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METHOD AND APPARATUS TO CHANGE RESONANCE FREQUENCY OF AN
ELECTRONIC DEVICE

BACKGROUND

1. Field

Embodiments may relate to a resonance of an electronic device.

2. Background

An electronic device may include a haptic device. Haptics may enhance a user experience

by relating to touch by a user. Haptics may refer to a sense of touch of the electronic device.

BRIEF DESCRIPTION OF THE DRAWINGS

Arrangements and embodiments may be described in detail with reference to the following

drawings in which like reference numerals refer to like elements and wherein:

FIG. 1 is a diagram of an electronic device according to an example arrangement;

FIG. 2 is a graph showing frequency versus acceleration according to an example
arrangement;

FIG. 3 is a graph showing time versus system vibration according to an example
embodiment; and

FIG. 4 is a flowchart showing a methodology of determining a desired (or optimal)

resonant frequency of an electronic device.

DETAILED DESCRIPTION

In the following detailed description, like numerals and characters may be used to

designate identical, corresponding and/or similar components in differing figure drawings.
Further, in the detailed description to follow, example sizes/models/values/ ranges may be given
although embodiments are not limited to the same. Where specific details are set forth in order to
describe example embodiments, it should be apparent to one skilled in the art that embodiments
may be practiced without these specific details.

Embodiments may relate to changing a resonance (or resonant frequency) of an electronic
device.

The electronic device may be any one of a mobile terminal, a mobile device, a mobile
computing platform, a mobile platform, a laptop computer, a tablet, an ultra-mobile personal

computer, a mobile Internet device, a smartphone, a personal digital assistant, a display device, a
1
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television (TV), and/or etc. For ease of description, the following may relate to an electronic
device such as a mobile terminal.

FIG. 1 is diagram of an electronic device according to an example arrangement. Other
arrangements may also be provided.

An electronic device may include many electronic components. FIG. 1 shows a processor
10, a speaker 20, a microphone 30, a battery 40 (such as in a battery port), a motor 50 (or haptic
device), a driver 60, an accelerometer 70 (or accelerometer device), and a memory 80. Other
components may also be provided.

As one example, the motor 50 may be a linear resonance actuator (LRA) (or linear
resonance actuator device) or a linear resonance motor. The LRA may be a spring mass system
that oscillates in a linear motion.

The motor 50 may be controlled by the driver 60, which may receive signals from the
processor 10. The motor 50, such as the LRA, may be used for haptic feedback in the electronic
device. The motor 50 may provide a haptic event, such as a vibration at a resonant frequency, for
example. The motor 50 may operate in a narrow frequency band. The motor 50, or LRA, may
have a narrow operating bandwidth centered on a resonant frequency. However, a resonant
frequency of the motor 50 may change (or drift) over time due to any of a number of factors such
as age, angle, or process variation. As one example, the LRA resonant frequency may vary due
to any of a number of external factors including mounting position and acceleration.

Embodiments may utilize an accelerometer (or accelerometer device) and a process (or
algorithm) to determine the motor’s desired (or optimal) resonant frequency as the frequency
changes to above an ideal frequency and/or below an ideal frequency. As a resonant frequency
changes (either above or below the ideal frequency), then the process may identify a new optimal
(or desired) resonant frequency to operate the motor 50. As used hereinafter, the optimal
resonant frequency may be a desired resonant frequency.

The accelerometer 70 may measure or determine acceleration forces. For example, the
accelerometer 70 may detect (or determine) magnitude and/or a direction of acceleration (or g-
force). The accelerometer 70 may measure or monitor vibrations and/or a vibration frequency at
the electronic device. In at least one embodiment, the accelerometer 70 may measure or monitor
vibrations and/or a vibration frequency of the motor 50, such as the LRA.

The accelerometer 70 along with the processor 10 may operate to determine and monitor
the resonant frequency of the motor 50. For example, the operating resonant frequency of the

motor 50 (or the electronic device) may increase over time or may decrease over time. The
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accelerometer 70 and the processor 10 may determine a new operating resonant frequency (or
desired resonant frequency) of the motor 50 by monitoring the different resonant frequencies.

The accelerometer 70 may monitor a resonant frequency at a specific frequency.

