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(57) Abrege(suite)/Abstract(continued):

method comprises: recelving at the processor, from the first motion sensor, first motion data representing movement of an external
object relative to the portable electronic device; recelving at the processor, from the second motion sensor, second motion data
representing movement of the portable electronic device; generating, at the processor, third motion data based on the first and
second motion data, the third motion data representing movement of the external object; and, controlling the output device based
on the third motion data.
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ABSTRACT

According to embodiments described in the specification, a method and
apparatus are provided for controlling an output device of a portable electronic
device comprising a processor, a first moticn sensor, a second motion sensor
and an output device. The method comprises: receiving at the processor, from
the first motion sensor, first motion data representing movement of an external
object relative to the portable electronic device; receiving at the processor, from
the second motion sensor, second motion data representing movement of the
portable electronic device; generating, at the processor, third motion data based
on the first and second motion data, the third motion data representing

movement of the external object; and, controlling the output device based on the
third motion data.
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METHOD AND APPARATUS FOR CONTROLLING AN OUTPUT DEVICE OF
A PORTABLE ELECTRONIC DEVICE BASED ON MOTION DATA

FIELD
[0001] The specification relates generally to portable electronic devices, and

specifically to a method, system and apparatus for controlling an output device of

a portable electronic device.

BACKGROUND
[0002] As portable electronic devices and other computing devices become
more powerful, the functionality provided by such devices continues to expand
and improve. In particular, continued increases in computational power allow
such devices to carry out a wider range of interactions with their users and
environments. In particular, motion capture and motion tracking technologies
have previously been used, for example, in cinematography, but can require
significant computing resources. The increasing capabilities of portable electronic
devices allow such devices to carry out interactions based on similar

technologies.

GENERAL

[0003] An aspect of the specification provides a method of controlling an
output device of a portable electronic device comprising a processor, a first
motion sensor, a second motion sensor and an output device, the method

comprising: receiving at the processor, from the first motion sensor, first motion

data representing movement of an external object relative to the portable

electronic device; receiving at the processor, from the second motion sensor,
second motion data representing movement of the portable electronic device;
generating, at the processor, third motion data based on the first and second
motion data, the third motion data representing movement of the external object;
and, controlling the output device based on the third motion data. A computer

readable storage medium for storing computer readable instructions for
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execution by a processor, the computer readable instructions implementing the

method can also be provided.

[0004] Another aspect of the specification provides a portable electronic
device comprising: an output device; a first motion sensor for generating first
motion data representing movement of an external object relative to the portable
electronic device; a second motion sensor for generating second motion data
representing movement of the portable electronic device; a memory for'
maintaining first and second motion data; and a processor interconnected with
the first motion sensor, the second motion sensor and the memory, the processor
configured to receive the first motion data and the second motion data; the
processor further configured to generate third motion data based on the first and
second motion data, the third motion data representing movement of the external

object; the processor further configured to control the output device based on the
third motion data.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0005] Embodiments are described with reference to the following figures, in

which:

[0006] Figure 1 depicts a schematic diagram of a portable electronic device
and an external object, according to a non-limiting embodiment:

[0007] Figure 2 depicts a schematic block diagram of various components of

the portable electronic device of Figure 1, according to a non-limiting
embodiment:

[0008] Figure 3 depicts a method of controlling an output device of the
portable electronic device of Figure 1, according to a non-limiting embodiment:

[0008] Figure 4 depicts a schematic diagram showing movement of the

portable electronic device and external object of Figure 1, according to a non-
limiting embodiment;
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[0010] Figure 5a depicts a representation displayed by a display device of the
portable electronic device of Figure 1, according to a non-limiting embodiment;

[0011] Figure Sb depicts a further representation displayed by a display
device of the portable electronic device of Figure 1, according to a non-limiting
embodiment;

[0012] Figure 6a depicts another representation displayed by a display device

of the portable electronic device of Figure 1, according to another non-limiting
embodiment;

[0013] Figure 6b depicts yet another representation displayed by a display
device of the portable electronic device of Figure 1, according to another non-
limiting embodiment; and,

[0014] Figure 7 depicts a method of controlling an output device of the

portable electronic device of Figure 1, according to a further non-limiting
embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS
[0015] Referring now to Figure 1, a portable electronic device 20 is depicted.
In the present embodiment, portable electronic device 20 is based on the
computing environment and functionality of a hand-held wireless communication
device. It will be understood, however, that portable electronic device 20 is not
limited to a hand-held wireless communication device. Other portable electronic
devices are possible, such as a personal digital assistants (“PDA"), a cellular
telephone, a smart telephone, a laptop computer, a multimedia player and the
like. In general, portable electronic device 20 can be configured to communicate
with a network 24 via a link 28. Link 28 between portable electronic device 20
and network 24 can, in a present embodiment, be based on core mobile network

| infrastructure (e.g. Global System for Mobile communications (“GSM”"); Code

Division Multiple Access (“CDMA"); CDMA 2000; 3G; 4G). Link 28 can also be
based on wireless local area network (“WLAN") infrastructures such as the
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Institute for Electrical and Electronic Engineers (“IEEE") 802.11 Standard (and its
variants), Bluetooth and the like, or hybrids thereof. Note that in an exemplary
variation of portable electronic device 20, link 28 can also be a wired connection
to network 24. In further exemplary variations, link 28 can be a composite link
comprising both wireless and wired links as described above.

[0016] Also depicted in Figure 1 is an external object 32. It will now be
apparent that external object 32 is “external” to portable electronic device 20 in
that it 1Is moveable in three-dimensional space independently from portable
clectronic device 20. External object 32 can be, in a present embodiment, the
head of a user of portable electronic device 20, although it will be appreciated

that a wide variety of other external objects will also occur to those skilled in the
art.

[0017] Portable electronic device 20 includes, among other components,
output devices such as a display device 36. In general, portable electronic device
20 is configured to control at least one output device (such as display device 36)
according to the movement of external object 32, as will be described in greater
detail below.

