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the volume level in a non-linear fashion. More particularly, in one embodiment of the present invention, once the volume-control knob
is rotated past the predetermined amount (e.g., 300 degrees), the volume will be increased instantaneously (e.g., by 25%).
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VOLUME CONTROL FOR AN ELECTRONIC DEVICE

RELATED APPLICATIONS

[001] This patent application is related to US patent application No. (Attorney Docket
No. PAT30281), entitled, VOLUME CONTROL FOR AN ELECTRONIC DEVICE. Both this
application, and the related application are assigned to the same assignee, and filed on

the same day.
BACKGROUND

[002] A device that comprises a volume-control knob will increase/decrease its
volume in a substantially linear fashion as the volume-control knob is rotated. In other
words, as a user rotates the volume-control knob on the device, the volume will
increase/decrease in a linear fashion based on an angle through which the knob is
rotated. In addition to controlling volume via a volume-control knob, many devices will
also comprise a volume-boost feature that increases a volume to a maximum amount,
above what could be achieved by simply rotating the volume-control knob. The
volume-boost feature is oftentimes cumbersome to access, requiring a dedicated button
be pushed, or that several menus be navigated in order to activate a volume-boost. It

would be beneficial if the volume-boost feature could be more-easily activated.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[003] In the accompanying figures similar or the same reference numerals may be
repeated to indicate corresponding or analogous elements. These figures, together with
the detailed description, below are incorporated in and form part of the specification
and serve to further illustrate various embodiments of concepts that include the claimed

invention, and to explain various principles and advantages of those embodiments.
[004] FIG. 1 illustrates a device having a volume-control knob.

[005] FIG. 2 illustrates the prior-art linear nature of volume output versus rotation of

a volume-control knob.
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[006] FIG. 3 illustrates a non-linear nature of volume output versus rotation of a

volume-control knob in accordance with one embodiment of the present invention.

[007] FIG. 4 illustrates a haptic effect versus angle shown in FIG. 3 as applied to the
knob of FIG. 1.

[008] FIG. 5 is a block diagram of the device of FIG. 1.

[009] FIG. 61is a block diagram of the device of FIG. 1 in accordance with an alternate

embodiment of the present invention.

[010] FIG. 7 is a block diagram of the device of FIG. 1 in accordance with an alternate

embodiment of the present invention.
[011] FIG. 8 is a flow chart showing operation of the device of FIG. 1.

[012] FIG. 9 1s a flow chart showing operation of the device of FIG. 1 in accordance

with the alternate embodiment of the present invention.

[013] Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be exaggerated relative to other

elements to help improve understanding of embodiments of the present disclosure.

[014] The system, apparatus, and method components have been represented where
appropriate by conventional symbols in the drawings, showing only those specific
details that are pertinent to understanding the embodiments of the present disclosure so
as not to obscure the disclosure with details that will be readily apparent to those of

ordinary skill in the art having the benefit of the description herein.
DETAILED DESCRIPTION OF THE INVENTION

[015] In order to more-easily activate a volume-boost, a method and apparatus for
volume control of an electronic device is provided herein. During operation, a volume-
control knob will increase a volume of sound output from a device in a substantially

linear fashion (versus knob rotation angle) as a volume-control knob is rotated. Once
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the volume-control knob is rotated past a predetermined amount, a volume boost is
activated, increasing the volume level in a non-linear fashion. More particularly, in one
embodiment of the present invention, once the volume-control knob is rotated past the
predetermined amount (e.g., 300 degrees), the volume will be increased instantaneously

by, for example, 25%.

[016] In an alternate embodiment of the present invention, an aggressiveness of noise-
suppression circuitry is increased after the volume-control knob is rotated past a second

predetermined amount (which may equal the first predetermined amount).

