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IMAGE/VIDEO CAPTURING METHOD AND APPARATUS

Technical Field

The present disclosure relates to the ficld of digital photography/video. More

(¥,

particularly, the present disclosure relates to image/video capturing methods and

apparatus.

Background

The background description provided herein s for the purpose of generally

presenting the context of the disclosure. Unless otherwise indicated herein, the materials
10 described m this section are not prior art to the claims m this application and are not
admatted to be prior art by inclusion in this section.

With advances in integrated circuits, digital photography/video has become
ubiquitous. fn recent vears, head-wom, or generally body-worn, cameras have gained
mncreased populanity. Frequently, users of head/body-wom cameras would hike to make a

15 tme lapse or hyper fapse movie by caphiring a time series of images/videos, ¢.g., every
30 seconds, every minute, or every 15 minutes, and so forth. Frequently, users would
prefer these time series images/videos being taken from a consistont view, ¢.g., a frontal
view, reflecting what the user sees.

One issue with taking a time series of images with head-worn cameras is that the

20 user may change his head orientation away from the desired frontal orientation
when an image/video s about to be capture. For instance, when recording a time
lapse movie while cycling up a mountain pass, the user might change his head
ortentation to the his left or right side to look at a car passing him, consulting road

traffic signs, and so forth, just at the moment when an image is to be captured. As a

o]
(¥,

result, the captured scene in an image/video 1s not towards the path the camera/bike
has been following. In turn, the time lapse movies formed with the captured
unages/videos nught look like a collection of random shots front, feft and right, and
appear unnatural and unpleasant. Typically, the user will have to engage i post filming
editing to create a more coherent movie that 1s more natural and pleasant. Even with post
30 filming editing, the improvement might be limiied, since a number of the properly oriented
images/videos may be missing,.

While existing wearable cameras may include technologies to address the
issue of image/video stability, there are no known technologics that assist/address

i
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the above described 1ssue associated with capturing a time series of

images/videos to produce a more natural and pleasant time lapsed movie.

Brief Description of the Drawings

Embodiments for generation and animation of avatars will be readily understood
by the following detailed description in conjunction with the accompanying drawings. To
facilitate this description, like reference numerals designate like stroctoral elements.
Embodiments are iHhustrated by way of example, and not by way of hmitation, in the
figures of the accompanying drawings.

Figure 1 illustrates an example wearable device incorporated with the image/video
capturing technology of the present disclosure, according to various embodiments.

Figure 2 illustrates example hardware and software components of the wearable
device of Figure 1, according to various embodiments.

Figure 3 iHlustrates an example process for tracking desired and actual orientations
of a camera; according to various ¢mbodiments,

Figure 4 illustrates an cxamplc process for controlling activation of a camera,
according o varous embodiments,

Figare 3 tHustrates a storage medium having mstractions for programming a
wearable device to practice methods described with references to Figures 3-4, according to

disclosed embodiments,

Betailed Description

Apparatuses, methods and storage medium associated with capturing images are
described herein. In embodiment, an apparatus may include one or more processors | and
an image or video capturing application to be operated by the one or more processors to
capture One OF MOTe IMages using a camera worn on a user’s head, that includes an
orentation function to determine a desired and an actual orientation of the camera,
wherein to determine, the ortentation function is to receive a collection of a plurality of
sensor data, and process the collection of sensor data to determine the desired and actual
oricntations of the camera; a control function to control the camera, wherem to control, the
control function is to delay or suspend activation of the camera, if the actual ortentation s
misalignod with the desired orientations of the camera in excess of a misaligament
threshold. In embodiments, the one or more images may be part of a time series of tmages

or videos.
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In the following detailed description, reference 1s made to the accompanying
drawings which form a part hereof wherein like numerals designate like parts throughout,
and 11 which is shown by way of dlustration crobodiments that may be practiced. Itisto
be understood that other embodiments may be utilized and structural or logical changes
may be made without departing from the scope of the present disclosure. Therefore, the
following detailed description is not to be taken in a limiting sense, and the scope of
embodiments is defined by the appended claims and their equivalents,

Aspects of the disclosure are disclosed n the accompanying description. Alterate
embodiments of the present disclosure and their equivalents may be devised without
parting from the spint or scope of the present disclosure. It should be noted that hike
elements disclosed below are mdicated by like reference numbers in the drawings.

Various operations may be described as multiple discrete actions or operations in
tarmn, in a manner that s most helphyd in voderstanding the claimed sobject matter.
However, the order of description should not be construed as to mmply that these
operations are necessarily order dependent. In particular, these operations may not be
performed in the order of presentation. Operations described may be performed in 3
different order than the described embodiment. Various additional operations may be
performed and/or described operations may be onutted in additional embodiments.

For the purposes of the present disclosure, the phrase “A and/or B” means (A), (B},
or (A and B). For the purposes of the present disclosure, the phrase “A, B, and/or C7
means (A), (B1L(0), (Aand B), (Aand C), (Band C), or (A, Band ().

The description may use the phrases “in an embodiment,” or “in embodiments,”
which may each refer to one or more of the same or different embodiments. Furthermore,

99

the terms “comprising,” “including,” “having,” and the like, as used with respect to
embodiments of the present disclosure, are synonymous.

As used herein, the term “module” may refer to, be part of, or include an
Application Specific Integrated Circuit {ASIC), an electronie circuit, a processor {shared,
dedicated, or group) and/or memory {shared, dedicated, or group) that execute one or more
software or firmware programs (having a number of machine instructions generated from
assembler matructions or complied from higher level language instructions), a
combinational logic circuit, and/or other suitable components that provide the described
functions/functionalities.