[0018] Referring now to Figure 2, a schematic block diagram shows portable
electronic device 20 in greater detail. It will be understood that the structure in
Figure 2 is purely exemplary, and contemplates a device that may be used for
both wireless voice (e.g. telephony) and wireless data (e.g. email, web browsing,
text) commu nications. Portable electronic device 20 is based on a microcomputer
that includes a processor 40. Portable electronic device 20 also includes a

memory 44, which can comprise volatile memory such as Random Access
Memory ('RAM'). Memory 44 can also comprise non-volatile memory such as

Read Only Memory (‘ROM’), Electrically Erasable Programmable Read Only
Memory (‘EEPROM’), flash memory and the like. It will be appreciated that

memory 44 can also comprise a suitable combination of volatile and non-volatile
memory.
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[0019] Portable electronic device 20 also includes a communications interface
48 for communicating with network 24 via link 28, as described earlier. Portable

electronic device 20 also includes, for example, a keypad 52 for receiving input
data (in the form of key selections, for example). It will now be apparent that
portable electronic device 20 can further include additional input devices (not
shown), such as one or more microphones, a touch screen integrated with at
least a portion of display device 38, a trackball and the like. Portable electronic
device 20 also includes a variety of output devices. Among the output devices of
portable electronic device 20 are display device 36 and a speaker 56. It will now
be apparent that speaker 56 can also be an array of two or more speakers. Other
output devices are also contemplated, such as a motor (not shown) for
vibrational output. The various components of portable electronic device 20 are
interconnected with processor 40 via a communications bus (not shown).

[0020] As seen in Figure 2, among the input devices of portable electronic
device 20 are a first motion sensor 60 and a second motion sensor 64. First
motion sensor 60 generates first motion data reprasenting movement of external
object 32 relative to portable electronic device 20. It will now be apparent that the
first motion data can be generated in a variety of ways. Referring briefly to Figure
1, In the present non-limiting embodiment, external object 32 is equipped with at
least two light sources such as light-emitting diodes (“LEDs") 66. Other light
sources are also contemplated, such as incandescent light sources or organic

light-emitting diodes (“OLEDs"). In some embodiments, at least one of the LEDs
66 can be coupled to an earpiece (not shown) associated with portable electronic
device 20. In the present embodiment, LEDs 66 can be infrared LEDs, though
various alternatives ~ including visibie light as well as other regions of the
electromagnetic spectrum — will occur to those skilled in the art.

[0021] Returning to Figure 2, first motion sensor 60 can generate first motion
data by receiving light from LEDs 66. it will now be apparent that first motion

sensor 60 can be, for example, a digital camera. It is noted that the term
‘generation” as used herein is also intended to describe embodiments in which

first motion sensor 60 assists in the generation of motion data but is not solely
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responsible for such generation. For example, first motion sensor 60 can capture
one or more images for processing by processor 40. Processor 40 can then
defermine, based on representations of LEDs 66 within the captured images, the
changes in position (i.e. movement) of external object 32 relative to portable
electronic device 20.

[0022] Second motion sensor 64 generates second motion data representing
movement of portable electronic device 20 in three-dimensional space. In the

present non-limiting embodiment, second motion sensor 64 can be a 3-axis
accelerometer in portable electronic device 20. As discussed above with respect
to first motion sensor 60, it will be appreciated that “generation” of second motion
data by second motion sensor 64 can also involve processor 40, in conjunction
with other components of portable electronic device 20.

[0023] It will be appreciated that first and second motion sensors 60 and 64

are not Iimited to the types of motion sensors described above. In other
embodiments, first motion sensor 60 can be any suitable motion sensor capable
of generating motion data representing the movement of external object 32
relative to portable electronic device 20. Second motion sensor 64 can be any
suitable motion sensor capable of generating motion data representing the
movement of portable electronic device 20. For example, first and second motion
sensors 60 and 64 can include any suitable combination of accelerometers,
GPS, light-sensitive components and the like. It will be appreciated that in
embodiments (not shown) where first motion sensor 60 includes one or more
accelerometers, the one or more accelerometers can be affixed to external object
32, and can transmit acceleration data to first motion sensor 60. For instance,
first motion sensor 60 can be integrated with communications interface 48, or ¢can

be a separate communications interface configured for receiving acceleration
data from the one or more accelerometers.

[0024]

Portable electronic device 20 also includes a tracking application 68.

Tracking application 68 comprises programming instructions for execution by

processor 40. In a present embodiment, tracking application 68 can be
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maintained in memory 44 of portable electronic device. However, it will be
understood that in other embodiments, tracking application 68 can be maintained
in any of a vanety of computer readable storage media, including but not limited

to removable diskettes, optical media such as compact discs ("CDs”) and digital
5 video discs ('DVDs"), hard drive disks, USB drives and the like.

[0025] Processor 40 can execute the programming instructions of tracking
application 68, making appropriate use of memory 44 as necessary. Tracking
application 68, when executed by processor 40, configures processor 40 to
control at least one output device of portable electronic device 20 based on the
10 movement of external object 32. More particularly, tracking application 68
configures processor 40 to generate third motion data based on the first and
second motion data described above. The third motion data represents the
movement of external object 32. Processor 40 is then configured, via execution
of tracking application 68, to control at least one output device based on the third
15 motion data.

[0026] Referring now to Figure 3, a flowchart is shown depicting a method,
indicated generally at 300, of controlling an output device of portable electronic
device 20. It will be understood that method 300 can be carried out by processor
40 while executing tracking application 68.

20 [0027] Method 300 begins at block 305 with the receipt of first motion data at
processor 40. First motion data, as described above, represents the movement
of external object 32 relative to portable electronic device 20. As will be
appreciated by those skilled in the art, the first motion data can include an
Indication of the current position of external object 32, and/or can include

25 indications of changes in the position of external object 32 over a predetermined
period of time. In other embodiments, other types of motion data will occur to
those skilled in the art (e.g. velocity, acceleration data and so on). It will be
appreciated that as processor 40 can be involved in the generation of first motion

data, the first motion data is “received” by processor 40 at block 305 in that
30  sufficient information is received from first motion sensor 60 for processor 40 to
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complete the generation of first motion data. Received first motion data can be

stored in memory 44,

[0028] Next, at block 310, second motion data is received at processor 40.
Second motion data represents the movement of portable electronic device 20
(typically with respect to the Earth), and can therefore include any of velocity,
acceleration and direction information (or a combination thereof) for portable
electronic device 20 over a predetermined period of time. As above, it will be
appreciated that block 310 can involve the receipt of sufficient information from
second motion sensor 64 to complete the generation of second motion data.
Received second motion data can be stored in memory 44. It will now be
apparent that blocks 305 and 310 of method 300 can be carried out substantially
simultaneously, thus allowing first and second motion data received at processor
40 to relate to substantially the same period of time.

[0028] Following the receipt of first and second motion data at blocks 305 and
310, method 300 proceeds to block 315. At block 315, processor 40 is configured
by tracking application 88 to generate third motion data based on the received
first and second motion data. Third motion data generated at processor 40
represents the movement of external object 32, substantially independent of the
movement of portable electronic device 20. Third motion data may be thought of

conventionally as movement of external object 32 with respect to the portable
electronic device 20, as though the portable electronic device 20 were stationary.