[017] Example embodiments are herein described with reference to flowchart
illustrations and/or block diagrams of methods, apparatus (systems) and computer
program products according to example embodiments. It will be understood that each
block of the flowchart illustrations and/or block diagrams, and combinations of blocks
in the flowchart illustrations and/or block diagrams, can be implemented by computer
program instructions. These computer program instructions may be provided to a
processor of a general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a special purpose and unique
machine, such that the instructions, which execute via the processor of the computer or
other programmable data processing apparatus, create means for implementing the
functions/acts specified in the flowchart and/or block diagram block or blocks. The
methods and processes set forth herein need not, in some embodiments, be performed
in the exact sequence as shown and likewise various blocks may be performed in
parallel rather than in sequence. Accordingly, the elements of methods and processes

may be reflerred to herein as “blocks™ rather than “steps.™

[018] These computer program instructions may also be stored in a computer-readable
memory that can direct a computer or other programmable data processing apparatus
to function in a particular manner, such that the instructions stored in the computer-
readable memory produce an article of manufacture including instructions which
implement the function/act specified in the flowchart and/or block diagram block or

blocks.

[019] The computer program instructions may also be loaded onto a computer, radio,
3
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smart phone, or other programmable data processing apparatus that may be on or off-
premises, or may be accessed via the cloud in any of a software as a service (SaaS),
platform as a service (PaaS), or infrastructure as a service (laaS) architecture so as to
cause a series of operational blocks to be performed on the computer or other
programmable apparatus to produce a computer implemented process such that the
instructions which execute on the computer or other programmable apparatus provide
blocks for implementing the functions/acts specified in the flowchart and/or block
diagram block or blocks. It is contemplated that any part of any aspect or embodiment
discussed in this specification can be implemented or combined with any part of any
other aspect or embodiment discussed in this specification. Further advantages and
features consistent with this disclosure will be set forth in the following detailed

description, with reference to the figures.

[020] Referring now to the drawings, FIG. 1 illustrates device 100 having volume-
control knob 101. In one embodiment of the present invention, knob 101 comprises a
haptic rotary knob that provides haptic feedback to the user as they rotate the knob. The
feedback may be generated electronically through motors, magnets, . . . , etc. , or
altematively, the feedback may be provided by mechanical means, through indents,
gears, . . ., etc. Rotary knob 101 allows the user to directly manipulate at least a volume
output from device 100. Knob 101 is approximately a cylindrical object. Knob 101 can
altematively be implemented as a variety of different objects. including conical shapes,
spherical shapes, dials, cubical shapes, rods, etc., and mav have a variety of different
textures on their surfaces, including bumps. lines, or other grips, or projections or

members extending from the circumferential surface.

[021] User 103 preferably grips or contacts the circumferential surface of knob 101
and rotates it a desired amount to increase or decrease a volume of sound output from
speaker 102. The initial positive rotation, from zero degrees preferably powers up
device 100. Continued positive rotation increases a volume level output from speaker
102, while negative rotation decreases the volume level. Haptic feedback can be
provided to distinguish between transitions between power up and volume control. The
Haptic feedback is preferably a tactile feedback which takes advantage of a sense of
touch by applying forces, vibrations, or motions to knob 101,
4
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[022] As discussed above, prior art volume control increases the volume of device
100 in a linear fashion versus knob rotation angle. This is illustrated in FIG. 2. More
particularly, FIG. 2 illustrates volume level versus knob rotation angle. As is evident,
after knob 101 is rotated through power on, the volume of sound output from speaker
102 will increase in a linear fashion until a maximum volume is reached. Knob 101 is
usually not allowed to travel beyond the point of maximum volume (e.g., 300 degrees).
Any volume boost from maximum volume will take place by accessing menus and/or

buttons other than knob 101.

[023] In order to more-easily activate the volume-boost function, volume-control
knob 101 will increase a volume of sound output from a device in a substantially linear
fashion as knob 101 is rotated. Once the volume-conirol knob is rotated past a
predetermined amount (e.g., 300 degrees), a volume boost is activated, increasing the
volume level in a non-linear fashion. More particularly, in one embodiment of the
present invention, once the volume-control knob is rotated past the predetermined
amount, the volume will be increased instantaneously by a predetermined amount (e.g.,
25%). Haptic feedback can be provided to distinguish transitions to volume boost.

Volume boost is illustrated in FIG. 3.

[024] FIG. 3 illustrates a graph of volume level versus knob rotation. As is evident,
after power on, the volume increases and decreases in a linear fashion versus knob
rotation angle up to a certain point (e.g., 270 or 300 degrees). Rotation beyond that
point may trigger a haptic feedback while instantaneously increasing the volume by a
predetermined amount (e.g., 25%), performing a volume-boost function. In one
embodiment of the present invention, haptic feedback provides a resistance at the
transition to volume boost to indicate that further rotation will result in a volume boost.
Rotation beyond resistance requires a higher torque to differentiate linear increase of
volume vs an instantaneous increase in volume. As discussed, haptic feedback is
particularly useful to distinguish the transition, or border, between functions as knob

101 is rotated. This is illustrated in FIG. 4.

