposed on the shell
sides, then rotation to 180° or m radian causes crossing the
cables and the height h, is determined to be

ho=(2-D?)12 ©

Correspondingly, the allowable length of the cables is
determined to be

L=nD/2
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L<D @]

Therefore, in order to avoid flip-over of the rigid shells,
they shall be connected by flexible inextensible members, or
atape, or a pair of cables having a length equal to or less than
the shell width.

A wearable electronic communication device (FIG. 1)
comprises a flexible loop 1 provided at least partially flattened
and comprising at least two rigid members 2a, 2b, wherein the
rigid members are connected to each other so as to impede
twisting the rigid members relative to each other; at least one
electronic unit 3; control means comprising at least two push
buttons 4a, 45 electrically connected to the electronic unit and
disposed on the rigid members at such a distance from each
other so as to avoid possibility of pushing two push buttons
simultaneously with one finger, wherein the push surface of
each push button does not project beyond the surface of the
rigid member bearing the push button, and a control signal is
generated when two of the push buttons are pushed simulta-
neously.

In some embodiments, the electronic unit is disposed in
one of the rigid members 2 on the flexible loop (FIG. 3).

In preferable embodiments, at least one of the rigid mem-
bers 2 on the flexible loop additionally comprises a power
source.

In some embodiments of the wearable electronic commu-
nication device, the flexible loop is open (FIG. 4).

In some embodiments while wearing the wearable elec-
tronic communication device by the user, the push surface of
the push button is disposed substantially in parallel with the
front surface of the user’s chest (FIG. 1, FIG. 3).

In some embodiments, the push surface of the push button
4a occupies a major portion of the surface of the rigid member
2a (FIG. 1).

In some embodiments, at least one of the rigid members 2
further comprises a microphone 5 (FIG. 5).

In some embodiments, the wearable electronic communi-
cation device comprises more than two push buttons and
control signals are generated when two push buttons are
pushed simultaneously, by selection of various combinations
among the three or more push buttons (FIG. 5).

In preferable embodiments, the wearable electronic com-
munication device further comprises at least one earphone 6
electrically connected to the electronic unit (FIG. 5).

In some embodiments, the control means are configured to
generate acoustic signals transmitted to the earphone upon
pushing the push buttons.

In a few embodiments, the push buttons are provided in the
form of keys with mechanically driven contacts. In some
embodiments, the push buttons may be equipped with border
projections for protection against unintended push (FIG. 6,
FIG. 7).

In some embodiments, the push buttons are provided in the
form of piezoelectric transducers.

In a few embodiments, the electronic unit may further
comprise at least one wireless communication transceiver.
Additionally, the electronic unit may further comprise an
audio recording and/or playing device.

The electronic unit may be provided in the form of a medal-
lion. The electronic unit may comprise a transceiver for a
signal from a cellular phone, not requiring a radio frequency
license like Bluetooth signal. The electronic unit may further
comprise a battery, a player, a broadcast radio receiver, a flash
memory, an electronic key, a satellite signal receiver e.g. a
GPS and/or GLONASS receiver indicating current location
by means of voice information provided to the user via the
earphones. The electronic components possibly embedded
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into the electronic unit are shown in FIG. 8. Communication
between the electronic unit and a mobile phone, a satellite
navigation system, a computer, or a wireless communication
station is provided via the wireless communication compo-
nent 7. Audio signal processing, data flow control and data
processing are performed by a digital signal processor 8.
Conversion of a digital signal into an analog signal to be
played by the earphones, amplification of the analog signal
and volume control are performed by a codec or a sound
component 9. A memory component 10 is used for storage of
firmware, equipment profile settings, and user data. The
operation of electronic components is assured by at least one
power source 11 in the form of a galvanic element and/or an
accumulator battery and/or at least one alternative power
source like a fuel element, or a solar battery, or a Peltier
generator embedded into the electronic unit and/or disposed
in the rigid members. The electronic unit may include push
buttons 12, 13 of control means. A near field communication
(NFC) component 14 may be used for fast pairing and for data
exchange between the wearable electronic communication
device and a mobile device.

In a few embodiments, the electronic unit may include
additional components like a controller 15 for processing
signals of buttons of control means, and a USB connector 16
for data exchange and/or charging the battery. A connector 17
may be used for connecting earphones, external micro-
phones, and additional buttons of control means.

In various embodiments of the wearable electronic com-
munication device, the push buttons may be configured to
trigger functions selected from the following:
switching the wearable electronic communication device on
and off;
answering and ending a mobile communication call;
pausing and resuming audio play;
changing audio volume;
selecting audio track or program;
rewinding forward/backward;
activating and deactivating voice control.

Ergonomic advantage of this embodiment of the wearable
electronic communication device is that the push buttons
disposed in the described way relative to the user’s body
facilitate using the body field reachable by the user’s hands,
thus allowing the user to control the accessory with no pulling
it from under the clothes by pressing buttons which are easily
addressable by touch through standard clothes since the but-
tons are relatively undisplaceable and projected to substan-
tially the same spot of the user’s body, and they are tactually
distinguishable from each other and able to provide a feed-
back in the form of a tactile or sound response (a click) upon
pushing thereof.

The buttons are spaced from each other in order to avoid
unintended pushing two push buttons simultaneously with
one finger, wherein the buttons disposed on the electronic unit
are duplicated, and the buttons disposed on the rigid members
are disposed on separate plates/boards protected from unin-
tended pushing by flush design thereof.

The function to be performed is triggered by pushing
simultaneously two push buttons disposed astride a train/stub
with two fingers, the thumb and the forefinger of one hand,
simultaneously. This excludes unintended pushing by a seat
beltin acar, a belt of abag, etc. Such disposition of the buttons
provides maximal accessibility thereof even when a necktie,
a suit, or an outerwear is put on.

Possible allocation of the functions to the buttons is shown
in FIG. 9 and FIG. 10. An electronic voice notification device
may be used to alert the user of the changed settings.