Referring now to Figare 1, wherein a diagram tllustrating the image capturing

technology of the present disclosure, according to various embodiments, is depicted. As

(7S]
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shown, a user (not shown} may be wearing a head-worn device, such as eyeglass 70
having integrated camera 82. fntegrated camera 82 may be configured to enable a user to
program integrated camera 82 to capture a collection of tirae serics images or videos while

traveling on a route, such as route 52, For examples, a user may program integrated

A

camera 82 to capture an image or a short video every 30 seconds, every minute, every 13
minutes, and so forth.
Arrows 54 denote the desired orientation of camera 82 af vanous points in time
along route 52, which may be aligned with the corresponding forward directions of route
52. Arrows 36, on the other hand, denote the actual onentations of the user’s head and
10 camera 82 at the same points 1o time along route 52, The desired and actual ortentations
of camera 82, at the various pomts n time, may or may not be aligned. For example, at
point B, the user may be distracted by a road sign, locking left ~45 degrees from the
desired frontal orientation; at point I, by an animal;, looking right ~45 degrees from the
desired frontal orientation; at point F, by atratfic officer, looking left ~90 degrees from

15 the desired frontal ortentation, and so forth. Thus, if images or videos were captured at
these points in time (B, D and F), the images or videos will not have the desired forward
view, inconsistent with images or videos captured at other points in time (A, C, E and )
when the actual and desired onientations of the camera are aligne

The problem may be advantageously scolved by the image/video capturing

20 techuology of the present disclosure incorporated with wearable device 70, which may
track the desired and actual orientations of camera 82, and delay the capturing of an
image/video, at an activation time, if the desired and actual orientations are detected to be
misaligned in excess of a nisalignment threshold. For video application, the duration of
the video to he captured may be shorten. For example, on detection of the excessive

25 nusalignments at activation poinis B, D and E, the image/video captunng technology of
the present disclosure may cause the capturning of the images/video to be respectively
delayed to points C, E and G instead {or shortened until these points, in the case of video),
where the actual and desired orientations are substantially aligned. In embodiments, the
1mage/video capturing technology of the present disclosure, m hicu of waiting for detection

30 of actual alignment, predicts when the desired and actual orientations may be aligned

again (¢.g., points, B, D and E}, and delay the activations {or resumed the shortened

capturing of videos) based on the predictions (to be described more fully below).

As illustrated, in embodiments, wearable device 70, 1 addition to camera 82, may
include a number of sensors, such as, but are not limited to, global positioning system

4
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(GPS) 72, gyroscopes 74, accelerometer 76, speedometer 78, and compass 80.
Additionally, 1n embodiments, wearable device 70 may mchude processor 84 having
unage/video capturing application 990 and operating svstem {(OS) 93. OS5 93 may wnclude
orientation function 92 configured to track the desired and actual orientations of camera
&2, based at least in part on the sensor data provided by sensors 72-80. Image/video
captuning application 90 may nclude control function 94 configured to control camera 82
1o capture successive time series images/videos (e.g., as programmed bv a user). To
enhance the consistency of the time series images/videos captured (1.e. from substantially
the same view point}, control function 94 may be configured to delay activation of camera
82 {or shorten the capturing, in the case of video), if at an activation point/duration in time,
the actual onentation of camera 82 (as determined by ornentation function 92} is
misaligned from the desired ortentation of camera 82 {as determined by orientation
function 92) in excess of a misalignment threshold, e.g., greater than 30 degrees in either
direction. In embodiments, on detection of an excessive misalignment, control function 94
may predict when the desired and actual orientations may be aligned again, and delay the
activation {or resumption of capturing} based on the prediction. In other embodiments, the
amount of delay may be hmited to a configurable maximum amount.

These and other aspects of the image/video capturing technology of the present
disclosure will be further described with references to the remaining figures. But beforg
doing so. it should be noted that, while wearable device 70 15 ilhustrated as an ¢veglass in
Figure 1, the present disclosure may be incorporated into any wearable device, e.g., but are
not limited to, a motor cveling helmet, a biking helmet, a skiing helmet, a fighter pilot’s
helmet, an astronaut’s helmet, a diver’s helmet, a hard hat, a snorkeling goggle, a head
band, an ear ring, an ¢ar phone, and so forth. Further, wearable device 70 may have more
or less sensors 72-80 incorporated therein to provide the sensor data.

Referring now to Figure 2, wherein an example architectural view of the wearable
device of Figure 1, according to various embodiments, is illustrated. As shown, in
embodiments, wearable device 70 may include wearable body 105 hosting hardware 101
and software 103, operatively coupled with each other as shown. Hardware 101, as
deseribed ecarlier, may include processor 84, and additionally, memory 104 and
input/output (I/0) devices 108, Software 103, as described earlier, may include O8 93 and
image capture applications 90.

Except for its use 1o execute image capturing application 90 and 08 93, processor
102 may anvy one of a number of processors known in the art, having one or more

3
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processor cores. Memory 104 may be any known volatile or non-volatile memory known
in the art, suitable for storing instructions and data, e.g., data 112 associated with the
tracked travel route, including the desired and actual onentations of camera 82 determined
at various points m time. Memory 104 may mclude a hierarchy of cache memorv and
system memory. Both the cache and systemn memory may be respectively organized mto
cache lings and memory pages.

/O devices 108, as described carlier, may include camera 82, disposed on
wearable body 105 and configured to captore images, ncluding time series images; and
sensors like GPS 72 configured to provide global positioning system data, gyroscopes 74
configured to provide stability and/or direction reference data, accelerometer 76
configured to provide acceleration (g-force) data, speedometer 78 configured to provide
velocity data, and compass 80 configured to provide directional data. Additionally, VO
devices 108 may include a display screen to provide a camera view of camera 82, Further,
O devices 108 mayv include communication or networking mterfaces (not shown), such
as Ethernet, WiK1, 3G/4G, Bluetooth®, Near Field Communication, Umiversal Serial Bus
{(USB) and so forth. Except for their usage by the time series imaging techuology of the
present disclosure, these clements, camera 82, GPS 72, gvroscopes 74, accelerometer 76,
speedometer 78, compass 80, display screen, and communication or networking interfaces
may be any one of such clements known in the art.

OS5 93, except for orientation function 92 configured to continuounsty/peniodically
deternuine the desired and actual direction of camera 82, may similarlv be any one of a
munber of OS known in the art. Likewise, image/video capture application 90, including
controf function 94, except for the mmage/video capturing technology of the present
disclosure, may be any ong of such elements known in the art.

Orientation function 92 and control function 94 will be further described with
references to Figures 3 and 4. But before doing so, it should be noted that while for ease
of understanding, the image/video capturing technology/functions are being described as
distributed and performed bv ortentation function 92 and control function 94, in alternate
embodiments, the functions may be organized m other arrangements. For examples,
ortentation function 92 may be part of image capture application 90. The functions of
determining the actual and desired orientations mayv be divided ito multiple functions,
modules or routinegs, and so forth. Similarty, while for ease of understanding, various
sensors 108, such GPS, compass ete. have been described as being disposed in wearable
devices, in alternate embodiments, some of these sensors 108 may be disposed with the

6
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vehicle the user is traveling m/on or a mobile device, such as a smartphone, located with
the user, with wearable device 70 receiving some of the sensed data from these remotely
disposed sensors. Conversely, in some embodiments, control function 94 and orientation
function 92 may be remotely disposed in the vehicle the user 1s traveling in/on, or a mobile
device, such as a smartphone, located with the user, and receive sensed data from sensors
disposed within wearable device 70, process the sensed data, and provide instructions to
the camera disposed on wearable device 70.