[025] More particularly, FIG. 4 illustrates a haptic effect applied when rotating a knob

from power on through volume-boost. In particular graphs 401 and 402 are shown that

5
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plots an intensity of force, vibration, or motion applied to the knob versus angle of
rotation for knob 101. As knob 101 is rotated, its angle increases up to some maximum
angle at 403. Little to no haptic effect (forces, vibrations, or motions) is provided to
knob 101 until power on occurs. As knob 101 is rotated through volume boost (e.g.,
approximately 300degrees), user 201 is notified of the transition to volume boost by
haptic effect 402 applied to knob 101. The intensity of the haptic effect (e.g., an amount
of force, vibration, or motion) increases as the border between transitions. As shown in
FIG. 4, once the transition is made, the haptic effect is reduced. It should be noted that
although the haptic feedbacks at power up and volume boost are shown in FIG. 4 to be
similar. In alternate embodiments of the present invention, the type. variation, and
lengths of the haptic feedbacks may differ, creating a different “feeling” for the user at
the transitions between power on and volume boost. In one embodiment, these haptic
feedbacks are simply provided through mechanical means as known in the art (e.g.,
indents that engage with knob 101), however, in alternate embodiments of the present
invention, haptic feedback may be provided to the user as they rotate knob 101 through
electronic means. This may be provided by mechanical means (e.g., magnets, actuators,

vibration modules, . . . , etc).

[026] FIG. 5 is a block diagram of device 100 of FIG. 1. Device 100 may include
various components connected by a bus 514. Device 100 may include a hardware
processor (logic circuitry) 502 such as one or more central processing units (CPUs) or
other processing circuitry able to provide any of the functionality described herein when
running instructions (e.g., computer programs, computer code, . . . . etc.). Processor 502
may be connected to memory 501 that may include a non-transitory machine-readable
medium on which is stored one or more sets of instructions. Memory 501 may include
one or more of static or dynamic storage, or removable or non-removable storage, for
example. A machine-readable medium may include any medium that is capable of
storing, encoding, or carrying instructions for execution by processor 502, such as solid-
state memories, magnetic media, and optical media. Machine-readable medium may
include, for example, Electrically Programmable Read-Only Memory (EPROM),
Random Access Memory (RAM), or flash memory. The instructions stored in memory

501 enable device 100 to operate in any manner thus programmed, such as the
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functionality described specifically herein, when processor 502 executes the

mstructions.

[027] Receiver 503 comprises any standard over-the-air receiver that utilize a private
802.11 network set up by a building operator, a next-generation cellular
communications network operated by a cellular service provider, or any public-safety
network such as an APCO 25 network or the FirstNet broadband network, LMR (Land
mobile radio) network such as analogue RF, DMR, TETRA. During operation, over-
the-air transmissions that are received by receiver 503 are demodulated and sent

through volume-control circuitry 505 before being audibly output through speaker 102.

[028] Volume-control circuitry comprises well-known circuitry (amplifiers) that
increases and decreases the amplitude (volume) of signals output to speaker 102. As
discussed above, the amount of amplification of any input signal is dependent upon a
position of knob 101, as shown in FIG. 3. Thus, during operation, knob 101 outputs an
angle of rotation to microprocessor 502. The output may be in analog or digital form.
In response, microprocessor 703 instructs volume-control circuitry 505 to adjust a
volume (amplitude) of any signal input to volume control circuitry 505 from receiver

503 (or other inputs not shown).

[029] With the above in mind, FIG. 5 shows an apparatus comprising a knob
configured to be rotated, a speaker, volume control circuitry, and a processor running
code that instructs the processor to determine a rotation angle of the knob and increase
a volume of a speaker as the knob is rotated in a first direction such that the volume is
increased in a continuous manner as the knob is rotated until the knob is rotated past a
predetermined amount, after the knob is rotated past the predetermined amount the

volume is increased instantaneously by at least 10 percent.