In at least one embodiment, the accelerometer may obtain first data relating to operation of
the motor at the first frequency (e.g. first resonant frequency data) and obtain second data
relating to operation of the motor at the second frequency (e.g. second resonant frequency data).
The accelerometer may also obtain third resonant frequency data of the motor at the third
frequency. Additional data may also be obtained.

FIG. 2 is a graph showing frequency versus acceleration according to an example
arrangement. Other graphs, data and arrangements may also be provided.

FIG. 2 is a graph showing a resonance frequency (Hz) along an X-axis and acceleration (g)
along a Y-axis. The graph may represent data that is determined, obtained and/or monitored by
the accelerometer 70 and/or the processor 10.

As one example, line 102 of the graph may represent an ideal (or desired optimal) resonant
frequency (or first resonant frequency) at approximate 175 Hz, which is the operating frequency
of the motor 50. As another example, line 104 of the graph may represent an ideal (or desired
optimal) resonant frequency of the same motor but has shifted due to age, temperature, change in
mass, or some other factor. In this example, the difference between the first resonant frequency
and the second resonant frequency may be an 80% loss in acceleration of the motor 50.

The difference between the line-102 and the line 104 may represent a resonance frequency
drift. The resonance frequency drift may cause a loss in vibration performance of the motor 50
(such as the LRA).

The processor 10 may receive data, from the accelerometer 70, regarding the resonant
frequency. The data may be stored in the memory 80, for example. The processor 10 may store
different resonant frequency data over time.

The motor 50 may be controlled by the driver 60. As one example, a speed (or frequency)
of the motor 50 may be controlled to operate at different frequencies. Resonant frequency data
may be collected and stored at that time (i.e., in real time). For example, the processor 10 may
operate to store data regarding frequency and acceleration magnitude of the motor 50.

The processor may determine a desired resonant frequency of the motor based on the first
data and the second data.

FIG. 3 is a graph showing time versus system vibration according to an example

arrangement. Other graphs, data and arrangements may also be provided.
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FIG. 3 is a graph showing a time along an X-axis and a system vibration (from the
accelerometer 70) along a Y-axis. The graph may represent data that is determined or monitored
by the accelerometer 70 and/or the processor 10.

FIG. 3 shows system vibration over different time periods, namely a first time period 130,
a second time period 140 and a third time period 150.

As shown in FIG. 3, during the first time period 130, the motor 50 may operate at a 170 Hz
frequency. The FIG. 3 graph shows the system vibration during the first time period 130.

During the second time period 140, the motor 50 may operate at a 175 Hz frequency. The
FIG. 3 graph shows the system vibration during the second time period 140.

During the third time period 150, the motor 50 may operate at a 180 Hz frequency. The
FIG. 3 graph shows the system vibration during the third time period 150.

The motor may operate at a first frequency during a first time period, operate at a second
frequency during a second time period and operate at a third frequency during a third time
period.

The FIG. 3 graph may represent data that is obtained and stored. Based on this stored data,
a determination may be made regarding the ideal or desired resonant frequency of the motor 50.
For example, in the FIG. 3 graph, a resonant frequency during the time period 140 may represent
the ideal (or desired/optimal) resonant frequency. The determination of the ideal or desired
resonance may be a selection of a resonance that yields a best acceleration as a next resonant
frequency.

FIG. 4 is a flowchart showing a methodology of determining a desired (or optimal)
resonant frequency of an electronic device according to an example embodiment. Other
operations, orders of operations and embodiments may also be provided.

More specifically, FIG. 4 shows that a motor may operate at a first frequency in operation
202. For example, the motor 50 (or LRA) may operate at a 170 Hz frequency. In operation 204,
the electronic device may obtain and store first data relating to operation of the motor while the
motor 50 is operating at the first frequency (i.e., first resonant frequency data).

In operation 206, the motor may operate at a second frequency. In operation 208, the
electronic device may obtain and store second data relating to operation of the motor while the
motor 50 is operating at the second frequency (i.e., second resonant frequency data).

After the second data (while operating at the second frequency) has been obtained and
stored, a frequency of the motor 50 may change. The change may be made by the driver 60
(and/or the processor 10). The motor 50 may therefore operate at a third frequency in operation

210. For example, the motor 50 (or LRA) may operate at a 180 Hz frequency. In operation 212,
4



10

15

20

25

30

WO 2015/099792 PCT/US2013/078124

the electronic device may obtain and store third data relating to operation of the motor while the
motor 50 is operating at the third frequency (i.e., third resonant frequency data).

