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device (100) using a rotary control (143). The method (200) includes receiv-
ing, by an electronic processor (102) from an inductance sensor, a first in-
ductance. The method (200) further includes comparing, by the electronic
processor (102), the first inductance to a first threshold. The method (200)
further includes, determining, by the electronic processor (102), a location
for the rotary control (143) when the first inductance exceeds the first
threshold. The method (200) further includes activating, by the electronic
processor (102), a control function based on the location. The method (200)
further includes receiving, by the electronic processor (102) from the induct-
ance sensor, a second inductance. The method (200) further includes determ-
ining, by the electronic processor (102), a delta based on the first inductance
and the second inductance. The method (200) further includes adjusting, by
the electronic processor (102), the control function based on the delta.
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METHOD AND APPARATUS FOR CONTROLLING AN ELECTRONIC DEVICE USING A
ROTARY CONTROL

BACKGROUND OF THE INVENTION

[0001] Electronic devices, for example, portable two-way radios, use rotary switches
to activate and control various functions, such as volume and channel control. As
electronic devices decrease in size, it is increasingly difficult to locate multiple
switches or rotary control knobs on a single device. Locating the controls near one
another makes it difficult for users to manipulate them. For example, a user
attempting to activate one control may inadvertently activate an adjacent control. In
addition, including multiple rotary controls may lead to inefficient use of space within
electronic devices. Multi-function rotary controls take less space than multiple

controls, but do not clearly identify which function they are controlling.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0002] The accompanying figures, where like reference numerals refer to identical or
functionally similar elements throughout the separate views, together with the detailed
description below, are incorporated in and form part of the specification, and serve to
further illustrate embodiments of concepts that include the claimed invention, and

explain various principles and advantages of those embodiments.

[0003] FIG. 1 is a block diagram of an electronic device in accordance with some

embodiments.

[0004] FIG. 2A is a perspective view of a pivotable knob and an electronic device in

accordance with some embodiments.

[0005] FIG. 2B is a perspective view of the pivotable knob of FIG. 2A attached to the

electronic device of FIG. 2A in accordance with some embodiments.

[0006] FIG. 2C is a side view of four pivotable knobs in accordance with some

embodiments.

[0007] FIG. 3 is a perspective view of a pivotable knob for a rotary control in

accordance with some embodiments.
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[0008] FIG. 4 is a side view of the pivotable knob of FIG. 2, positioned at a first
location, in accordance with some embodiments.

[0009] FIG. 5 is a side view of the pivotable knob of FIG. 2, positioned at a second
location, in accordance with some embodiments.

[0010] FIG. 6 is a side view of the pivotable knob of FIG. 2, positioned at a third
location, in accordance with some embodiments.

[0011] FIGS. 7A through 7C are side views of a mechanism for positioning the
pivotable knob of FIG. 2 in the first, second, and third locations, in accordance with
some embodiments.

[0012] FIG. 8 is a side view of rotary control for an electronic device in accordance
with some embodiments.

[0013] FIG. 9 is a perspective view of a conductor for a rotary control in accordance
with some embodiments.

[0014] FIG. 10 is a top view of a conductor and an inductive coil for a rotary control
in accordance with some embodiments.

[0015] FIG. 11 is aline chart illustrating the relationship between parallel resonant
impedance and the area of the conductor of FIG. 10 in accordance with some
embodiments.

[0016] FIG. 12 is a flowchart of a method of operating the electronic device of FIG. 1
in accordance with some embodiments.

[0017] FIG. 13 is a perspective view of an electronic device with a rotary control in
accordance with some embodiments.

[0018] FIG. 14 is a front view of an electronic device with a rotary control in
accordance with some embodiments.

[0019] FIG. 15 is a perspective view of an electronic device with a rotary control in
accordance with some embodiments.

[0020] FIG. 16 is a front view of an electronic device with a rotary control in

accordance with some embodiments.
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[0021] 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 to improve understanding of embodiments of the present

invention.