[030] As discussed above, the volume may be increased in a substantially linear
manner as the knob is rotated in the first direction until the knob is rotated past the

predetermined amount.

[031] FIG. 6 is a block diagram of the device of FIG. 1 in accordance with an alternate

embodiment of the present invention. In the alternate embodiment of the present
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invention, noise suppression circuitry 602 is provided and operated based on a position
of knob 101. Noise suppression can comprise a software solution (executed by logic
circuitry 502) where the microphone audio signal is processed by logic circuitry 502 in
order to reduce background noise before being sent to transmitter 601. In an alternate
embodiment, noise suppression may comprise a hardware solution where the
microphone audio signal is processed by noises suppressor IC 602 before being sent to
transmitter 601. The hardware solution is depicted in FIG. 6, while the software solution

1s depicted in FIG. 7.

[032] As one of ordinary skills in the art will recognize, noise suppression (sometimes
referred to as adaptive noise reduction (ANR)) reduces an amount of background noise
transmitled over the air through transmitter 601. While single microphone and dual
microphone solutions exist, dual microphone ANR solutions more quickly adapt to the
changing background noise conditions, while providing minimal distortion to the
desired source signal input from one of the two microphones. Adding a second
microphone to a system design provides the ability to sample the noise of the acoustic
environment. This noise reference signal (acoustic environment, or sometimes referred
to as background noise) can be subtracted from the original microphone to greatly
reduce background noise. Although a single microphone may be used. dual microphone
ANR is often a better solution than single microphone noise reduction algorithms
because the noise spectrum changes more quickly over time than the transfer function

of the noise source.

[033] Various algorithms for ANR exist. For example, in quiet environments, no noise
suppression may take place, while basic noise suppression may take place in moderately
noisy environments. Additionally, various levels of noise suppression may take place
as background noise increases. The various levels of noise suppression are typically
based on differing filter values used in the noise-suppression circuitry. For example,
Wiener filtering is an industry standard for dynamic signal processing, and is used
widely in hearing aids and other edge devices such as phones and communication
devices. The adaptive filter works best given two audio signals: one with both the
speech and the background noise and another that solely measures the background
noise. Modern day smartphone designers will often place two microphones distanced
8
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from each other such that one is placed near the speaker’s mouth to record the noisy
speech and the other can measure the ambient noise to filter out the noise. Filter

parameters may be adjusted based on an amount of background noise detected.

[034] In the alternate embodiment of the present invention, the aggressiveness of any
noise suppression (e.g., filter parameters, Weiner filter parameters, . . . , etc.) is based
on knob rotation. More specifically, since an increase in volume is a good indicator of
an increase in background noise, the aggressiveness for any noise suppression may be
based on knob rotation (and hence, volume level, with higher volume levels (larger
rotation angles of knob 101) indicating higher background noise that may require more

aggressive noise control).

[035] As an example of the above, in the paper Evaluation of Optimal and Sub-
optimal Speech Noise Reduction Wiener Filters, by Alencar ef. a/, the ratio of speech
distortion inserted by optimal and sub-optimal filter depends on the choice of parameter

a. This parameter may be varied based on volume level (knob rotation angle).

[036] In one embodiment, noise suppression does not take place unless knob 101 is
rotated past a predetermined amount (e.g, 300 degrees). In one embodiment, both noise
suppression and volume boost will take place at the same time (e.g., knob rotated past
300 degrees). In this embodiment, no noise suppression or volume boost takes place
unless knob 101 is rotated past a predetermined amount. After that point, both noise

suppression and volume boost takes place.

[037] In an altemate embodiment of the present invention, volume boost and noise
suppression may take place independent of each other. For example, noise suppression
may take place after rotating knob 101 a first predetermined amount, while volume

boost may take place after rotating knob 101 a second predetermined amount.

[038] In yet a further embodiment of the present invention, more aggressive noise
suppression may take place as knob 101 is rotated. So for example, minimal or no noise
suppression will take place until knob 101 is rotated past a first predetermined amount,
then a more aggressive noise suppression will take place. More aggressive noise

suppression may take place as the knob is further rotated past a second predetermined

9
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amounts.