[0030] Referring briefly to Figure 4, portable electronic device 20 and external
object 32 are shown. In particular, the movement of portable electronic device 20
and external object 32 over substantially the same period of time is shown.
Reference characters 20’ and 32' indicate the previous positions (shown in

dashed lines) of portable electronic device 20 and external object 32,
respectively. The present positions of portable electronic device 20 and external
object 32 are shown in solid lines. As can be seen from the Figure, both portable

electronic device 20 and external object 32 have moved in the same direction
(l.e. "downwards” on the page). However, portable electronic device 20 has
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traversed a greater distance than external object 32. Thus, first motion data,
indicated at “F,” shows that the movement of external object 32 relative to
portable electronic device 20 was “upwards” on the page. Second motion data
“S” shows the movement of portable electronic device 20. Third motion data “T”
shows the "actual” movement of external object 32, independent of the
movement of portable electronic device 20.

[0031] Returning to Figure 3, therefore, at block 315 processor 40 can
generate third motion data, for example, by subtracting one of first and second
motion data from the other of first and second motion data. Subtracting may
include not only finding the difference of scalar quantities but also subtraction of

vectior quantities, such as if the first and second moticn data comprise magnitude
and directional information. The performance of block 315 can also include the

performance of various types of filtering, noise and/or jitter removal, and the like,
as will occur to those skilled in the art. For example, data indicating movement in

certain directions or at certain frequencies can be removed, attenuated or

emphasized by processor 40 during generation of third motion data.

[0032] Proceeding to block 320 following completion of block 315, processor
40 can then control at least one output device of portable electronic device 20
pased on the third motion data generated at block 315.

[0033] In a present exemplary embodiment, at block 320 processor 40 can be

configured by tracking application 68 to control display device 76 based on third
motion data. Returning to Figure 2, display device 36 can include circuitry 72 for
producing representations (generally indicated at 76) for display by display
device 36. Representations 76 can be based on representation data generated
by processor 40 and stored in memory 44. It will be understood that display

device 36 can comprise any suitable combination of flat panel (for example, LCD,
piasma and the like) and/or CRT displays. Circuitry 72 can include any suitable
combination of circuitry for controlling the flat panel and/or CRT displays. For
example, circuitry 72 can include display buffers, transistors, electron beam
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controllers, LCD cells, plasma cells, phosphors and the like. In general, display
device 36 can be controlled by processor 40 to display representations 76.

[0034] An exempilary representation 76 is shown in Figure 5a. Representation
76 is representative of a portion of an image maintained, for example, in memory
44 of portable electronic device 20.

[0035] At block 320, processor 40 can control display device 36 in a wide
variety of ways based on third motion data. For example, tracking application 68
can configure processor 40 to control display device 36 to behave as a window
or picture frame. Referring now to Figure 5b, an updated representation 76a is
displayed by display device 36. In representation 76a, the portion of the image
shown in Figure 5a is located closer to the bottom of display device 36, while a
previously-unseen portion of the image has become visible towards the top of
display device 36. In a present exemplary embodiment, processor 40 can cause
display device 36 to display such an updated representation in response to
movement of external object 32 as shown in Figure 4. In Figure 4, external object
J2 was shown moving downwards on the page. Thus, the representation 76a of

Figure Sb represents the image having also moved downwards, as if viewed from
the location of external object 32 through a window frame.

[0036] It will be appreciated that the above-described control of display device
36 based on third motion data can be implemented, for example, to compensate
for rapid, jerky movements of external object 32. Such movements can, in some
embodiments, be substantially mirrored by successively updated representations

76 such that representations 76 appear to be substantially stationary from the
point of view of external object 32.

[0037] It will now be apparent that display device 36 can be controlled in a
variety of ways by processor 40 while executing tracking application 68. For

example, in some embodiments processor 40 can cause display device 36 to
display zoom in or out. In such embodiments, third motion data indicating
movement of external object 32 in a certain direction can cause display 36 to
display an updated representation showing only a portion of a previous

10
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representation, but at greater magnification, as discussed below with reference to
Figures 6a and 6b.

[0038] Figure 6a shows a further representation 76b generated by display
device 36, while Figure 6b shows yet another representation, 76c¢. It will now be
apparent that in representation 76b, the image from Figures 5a and 5b is
displayed at a reduced zoom level (that is, the image is smaller and thus a
greater portion of the image is visible) while in representation 76¢ the image is
displayed at an increased zoom level. Such control over display device 36 can be
exerted by processor 40 in response to third motion data indicating that external
object 32, as shown in Figure 4, has moved rightwards on the page, taking it
further from portable electronic device 20. Display device 36 is thus controlled to
behave as a window or picture frame, through which a lesser portion of a scene

would be visible as the viewer moved away from the window or picture frame.

[0039] It will also now be apparent that other output devices, or any
combination of output devices, can be controlled by processor 40 executing
tracking application 68. In some embodiments, speaker 56 can be controlied by
processor 40 based on third motion data. For example, similarly to the zoom
feature described above, the volume of speaker 56 can be adjusted upwards or
downwards if third motion data indicates movement of external object 32 in a
certain direction. As a further example, speaker 56, in some embodiments (not
shown) can have directional capabilities. For instance, speaker 56 can be an
array of speakers or a movable speaker. The output of such directional output
devices can be controlied based on third motion data, for example to project
audio output towards external object 32.

[0040] Referring now to Figure 7, a flowchart is shawn depicting a method,
indicated generally at 700, of controlling an output device of portable electronic
device 20 according to another non-limiting embodiment.

[0041] Blocks 705 to 715 of method 700 are similar to blocks 305 to 315,

respectively, of method 300 as discussed above. At block 725, however,
performance of method 700 differs from performance of method 300 in that a

11
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determination is made as to whether third motion data is below a predetermined
threshold. It will be understood that such a threshold can be based on a certain
velocity, acceleration, distance traveled in a given time period, or a combination
thereof. Various thresholds will occur to those skilled in the art. If at block 725
processor 40 determines that third motion data does fall below the threshold (i.e.

that external object 32 i1s moving “too little™), method 700 proceeds to block 730,
at which processor 40 controls an output device based on at least one of the first

and second motion data. In other words, if litte or no movement of external
object 32 is detected, the output devices of portable electronic device 20 can be
controlled by processor 40 executing tracking application 68 based on the
movement of portable electronic device 20 itself.

[0042] The output devices of portable electronic device 20 can be controlled
at step 730 in manners similar to those described above (e.g. “window”
functionality, zooming, volume adjustment). Controlling an output device may
also include controlling an output device other than a display. For example,
controlling an output device may comprise adjusting an image to reduce blur
when the image is sent to a printer for printing. Additional examples of output
device control will occur to those skilled in the art.

[0043] |f, on the other hand, it is determined that third motion data does not
fall below the predetermined threshold at block 725, method 700 proceeds to
block 7395, at which processor 40 can be configured to control the output devices

of portable electronic device 20 as described above in relation to block 320 of
method 300.