Referring now Figure 3, wherein an example process for determining the desired
and acteal orientations of camera; according to various embodiments, 1s dhustrated. Ag
shown, process 300 for determining the desired and actual orientations of camera may
include operations at blocks 362-312. The operations may be performed e g, by
orientation function 92 of Figare 2. Thus, Figure 3 also depicts the algorithmic stracturg
of orientation function 92. In alternate embodiments, some of the operations at blocks
302-310 may be sphit, combined or omitted. Still in other embodiments, process 300 may
be practiced with additional operations.

As shown, during operation, process 300 may start at block 302, At block 362,
various seasor data, ¢.g., GPS data, gyroscope data, accelerometer data, speedometer data,
compass data and so forth may be received. Next, process 300 may proceed to blocks 304
and/or 308,

At block 304, the sensor data may be processed to track and update the travel
route. In embodiments, the travel route may be deternuined and tracked based on the GPS
data, and on determination/update of the travel route, the current desired onentation of the
camera may be determined. In some embodiments, the GPS data may be avgmented by
the gyroscope data, accelerometer data, speedometer data, and/or compass data, when
determining and tracking the travel route. In embodiments, a mathematical representation,
e.g., a polynomial, may be calculated for tracking the travel route. The polynomial may
be computed, ¢.g., based on regression analysis. In embodiments, the travel route tracked
may be limited to a most recent duration, e.g., the last minute, the last 3 minutes or the last
15 munutes and so forth. At block 306, on update of the travel route, the desired
onentation of the camera may be determination. For embodiments where a polynomial is
computed to tack the travel route, the desired orientations of the camera at various points
may be determined based on the tangents at various pomnts of the curve depicted by the
polynomial. The tracked travel route, including the desired orientations at various points
may be stored and maintained o a data structure, such as a table or a database, in memory

7
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of the wearable device.
At block 308, the sensor data may be processed o determine the actual orientation
of the camera. In embodiments, the actual orientation of the camera may be deternuined

based on a deternunation of the current head orientation of the user. In embodiments, the

A

current head orientation of the user may be determined based on the gyroscope data and
accelerometer data. At block 310, on determination/update of the current head orientation,
a log of the actual orientations the camera along the travel route may be updated. Similar
to the travel route including the desired orientations, the actual orientation log may
likewise be stored and maintained in the same or a different data structure in memory of
10 the wearable device.

On completion of the operations at blocks 306 and 310, process 300 mayv retwrn fo
block 302, and continue therefrom as carlier described. Process 300 may loop
continuously during operation {wheo the wearable device is powered on).

Referring now Figure 4, wherein an example process for controlling the camera;

15 according to various cmbodiments, is llustrated. As shown, process 400 for controlling
the camera may inclade operations at blocks 402-412. The operations may be performed
e.g., by control tunction 94 of Figure 2. Thus, Figure 4 also depicts the algorithmic
structure of control function 94. In alternate embodiments, some of the operations at
blocks 402-412 may be split, combined or omitted. Sull in other embodiments, process
20 400 may be practiced with additional operations.

At block 402, a determination may be made on whether it is time to activate the
camera to capture an image or video. I a result of the determination is negative, process
400 may remain at block 402, until a result of the determination is positive.

At block 404, on determination that it is time to activate the camera to capture an

25 image or video, the current desired and actual orientation of the camera may be retrieved,
¢.g., from the earlier described data structures maintained by origntation function 92,

At block 406, on retricval of the current desired and actual ortentations of the
camera, a determination may be made on whether the two orientations are substantially
aligned, or excessively misaligned, in excess of a misalignment threshold. For example,

30 the two origntations may be considered excessively misaligned if the two orentations are
out of alignment by at least 30 degrees. In embodiments, the misalignment threshold may
be configurable by the user.

If a result of the determination indicates that the desired and actual orientations are
substantially aligned, i.e. not excessively misaligned, process 400 may proceed to block

Bt
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408. At block 408, the camera may be activated to capture an image or video. Un
activating the camera and completing capture an image or video, process 400 may return
to block 402, and continue therefrom as earlier described.

{n the other band, if a result of the deternination indicates that the desired and
actual orientations are excessively misaligned, process 400 may proceed to block 410, At
block 410, a prediction on when the next point in time the desired and actual orientations
may be substantially aligned may be computed. In embodiments, the prediction may be
made based on the historical data of the desired and actual orientations along the tracked
travel route, that is, the historical durations of misalignment. In embodiments, the
prediction may be made using on the Kalman filtering technique. In other embodiments,
the prediction may be made using Bavesian inference. Thus, the predictions may be self-
leaning/correcting. On computing the prediction, process 400 may proceed to block 412,

At block 412, the activation may be delayed by an amount of time in view of the
predicted next point of substantial alignment of the desired and actual oricntations. Afier
delaying an amount of time based on the prediction, process 400 may proceed to block
408 At described earlier, at block 408, the camera may be activated to capture an image
or video. On activating the camera and completing capturing an image or video, process
400 may return to block 402, and continue therefrom as carlier described. As described
earlier, the amount of delay may be imited to a configurable maximm amount.

In varicus video capturing embodiments, depending on the length of the video to
be capturcd at each activation, process 400 may repeat the alignment determination, and
shorten the duration of the video capturing, if the actual and desired origntations became
misaligned in excess of the misalignment threshold during capturing of the video.

Process 400 may loop continuously during operation {when the wearable device is
powered on).