[0022] The 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 invention 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

[0023] One exemplary embodiment provides a rotary control for an electronic device.
The rotary control includes a knob having a longitudinal axis. The knob is movable
between a first location and a second location and rotatable around the longitudinal
axis. The rotary control further includes a first sensor located at the first location and
configured to sense when the knob is in the first location. The rotary control further
includes a second sensor located at the second location and configured to sense when

the knob is 1n the second location.

[0024] Another exemplary embodiment provides a method for controlling an
electronic device using a rotary control. The method includes receiving, by an
electronic processor from an inductance sensor, a first inductance. The method
further includes comparing, by the electronic processor, the first inductance to a first
threshold. The method further includes, determining, by the electronic processor, a
location for the rotary control when the first inductance exceeds the first threshold.
the method further includes activating, by the electronic processor, a control function
based on the location. The method further includes receiving, by the electronic
processor from the inductance sensor, a second inductance. The method further

includes determining, by the electronic processor, a delta based on the first inductance
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and the second inductance. The method further includes adjusting, by the electronic

processor, the control function based on the delta.

[0025] FIG. 1 is a block diagram of an electronic device 100 according to one
exemplary embodiment. In the example illustrated, the electronic device 100 includes
an electronic processor 102 (e.g., a microprocessor or another suitable programmable
device), a memory 104 (e.g., a computer-readable storage medium), an input/output
interface 106, a speaker 108, a display 110, a baseband processor 112 (for example, a
network modem), a transceiver 114, an antenna 116, a knob 118, a first sensor 120, a
second sensor 122, and a sensor processor 124. In a number of the embodiments
described herein, the electronic device 100 is a portable two-way radio. However, in
alternative embodiments, the electronic device 100 may be a cellular telephone, a
smart telephone, a mobile radio, a smart watch, a tablet computer, a personal digital

assistant (PDA), or other electronic device.

[0026] The electronic processor 102, the memory 104, the input/output interface 106,
the speaker 108, the display 110, the baseband processor 112, the transceiver 114, the
antenna 116, the first sensor 120, the second sensor 122, and the sensor processor 124,
as well as other various modules and components, are coupled to each other by or
through one or more control or data buses, which enable communication therebetween.
The use of control and data buses for the interconnection between and exchange of
information among the various modules and components would be apparent to a
person skilled in the art in view of the description provided herein. The electronic
processor 102 controls the other components of the electronic device 100. The
electronic processor 102 obtains and provides information (for example, from the
memory 104 and/or the input/output interface 106), and processes the information by
executing one or more software instructions or modules, capable of being stored, for
example, in a random access memory (“RAM?”) area of the memory 104 (for example,
during execution) or a read only memory (“ROM?”) of the memory 104 (for example,
on a generally permanent basis) or another non-transitory computer readable medium.
The software can include firmware, one or more applications, program data, filters,

rules, one or more program modules, and other executable instructions. The
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electronic processor 102 retrieves from the memory 104 and executes, among other

things, software related to the control processes and methods described herein.

[0027] The memory 104 can include one or more non-transitory computer-readable
media, and includes a program storage area and a data storage area. The program
storage area and the data storage area can include combinations of different types of

memory, as described herein.

[0028] The input/output interface 106 receives input from, for example, a user of the
electronic device 100, provides system output, or a combination of both. The
input/output interface 106 obtains information and signals from, and provides
information and signals to, (for example, over one or more wired and/or wireless
connections) devices both internal and external to the electronic device 100. Outputs,
for example, may be provided via the speaker 108 and the display 110. The speaker
108 is a transducer for reproducing sound from electrical signals received from the
electronic processor 102 via the input/output interface 106. The speaker 108 is
conventional, and will not be described in detail. The display 110 is a suitable display
device such as, for example, a liquid crystal display (LCD), or an organic light-
emitting diode (OLED) touch screen. Alternative embodiments may include other
output mechanisms such as, for example, haptic feedback motors and light sources
(not shown). Input may be provided via, for example, a keypad, a microphone, soft
keys, icons, or soft buttons on the display 110, a scroll ball, buttons, and the like. The
input/output interface 106 may include a graphical user interface (GUI) (for example,
generated by the electronic processor 102, from instructions and data stored in the
memory 104, and presented on the display 110) that enables a user to interact with the

electronic device 100.