[039] With this in mind, FIG. 6 and FIG. 7 shows the addition of at least one
microphone 603, 604, noise suppression circuitry 602, and transmitter 601 to the
circuitry of FIG. 5. Microphones 603 and 604 provide a mechanism for receiving
human voice and background noise, respectively. The human voice and noise are
converted to electrical signals and passed to noise suppression circuitry 602 where the
noise is subtracted from the voice. The resulting noise-suppressed signal is output to

transmitter 601 where it is modulated in transmitted over the air.

[040] Transmitter 601 preferably comprises a standard over-the-air transmitter that
utilizes a private 802.11 network set up by a building operator, a next-generation
cellular communications network operated by a cellular service provider, or any public-
safety network such as an APCO 25 network or the FirstNet broadband network, LMR
(Land mobile radio) network such as analogue RF, DMR, TETRA. During operation,
over-the-air transmissions that are received by receiver 503 are demodulated and sent
through volume-control circuitry 505 before being audibly output through speaker 102.
During operation, the noise suppressed signal (e.g., human voice) from noise
suppression circuitry 602 is modulated and transmitted. In an alternate embodiment
shown in FIG. 7. noise suppression may comprise a software solution where the
microphone audio signal is processed by logic circuitry 502 before being sent to
transmitter 601. As discussed, the hardware solution i1s depicted in FIG. 6, while the

software solution is depicted in FIG. 7.

[041] With the above in mind, the apparatus shown in FIG. 6 and FIG. 7 comprise an
apparatus comprising a knob configured to be rotated, a microphone, volume

control circuitry, a speaker, and noise suppression circuitry (which, in a software
solution comprises microprocessor 502). The noise suppression circuitry is configured
to decrease an amount of background noise received from the microphone. The
apparatus additionally comprises microprocessor 502 (logic circuitry) running code that
instructs the processor to increase a volume of the speaker as the knob is rotated in a
first direction such that the volume is increased in a continuous manner as the knob

rotates, and determine a rotation angle of the knob and increase a noise suppression

10
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level as the knob is rotated in the first direction such that the noise suppression level is

increased after the knob is rotated past a predetermined amount.

[042] As discussed above, the code may also instruct the processor to determine the
rotation angle of the knob and increase the volume of the speaker as the knob is rotated
in the first direction such that the volume is increased in the continuous manner as the
knob is rotated until the knob is rotated past a second predetermined amount, then after
the knob is rotated past the second predetermined amount the volume is increased

instantaneously by at least 10 percent.

[043] Additionally, the first predetermined amount may differ from the second
predetermined amount or the first predetermined amount may be substantially equal to

the second predetermined amount.

[044] As discussed, the volume is increased in a substantially linear manner as the
knob is rotated in the first direction until the knob is rotated past the second

predetermined amount.

[045] In one embodiment of the present invention, no noise suppression takes place

until the knob is rotated past the first predetermined amount.

[046] FIG. 8 is a flow chart showing operation of the device of FIG. 1 in accordance
with the first embodiment of the present invention. The logic flow begins at step 801
where logic circuitry 502 receives (determines) a rotation angle of knob 101. At step
803, logic circuitry 502 increases a volume of speaker 102 as the knob 101 is rotated in
a first direction such that the volume is increased in a continuous manner as the knob is
rotated. At step 805, logic circuitry 502 determines that knob 101 is rotated past a
predetermined amount, and in response, increases the volume output from speaker 102

instantaneously by at least 10 percent (step 807).

[047] FIG. 9 is a flow chart showing operation of the device of FIG. 1 in accordance
with the alternate embodiment of the present invention. The logic flow begins at step
901 where logic circuitry 502 determines an amount knob 101 is rotated. At step 903,

logic circuitry increases a volume of the speaker as the knob is rotated in a first direction

11
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such that the volume is increased in a continuous manner as the knob rotates. Finally,
at step 905, logic circuitry 502 increases a noise suppression level as the knob is rotated
in the first direction such that the noise suppression level is increased after the knob is

rotated past a first predetermined amount.

[048] As should be apparent from this detailed description above, the operations and
functions of the electronic computing device are sufficiently complex as to require their
implementation on a computer system, and cannot be performed, as a practical matter,
in the human mind. Electronic computing devices such as set forth herein are
understood as requiring and providing speed and accuracy and complexity management
that are not obtainable by human mental steps, in addition to the inherently digital
nature of such operations (e.g., a human mind cannot inter(ace directly with RAM or
other digital storage, cannot transmit or receive electronic messages, electronically
encoded video, electronically encoded audio, etc., and cannot provide volume boost or
noise suppression of electronic signals, among other features and functions set forth

herein).