[0044] From the above description of the present embodiment, certain
advantages will now be apparent. In particular, processor 40 of poriable
electronic device 20 as described above can be configured to distinguish
between the movement of portable electronic device 20 and external object 32,
thus allowing for a broader range of control options for the output devices of

portable electronic device 20. Other advantages will also occur to those skilled in
the art.

12
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[0045] Those skilled in the art will appreciate that in some embodiments, the
functionality of tracking application 68 can be implemented using pre-
programmed hardware or firmware elements (e.g., application specific integrated
circuits (ASICs), electrically erasable programmable read-only memories
(EEPROMSs), etc.), or other related components. In other embodiments, the
functionality of portable electronic device 20 can be achieved using a computing
apparatus (not shown) that has access to a code memory (not shown) which
stores computer-readable programming instructions for operation of the
computing apparatus. The computer-readable programming instructions can be
stored on a medium which is fixed, tangible and readable directly by the
components of the computing apparatus, (e.g., removable diskette, CD-ROM,
ROM, fixed disk, USB drive). Alternatively, the computer-readable programming
instructions can be stored remotely but transmittable to these components via a

modem or other communications interface connected to a network (including,
without limitation, the Internet) over a transmission medium. The transmission

medium can be either a non-wireless medium (e.g., optical or analog
communications lines) or a wireless medium (e.g., microwave, infrared, free-

space optical or other transmission schemes) or a combination thereof.

[0046] Persons skilled in the art will appreciate that there are yet more

alternative implementations and modifications possible for implementing the
embodiments, and that the above implementations and examples are only

lustrations of one or more embodiments. The scope, therefore, is only to be
limited by the claims appended hereto.

13
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CLAIMS

1. A method of controlling a display of a portable electronic device comprising a

processor a fi rst motion sensor, a second motion sensor and the display, the

- method comprlsmg

| control!mg the display to generate a representation;

~ ‘receiving at the processor, from the first motion sensor, first motion data

- representing movement of an external object relative to the portable electronic
| device; | |

in response to movement of the portable electronic device mcludmg a jitter

' component receiving at the processor, from the second motion sensor, second

motlon data representing the movement of the portable electronic dewce
mdependent of the external object;

generatmg, at the processor, third motion data by removing the jitter'
component from the second motion data to produc':e' jitter-free secdnd motion data,
and determining a difference between the first motion data and the jitt‘er-free
second motion data, the third motion data representing movement of the éxternal
object independent of movement of the portable electronic dévice; and, '
| controlling the display to update the representation based on the third

motion data, such that the updated representation generated by the display reflects

2. The method of claim 1, wherein generating the third motion data comprises

- subtracting at least one of a scalar quantity and a vector of one of the first motion
25 -data and the jitter-free second motion data from at least one of a scalar quantity

“and a vector of the other of the first motion data and the jitter-free second motion

data:

3. The niethod of claim 1 or claim 2, wherein the portable electronic device further

Co’mprises a speaker, and wherein the method further comprises controliing the

speaker by varying a volume of the speaker based on the third motion data.

14
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4. The method of any one of claims 1 to 3, wherein cbntrouing comprises:

determining if the third motion data is representative of movement below a

preﬁ.éiefminéd threshold; and

when the determination is affirmative, controlling the output device based

on one of the first and second motion data, and when the determination is negative,

controlling the output device based on the third motion data.

" '5. The method of any one of claims 1 to 4, wherein generating third motion data

comprises performing at least one of filtering and noise removal.

6. A portable electronic device comprising:

a display;
a first motion sensor for generating first motion data representing movement
of an external objéct relative to the portable electronic device;
B a second motion sensor for generating second motion data representing
movement Of'the portable electronic device independent of the external object, the

- movement of the portable electronic device including a jitter component;

20

25

- 30

a memory for maintaining first and second motion data; and

a processor interconnected with the first motion sensor, the second motion

sensor and the memory, the processor configured to control the display to

generate a representation, and to receive the first motion data;
the processor further configured, in response to the movement of the

portable electronic device, to receive-the second motion data; |
the processor further configured to generate third motion data by removing

the jitter componént from the second motion data to produce jitter-free second
~motion data, and determining a difference between the first motion data and the

jitter-free second motion data, the third motion data representing movement of the

externai object independent of movement of the portable electronic device;
- the processor further configured to control the display to update the

representation based on the third motion data, such that the updated

15
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representation generated by the display reflects the movement of the external

_-.object independent of the portable electronic device.

7. The portable electronic device of claim 8, the processor further configured to
- generate the third motion data by subtracting at least one of a scalar quantity and

a vector of one of the first motion data and the jitter-free second motion data from

at least one of a scalar quantity and a vector of the other of the first motion data

~ and the jitter-free second motion data.

-

8. The portabie electronic device of clam 6 or clam 7, further comprising a

" speaker, the processor further configured to control the speaker to vary a volume

of the speaker based on the third motion data.

9. The portable electronic device of any one of claims 6 to 8, the processor further

15
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being configured to determine if the third motion data is representative of

" movement below',a_. predetermined threshold; and when the determihation IS

affirmative, to control the output device based on one of the first and second motion
data; and when the determination is negative, to control the output device based
on the third motion data,

10. The portable electronic device of any one of claims 6 to 9, the processor furthe?
configured to perform at least one of filtering and noise removal duri'ng generation

~ of the third motion data.

11. The portable électronic device of any one of claims 6 to 10, wherein the first
motion sensor comprises a digital camera for receiving light from at least one light
emitting diode affixed to the external object.

12. The portab!e electronic device of any one of claims 6 to 11, wherein the second

~motion sensor comprises an accelerometer.
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,13'..’A non-transitory computer-readable medium storing a computer program,

wherein execution of the computer program is for:
... .at a portable electronic device having a processor, a first motion sensor, a
second motion ‘sensor and a display, controlling the display to generate a

. representatlon

recelvmg at the processor, from the first motion sensor, first motion data
representmg movement of an external object relative to the portable electronic
device: |

m response to movement of the portable electronic device including a jitter

component recewmg at the processor, from the second motion sensor, second

" motion data representing the movement of the portable electronic device

mdependent of the external object;

generatmg at the processor, third motion data by remowng the |itter

component from the second motion data to produce jitter-free second motion data,

and determining a difference between the first and second motion data, the third

- motion data representing movement of the external object independent of

- .movement of the portable electronic device; and,

20

25 .

30

controlling the display to update the representation based on the third

motion data, such that the updated representation generated by the display reflects

the movement of the external object independent of the portable electronic device.