[0029] The baseband processor 112 encodes and decodes digital data, including voice
communications, sent and received by the transceiver 114. The electronic processor
102 controls the transceiver 114 to send and receive data to and from various wireless
communications and data networks such as, for example, a land-mobile radio (LMR)

network (not shown), via the antenna 116.

[0030] The knob 118 is a rotary knob affixed to or, in some embodiments, removably

coupled to the electronic device 100. The knob 118 is pivotable between a first

5



WO 2017/146865 PCT/US2017/015251

location 126, a second location 128, and a third location 130, which is located
between the first location 126 and the second location 128. The knob 118 and its

operation are described below in greater detail.

[0031] The first sensor 120 is a transducer that detects changes in a characteristic (for
example, inductance or capacitance) of the environment near the transducer, and
produces electrical signals (for example, an alternating current) proportional to the
detected changes. The first sensor 120 is positioned such that, when the knob 118 is
at the first location 126, the rotation of the knob 118 causes changes, which can be
detected by the first sensor 120. The first sensor 120 is also positioned such that the
rotation of the knob 118 cannot be detected by the first sensor 120 when the knob 118

1s in the second location 128 or the third location 130.

[0032] The second sensor 122 is substantially similar to the first sensor 120 and
configured to detect changes in the same characteristic as the first sensor 120. The
second sensor 122 is positioned such that, when the knob 118 is at the second location
128, the rotation of the knob 118 causes changes, which can be detected by the second
sensor 122. The second sensor 122 is also positioned such that the rotation of the
knob 118 cannot be detected by the second sensor 122 when the knob 118 is in the
first location 126 or the third location 130.

[0033] The sensor processor 124 is electrically coupled to the electronic processor
102, the first sensor 120, and the second sensor 122. The sensor processor 124
includes suitable electronic components (for example, amplifiers, analog to digital
converters, and digital signal processors) for processing electrical signals received
from the first sensor 120 and the second sensor 122 and communicating those signals
to the electronic processor 102. Although not shown, the electronic device 100 may
include a third sensor to sense when the knob 118 is at the third location 130. The
third sensor may be electrically coupled to the sensor processor 124. However, a third
sensor is not required. If neither of the first sensor 120 and the second sensor 122
sense the presence of the knob 118, the electronic processor may be configured (for

example, programmed) to assume that the knob 118 is in the third location 130.

[0034] In embodiments described herein, the first sensor 120 and the second sensor

122 are inductance sensors and the sensor processor 124 is an inductance-to-digital

6
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converter (LDC). In some embodiments, the first sensor 120, the second sensor 122,
and the sensor processor 124 may be configured to sense changes in another
characteristic (for example, magnetic flux, capacitance, or resistance). In alternative
embodiments, the first sensor 120, the second sensor 122, and the sensor processor

124 may be configured to optically sense the rotation of the knob 118.

[0035] As illustrated in FIG. 2A, the knob 118 includes a longitudinal axis 131, a first
boss 132, and a second boss 134. The knob 118 freely rotates around the longitudinal
axis 131. Also illustrated in FIG. 2A, is an exemplary embodiment of a housing 135
of the electronic device 100. The housing 135 includes a pin 136. In one exemplary
embodiment, the pin 136 is a cylindrical body that includes a pivot axis 137. The pin
136 is positioned perpendicular to, and extends through, the housing 135. In some
embodiments, the pin 136 is integral to the housing 135. In other embodiments, the
pin 136 does not extend through the housing 135, but is made up of two substantially
identical circular protrusions located coaxially (along the pivot axis 137) to each other
on opposite surfaces of the housing 135. The first boss 132 and the second boss 134
are configured to mate with the pin 136 to affix, and in some embodiments, to

removably couple the knob 118 to the housing 135, as illustrated in FIG. 2B.

[0036] For ease of illustration, the knob 118 is shown in a single size and shape.
Alternative embodiments include different sizes and shapes of the knob 118. For
example, FIG. 2C illustrates knob variations 118A, 118B, 118C and 118D for use
with alternative embodiments of the electronic device 100. The variations illustrated

are configured to be interchangeably coupled to the pin 136.