In operation 214, the desired (or optimal) resonant frequency may be determined, by the
processor 10, based on the stored data (i.e., the first data, the second data and the third data).
Based on the stored data, the processor 10 may determine the ideal (or desired) resonant
frequency.

After determining a desired resonant frequency of the motor based on frequency data, the
motor may operate at the desired resonant frequency. This may include controlling a driver of
the motor based on the determined desired resonant frequency. This may include providing a
haptic event, such as providing a vibration at the electronic device.

In at least one embodiment, a computer-readable medium may store a program for
controlling circuitry to provide the methodology shown in FIG. 4. The circuitry may be
controlled to control the motor (e.g. the LRA) based on the determined (desired/optimal)
resonant frequency. The program may be stored in a system memory, which for example, may be
internal or external to the electronic device. In at least one embodiment, the program may be part
of a control algorithm for controlling operations of the electronic device.

Instructions or code executed by the processor may be provided to a memory from a
machine-readable medium, or an external storage device accessible via a remote connection (e.g.
over a network via an antenna and/or network interface) providing access to one or more
electronically-accessible media, etc. A machine-readable medium may include any mechanism
that provides (i.e., stores and/or transmits) information in a form readable by a machine (e.g., a
computer). For example, a machine-readable medium may include random access memory
(RAM), read only memory (ROM), magnetic or optical storage medium, flash memory devices,
electrical, optical, acoustical or other form of propagated signals (e.g., carrier waves, infrared
signals, digital signals), etc. In alternative embodiments, hard-wired circuitry may be used in
place of or in combination with the instructions or code, and thus the embodiments are not
limited to any specific combination of hardware circuitry and software instructions.

The program may include code or instructions to perform any of the operations or
functions performed in embodiments previously discussed above.

Elements of the above described embodiments may be provided in code segments or
instructions to perform tasks. The code segments or tasks may be stored in a processor readable
medium or transmitted by a computing data signal in a carrier wave over a transmission medium
or communication link. The processor readable medium, machine readable medium or computer

readable medium may include any medium that can store or transfer information. Examples of
5
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the processor readable medium, machine readable medium or computer readable medium
include an electronic circuit, a semiconductor memory device, a ROM, a flash memory, an
erasable ROM (EROM), a floppy diskette, a CD-ROM, an optical disk, a hard disk, a fiber optic
medium, a radio frequency (RF) link, etc. The data signal may include any signal that can
propagate over a transmission medium such as electronic network channels, optical fibers, air,
electromagnetic, radio frequency (RF) links, etc. The code segments or instructions may be
downloaded via computer networks such as the Internet, Intranet, etc.

The following examples pertain to further embodiments.

Example 1 is an electronic device comprising: a motor to operate at a first frequency
during a first time period and to operate at a second frequency during a second time period, an
accelerometer to obtain first data relating to operation of the motor at the first frequency and to
obtain second data relating to operation of the motor at the second frequency, and a processor to
determine a desired resonant frequency of the motor based on the first data and the second data.

In Example 2, the subject matter of Example 1 can optionally include a driver to control
the motor.

In Example 3, the subject matter of Example 1 and Example 2 can optionally include that
the driver to control the motor to operate the motor at the desired resonant frequency.

In Example 4, the subject matter of Example 1 can optionally include that the motor to
provide a vibration at the electronic device.

In Example 5, the subject matter of Example 1 can optionally include that the
accelerometer to obtain third data relating to operation of the motor at a third frequency.

In Example 6, the subject matter of Example 1 and Example 5 can optionally include that
the processor to determine the desired resonant frequency based on the first data, the second data
and the third data, and the processor to control the motor to operate at the determined desired
resonant frequency.

In Example 7, the subject matter of Example 1 can optionally include that the motor is a
linear resonant actuator device.

Example 8 is an electronic device comprising: means for providing a haptic event at a first
frequency during a first time period and at a second frequency during a second time period,
means for obtaining first data relating to operation of the means for providing at the first
frequency and for obtaining second data relating to operation of the means for providing at the
second frequency, and means for determining a desired resonant frequency of the means for

providing based on the first data and the second data.
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In Example 9, the subject matter of Example 8 can optionally include means for
controlling the means for providing the haptic event.