14. The non-transitory computer-readable medium of claim 13, wherein generating
the third motion data comprises subtracting at least one of a scalar quantity and a
vector of one of the first motion data and the jitter-free second motion data from at

least one of a scalar quantity and a vector of the other of the first motion data and
the jitter-free second motion data.

' 15.‘Thé non-transitory computer-readable medium of claim 13 or claim 14, wherein

the portable electronic device further comprises a speaker, and wherein execution
of the computer program is further for controlling the speaker by varying a volume

. of the speaker based on the third motion data.
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16. The non-transitory computer-readable medium of any one of claims 13 to 15,
wherem controlling comprises: '
~determining if the thlrd motion data is representatwe of movement below a
predetermmed threshold; and
when the determination is affirmative, controlling the output device based
on o_né of the first and second motion data, and when the determination is negative,
controlling the output device based on the third mation data.

17. The non-transitory computer-readable medium of any one of claims 13 to 16,
wherein generating third motion data comprises performing at least one of filtering
and noise removal. '

18. A method of controlling an output device of a portable electronic device

comprising- a processor, a first motion sensor a second motion sensor and the

output device, the method comprising:
generating output at the output device;
- . receiving at the processor, from the first motion sensor, first motion data

!
representing movement of an external object relative to the portable electronic

- device;

’receiving'at the processor, from the second motion sensor, second motion
data representing movement of the portable electronic device independent of the
external object;

generating, at the processor, third motion data representing movement of |
the external object independent of movement of the portable electronic device, by
determining a difference between the first motion data and the second motion data;

~and,

- controlling the output device to update the output based on the third motion

data wherein the controlling comprises; prior to controlling the output device to
‘update the output based on the third motion data, determining if the third motion

data is representative of movement of the external object, independent of the

18
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' "pdrtable'elect'ronic device, that falls below a predetermined threshold; and when

, _.,_,the determlnatlon Is affirmative, controlling the output device to update the output

10

15

25
o adjustmg a volume of the speaker.

: based on one of the first and second motion data.

19 - The method of claim 18, wherein generating the third motion data comprlses

| -'subtractmg at [east one of a scalar quantity and a vector of one of the first and

second motion data from at least one of a scalar quantity and a vector of the other

of the flrst and second motion data.

20, .Thé'method of claim 18 or claim 198, wherein the output device comprises a

",display, and wherein the output and the updated output are representations

presented on the display.

21. The method of claim 20, wherein the output comprises an image in a first

positibn, and wherein, the updated output comprises the image in a second

o positio.n; the second position being shifted from the first position in a direction of
~ the third motion data. |

~ 22. The method of claim 20, wherein the output comprises an image at a first zoom
20

level, and wherein the updated output comprises the image at a second zoom
level.

23. The method of any one of claims 18 to 22, wherein the output device

-comprises a speaker; wherein the output and the updated output are sound waves
_generated by the speaker and wherein controlling the speaker compnses

24, The method of any one of claims 18 to 23, wherein generatmg thtrd motion
data compnses performmg at least one of filtering and noise removal.

25. A portable electronic device comprising:
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~ an output device for generating output;

‘afirst motion sensor for generating first motion data representing movement

- ofan extéfnal object relative to the portable electronic device;

10

15

- :a.-.s_e.cond motion sensor for generating second motion data representir;g
mQVQmeht of the portable electronic device independent of the external object;
. a memory for maintaining first and second motion data; and
a processor interconnected with the first motion sensor, the second motion
sensor and the memory, the processor configured to:
receive the first motion data from the first motion sensor;
" receive the second motion data from the second motion sensor,

generate third motion data representing movement of the external object

-independent of movement of the portable electronic device, by determining a

difference between the first motion data and the second motion data; and
control the output device to update the output based on the third motion
data; and, prior to controlling the output device to update the output based on the

* third motion data, determine if the third motion data is representative of movement

~of the external object, independent of the portable electronic device, that falls

20
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below a predetermined threshold; and

when the determination is affirmative, control the output device to update

thé output based on one of the first and second motion data.

26. The portable electronic device of claim 25, the processor further configured

to gepe}'ate the third motion data by subtracting at least one of a scalar quantity
and a vector-of one of the first and second motion data from at least one of a scalar
quantity and a vector of the other of the first and second motion data.

27. - The portable electronic device of claim 25 or claim 28, wherein the output

device co'mprise‘s a display,_ and wherein the output and the updated output are
representations presented on the display.

20
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28, The portable electronic device of claim 27, wherein the output comprises an

- image in a first position, and wherein the updated output comprises the image in a

' | ‘sécbnd“pcisi{ion;f the second position being shifted from the first position in a

10

15
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) :_direbt__ibn of the third motion data.

29. The portable electronic device of claim 27, wherein the output comprises an

image at a first zoom level, and wherein the updated output comprises the image

~ata second zoom level.

30.  The portable electronic device of any one of claims 25 to 29, wherein the

- output device comprises a speaker; wherein the output and the updated output are

-~ -sound waves generated by the speaker; the processor further configured to control

the speaker to adjust a volume of the speaker.

31. - The portable electronic device of any one of claims 25 to 30, the processor

further configured to perform at least one of filtering and noise removal during

generation of the third motion data.

32.  The pOﬁéble electronic device of any one of claims 25 to 31, wherein the
first motion sensor’comprises a digital camera for receiving light from at.least one
light emitting diode affixed to the external object.

33. Thé portable electronic device of any one of claims 25 t0 32, wherein the
second motion sensor comprises an accelerometer.

- 34. A non-transitory computer-readable medium storing a computer program,

- wherein execution of the computer program is for controlling an output device of a

30

portable electronic device comprising a processor, a first motion sensor, a second

" motion sensor and the output device, by:

generating output at the output device;
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- the determination is affirmative, controlling the output device to update the output
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| ..rece’iving at the processor, from the first motion sensor, first motion data

representing movement of an external object relative to the portable electronic
dewce |

recelvmg at the processor, from the second motion sensor, second motion

| data ‘representing movement of the portable electronic device iIndependent of the

external object;

generating, at the processor, third motion data representing movement of
the external object independent of movement of the portable electronic device, by
determining a difference between the first motion data and the second motion data;
and,
| controlling the output device to update the output based on the third motion
data wherein the controlling comprises: prior to controlling the output device to
update the output based on the third motion data, determining if the third motion
data is representative of movement of the external object, independent of the
portable elecironic device, that falls below a predetermined threshold; and when

based on.one of the first and second motion data.

35. The non-transitory computer-readable medium of claim 34, wherein
generating the third motion data comprises subtracting at least one of a scalar
quahtity and a vector of one of the first and second motion data from at least one
of a scalar quantity and a vector of the other of the first and second motion data.