[0037] As illustrated in FIG. 3, when coupled to the housing 135 using the pin 136,
the knob 118 is pivotable about the pivot axis 137, and rotatable about the
longitudinal axis 131. In some embodiments, the knob 118 includes a plurality of
detents (not shown) positioned such that the knob 118 rotates around the longitudinal

axis in a plurality of equal steps.

[0038] The knob 118 is also pivotable between the first location 126 (FIG. 4), the
second location 128 (FIG. 5), and the third location 130 (FIG. 6). As illustrated in
FIGS. 7A, 7B, and 7C, one exemplary embodiment incudes a cam rocker 140 and a

detent spring 142 for keeping the pivotable knob in position. The cam rocker 140 is

5
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affixed to the pin 136, and the knob 118, the pin 136. As the pin 136 and the cam
rocker 140 rotate on the pivot axis 137, the knob 118 pivots between the first location
126 (FIG. 7A), the third location 130 (FIG. 7B), and the second location 128 (FIG.
7C). Ateach of the locations, cam rocker 140 engages the detent spring 142, holding
the knob 118 at that location until the knob 118 is moved with enough force to

overcome the tension of the detent spring 142.

[0039] As illustrated in FIG. 8, components of the electronic device 100 operate
together as a rotary control 143. The rotary control 143 includes the knob 118, the
first sensor 120, the second sensor 122, and a conductor 144. As illustrated, the knob
118, when at the first location 126, rotates the conductor 144 around the longitudinal
axis 131, such that a portion of the conductor passes over the first sensor 120. As
described in more detail below, when the conductor 144 rotates at the first location
126, it causes changes in the inductance of the first sensor 120, which are processed
by the sensor processor 124 and communicated to the electronic processor 102.
Similarly, when the knob 118 is at the second location 128, the conductor 144 rotates
around the longitudinal axis 131, such that a portion of the conductor passes over the

second sensor 122.

[0040] In the illustrated embodiment, the conductor 144 has an annular teardrop
shape centered on the longitudinal axis 131 (FIG. 9). More broadly, the conductor
144 may be considered to be an annular conductor. In some embodiments, the
conductor is embedded in a disc of non-conductive material (for example, plastic). In

some embodiments, the conductor 144 is integral to a rotating portion of the knob 118.

[0041] FIG. 10 illustrates a top view of the knob 118. As illustrated, the knob 118
rotates around the longitudinal axis 131, moving the conductor over an inductive coil
146. The inductive coil may be the first sensor 120 or the second sensor 122; both
function substantially the same way. In the illustrated embodiment, the inductive coil
146 has a teardrop shape. The area of the conductor 144 exposed to the inductive coil
146 increases or decreases as the conductor 144 rotates around the longitudinal axis
131. As the exposed area changes, so does the inductance of the inductive coil 146.

The inductive coil 146 is sized proportionally to the conductor 144 such that the
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changes in inductance can be sensed and used to accurately detect the rotation of the
knob 118.

[0042] As noted above, in one exemplary embodiment, the sensor processor 124 is an
inductance-to-digital converter. The sensor processor 124 energizes an LC resonator
that includes the inductive coil 146. When the conductor 144 is near the inductive
coil 146, the conductor 144 and the inductive coil 146 inductively couple, causing
eddy currents to flow into the sensor processor 124. The inductive coupling, and thus
the eddy currents, varies with, among other things, the amount (area) of the conductor
144 that is overlapping the inductive coil 146. The sensor processor 124 is able to
determine the eddy currents, and thus the area of the conductor 144, but measuring a

resonant impedance parallel to the LC tank (Rp).