[049] In the foregoing specification, specific embodiments have been described.
However, one of ordinary skill in the art appreciates that various modifications and
changes can be made without departing from the scope of the invention as set forth in
the claims below. For example, while both noise suppression and volume boost are
described herein, device 100 may only practice noise suppression and not volume boost,
or vice versa. Accordingly, the specification and figures are to be regarded in an
llustrative rather than a restrictive sense, and all such modifications are intended to be
included within the scope of present teachings. The benelits, advantages, solutions to
problems, and anv element(s) that may cause any benefit, advantage, or solution to
occur or become more pronounced are not to be construed as a critical, required, or
essential features or elements of any or all the claims. The invention is defined solely
by the appended claims including any amendments made during the pendency of this

application and all equivalents of those claims as issued.

[050] Moreover in this document, relational terms such as first and second, top and

bottom, and the like may be used solely to distinguish one entity or action from another

12
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entity or action without necessarily requiring or implying any actual such relationship

"u

or order between such entities or actions. The terms "comprises," "comprising,”" “has”,

“having,” “includes™, “including,” “contains™, “containing” or any other variation
thereof, are intended to cover a non-exclusive inclusion, such that a process, method,
article, or apparatus that comprises, has, includes, contains a list of elements does not
include only those elements but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus. An element proceeded by
“comprises ...a", “has ...a”, “includes ...a”, “contains ...a” does not, without more
constraints, preclude the existence of additional identical elements in the process,
method, article, or apparatus that comprises, has, includes, contains the element. The
terms “a” and “an” are defined as one or more unless explicitly stated otherwise herein.
The terms “substantially™, “essentially”, “approximately™, “about” or any other version
thereof, are defined as being close to as understood by one of ordinary skill in the art,
and in one non-limiting embodiment the term is defined to be within 10%, in another
embodiment within 5%, in another embodiment within 1% and in another embodiment
within 0.5%. The term “one of”, without a more limiting modifier such as “only one
of”, and when applied herein to two or more subsequently defined options such as “one
of A and B” should be construed to mean an existence of any one of the options in the

list alone (e.g., A alone or B alone) or any combination of two or more of the options

in the list (e.g., A and B together).

[051] A device or structure that is “configured” in a certain way is configured in at

least that way. but may also be configured in ways that are not listed.

[052] The terms “coupled”, “coupling” or “connected™ as used herein can have several
different meanings depending on the context in which these terms are used. For
example, the terms coupled, coupling, or connected can have a mechanical or electrical
connotation. For example, as used herein, the terms coupled, coupling, or connected
can indicate that two elements or devices are directly connected to one another or
connected to one another through intermediate elements or devices via an electrical

element, electrical signal or a mechanical element depending on the particular context.

[053] It will be appreciated that some embodiments may be comprised of one or more
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generic or specialized processors (or “processing devices™) such as microprocessors,
digital signal processors, customized processors and field programmable gate arrays
(FPGAs) and unique stored program instructions (including both software and
firmware) that control the one or more processors to implement, in conjunction with
certain non-processor circuits, some, most, or all of the functions of the method and/or
apparatus described herein. Alternatively, some or all functions could be implemented
by a state machine that has no stored program instructions, or in one or more application
specific integrated circuits (ASICs), in which each function or some combinations of
certain of the functions are implemented as custom logic. Of course. a combination of

the two approaches could be used.

[054] Moreover, an embodiment can be implemented as a computer-readable storage
medium having computer readable code stored thereon for programming a computer
(e.g., comprising a processor) to perform a method as described and claimed herein.
Any suitable computer-usable or computer readable medium may be utilized. Examples
of such computer-readable storage mediums include, but are not limited to, a hard disk,
a CD-ROM, an optical storage device, a magnetic storage device, a ROM (Read Only
Memory), a PROM (Programmable Read Only Memory), an EPROM (Erasable
Programmable Read Only Memory), an EEPROM (Electrically Erasable
Programmable Read Only Memory) and a Flash memory. In the context of this
document, a computer-usable or computer-readable medium may be any medium that
can contain, store. communicate. propagate, or transport the program for use by or in

connection with the instruction execution system, apparatus, or device.