Note that while for ease of understanding, the desived orientation has generally
been described as the forward view depicted e.g., by the tangent of tracked travel route,
and the camera is described as being substantially aligned and activated when the head
onentation is substantially facing forward, the 1mage capturing technigue of the present
disclosure 1s not so hmited, and may be practiced with other desired and/or actual
oricntations. For exampices, the camera may be side mounted with the desired
view/orientation being 90 degrees offset from the forward view/orientation, or rear
mounted with the desired view/orientation being 180 degrees offset from the forward
view/orientation. In either case, a deternunation that the desired and actual orientations

9
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are substantially aligned may still be made by detecting for the head orientation being
aligned with the tangent of the tracked travel route, when the offset is taken into
consideration. Thus, the above described determination of alignment/misalignment

applics to any view and/or head orientation, when the offsets are properly taken into

A

consideration.
Usage Examples.
Exampie 1:
Bob likes to nide the bicycle. He usually rides it during week-ends for several
hours, climbing hills and mountains, following the routes of Tour de France, going
10 through magnificent Alpine scenery and lovely landscapes. As an amateur video
maker, he would really hike to captare hyper lapse movies of his ride, using his
sports watches or helmet to record his sports and life experience. Bob travels on
roads with traffic, so he has to watch cars passing him, look at traffic signs, and he is
sometimes also distracted by side events along the road. 5o his head frequently

15 tumns left and right. Using his regular action camera, his hyper lapse movies have
always been disappointing because the camera orientation is always changing, which
becomes painful to watch. Using a wearable device incorporated with the image
capturing technology of the present disclosure, and taking pictures when the head
is properly oriented and with the most appropriate shutter speed might significantly

20 improve his movics guality, and he would finally be sufficiently satisfied with the

quality of the hyper lapse movies, and sharing them on social networks.

Hxample 2:

Jessica is a visual art student, and she often records hyper lapse movies

while walking across busy pedestrian streets in European old city centers. As she

N
n

often talks to and interacts with people on the street, she likes to work hands-free
and carries smart glasses to perform the recording. As she looks around streets to
find her way and avoid obstacles and other pedestrians, her head constantly changes
direction. Her action camera 1s not up to the task because it captures frames at
given sampling times, irrespective of her head orientation, resulting in ugly looking
30 movies. So far, she has been using post-production tools to perform stabilization of
her movies, but those tools are expensive, and require a great deal of work after the
movie has been captured. With the wearable device mcorporated with the image

captuning technology of the present disclosures, the captured images are most likely to

10
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be aligned along the direction of the general path she’s following, enhancing the
quality of her video movies.

As will be appreciated by one skilled in the art, the present disclosure may be
embodied as methods or computer program products.  Accordingly, the present
disclosure, in addition to being embodied 1o hardware as earlier described, may take the
form of an entirely software embodiment (including firmware, resident software, micro-
code, ete.) or an embodiment combining software and hardware aspects that may all
generally be referred to as a “circuit,” “module” or “systemn.”  Furthermore, the present
disclosure may take the form of a computer program product embodied in any tangible or
non-transitory medinm of expression having computer-usable program code embodied in
the medium. Figure 5 illustrates an example compuier-readable non-transitory storage
medium that may be suitable for use to store instructions that cause an apparatus, in
response to execution of the instructions by the apparatus, to practice selected aspects of
the present disclosure.

As shown m Figure 3, non-transitory computer-readable storage medivm 502 may
include a number of programming instructions 504, Programuming instructions 504 may
be configured to enable a device, e.g., wearable device 70, in response to execution of the
programming instructions by its processor, to perform, e.g., various operations associated
with fimage capturing application 90 and 0S5 93, In alternate embodiments, programming
instructions 504 may be disposed on multiple computer-readable non-transitory storage
media 502 instead. o alicmate embodiments, programming instructions 504 may be
disposed on computer-readable transitory storage media 502, sach as, signals.

Any combination of one or more computer usable or computer readable media may
beutilized.  The computer-usable or computer-readable medium/media may be, for
example but not limited to, an electronic, magnetic, optical, eleciromagnetic, intrared, or
semiconductor system, apparatus, device, or propagation medium.  More specific
examples (a non- exhaustive listy of the computer-readable mediim would inchude the
following: an electrical connection having one or more wires, a poriable computer diskette,
a hard disk, a random access memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash memory), an optical fiber, a portable
compact disc read-only memory (CD-ROM), an optical storage device, a transmission
media such as those supporting the Internet or an intranet, or a magnetic storage device.
Note that the computer- ssable or computer-readable medium/media could even be paper
or ancther suitable medivwm vpon which the program i3 printed, as the program can be

i1
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electronically captured, via, for instance, optical scanning of the paper or other medium,
then compiled, interpreted, or otherwise processed in a suitable manner, if necessary, and
then stored in a computer memory. In the context of this document, a computer-usable or
computer-readable mediuvm may be any medium that can contain, store, communicate,
propagate, or transport the program for use by or in connection with the mstruction
execution system, apparatus, or device.  The computer- usable medivm may inciude a
propagaied data signal with the computer-usable program code embodied therewith, cither
in baseband or as part of a carrier wave.  The computer usable program code may be
transmitted uvsing any appropriate medivm, including but not limited to wireless, wirchine,
optical fiber cable, RF, etc.

Computer program code for carrving out operations of the present disclosure may
be written in any combination of one or more programming languages, including an ohiect
oriented programming language sach as Java, Smalltalk, C++ or the like and conventional
procedural programiming languages, such as the “C” programuming language or sinular
programming languages.  The program code may execute entirely on the user's computer,
partly on the user's computer, as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on the remote computer or server. In
the fatter scenario, the remote computer may be connected to the user’s computer through
any type of network, including a local area network {LAN} or a wide arca network (WAN),
or the connection may be made to an external computer (for example, through the Internet
using an Intermnet Service Provider).

The present disclosure ts desertbed with reference to flowchart illustrations and/or
block diagrams of methods, apparatus (systems} and computer program products according
to embodiments of the disclosure. It will be understood that each block of the flowchart
iltustrations and/or block diagrams, and combinations of blocks in the flowchart
illastrations and/or block diagrams, can be implemented by computer program
instructions.  These computer program instructions may be provided to a processorofa
general purpose computer, special purpose computer, or other programmable data
processing apparatus to produce a machine, such that the instructions, which execute via
the processor of the computer or other programmable data processing apparatus, create
means for implementing the functions/acts specified in the flowchart and/or block diagram
block or blocks.

These computer program instractions may also be stored 1n a computer-readable
medium that can direct a computer or other programmable data processing apparatus 1o

12
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function in a particolar manner, such that the instructions stored in the computer-readable
medium produce an article of manufacture including instruction means which implement
the function/act specified in the flowchart and/or block diagram block or blocks.

The computer program instructions may also be loaded onto a computer or other

A

programmable data processing apparatus to cause a series of operational steps to be

performed on the computer or other programmable apparatus to produce a computer

implemented process such that the instructions which execute on the computer or other
programmable apparatus provide processes for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks.