[0043] FIG. 11 is aline chart 150 that illustrates the relationship between the value of
Rp (in Ohms) and the area of the conductor 144. The line 152 shows the relationship
between the parallel resonant impedance (Rp) and the area of the conductor 144 when
the conductor 144 and the inductive coil 146 are positioned 0.3 millimeters apart. The
line 153 shows the relationship between the parallel resonant impedance (Rp) and the
area of the conductor 144 when the conductor 144 and the inductive coil 146 are
positioned 1 millimeter apart. The greater slope of line 152, as compared with line
153, provides more variation in Rp for each change in the area of the conductor 144.
Accordingly, the embodiments described herein have a 0.3 millimeter gap between
the conductor 144 and the first sensor 120 (when the knob 118 is in the first location
126) or the second sensor 122 (when the knob 118 is in the second location 128).
Alternative embodiments may include gaps of other sizes. Effective gap sizes will
vary with the size and shape of the conductor 144 and the inductive coil 146, and may
be determined experimentally.

[0044] The linear relation between the area of the conductor 144 and the value of Rp
(in Ohms) may be used to establish a working range 154 for the knob 118. For
example, in the illustrated embodiment, when sixteen steps are desired, seven
hundred-fifty Ohms represents one step: (18,000Q — 6,000Q) / 16 steps = 750 Q/step.
Accordingly, the electronic processor 102 can use the value of Rp, communicated to it

by the sensor processor 124, to determine how many steps the knob 118 has been
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turned. The value of Rp may also be used to determine the rotational angle for the
conductor 144. For example, if the conductor 144 is divided sixteen portions (one for
each step), each portion represents 22.5 degrees (that is, 360 degrees / 16 steps =22.5
degrees).

[0045] FIG. 12 illustrates an exemplary method 200 for operating the electronic
device 100. As an example, the method 200 is described in terms of inductive sensing
using two sensors and an inductance-to-digital converter. This should not be
considered limiting; the concepts embodied in the example described may be applied
to different types of sensing using two or more sensors. It should also be noted that,
although the sensor processor 124 communicates a value for parallel impedance, that
value is representative of a change in inductance caused by the conductor 144, and

will thus be referred to in this example as an inductance.

[0046] At block 202, the electronic processor 102 receives a first inductance from the
sensor processor 124. In some embodiments, the first inductance is pushed from the
sensor processor 124 periodically. In other embodiments, the first inductance is
received by the electronic processor 102 in response to a request made to the sensor
processor 124. At block 204, the electronic processor 102 determines whether the
first inductance meets a pre-determined threshold. In other words, the electronic
processor 102 compares the first inductance to a threshold. The threshold is based on
the minimum effect on the inductance of the inductive coil 146 caused by the
conductor 144. When the threshold is not met, the electronic processor 102
determines that the conductor 144 is not causing the first inductance, and begins the

method 200 again by receiving a first inductance at block 202.

[0047] When the threshold is met, the electronic processor 102 determines that the
conductor 144 is causing the first inductance. At block 206, the electronic processor
102 determines the location for the knob 118. As described above, the knob 118 can
be positioned in the first location 126, adjacent to the first sensor 120, or in the second
location 128, adjacent to the second sensor 122 (FIG. 8). When the first inductance is
generated by the first sensor 120 (first inductive coil) and it meets the threshold at
block 204, the electronic processor 102 determines that the knob 118 is in the first

position 126. When the first inductance is generated by the second sensor 122

10



WO 2017/146865 PCT/US2017/015251

(second inductive coil) and it meets the threshold at block 204, the electronic

processor 102 determines that the knob 118 is in the second position 128.

[0048] Because the first inductance may be generated by either the first sensor 120 or
the second sensor 122, blocks 202 through 206 are performed regardless of where the
first inductance is generated. In some embodiments, the electronic processor 102
alternately receives an inductance from each of the first sensor 120 and the second
sensor 122. In other embodiments, the electronic processor 102 receives and
processes inductances from both sensors in parallel until it determines that one

exceeds the threshold at block 204 (for example, compares each to a threshold).

[0049] At block 208, the electronic processor 102 activates a control function for the
electronic device 100 based on the location of the knob 118. A control function is a
function of the electronic device 100 which can be adjusted by a user of the electronic
device using an input, such as the knob 118. In one example, the first location 126
may be assigned to volume control (for example, a first control function), while the
second location 128 may be assigned to channel control (for example, a second
control function). The electronic device 100 may have control functions beyond those

specifically described.