[055] Further, it is expected thal one of ordinary skill, notwithstanding possibly
significant effort and many design choices motivated by, for example, available time,
current technology, and economic considerations, when guided by the concepts and
principles disclosed herein will be readily capable of generating such software
instructions and programs and ICs with minimal experimentation. For example,
computer program code for carrying out operations of various example embodiments
may be written in an object oriented programming language such as Java, Smalltalk,
C++, Python, or the like. However, the computer program code for carrying out
operations of various example embodiments may also be written in conventional

14
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procedural programming languages. such as the "C" programming language or similar
programming languages. The program code may execute entirely on a computer, partly
on the computer, as a stand-alone software package, partly on the computer and partly
on a remote computer or server or entirely on the remote computer or server. In the
latter scenario, the remote computer or server may be connected to the computer
through a local area network (LAN) or a wide area network (W AN), or the connection
may be made to an external computer (for example, through the Internet using an

Intemet Service Provider).

[056] The Abstract of the Disclosure is provided to allow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the understanding
that it will not be used to interpret or limit the scope or meaning of the claims. In
addition, in the foregoing Detailed Description, it can be seen that various features are
grouped together in various embodiments for the purpose of streamlining the
disclosure. This method of disclosure is not to be interpreted as reflecting an intention
that the claimed embodiments require more features than are expressly recited in each
claim. Rather, as the following claims reflect, inventive subject matter lies in less than
all features of a single disclosed embodiment. Thus the following claims are hereby
incorporated into the Detailed Description, with each claim standing on its own as a

separately claimed subject matter.

15
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CLAIMS

What is claimed 1s:

1. An apparatus comprising:

a knob configured to be rotated;

a speaker;

volume control circuitry; and

a processor running code that instructs the processor to:

determine a rotation angle of the knob and increase a volume of a

speaker as the knob is rotated in a first direction such that the volume is increased in a
continuous manner as the knob is rotated until the knob is rotated past a first
predetermined amount, after the knob is rotated past the first predetermined amount the

volume is increased instantaneously by at least 10 percent.

2. The apparatus of claim 1 wherein the volume is increased in a substantially linear
manner as the knob is rotated in the first direction until the knob is rotated past the first

predetermined amount.

3. The apparatus of claim 2 wherein the volume is increased by approximately 25%

after the knob is rotated past the first predetermined amount.

4. The apparatus of claim 1 wherein the code instructs the processor to also:

increase a noise suppression level as the knob is rotated in the first
direction such that the noise suppression level is increased after the knob is rotated past
a second predetermined amount, wherein the noise suppression decreases an amount of

background noise present in over-the-air voice transmission.

5. The apparatus of claim 4 wherein the noise suppression comprises a suppression of

background noise from voice received from a first microphone.

16
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6. The apparatus of claim 5 wherein the noise suppression comprises the suppression
of background noise received from a second microphone from voice received from the

first microphone.

7. The apparatus of claim 4 wherein the first predetermined amount differs from the

second predetermined amount.

8. The apparatus of claim 4 wherein the first predetermined amount is substantially

equal to the second predetermined amount.

17



WO 2024/253967 PCT/US2024/031980

9. An apparatus comprising:
a knob configured to be rotated;
a speaker;
volume control circuitry; and
a processor running code that instructs the processor to:
determine a rotation angle of the knob and increase a volume of a
speaker as the knob is rotated in a first direction such that the volume is increased in a
continuous manner as the knob is rotated until the knob is rotated past a first
predetermined amount, after the knob is rotated past the first predetermined amount the
volume is increased instantaneously by at least 10 percent;
increase a noise suppression level as the knob is rotated in the first
direction such that the noise suppression level is increased after the knob is rotated past
a second predetermined amount, wherein the noise suppression decreases an amount of
background noise present in over-the-air voice transmission;
wherein the volume is increased in a substantially linear manner as the knob is
rotated in the first direction until the knob is rotated past the first predetermined amount;
and
wherein the noise suppression comprises a suppression of background noise

from voice received from a first microphone.