10 The flowchart and block diagrams in the tigures iltustrate the architecture,
functionahity, and operation of possible implementations of systems, methods and
computer program products according to various embodiments of the present disclosure.
In this regard, each block in the flowchart or block diagrams may represent a module,
segment, or portion of code, which comprises one or more executable instructions for

15 implementing the specified logical function{s). It should also be noted that, in some
alternative implementations, the functions noted in the block mav occur out of the order
noted in the figures.  For example, two blocks shown 1 succession may, 1 fact, be
executed substantially concurrently, or the blocks may sometimes be executed m the
reverse order, depending upon the functionality involved. It will also be noted that each

20 block of the block diagrams and/or flowchart iHlustration, and combiations of blocks in
the block diagrams and/or flowchart illustration, can be implemented by special purpose
hardware-based systems that perform the spectfied fimetions or acts, or combinations of
special purpose hardware and computer mstractions.

The terminology used herein is for the purpose of describing particular

25 embodiments only and is not intended to be limiting of the disclosure.  As used herein,
the simgular forms “a,” “an” and “the” are mtended to mchude phiral forms as well, unless
the context clearly indicates otherwise. 1t will be further understood that the terms
“comprises” and/or “comprising,” when used in this specification, specific the presence of
stated features, mtegers, steps, operations, elements, and/or components, but do not

30 preclude the presence or addition of one or more other features, mtegers, steps, operation,

clements, components, and/or groups thereof

Embodiments may be implemented as a computer process, a computing sysiem or
as an article of manufacture such as a computer program product of computer readable

media. The computer program product may be a compuier storage medium readable by a
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computer system and encoding a computer program instructions for executing a computer
ProCess.

The corresponding structures, material, acts, and equivalents of all means or steps
plus function elements in the claims below are intended to mclude any structure, material
or act for performing the function in combination with other claimed elements are
specifically claimed. The descrniption of the present disclosure has been presented for
purposes of llustration and description, but is not mtended to be exhaustive or limited to
the disclosure in the form disclosed.  Many modifications and vanations will be apparent
to those of ordinary skill without departing from the scope and spirit of the disclosure. The
embodinment was chosen and described in order to best explain the principles of the
disclosure and the practical application, and to enable others of ordinary skifl in the art to
understand the disclosure for embodiments with various modifications as are suited to the
particular use contemplated.

Referring back to Figure 2, for one embodiment, processor 84 may be packaged
together with memory having at least some of programming mstructions 504
implementing, ¢.g., orientation function 92 or control function 94 (in liew of storing in
memory 104}, For onc cmbodiment, processor 84 may be packaged together with memory
having at least some of programming mstructions 504 mmplementing, ¢.g., onentation
function 92 or control fimetion 94, to form a System 1n Package (5P}, For ong
embodiment, processor 84 may be integrated on the same die with memory having
programming instructions 304 implementing, ¢.g.. orientation function 92 or control
function 94. For one embodiment, processor 84 may be packaged together with memory
having programming instructions 504 implementing, ¢.g., orientation function 92 or
control function 94 to form a System on Chip (So().

Thus various example embodiments of the present disclosure have been described
including, but are not limited to:

Example 1 mayv be an apparatus for capturing images or video, comprising: one or
more processors ; and an image or video capturing application to be operated by the one or
MOre Processors to capture one Or more Images using a camera worn on a user’s head.
The mmage captoring application may inchude: an onentation function to determine a
desired and an actual orientation of the camera, wherein to determine, the orientation
function may receive 4 collection of a plurality of sensor data, and process the collection
of sensor data to determine the desired and actual orientations of the camera; and a control
function to control the camera, wherein to control, the control function may delay or

14
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saspend activation of the camera, if the actual orentation 1s misaligned with the desired
oricntation of the camera in excess of a misalignment threshold.

Example 2 may be example 1, wherein to deternine the desired oricntation, the
orientation function may determing a current tangeni of a route the user is traveling.

Example 3 may be example 1, wherein to determine an actual orientation, the
orientation function may determine a current orientation of the user’s head.

Exaraple 4 mav be example 1, wherein the onentation function may further
estimate when the actual orientation will aligned with the desired orientations of the
camera in less than a nusalignment threshold.

Example 5 may be example 4, wherein the control function may delay or suspend
activation of the camera by an amount of time sufficient for the actual onentation to be
aligned with the desired orientation of the camera in less than the misalignment threshold.

Example 6 may be example 1, wherein the image or video capturing application
may capturce a time series of images or videos using the camcera, and the one or more
images arc of the time series of images or videos; wherein the ortentation function may
continuously determine the desired and the actual orientation of the camera at cach of a
number of successive points in time, wherein to continuously determine, the orientation
function may penodically receive collections of the plurality of sensor data, and process
the collections of the sensor data to determine the desired and actual orientations of the
camera at the successive pomnts in time; and wherein to delay or suspend activation of the
camera may delay or suspend activation of the camera in capturing a next one of the time
series of images, and the control function may delay or suspend activation of the camera in
capturing the next one of the time series of images or videos, when at or during a next
activation time, the determined actual orientation is misaligned with the deternuned
desired onientations of the camera in excess of a misalignment threshold. .

Example 7 may be example 6, wherein the orientation function may process the
collections of the sensor data to generate a model of a route the user is fraveling; and
wherein to determine the desired orientation at cach of the successive points in time, the
onentation function may deternmine a tangent of the route for cach of the successive points
n time.

Example 8 may be example 6, wherein to determine an actual orientation at each of
the successive points m time, the onentation function may determine a current ortentation

of the user’s head at each of the successive points in time,



WO 2017/222522

A

10

25

PCT/US2016/038823

Example 9 may be example 8, wherein to delay or suspend activation of the
camera may delay or suspend activation of the camera in captunng a next one of the time
serics of images or videos; wherein the countrol function may delay or suspend activation
of the camera in capturing the next one of the time senes of images or videos, when at or
during a next activation time, the determined current orientation of the user’s head s
misaligned with the determined desired orientations of the camera in excess of a
misalignment threshold.

Example 10 may be example 9, wherein the ortentation function may further
estimate, when the current orientation of the user’s head is misaligned with the desired
orientations of the camera in excess of the misalignment threshold, when the orientation of
the user’s head will aligned with the desired orientations of the camera mn less than the
misalignment threshold.

Example 11 may be exampie 10, wherein to delay or suspend activation of the
camera may delay or suspend activation of the camera in capturing the next one of the
time series of images or videos by an amount of time sufficient for the orientation of the
user’s head to be aligned with the desired orientation of the camera in less than the
nusalignment threshold.