36. - The non-transitory computer-readable medium of claim 34 or claim 35,
wherein the output device comprises a display, and wherein the output and the
updated output are representations presented on the display.

37. The non-fransitory computer-readable medium of claim 36, wherein the output

comprisee an image in a first position, and wherein the updated output comprises

utheﬂ“’_image iIn a second position; the second position being shifted from the first

position in a direction of the third motion data.
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’ data,

38. The noriﬂtrahsitory computer-readable medium of claim 36, wherein the output |

| comprlses an |mage at a first zoom Ievel and wherein the updated output

compnses the image at a second zoom level.

39. The non-;-transitory computer~feadable medium of any one of claims 34 to
38, wherein the output device comprises a speaker; wherein the output and the
updated outpdt are sound waves generated by the speaker; and wherein
controlling the speaker comprises adjusting a volume of the speake;r.

40.  The non-transitory computer-readable medium of any one of claims 34 to

39, wherein generating third motion data comprises performing at least one of

filtering and noise removal.

41. A method of conti'olling an output device of a portable electronic device
comprising a processor, a first motion sensor, a second motion sensor and the

- output device, the method_domprising:

generating output at the output device; ‘
| receiving at the processor, from the first motion sensor, first motion data
representlng movement of an external object relative to the portable electronic
device, the first motion SEensor comprising a digital camera for receiving light from
at least one light emitting diode affixed to the external object,
réceiving at the procéssor, from the second motion sensor, second motion

data representing movement of the portable electronic device independent of the

external object;

generaﬁng, at the processor, third motion data representing movement of

the extemal object mdependent of movement of the portable electronic device, by

-detenmnlng a difference between the first motion data and the second motion data;

and,
| ’controlling the output device to update the output based on the third motion

23
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42. The method of claim 41, wherein generating the third motion dataComprises

) 's,ubira'ctin.g at least ,'one of a scalar quantity and a vector of one of the first and

" second motion déta from at least one of a scalar quantity and a vector of the other

of the first and second motion data,

AR '!.‘Th'e' method of claim 41 or claim 42, wherein the otitput device comprises a

10

15 o

20

~ comprises a speaker; wherein the output and the updated output are sound waves

25

‘d'isplay, and wherein the output and the updated output are representations

presented on the display.

44, The methqd of ‘claim 43, wherein the output comprises an image in a first
p'osition, and wherein the updated oulput comprises the image in a second

position; the second position being shifted from the first position in a direction of
the third motion data.

45. The method of claim 43, wherein the output comprises an image at a first zoom
level, and wherein the updated output comprises the image at a second zoom

Jevel.

46. ',The method of any one of claims 41 to 45, wherein the output device

‘generated by the speaker; and wherein controlling the speaker comprises

adjusting a volume of the speaker.

47.  The method of any one of claims 41 to 46, wherein controlling comprises:
| ’p'rior to controlling the output device to update the output based on the third

motion.data, determining if the third motion data is representative of movement of

- the external object, independent of the portable electronic device, that falls below

a predetermined threshold; and _
when the determination is affirmative, controlling the output device to

- update the output based on one of the first and second motion data.
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- 'data,‘ |

48. ) The method of any one of claims 41 to 47, wherein generating third motion

data comprises performing at least one of filtering and noise removal.

. 49. _' 'A pol{ablé electronic device comprising:

an 'output device for generating output;

" afirst motion sensor for generating first motion data representing movement

| of an external object relative to the portable electronic device, the first motion

sensor cqmpriseihg a digital camera for receiving light from at least one light

emitting diode affixed to the external object:

- a second motion sensor for generating second motion data representing

- movement of the portable electronic device independent of the external object;

3 memory for maintaining first and second motion data; and

a processor interconnected with the first motion sensor, the second motion
sensor and the memory, the processor configured to:

- reCeiﬁe the first motion data from the first motion sensor;
. reéeive the second motion data from the second motion sensor;
generate third motion data representing movement of the external object

independent of movement of the portable electronic device, by‘ determining a
d,iffere'nce between the first motion data and the second motion data; and
~ control the output device to update the output based on the third motion

50. The portable electronic device of claim 49, the processor further Configured
to generate the third motion data by subtracting at least one of a scalar quantity
and a vector of one of the first and second motion data from at least one of a scalar

Quantity and a vector of the other of the first and second motion data.

51 "_The portable electronic device of claim 49 or claim 50, wherein the output

device comprises a display, and wherein the output and the updated output are

‘representations presented on the display.
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52, The portable electronic device of claim 51, wherein the output comprises an

image in a ﬁrst pos:tton and wherem the updated output comprises the | image ina

- 'second posntlon the second posmon being shifted from the first posstion in a

 direction of the third motion data.

53, The portable electronic device of claim 51, wherein the output comprises an

image ata ﬂrst zoom leve! and wherein the updated output comprises the image

| ata second zoom level
10

54, .",The portable electronic device of any one of claims 49 to 53, ;w'he_réin the

outbui device comprises a speaker; wherein the output and the updated output are

sound waves generated by the speaker; the processor further configured to control
the speaker to adjust a volume of the speaker.

55. . The pbrtable electronic device of any one of claims 49 to 54, the pro"cessor
further béing configured to: '

prior to controlling the output device to update the output based on the third
motlon data, determlne if the third motion data is representatlve of movement of

the external object mdependent of the-portable electronic device, that falls below
a predetermmed threshold: and

when the determmatzon is affirmative, control the output device to update

~ the output based on one of the first and second motion data.

56. The portabie electronic device of any one of claims 49 to 55, the processor
further configured to perform at least one of filtering and noise removal during

generation of the third motion data.

- §7.  The portable electronic device of any one of claims 49 to 56, wherein the

second motion sensor comprises an accelerometer.
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58. A non-éti'ansitory computer-readable medium storing a computer program,

wherem executton of the computer program is for controlling an output device of a

. portable electromc device comprising a processor, a first motion sensor, a second

motion sensor and the output device, the method comprising:

- gehérating output at the output device;

| receavmg at the processor, from the first motion sensor, first motion data
representmg movement of an external object relative to the portable electromc
device, the first motion sensor comprising a digital camera for receiving light from
at least one light emitting diode affixed to the external object;
" ‘receiving at the processor, from the second motion sensor, second motion
data fepresenting movément'of the portable electronic device independént of the

external object,

~generating, at the processor, third motion data representing movement of

the external object independent of movement of the portable electronic device, by

. "determining a difference between the first motion data and the second motion data;

~and,

controlling the output device to update the output based on the third motion

data. |

59. The non-transitory computer-readable medium of claim 58, wherein

| generating the third motion data comprises subtracting at least one of a scalar

quantxty and a vector of one of the first and second motion data from at least one

- ofa scalar quantity and a vector of the other of the first and second motlon data.