[0050] At block 210, the electronic processor 102 receives a second inductance from
the sensor processor 124. At block 212, the electronic processor 102 determines
whether the second inductance has stabilized (that is, whether the knob 118 has
stopped rotating). For example, the electronic processor 102 may determine that the
second inductance has stabilized when its value remains stable for a predetermined
period of time (for example, one second). When the electronic processor 102
determines that the second inductance has not stabilized, the electronic processor 102

continues receiving the second inductance at block 210.

[0051] When the electronic processor 102 determines that the second inductance has
stabilized, the electronic processor 102 determines a delta (change in inductance) at
block 214. In one exemplary embodiment, described above with respect to FIG. 11,
the change in inductance caused by the conductor 144 may be expressed in terms of a

change in parallel resonant impedance.

11
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[0052] Returning to FIG. 12, at block 216, the electronic processor 102 adjusts the
control function activated at block 208, based in the delta. In one exemplary
embodiment, the electronic processor 102 determines a step value based on the delta.
In the exemplary embodiment, a positive delta indicates a positive step value, and a
negative delta indicates a negative step value. For example, a delta of 2250 Ohms
results in adjusting the control function three steps forward ( 2250/750 = 3), whereas a
delta of -2250 Ohms would result in adjusting the control function three steps
backward ( -2250/750 = -3). In one example, when the knob 118 is positioned in the
first location 126 (FIG. 13), the electronic processor 102 uses the delta, generated by
rotating the knob 118, to adjust the volume setting (FIG. 14). Likewise, when the
knob 118 is positioned in the second location 128 (FIG. 15), the electronic processor
102 uses the delta, generated by rotating the knob 118, to adjust the channel setting
(FIG. 16).

[0053] When the control function is adjusted, the electronic processor 102 begins the
method again at block 202.

[0054] 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. Accordingly, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such modifications are intended to be

included within the scope of present teachings.

[0055] The benefits, advantages, solutions to problems, and any 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.

[0056] 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 entity or action without necessarily requiring or implying any actual such

relationship or order between such entities or actions. The terms “comprises,”

12
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2 ¢l 2 ¢l

“comprising,” “has,” “having,” “includes,” “including,

2% << 2% <<

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

2% ¢

proceeded by “comprises ...a,” “has ...a,” “includes ...a,” or “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

2% ¢ % ¢ % ¢

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 “coupled” as used herein is
defined as connected, although not necessarily directly and not necessarily
mechanically. 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.

[0057] It will be appreciated that some embodiments may be comprised of one or
more 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.

[0058] 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.
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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. Further, it is expected that
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.

[0059] 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.
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Claims

We claim:
1. A rotary control for an electronic device, the rotary control comprising:

a knob having a longitudinal axis, the knob movable between a first location

and a second location and rotatable around the longitudinal axis;

a first sensor located at the first location and configured to sense when the

knob is in the first location; and

a second sensor located at the second location and configured to sense when

the knob is 1n the second location.

2. The rotary control as claimed in claim 1, wherein the knob is movable
between the first location, the second location, and a third location, the third location

located between the first location and the second location.

3. The rotary control as claimed in claim 1, wherein the knob includes at least

one boss and the rotary control further comprises:
a pin having a pivot axis perpendicular to the longitudinal axis;

wherein the at least one boss is connected to the pin, and the knob is pivotable

between the first location and the second location.
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4, The rotary control as claimed in claim 3, further comprising:

an annular conductor connected to the knob and rotatable around the
longitudinal axis;
wherein the first sensor includes a first inductive coil configured to sense a

first inductance based on a rotational angle of the annular conductor; and

the second sensor includes a second inductive coil configured to sense a

second inductance based on the rotational angle of the annular conductor.

5. The rotary control as claimed in claim 4, wherein

the first inductive coil has a teardrop shape that is proportional to the annular

conductor; and

the second inductive coil has a teardrop shape that is proportional to the

annular conductor.