In Example 10, the subject matter of Example 8 and Example 9 can optionally include that
the means for controlling the means for providing to operate the means for providing at the
desired resonant frequency.

In Example 11, the subject matter of Example 8 can optionally include that the haptic event
is a vibration at the electronic device.

In Example 12, the subject matter of Example 8 can optionally include that the means for
obtaining to further obtain third data relating to operation of the means for providing at a third
frequency.

In Example 13, the subject matter of Example 8 and Example 12 can optionally include
that the means for determining to determine the desired resonant frequency based on the first
data, the second data and the third data.

In Example 14, the subject matter of Example 8 can optionally include that the means for
providing is a linear resonant actuator device.

Example 15 is a method of an electronic device comprising: operating a motor of the
electronic device at a first frequency, obtaining first data relating to operation of the motor
operating at the first frequency, operating the motor at a second frequency, obtaining second data
relating to operation of the motor operating at the second frequency, and determining a desired
resonant frequency of the motor based on the first data and the second data.

In Example 16, the subject matter of Example 15 can optionally include operating the
motor at the desired resonant frequency.

In Example 17, the subject matter of Example 15 and Example 16 can optionally include
that operating the motor at the desired resonant frequency includes controlling a driver of the
motor based on the determined desired resonant frequency.

In Example 18, the subject matter of Example 15 and Example 17 can optionally include
that operating the motor at the desired resonant frequency includes providing a haptic event.

In Example 19, the subject matter of Example 15 and Example 18 can optionally include
that providing the haptic event includes providing a vibration at the electronic device.

In Example 20, the subject matter of Example 15 can optionally include operating the
motor at a third frequency, and obtaining third data relating to operation of the motor operating

at the third frequency.
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In Example 21, the subject matter of Example 15 and Example 20 can optionally include
determining the desired resonant frequency of the motor based on the first data, the second data
and the third data, and operating the motor at the determined desired resonant frequency.

In Example 22, the subject matter of Example 15 can optionally include that the motor is a
linear resonant actuator device.

Example 23 is a non-transitory machine-readable medium comprising one or more
instructions that when executed by a processor enable an electronic device to: operate a motor of
an electronic device at a first frequency, obtain first data relating to operation of the motor
operating at the first frequency, operate the motor at a second frequency, obtain second data
relating to operation of the motor operating at the second frequency, and determine a desired
resonant frequency of the motor based on the first data and the second data.

In Example 24, the subject matter of Example 23 can optionally include that further
instructions that operate the motor at the desired resonant frequency.

In Example 25, the subject matter of Example 23 and Example 24 can optionally include
that the further instructions that operate the motor at the desired resonant frequency includes
instructions to control a driver of the motor based on the determined desired resonant frequency.

In Example 26, the subject matter of Example 23 and Example 25 can optionally include
that the further instructions that operate the motor at the desired resonant frequency includes
instructions to provide a haptic event.

In Example 27, the subject matter of Example 23 and Example 26 can optionally include
that the haptic event is a vibration at the electronic device.

In Example 28, the subject matter of Example 23 can optionally include that further
instructions that: operate the motor at a third frequency, obtain third data relating to operation of
the motor operating at the third frequency.

In Example 29, the subject matter of Example 23 and Example 29 can optionally include
that the instructions to determine the desired resonant frequency includes instructions to
determine the resonant frequency of the motor based on the first data, the second data and the
third data.

In Example 30, the subject matter of Example 23 and Example 29 can optionally include
that further instructions that: operate the motor at the desired resonant frequency.

In Example 31, the subject matter of Example 23 can optionally include that the motor is a
linear resonant actuator device.

Any reference in this specification to “one embodiment,” “an embodiment,” “example

embodiment,” etc., means that a particular feature, structure, or characteristic described in
8
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connection with the embodiment is included in at least one embodiment. The appearances of
such phrases in various places in the specification are not necessarily all referring to the same
embodiment. Further, when a particular feature, structure, or characteristic is described in
connection with any embodiment, it is submitted that it is within the purview of one skilled in
the art to affect such feature, structure, or characteristic in connection with other ones of the
embodiments.