25

30

. 60.' The non—transrtory computer-readable medium of claim 58 or claim 59,

wherem the output device comprises a display, and wherein the output and the

| u_pdated-output are representations presented on the display.

61. The non-transitory computer-readable medium of claim 60, wherein the output

_comprises an image in a first position, and wherein the updated output comprises
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- the image'i_ri a second position, the second position being shifted from the first

10

position.in a direction of the third motion data.

.

62. The non-transitory computer-readable medium of claim 60, wherein the output

-comprise_s an image at a first zoom level, and wherein the updated output
~ comprises the image at a second zoom level.

€3. . The non-transitory computer-readable medium of any one of claims 58 to

62,.wherein the output device comprises a speaker; wherein the output and the
updated output are sound waves generated by the .speaker; and wherein

 controlling the speaker comprises adjusting a volume of the speaker.
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64. The non-transitory computer-readable medium of any one of claims 58 to

. 63 wherein controliing comprises:

prior to controlling the output device to update the output based on the third
motion data, determining if the third motion data is representatwe of movement of
the external object, independent of the portable electronic device, that falls below
a predetermined threshold; and

when the determination is affirmative, controlling the output device to

update the output based on one of the first and second motion data.

'65. The non-transitory computer-readable medium of any one of- claims 58 to

64, wherein generating third motion data comprises performing at least one of

flltenng and noise removal.

66. A method of controllmg an output device of a portable electronic device

comprising a processor, a first motion sensor, a second motion sensor and the
puiput device, the method comprising:

generatlng output at the output device,

recewmg at the processor, from the first motson sensor, first motion data

representmg movement of an external object relative to the portable electronic
device;
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- receiving at the processor, from the second motion sensor, second motion
data representing movement of the portable electronic device independent of the

-external object, the second motion sensor comprising an accelerometer;

generating, at the processor, third motion data representing movement of

the external object independent of movement of the portable electronic device, by
determining a difference between the first motion data and the second motion data;
and, |

controlling the output device to update the output based on the third motion
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67. The method of claim 66, wherein generating the third motion data comprises
subtracting at least one of a scalar quantity and a vector of one of the first and

second motion data from at least one of a scalar quantity and a vector of the other
of the first and second motion data.

68.  The method of claim 66 or claim 67, wherein the output device COmprises a

agisplay, and wherein the output and the updated output are representations
presented on the display. '

69. The method of claim 68, wherein the output comprises an image in a first

position, and wherein the updated output comprises the image in a second

bositio'n; the second position being shifted from the first position in a direction of

 the third motion data.

70. The method of claim 68, wherein the output comprises an image at a first zoom

level, and wherein the updated output comprises the image at a second zoom
level.

71.  The method of any one of claims 66 to 70, wherein the output device
comprises a speaker; wherein the output and the updated output are sound waves
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generated by the speaker; and wheréin controlling the speaker comprises

* adjusting a volume of the speaker.

72, The method of any one of claims 66 to 71, wherein controlling comprises:
prior to controlling the output device to update the output based on the third

motion data, determining if the third motion data is representative of movement of

the external object, independent of the portable electronic device, that falls below
a predetermined threshold; and

o ,,Wh_en' the determination is affirmative, controlling the output device to
update the output based on one of the first and second motion data.

73. The method of any one of claims 66 to 72, wherein genefating third motion

- data cofnbrises performing at least one of filtering and noise removal.

74. A portable electronic device comprising:
an output device for generating output;

_a first motion sensor for generating first motion data representing movement

of an external object relative to the portable electronic device;

a second motion sensor for generating second motion data representing
movement of the portable electronic device independent of the external object, the
sécpnd‘ motion sensor comprising an accelerometer,

- fnemory for maintaining first and second motion data; and
@ p__}jocessdr interconnected with the first motion sensor, the second motion
sensor and the memory, the processor configured to:
- receive the first motion data from the first motion sensor;
reéeive the second motion data from the second motion sensor;

. generate third motion data representing movement of the external object

| independent of movement of the portable electronic device, by determining a

difference between the first motion data and the second motion data; and

cantrol the output device to update the output based on the third motion

" data.

/
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75. ' The portable electronic device of claim 74, the processor further configured

" to-generate the third motion data by subtracting at least one of a scalar quantity
| and_a‘ vector of one of the first and second motion data from at least one of a scalar

~ quantity and a vector of the other of the first and second motion data.

' 76'.. The portable electronic device of claim 74 or claim 75, wherein the output

- device com_prises a display, and wherein the output and the updated output are

10

20

‘repfes:'er.l‘tations présehtéd on the display. .

4

~77. The '_pOrtabl'e electronic device of claim 76, wherein the output comprises an

image in a first position, and wherein the updated output comprises the image in a

fsecon‘d posi'tio,n; the second position being shifted from the first position in a
-direction of the third motion data. |

15 _ '

. 78 The pb’rfable electronic device of claim 76, wherein the output corﬁprises an
“image at a first zoom level, and wherein the updated output comprises the image

at a second zoom level.

| 79. : Thé portable elebtronic device of any one of claims 74 to 78, wherein the |

output devnce comprises a speaker wherein the output and the updated output are
sound waves generated by the speaker; the processor further configured to control

"‘the speaker to adjust a volume of the speaker. . o

- 80. 'Thé'pc‘)rt‘ab"le 'electronic device of any one of claims 74 to 79, the pl-'(')cés’sor
further being configured to: |

| prior to controlling the output device to update the output based on the third

motion data determine if the third motion data is representative of movement of

_. the external object mdependent Of the portable electronic device, that fails below
30

a predetermmed threshold; and
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‘when the determination is affirmative, control the output device to update
the output based on aone of the first and second motion data.

- 81. The bortable electronic device of any one of claims 74 to 80, the proéessor

further conﬁg.ured to perform at least one of filtering and noise removal during

generation of the third motion data.

L 82 | The portable electronic device of any one of claims 74 to 81, wherein the
'farst motlon sensor comprises a digital camera for receiving light from at least one

light emitting diode affixed to the external object.

83. A non-transitory computer-readable medium storing a computer program,
wherein execution of the computer program is for controlling an output device of a

portable electronic device comprising a processor, a first motion sensor, a second

motion sensor and the output device, by:

generatmg output at the output device;

receiving at the processor, from the first motion sensor, first motion data
representing movement of an external object (elative to the portable electronic
device:

receiving at the processor, from the second motion sensor, second motion

data representing movement of the portable electronic device independent of the

_external object, the second motion sensor comprising an accelerometer;

generating, at the processor, third motion data representing movement of

- the external object independent of movement of the portable electronic device, by

determining a difference between the first motion data and the second motion data;
and, -

controlling the output device to update the output based on the third motion
data.