6. The rotary control as claimed in claim 1, wherein the knob includes a plurality
of detents, the plurality of detents positioned such that the knob is rotatable around the

longitudinal axis in a plurality of equal steps.
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7. The rotary control as claimed in claim 4, further comprising:

an electronic processor, electrically coupled to the first sensor and the second

sensor, and configured to
receive, from the first sensor, the first inductance;
compare the first inductance to a first threshold;

determine that the knob is in the first location when the first inductance

exceeds the first threshold;
receive, from the second sensor, the second inductance;
compare the second inductance to a second threshold; and

determine that the knob is in the second location when the second inductance

exceeds the second threshold.

8. The rotary control as claimed in claim 7, wherein the processor is further

configured to
activate a first control function when the knob is in the first location;
receive, from the first sensor, a third inductance;

determine a first delta based on the first inductance and the third inductance;

and

adjust the first control function based on the first delta.
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9. The rotary control as claimed in claim 7, wherein the processor is further

configured to
activate a second control function when the knob is in the second location,
receive, from the second sensor, a fourth inductance;

determine a second delta based on the second inductance and the fourth

inductance; and

adjust the second control function based on the second delta.
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10. A method for controlling an electronic device using a rotary control, the

method comprising:

receiving, by an electronic processor from an inductance sensor, a first

inductance;
comparing, by the electronic processor, the first inductance to a first threshold;

determining, by the electronic processor, a location for the rotary control when

the first inductance exceeds the first threshold;

activating, by the electronic processor, a control function based on the

location;

receiving, by the electronic processor from the inductance sensor, a second

inductance;

determining, by the electronic processor, a delta based on the first inductance

and the second inductance;

adjusting, by the electronic processor, the control function based on the delta.

11. The method claimed in claim 10, wherein adjusting the control function
includes one selected from a group consisting of adjusting a channel setting and

adjusting a volume setting.
12. The method claimed in claim 10, further comprising:
determining, by the electronic processor, a step value based on the delta;

wherein adjusting the control function based on the delta includes adjusting

the control function based on the step value.
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13. A portable electronic device comprising:
a housing;
an electronic processor;
arotary control coupled to the housing, including

a knob having a longitudinal axis, the knob movable between a first
location and a second location and rotatable around the longitudinal axis;
a first sensor located at the first location and configured to sense when

the knob is in the first location;

a second sensor located at the second location and configured to sense

when the knob is in the second location.

14. The portable electronic device claimed in claim 13, wherein the knob is
movable between the first location, the second location, and a third location, the third

location located between the first location and the second location.
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15.  The portable electronic device claimed in claim 13, wherein the knob includes
at least one boss and the rotary control further comprises:

a pin having a pivot axis perpendicular to the longitudinal axis;

wherein the at least one boss is connected to the pin, and the knob is pivotable

between the first location and the second location.

16.  The portable electronic device claimed in claim 13, wherein the rotary control
further comprises:

an annular conductor connected to the knob and rotatable around the
longitudinal axis;

wherein the first sensor includes a first inductive coil configured to sense a

first inductance based on a rotational angle of the annular conductor; and

the second sensor includes a second inductive coil configured to sense a

second inductance based on the rotational angle of the annular conductor.

21



PCT/US2017/015251

WO 2017/146865

1/ 14

1 DA

) Q1A

00! 2

FOIAZA DINGYLDTTS
AVIdSIG ~ 01}
Fal
\
& UINYEAS ~ 801 HO55400%d
HOSNIS
ANOWIMW il
HOSNIS
GNOD3S
901 )
IOY4Ha NI OfI H0S53004Ed JINCULITTE 7 A
0z}
\
HIAFOSNYHL i A0SSIO0Ud ANVEISYE oy HOSNIS 15l
)\
m&\ﬁ




WO 2017/146865 PCT/US2017/015251

2/ 14

N\ 132

135

FI1G. 2A



WO 2017/146865 PCT/US2017/015251

3/ 14




000000000000

em——
GG 1180~




WO 2017/146865

1356

1304
198 41\

FIG. 4

126 135

130
118 \ ) \

135

FIG. 6

PCT/US2017/015251



WO 2017/146865 PCT/US2017/015251

6/14

135
5

/ 142

FIG. 7TA

P

135 7 \
'\‘ / § \\_“——N\
P P //

o~ 136~/ | \\ /'//)