Although embodiments have been described with reference to a number of illustrative
embodiments thereof, it should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that will fall within the spirit and scope of
the principles of this disclosure. More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the subject combination arrangement
within the scope of the disclosure, the drawings and the appended claims. In addition to
variations and modifications in the component parts and/or arrangements, alternative uses will

also be apparent to those skilled in the art.
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WHAT IS CLAIMED IS:

1.  An electronic device comprising:
a motor to operate at a first frequency during a first time period and to operate at a
second frequency during a second time period;
an accelerometer to obtain first data relating to operation of the motor at the first
frequency and to obtain second data relating to operation of the motor at the second frequency;
and
a processor to determine a desired resonant frequency of the motor based on the first

data and the second data.

2. The electronic device of claim 1, further comprising a driver to control the motor.

3.  The electronic device of claim 2, wherein the driver to control the motor to operate

the motor at the desired resonant frequency.

4.  The electronic device of claim 1, wherein the motor to provide a vibration at the

electronic device.

5.  The electronic device of claim 1, wherein the accelerometer to obtain third data

relating to operation of the motor at a third frequency.

6.  The electronic device of claim 5, wherein the processor to determine the desired
resonant frequency based on the first data, the second data and the third data, and the processor

to control the motor to operate at the determined desired resonant frequency.

7.  The electronic device of claim 1, wherein the motor is a linear resonant actuator

device.
8.  An electronic device comprising:

means for providing a haptic event at a first frequency during a first time period and

at a second frequency during a second time period;

10
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means for obtaining first data relating to operation of the means for providing at the
first frequency and for obtaining second data relating to operation of the means for providing at
the second frequency; and

means for determining a desired resonant frequency of the means for providing based

on the first data and the second data.

9.  The electronic device of claim 8, further comprising means for controlling the means

for providing the haptic event.

10. The electronic device of claim 9, wherein the means for controlling the means for

providing to operate the means for providing at the desired resonant frequency.

11. The electronic device of claim 8, wherein the haptic event is a vibration at the

electronic device.

12. A method of an electronic device comprising:
operating a motor of the electronic device at a first frequency;
obtaining first data relating to operation of the motor operating at the first frequency;
operating the motor at a second frequency;
obtaining second data relating to operation of the motor operating at the second
frequency; and
determining a desired resonant frequency of the motor based on the first data and the

second data.

13. The method of claim 12, further comprising:

operating the motor at the desired resonant frequency.

14. The method of claim 13, wherein operating the motor at the desired resonant
frequency includes controlling a driver of the motor based on the determined desired resonant

frequency.

15. The method of claim 14, wherein operating the motor at the desired resonant

frequency includes providing a haptic event.

11
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16. The method of claim 12, further comprising:
operating the motor at a third frequency; and
obtaining third data relating to operation of the motor operating at the third

frequency.

17. The method of claim 16, further comprising:
determining the desired resonant frequency of the motor based on the first data, the
second data and the third data; and

operating the motor at the determined desired resonant frequency.

18. A non-transitory machine-readable medium comprising one or more instructions that

when executed by a processor enable an electronic device to:

operate a motor of an electronic device at a first frequency;

obtain first data relating to operation of the motor operating at the first frequency;

operate the motor at a second frequency;

obtain second data relating to operation of the motor operating at the second
frequency; and

determine a desired resonant frequency of the motor based on the first data and the

second data.

19. The machine-readable medium of claim 18, wherein further instructions that operate

the motor at the desired resonant frequency.

20. The machine-readable medium of claim 19, wherein the further instructions that
operate the motor at the desired resonant frequency includes instructions to control a driver of

the motor based on the determined desired resonant frequency.

21. The machine-readable medium of claim 20, wherein the further instructions that
operate the motor at the desired resonant frequency includes instructions to provide a haptic

event.

22. The machine-readable medium of claim 21, wherein the haptic event is a vibration at

the electronic device.

12
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23. The machine-readable medium of claim 18, wherein further instructions that:
operate the motor at a third frequency;

obtain third data relating to operation of the motor operating at the third frequency.
5 24. The machine-readable medium of claim 23, wherein the instructions to determine the
desired resonant frequency includes instructions to determine the resonant frequency of the

motor based on the first data, the second data and the third data.

25. The machine-readable medium of claim 24, wherein further instructions that:

10 operate the motor at the desired resonant frequency.

13
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