Example 12 may be any one of examples 1-11 further comprising a wearable body
to be worn on the user’s head, the camera disposed thereon, and at least two or more of a
global positicning system, a gyroscope, an accelerometer, a speedometer, or a compass 1o
provide the sensor data disposed on the wearable body.

Example 13 may be example 12, wherein the apparatus may be an evewear or a
headwear.

Example 14 may be a method for capturing images or videos, comprising:
collecting or receiving, by an apparatus, a plurality of sensor data; processing, by the
apparatus, the sensor data to determine a desired and an actual orientation of a camera
worn on a user' s head; and controlling, by the apparatus, the camera, including delaying or
suspending activation of the camera to capture one or more images, if the actual
orientation 1s misaligned with the desired orientation of the camera in excess of a
misalignment threshold.

Example 15 may be example 14, wherein processing to determine the desired
orientation may comprise processing to determune a current tangent of a route the user is

traveling.
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Example 16 may be example 14, wherein processing to determine an actial
oricrtation may comprise processing to determine a current orientation of the uvser’s head.
Example 17 may be example 14, wherein processing further may comprise

estimating when the actual orentation will aligned with the desired orientations of the

A

camera i less than a misalignment threshold.

Example 18 may be example 17, wherein controlling may comprise delaving or
suspending activation of the camera by an amount of time sufficient for the actual
ortentation to be aligned with the desired orientation of the camera in leas than the
misalignment threshold.

10 Example 19 may be any one of examples 14-18, wherein the apparatus is a device
wearable on the user’s head comprising the camera and a plurality of sensors to collect the
sensor data, and the one ro more image may be part of a ime serics of images or videos o
be captured; wherein processing to determing may comprise continuous processing to
deternuine the destred and the actual orientation of the camera at cach of a number of

15 successive points in time, wherein continuous processing may comprise periodically
recetving collections of the plurality of sensor data, and processing the collections of the
sensor data to determine the desired and actual orientations of the camera at the successive
points in time; and wherein delaymg or suspending activation of the camera may comprise
delaying or suspending activation of the camera in caphuring a next one of the time series

20 ofimages or videos, and delaying or suspending activation of the camera in capturing the
next one of the time series of images or videos may comprisc delaying or suspending at or
during a next activation time, when at or during the next activation time, the determined
actual orientation is misaligned with the determined desired onentations of the camera in
excess of a misalignment threshold. .

25 Example 20 may be example 19, wherein processing may comprise processing the
collections of the sensor data to generate a model of a route the user is traveling; and
wherein processing to determine the desired orientation at cach of the successive points in
time may comprise processing to deternine a tangent of the route for cach of the
successive points in time.

30 Example 21 may be cxample 19, wherein processing to determine may comprise

processing to determine a current orientation of the user’s head at cach of the suceessive

points in time.

Example 22 may be example 21, wherein delayimg or suspending activation of the
camera may comprise delayving or suspending activation of the camera in capturing a next

17
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one of the time series of images or videos; wherem delayving or suspending activation of
the camera in capturing the next one of the timg series of images or videos may comprise
delaying or suspending activation at or during a next activation time, when at or during
the next activation time, the determined current orientation of the user’s head 15
misaligned with the determined desired orientations of the camera in excess of a
misalignment threshold.

Example 23 may be example 22, wherein processing further may comprise
cstimating, when the current orientation of the user’s head is misaligned with the desired
oricntations of the camera in excess of the misalignment threshold, when the orientation of
the user’s head will be aligned with the desired orientations of the camera n less than the
nusalignment threshold.

Example 24 may be example 23, wherein delaying or suspending activation of the
camera may compiise delaving or suspending activation of the camera in capturing the
next one of the time series of images or videos by an amount of time sufficient for the
onentation of the user’s head to be aligned with the desired onentation of the camera in
less than the misalignment threshold.

Example 25 may be one or nore computer-readable media comprising instructions
that cause an apparatus, i response to execution of the mstructions by a processor of the
apparatus, to cause the apparatus to collect a plurality of sensor data; process the sensor
data to determine a desired and an actual orientation of a camera worn on a user’s head;
and control the camera, including delay or suspend activation of the camera to capture one
or more images, if the actual orientation 1s nusaligned with the desired orientation of the
camera in excess of a misalignment threshold.

Example 26 may be example 25, wherein to detenmine the desired orientation may
comprise to determine a current tangent of a route the user is traveling,

Example 27 may be example 25, wherein to determine an actual orientation may
comprise to determine a current orientation of the user’s head.

Exaraple 28 may be example 23, wherein the wearable device may be further
caused to estimate when the actual orientation will bealigned with the desired orientations
of the camera in less than a misalignment threshold.

Example 29 may be example 28, wherein to delay or suspend may comprise to
delay or suspend activation of the camera by an amount of time sufficient for the actual
orientation to be aligned with the desired orientation of the camera in less thanthe
misalignment threshold.

18
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Example 30 may be any one of examples 25-29, wherein the apparatus is a device
wearable on the user’s head comprising the camera and a plurality of sensors to collect the
sensor data, and the one or more images are of the time serics of images or videos;
wherein to process may comprise to continuously determine the desired and the actual
origntation of the camera at gach of a mumber of successive points in time, wherein to
continucusly determing may comprise to periodically receive collections of the plurality of
sensor data, and process the collections of the sensor data to determine the desired and
actual orientations of the camera at the successive pomnts in time; and wherein to delay or
suspend activation of the camera may comprise to delay suspend activation of the camera
in capturing a next one of the time senies of images or videos, and to delay suspend
activation of the camera in capturing the next one of the time series of images may
comprise to delay suspend at or during a next activation time, when at or during the next
activation time, the determined actual orientation is misaligned with the determined
desired orientations of the camera in excess of a misalignment threshold.

Example 31 may be example 30, wherein to process may comprise (o process the
collections of the sensor data to generate a model of a route the user is traveling; and
wherein to determine the desired orientation at cach of the successive points in time may
comprise to determune a tangent of the route for cach of the successive points n time.

Example 32 may be example 30, wherein to determine an actual orientation at each
of the successive points in time may comprise to determine a current onentation of the
user’s head at cach of the successive points i time.

Example 33 may be example 32, wherein to delay suspend activation of the camera
may delay suspend activation of the camera in capturing a next one of the time series of
unages or videos; whercin to delay suspend activation of the camera m capturing the next
one of the time series of images or videos may comprise to delay suspend at or duning a
next activation time, when at or during the next activation time, the determuned current
orientation of the user’s head is misaligned with the determined desired orientations of the
camera in cxcess of a misaligniment threshold.