I I A R U A
\\ { | ] \\
¢ \\ 3
5 \ 137 . ,ﬁ_,_\)
\ /,/ 142
\\_“L__/J’

FIG. 7B



WO 2017/146865 PCT/US2017/015251

7/14

118
\

FIG. 7C

143
e

118~

128~

~137

128

FIG. 8



WO 2017/146865 PCT/US2017/015251

8/14

FIG. 9

~_ 118

N4

FIG. 10



WO 2017/146865 PCT/US2017/015251

9/ 14

154
WORKING RANGE ¥

Ro (0 N

150
rs

G ¥ T T { 1 } 1
g 5 10 15 20 25 30 35

AREA OF CONDUCTOR EXPOSED TO COIL {mm)

—&— 1,0 GAP
g 1.3 GAP

FIG. 11



WO 2017/146865 PCT/US2017/015251

16/ 14

200
s
202

RECEIVE FIRST INDUCTANCE }@

- I THRESHOLD ' e

;YES

206~ DETERMINE LOCATION FOR KNOB

!

208~| ACTIVATE CONTROL FUNCTION BASED ON LOCATION

!

RECEIVE SECOND INDUCTANCE

210~

ws " INDUCTANCE STABILIZED? = om
QIES

214~ DETERMINE DELTA

!

<16~ ADJUST CONTROL FUNCTION BASED ON DELTA

FIG. 12



11/ 14

FIG. 13



WO 2017/146865 PCT/US2017/015251

12/ 14

~~100




FIG. 15



WO 2017/146865 PCT/US2017/015251

14/ 14

110~ CH3

100

FIG. 16



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/015251

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO1D3/10 GO5G1/10 GO1D5/20
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO1D GO5G

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 9 122 298 B2 (KERN THORSTEN ALEXANDER 1-7,
[DE]) 1 September 2015 (2015-09-01) 13-16
A column 2, line 65 - column 3, line 43 8-12
figures

claims

X US 8 925 414 B1 (PARK JOHN I S [US] ET AL) 1
6 January 2015 (2015-01-06)
A column 4, line 38- - column 6, Tine 49 10-12
figures 4-7

X US 2013/276572 Al (VOGT FRANK [DE]) 1
24 October 2013 (2013-10-24)
figures

paragraphs [0029] - [0033]

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

°ited.t°| establish the pul_r;_licdation date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

13 April 2017 24/04/2017

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
Fax: (+31-70) 340-3016 Moulara, Guilhem

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/015251

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 5 598 090 A (BAKER THOMAS M [US] ET AL)
28 January 1997 (1997-01-28)

figures

claims

GB 2 361 292 A (FLUX RES PTY LTD [AU])

17 October 2001 (2001-10-17)

abstract

figures

claims

US 4 567 763 A (SCHIFFBAUER WILLIAM H
[US]) 4 February 1986 (1986-02-04)
abstract

figures

claims

US 2012/293115 A1 (RAMSESH ANILKUMAR [IN])
22 November 2012 (2012-11-22)

abstract

1

1-16

8-12

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2017/015251
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 9122298 B2 01-09-2015 CN 103733158 A 16-04-2014
DE 102011079863 Al 31-01-2013
EP 2737380 Al 04-06-2014
KR 20140065394 A 29-05-2014
US 2014150598 Al 05-06-2014
WO 2013014087 Al 31-01-2013

US 8925414 Bl 06-01-2015  NONE

US 2013276572 Al 24-10-2013 (N 103282850 A 04-09-2013
EP 2661657 Al 13-11-2013
ES 2570176 T3 17-05-2016
KR 20140002729 A 08-01-2014
US 2013276572 Al 24-10-2013
WO 2012093005 Al 12-07-2012

US 5598090 A 28-01-1997  NONE

GB 2361292 A 17-10-2001  NONE

US 4567763 A 04-02-1986  NONE

US 2012293115 Al 22-11-2012 US 2012293115 Al 22-11-2012
WO 2012158342 A2 22-11-2012

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report