84. The non-transitory computer-readable medium of claim 83, wherein

generating the third motion data comprises subtracting at least one of a scalar
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QUa’ntity’and a vector of one of the ﬁrst and second motion data frcm at least one

of a scalar quantity and a vector of the other of the first and second motion-data.

85 ~ The non-transitory computer-readable medium of claim 83 or 6léim 84,
Wherei.n the output device comprises a display, and wherein the output and the

- updated output are representations presented on the display.

86. The non-transitory cohputeweadable medium of claim 85, wherein the output

- comprises an‘image in a first position, and wherein the updated output comprises
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the imagé_ in a second position; the second position being shifted from the first

position in a direction of the third motion data.

87. The non-trahsitory computer-readable medium of claim 85, wherein the output
comprises an image at a first zoom level, and wherein the updated output

comprises the image at a second zoom level.

88, The non-transitory computer-readable medium of any one of claims 83 to
87, wherem the output device comprises a speaker wherein the output and the

updated output are sound waves generated by the speaker; and wherein

controlling the speaker comprises adjusting a volume of the speaker.

- 89, '. The nOn;transitory éomputer-readable medium of any one of claims 83 to
- 88, wherem controllmg compnses

prior to controliing the output device to update the output based on the third

mot;on data, determining if the third motion data is representative of movement of

- the extemal object mdependent of the portable electronic device, that falls below
a pret.j!_etermmed threshold; and

when the determination is affirmative, controlling the output device to
update the output based on one of the first and second motion data.
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L 90 - The non~transntory computer-readable medium of any one of claims 83 to

- 89, whereln generating third motion data compnses performing at least one of
"ﬁltermg and noise removal.

91. A ‘r"hezthod of cc;htrolling an output device of a portabie electronic device

comprising a processor, a first motion sensor, a second motion sensor that

'comprisés an accelerometer, and an output device, the method comprising:

receiving at the processor, from the first motion sensor, first motion data

representing movement of an external object relative to the'portable electronic

' devzce

recervmg at the processor, from the second motion sensor, second motion

data representing movement of the portable electronic device;

generating, at the processor, third motion data based on the first and

second mation data, the third motion data representing movement of the external

object independent of the movement of the portéble electronic device; and
o c_ont'rollin'g t-he output device based on the third motion data\,
wherein the controlling the output device cCOmpriSes:
‘ determining if the third motion data is representative of movement
below a predetermined threshold; and |
. when the determination is affirmative, controlling the output device
based on one of the first and second motion data, and when the

determination is negative, controlling the output device based on the
‘third motion data.

92, The met'ho'd of claim 91, wherein generating thé.third motion data comprises

subtracting one of the first and second motion data from the other of the first and
second motion data.

93. - The method of claim 91 or claim 82, wherein the output device comprises a

display device, and wherein controlling the display device comprises updating a
- representation produced by the display device based on the third motion data.

34

CA 2757971 2018-01-30



10

15

) 94 i-‘The method of any one of claims 81 to 93, wherein the output device

comprises a: speaker, and wherein controlling the speaker comprises varying a

~ volume of the speaker based on the third motion data.

'95.  The method of any one of claims 91 to 94, wherein generating third maotion

data comprises performing at least one of filtering and noise removal.

.96. A portable électronic device comprising:

~ an-output device;
~afirst motion sensor for generating first motion data representing movement
of an external Ob]BC't relatlve to the portable electronic device;

' ', a second motio_n sensor for generating second motion data represénting
movement of the portable electronic deviée, wherein the second motion sensor
comprises an accelerometer: . '

~ a memory for maintaining first and second motion data; and
a processor interconnected with the first moﬁon sensor, the second mation
sénéor-and the memory, the processor configured to receive the first motion data

. ~and the second motion data; the processor further configured to generate third

20

25

‘motion data based on the first and second motion data, the third motion data
- representing movement of the external object Independent of the movemeht of the

portable electronlc device; the processor further confrgured to control the output
device based on the third motion data,

the processor further being configured to determine if the third motion data
is representative of movement below a predetermined threshold; and when the

 determination is affirmative, to control the output device based on one of the first

" and second ,motion'data; and when the determination is negative, to control the

output dévice based on the third moti_on data.
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by:

' 97. The portable electronic device of claim 96, the processor further configured
| - to generate the third motion data by subtracting one of the first and second motion
© data from the other of the first and second motion data.

98. The portable electronic device of claim 96 or claim 97, wherein the output

| devir_:.é comprises a disp'lay device; the processor further configured control the

display device to update 3 representation produced by the display device based

-on the third motion data.

99. The'portable electronic device of any one of claims 96 to 98, wherein the

output device comprises a speaker; the processor further configured to control the

speaker to vary a volume of the speaker based on the third motion data.

100. The portable electronic device of any one of claims 96 to 99, the processor

further configured to perform at least one of filtering and noise removal during

generation of the third motion data.

101, The ‘p'ortable electronic device of any one of claims 96 to 100, wherein the

first motion sensor comprises a digital camera for receiving light from at least one
light emitting diode affixed to the external object.

102. A non-transitory computer-readable medium storing a computer program,
wherein execution of the ooniputer program is for controlling an output device of
a portable electronic device comprising a processor, a first motion sensor, a
second motion sensor that comprises an accelerometer, and an output device,

B

receiving at the processor, from the first motion sensor, first motion data

: représenting movement of an external object relative to the portable electronic .

device;

receiving at the processor, from the second motion sensor, second motion

" data representing movement of the portable electronic device:
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o generating; at the processor, third motion data based on the first and
By secénd motion data, the third motion data representing movement of the external
object independent of the movement of the portable electronic device; and
| controlling the output device based on the third motion data,

S5 . -wherein the controlling the output device comprises:
| . determining if the third motion data is representative of movement

- -below a predetermined threshold; and |
- when the determination is affirmative, controlling the output device
’ | based on one of the first and second motion data, and when the
10 ~ determination is negative, controlling the output device based on the

- third motion data.

- 103. The non-transitory computer-readable medium of claim 102, wherein
~generating the third motion data comprises subtracting one of the first and second

15  motion data from the other of the first and second motion data.

104. 'The' nori-trénsitory computer-readable medium of claim 102 or claim 103,
~ wherein the output device comprises a display device, and wherein controlling the
display device comprises updating a representation produced by the display

20  device based on the third motion data.

105. The non-transitory computer-readable medium of any one of clairfls 102 to
104, wherein the output device comprises a speaker, and wherein controlling the

speaker comprises varying a volume of the speaker based on the third motion
25 data.

106. The non-transitory computer-readable medium of any one of claims 102 to
105, wherein generating third motion data comprises performing at least one of
filtering and noise removal.
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