18
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10. The apparatus of claim 9 wherein the noise suppression comprises the suppression

of background noise received from a second microphone from voice received from the

first microphone.

11. The apparatus of claim 10 wherein the first predetermined amount is substantially

equal to the second predetermined amount.
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12. A method comprising the steps of:
determining a rotation angle of a knob;
increasing a volume of a speaker as the knob is rotated in a first direction such
that the volume is increased in a continuous manner as the knob is rotated:
determining that the knob is rotated past a predetermined amount; and

increasing the volume of the speaker instantaneously by at least 10 percent.
13. The method of claim 12 wherein the volume is increased in a substantially linear
manner as the knob is rotated in the first direction until the knob is rotated past the

predetermined amount.

14. The method of claim 12 wherein the volume is increased by approximately 25%

after the knob is rotated past the predetermined amount.
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AMENDED CLAIMS
received by the International Bureau on 30 October 2024 (30.10.2024)

We claim:

1. An apparatus comprising:

a knob configured to be rotated;

a speaker;

volume control circuitry; and

a processor running code that instructs the processor to:

determine a rotation angle of the knob and increase a volume of a

speaker as the knob is rotated in a first direction such that the volume is increased in a
substantially continuously linear manner as a function of an amount the knob is rotated
until the knob is rotated to a first predetermined amount, wherein after the knob is
rotated past the first predetermined amount the volume is non-linearly increased

substantially instantaneously by at least 10 percent.

2. The apparatus of claim 1 wherein the volume is non-linearly increased by

approximately 25% after the knob is rotated past the first predetermined amount.

3. The apparatus of claim 1 wherein the code instructs the processor to also:

one of (i) increase a noise suppression level or (ii) newly apply a noise
suppression, as the knob is rotated past the first predetermined amount, wherein the
noise suppression decreases an amount of background noise present in over-the-air

volce transmission.

4. The apparatus of claim 3 wherein the noise suppression comprises a suppression of
background noise from voice received from a first microphone integrated with the

apparatus.

21
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5. The apparatus of claim 4 wherein the noise suppression comprises the suppression
of background noise received from a second microphone also integrated with the

apparatus from voice received from the first microphone.

6. The apparatus of claim 3 wherein as the knob is rotated past the first predetermined

amount, the noise suppression is newly applied.

7. The apparatus of claim 3 wherein as the knob is rotated past the first predetermined

amount, the noise suppression level is increased.

8. An apparatus comprising:
a knob configured to be rotated;
a speaker;
volume control circuitry; and
a processor running code that instructs the processor to:
determine a rotation angle of the knob and increase a volume of a
speaker as the knob is rotated in a first direction such that the volume is increased in a
substantially continuously linear manner as a function of an amount the knob is rotated
until the knob is rotated to a first predetermined amount, wherein after the knob is
rotated past the first predetermined amount the volume is non-linearly increased
substantially instantaneously by at least 10 percent;
one of (i) increase a noise suppression level or (i1) newly apply a noise
suppression, as the knob is rotated past the first predetermined amount, wherein the
noise suppression decreases an amount of background noise present in over-the-air
voice transmission; and
wherein the noise suppression comprises a suppression of background noise

from voice received from a first microphone integrated with the apparatus.

22
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9. The apparatus of claim 8 wherein the noise suppression comprises the suppression
of background noise received from a second microphone also integrated with the

apparatus from voice received from the first microphone.

10. The apparatus of claim 9 wherein as the knob is rotated past the first predetermined

amount, the noise suppression is newly applied.

11. A method comprising the steps of:

determining a rotation angle of a knob of a radio communications device;

increasing a volume of a speaker as the knob is rotated in a first direction such
that the volume is increased in a substantially continuously linear manner as a function
of an amount the knob is rotated towards a first predetermined amount;

determining that the knob has been rotated past the first predetermined amount;
and

responsively non-linearly increasing the volume of the speaker substantially

instantaneously by at least 10 percent.

12. The method of claim 11 wherein the volume is non-linearly increased by

approximately 25% after the knob is rotated past the predetermined amount.

13. The method of claim 11, further comprising newly applying a noise suppression, as
the knob is rotated past the first predetermined amount, wherein the noise suppression

decreases an amount of background noise present in over-the-air voice transmission.

23
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