Example 34 may be example 33, wherein the wearable device may be further
caused to estimate, when the current orientation of the user’s head is misaligned with the
desired onentations of the camera in excess of the misalignment threshold, when the
orientation of the user’s head will bealigned with the desired onientations of the camera in

less than the misalignment threshold.
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Example 35 may be example 24, wherein to delay or suspend activation of the
camera may comprnse to delay or suspend activation of the camera in capturing the next
one of the time serics of images or videos by an amount of time sufficicnt for the
orientation of the user’s head to be aligned with the desired orientation of the camera in
less than the misalignment threshold.

Example 36 may be an apparatus for capturing tmages or videos, comprising;
means for collecting a plurality of sensor data ; means for processing the sensor data to
determine a desired and an actual orientation of a camera wom on a user's head; and
means for controlling the camera, including means for delaving or suspending activation
of the camera o capture one or more images, if the actual orientation is misaligned with
the desired orientation of the camera in excess of a misalignment threshold.

Example 37 may be example 36, wherein means for processing to determine the
desired orientation may comprisc means processing to determine a current tangent of a
route the user is traveling,.

Example 38 may be ecxample 36, wherein means for processing to determine an
actual orientation may comprise means for processing to determine a current orientation of
the user’s head.

Example 39 may be example 36, wherein means for processing further may
comprise means for estimating when the actual orientation will bealigned with the desired
orientations of the camera in less than a misalignment threshold.

Exaraple 40 may be example 39, wherein means for controlling may comprise
means for delaying or suspending activation of the camera by an amount of time sufficient
for the actual orientation to be aligned with the desired orientation of the camera in less
than the misalignment threshold.

Example 41 may be any one of examples 36-40, wherein the apparatus is a device
wearable on the user’s head comprising the camera and a plurality of sensors to collect the
sensor data, and the one or more images are part of a time series of images or videos to be
captured; whercin means for processing to determine may comprise means for continuous
processing to determine the desired and the actual ovientation of the camera at cach of a
number of successive points in ime, wherein means for contingous processing may
comprise means for periodically roceiving collections of the plurality of sensor data, and
processing the collections of the sensor data to determine the desired and actual
origntations of the camera at the successive points in time; and wherein means for
delaying or suspending activation of the camera may comprise means for delayving or
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saspending activation of the camera 1n capturing a next one of the time series of images or
videos, and means for delaving or suspending activation of the camera in capturing the
next one of the time series of images or videos may comprise means for delaying or
suspending at or during a next activation time, when at or during the next activation time,
the determined actual onentation 1s misaligned with the determined desired orientations of
the camera in excess of a nmusalignment threshold,

Exaraple 42 may be example 41, wherein means for processing may comprise
means for processing the collections of the sensor data to generate a model of a route the
user is traveling; and wherein means for processing to determine the desired orientation at
cach of the successive pomts in time may comprise means for processing to determine a
tangent of the route for cach of the successive points in time,

Example 43 may be example 41, wherein means for processing to determine may
comprise means for processing to determine a current orientation of the user’s head at
cach of the successive points in time.

Example 44 may be cxample 43, wherein means for delaying or suspending
activation of the camera may comprise means for delaying or suspending activation of the
camera in capturing a next one of the time series of images or videos; wherein means for
delaying or suspending activation of the camera in capturing the next one of the time
series of images or videos may comprise means for delaying or suspending activation at or
during a next activation time, when at or during the next activation time. the determined
current onientation of the user’s head is misaligned with the determined desired
onentations of the camera in excess of a musalignment threshold,

Example 45 may be example 44, wherein means for processing further may
comprise means for estimating, when the current orientation of the user’s head s
nusaligned with the desired onentations of the camera in excess of the misalignment
threshold, when the onentation of the user’s head will bealigned with the desired
orientations of the camera in less than the musalignment threshold.

Example 46 may be example 45, wherein means for delaying or suspending
activation of the camera may comprise means for delaying or suspending activation of the
camera in capturing the next one of the time series of images or videos by an amount of
time sufficient for the onentation of the user’s head (o be aligned with the desired
orientation of the camera in less than the misalignment threshold.

It will be apparent to those skilled in the art that various modifications and
variations can be made in the disclosed embodiments of the disclosed device and

21
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associated methods without departing from the spirtt or scope of the disclosure.  Thus, it
is intended that the present disclosure covers the modifications and variations of the
embodiments disclosed above provided that the modifications and variations come within

the scope of any claim and its equivalents.
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Claims
What is claimed is:
1 An apparatus for capturing images or videos, comprising:
5 one or more processors ; and
an image or video capturing application to be operated by the one or more
Processors (o capture one Or More IMages using a camera worn on a user’'s head,
that mcludes:
an orientation function to determine a destred and an actual orientation of
10 the camera, wherein to determing, the orientation function is {o receive
a collection of a plurality of sensor data, and process the collection of
sensor data to determine the desired and actual orientations of the
camera; and
a conirol function to conirol the camera, wherein 1o control, the control
15 function is to delay or suspend activation of the camera, if the actual
orientation is misaligned with the desived orientation of the camera in
excess of a misalignment threshold.

2. The apparatus of claim 1, wherein to determine the desired orientation, the
orientation function is to determing a current tangent of a route the user is traveling,

20 3. The apparatus of claim 1, wherein to determine an actual orientation, the
orientation function is to determine a current orientation of the user’s head.

4 The apparatus of claim 1, wherein the orientation function is to further
estimate when the actual orientation will aligned with the desired onentations of the
camera in less than a misalignment threshold.

25 5. The apparatus of claim 4, wherein the control function is to delay or

suspend activation of the camera by an amount of time sufficient for the actual orientation
to be aligned with the desired onentation of the camera m less than the misalignment

threshold.
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6. The apparatus of claim 1, wherein the simage or video capturing application
18 to capture a time serics of images or videos using the camera, and the one or more
tnages are part of the time series of images or videos;

wherein the orientation function is to continuously determine the desired

5 and the acteal orientation of the camera at cach of a number of successive points in time,
wherein to continuously determine, the orientation function is to pericdically receive
collections of the plurality of sensor data, and process the collections of the sensor data to
determine the desired and actual orientations of the camera at the successive points in
time; and

10 wherein to delay or suspend activation of the camera 1s to delay or suspend

activation of the camera in capturing a next one of the time series of images or videos, and
the control function is to delay or suspend activation of the camera in capturing the next
one of the time series of images or videos, when at or dunng a next activation time, the
deternuined actual orientation 1s misaligned with the determined desired orientations of the

15 camera in excess of a misalignment threshold. |

7. The apparatus of claim 6, wherein the onentation function is to process the
collections of the sensor data to generate a model of a route the user s traveling; and
wherein to determine the desired orientation at each of the successive points in time, the
ortentation function is to determinge a tangent of the route for cach of the successive points

20 intime.

8. The apparatus of claim 6, wherein to determine an actual onientation at cach
of the successive points in time, the orientation function s to determine a current

orientation of the user’s head at cach of the successive poinds in time.

2 The apparatus of claim 8, wherein to delay or suspend activation of the
25 camera is to delay or suspend activation of the camera in capturing a next one of the time
series of images or videos; wherein the control function is to delay or suspend activation
of the camera in captaring the next one of the time series of images or videos, when at or
during a next activation time, the determined current orientation of the user’s bead is
misaligned with the determined desired orientations of the camera mn excess of a

30 misalignment threshold.
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10. The apparatus of claim 9, wherein the orientation function is to further
estimate, when the current orientation of the user’s head is misaligned with the desired
orientations of the camera in excess of the misalignment threshold, when the orientation of
the user’s head will bealigned with the desired onentations of the camera m less than the

misalignment threshold.

11, The apparatus of claim 10, wherein to delay or suspend activation of the
camera is 1o delav or suspend activation of the camera in capturing the next one of the
time series of timages or videos by an amount of time sufficient for the oricutation of the
user’s head to be aligned with the desired onentation of the camera in Jess than the

misalignment threshold.

12, The apparatus of any one of claims 1-11 further comprising a wearable
body to be worn on the user’s head, the camera disposed thereon, and at least two or more
ot a global positioning system, a gyroscope, an accelerometer, a speedometer, or a

compass disposed on the wearable body to provide the sensor data.

13. The apparatus of claim 12, wherem the apparatus is an eyewear or a
headwear.
14 A method for capturing images or videos, comprising:

collecting receiving, by an apparatus, a plurality of sensor data;

processing, by the apparatus, the sensor data to determine a desired and an actual
onentation of a camera worn on a user’s head; and

controlling, by the apparatus, the camera, mcluding delaying or suspending
activation of the camera o capture one or more images, 1f the actual orientation is
misaligned with the desired orientation of the camera in excess of a misalignment

threshold.

15 The method of claim 14, wherein processing to determine the desired
orientation compriscs processing to determine a current tangent of a route the user is

traveling,

16.  The method of claim 14, wherein processing to determine an actual

orientation comprises processing to determine a current orientation of the user’s head.
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17. The method of claim 14, wherein processing firther comprises estimating
when the actual orientation will bealigned with the desired orientations of the camera in
less than a nusaligoment threshold.

1. The method of claim 17, wherein controlling comprises delaving activation
of the camera by an amount of time sufficient for the actual orientation to be aligned with

the desired orientation of the camera in less than the misalignment threshold.

19 The method of claim 14, wherein the apparatus is a device wearable on the
user’s head comprising the camera and a plurality of sensors to collect the sensor data, and
the one or more images are part of a time series of images to be captured:

whercin processing to detcrming comprises continuous processing 1o
determine the desired and the actual orientation of the camera at cach of a number of
successive points in time, wherein continuous processing comprises periodically receiving
collections of the plurality of sensor data, and processing the collections of the sensor data
to determine the desired and actual onentations of the camera at the successive points m
time; and

wherein delaying or suspending activation of the camera comprises
delaying or suspending activation of the camera in capturing a next onc of the time series
of images or videos, and delaying or suspending activation of the camera in capturning the
next one of the time series of images or videos comprises delaying or suspending at or
during a next activation time, when at or durning the next activation time, the deternuned
actual orientation 1s misaligned with the determined desired orientations of the camera in

excess of a misalignment threshold. |

20, {One or more computer-readable media compnsing instructions that cause a
wearable device, 1n response to execution of the matructions by a processor of the
wearable device, to cause the wearable device to practice any one of the methods of claims

14-19.

2%, An apparatus for capturing images or videos, comprising:
means for collecting a plurality of sensor data |
means for processing the sensor data to determing a desired and an actual

orientation of a camera of the wearable device; and
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means for controlling the camera, including means for delaying or saspending
activation of the camera o capture one or more images, if the actual orientation is
nusaligned with the desired orentation of the camera in excess of a misalignment

threshold.

(¥,

22, The apparatus of claim 21, wherein the apparatus is a device wearable on
the user’s head comprising the camera and a plurality of sensors to collect the sensor data,
and the one or more images are part of a time series of images or videos to be captured;

wherein means for processing to determine comprises means for continuous

processing to determine the desired and the actual orentation of the camera at each of a
10 number of successive points in time, wherein means for CORUMUOUS Processing COMprises

means for periodically receiving collections of the plarality of sensor data, and processing

the collections of the sensor data to determine the destred and actual orientations of the

camera at the successive points in time; and

wherein means for delaying or suspending activation of the camera

15 comprises means for delaving or suspending activation of the camera in capturing a next
one of the time series of images, and means for delaving or suspending activation of the
camera in capturing the next one of the time serics of images or videos comprises means
for delaying or suspending at or during a next activation time, when at or during the next
activation tune, the determined actual onientation is misaligned with the determined

20 desired ortentations of the camera in excess of a misalignment threshold,

23, The apparatus of claim 22, wherein means for processing comprises means
for processing the collections of the sensor data to generate a model of a route the user is
traveling; and wherein means for processing to determine the desired onentation at each of

the successive points 1 time comprises means for processing to determing a tangent of the

o]
(¥,

route for cach of the successive points n time.

24, The apparatus of claim 22, wherein means for processing to determine
comprises means for processing 1o deternmine a current orientation of the user’s head at

each of the successive points in time.

25. The apparatus of claim 24, wherein means for delaying or suspending
30 activation of the camera comprises means for delaying or suspending activation of the

camera in capturing a next one of the time series of images or videos; wherein means for

27
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A

delayving or suspending activation of the camera in capturing the next one of the time
serics of images or videos comprises means for delaving or suspending activation at or
during a next activation time, when at or durning the next activation time, the deternuned
current orentation of the user’s head 1s musaligned with the deternuned desired

origntations of the camera in excess of a misalignment threshold.
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