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(57) Abstract: Examples relate to behavior tracking and
modification using mobile augmented reality. In some ex-
amples, a navigation request for a route to a destination loc-
ation is received from a user, and a data stream associated
with the user is obtained. A first waypoint is identified based
on the data stream and first waypoint metadata of a number
of waypoint metadata that each include recognition cues for
identifying a corresponding waypoint. An orientation of the
user is determined based on the data stream and the recogni -
tion cues in the first waypoint metadata. A second waypoint
is determined based on the characteristics in second waypo-
int metadata, and a guidance overlay is generated for display
to the user based on the orientation, where the guidance
overlay specifies a direction and a distance to the second
waypoint.
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BEHAVIOR TRACKING AND MODIFICATION USING MOBILE AUGMENTED
REALITY

BACKGROUND
{00017 Consumer mobile devices, such as smariphones and oplical head
mounted displays, are often used for navigation. Typically, positioning
technology such as the global positioning system {(GPS) or radio friangulation
are used by such devices io Tacilitate moving the user from a start location fo a
destination location with turn-by-tumn directions. In some cases, roules can be
dynamically modified to reduce the estimated fravel time. Further, some of
these navigation devices are capabie of augmented reality (AR), which extends
the inferaction of a user with the real world by combining virtual and real

slemenis.

BrRIEF DESCRIPTION OF THE DRAWINGS

[0002]  The following detailed description references the drawings, wherein:

[0003]  FIG. 1 is a block diagram of an example mobile computing device for

behavior tracking and medification using mobile augmented reality;

[0004]  FIG. 2 is a block diagram of an example system for behavior tracking

and modification using mobile augmented reality;

[0008]  FIG. 3 is a flowchart of an example method for execution by a mobile
computing device for behavior fracking and modification using mobile augmented

reality;

[0006]  FIG. 4 is a flowchart of an example method for execution by a mobile
computing device for behavior tracking and modification using mobile augmented

reality for waypoint navigation; and

(00071 FiG. 5 is a block diagram of an example user interface for behavior

tracking and modification using mobile augmented reality.
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Detaien DESCRIPTION
{30081  As discussed above, augmentad realily can be used to provide heads-
up navigation. However, real-time navigation can be distracting and hazardous to
the user. Further, navigation techniques typically use shortest time or distance
algorithms {o defermine navigation routes, which have predetermined infermediate

locations based on the algorithm used.

(0081 It would be useful to provide branching or to support aliermnate paths
based on the characteristics of the user or the environment that is being traversed.
Examples disclosed herein provide an approach to prioritize and provide feadback
to the user with a point system that enables the user to make choices and be
rewarded in real-ime for desired behavior. Such a feedback system can be
based on a variety of characleristics such as congestion avoidance, educational,
entertainment, nourishment, prompiness, and safely. The feedback informs the

usar about his choices and the possible implications or benefits.

{00107  In some examples, a navigation request for a roule to a destination
location is received from a user, and a dala stream associated with the user is
obtained. A first waypoint is recognized based on the data stream and first
waypoint metadata of a number of waypeint metadata that each include
recognition cues for identifying a corresponding waypoint,  An orientation of the
user is determined based on the data stream and the recognition cues in the
firsl waypoint metadata. A second waypoint is determined based on the
characteristics in second waypoint metadata, and a guidance overlay is
generated for display o the user based on the orientation, where the guidance

overlay specifies a direction and a distance to the second waypoint,

[G011]  Referring now to the drawings, FIG. 1 is a block diagram of an example
mobile computing device 100 for behavior tracking and modification using mobile
augmented reality. The example mobile computing device 100 may be s
smartphone, optical head mounied display, {ablel, or any other electronic device
suiiable for providing mobile AR, In the embodiment of FIG. 1, mobile computing
device 100 includes processor 110, capture device 115, and machine-readabie

storage medium 120,
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{00121 Processor 110 may be one or more central processing uniis {CPUs),
microprocassors, and/or other hardware devices suilable for refrieval and
execution of instructions slored in machine-readable siorage medium 120
Processor 110 may Telch, decode, and execule instructions 122, 124, 128, 128 1o
enable behavior tracking and medification using mobile augmented reality. As an
alternative or in addition {o retrieving and execuling instructions, processor 110
may include one or more electronic circuits comprising a number of eleclronic
components for performing the functionality of one or more of insiructions 122,
124, 126, 128.

(00131 Capture device 115 is configured to caplure a data stream associaled
with the user. For example, capiure device 115 may include an image sensor that
iz capabile of caplure a video stream in realtime as the user repositions the mobile
computing device 100, In this example, mobile computing device 100 can be

configured o display virtual overlays in the video siream as described below.

[0014] Machine-readable siorage medium 120 may be any eleclronic,
magnetic, optical, or other physical slorage device thal siores executable
instructions.  Thus, machine-readable storage medium 120 may be, for
example, Random Access Memory (RAM), Content Addressable Memory
{CAM), Ternary Content Addressable Memory (TCAM), an Elecirically-Erasable
Programmable Read-Only Memory (EEPROM]), flash memory, a siorage drive,
an optical disc, and the like. As described in detall below, machine-readable
storage medium 120 may be encoded with executable instructions for behavior

tracking and modification using mobile augmented reality.

(00157  Waypoint metadata 121 include recognition cues that can be used o
identify waypoints in an area of interest. Waypoints are identifiable objects in the
area of interest that can be used fo navigate a user along a fraveling roule {i.e,
provide instructions fo the user for traveling from waypoint to waypoint uniil his
destination is reached). Waypoinis may be landmarks such as siatues or trees,
flags, quick response (UR) codes, efc. Examples of recogniion cues includse
geometlric  properties, edge information, gradient information, histogram

information, location information, ete. For example, geomelric properties can be
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used to perform object recognition o identify a waypoint in the area of interest, In
another example, location information can be used o identify a waypoint in the

area of inlerest based on proximity to the user.

[00168] Navigation requesi receiving instructions 122 receives a navigation
request from a user of mobile computing device 100. The navigation request
includes g destination location that has been specified for or by the user. The
navigation request may also include a start location and a user preference for
characteristics of the waypoints to be determined as described below. Examples
of navigation requests include, bui are not limited to, a request for a tour through a
museum, a request for walking directions through a park, a requast for a route

through a convention, efc.

[G017]  Waypoint identifying instructions 124 identifies a waypoint in the video
stream of the caplure device 115, For example, mobile computing device 100
may be preconfigured with waypoint metadata that includes recognition cues {i.e.,
praconfigurad with visual characteristics of items of interest) for waypoints such as
fandmarks, flags, quick response (QOR) codes, etc.  Waypoint identifying
instructions 124 may use the recognition cues to identify waypoints in the video

stream in realtime as the user repositions the camera.

[G018] Waypoint identifying instructions 124 aiso defermines the orientation of
the caplure device 115 with respect to the identified waypoint. Again, recognition
cues associated with the waypoint can be used o determine the orientation of the
caplure device 115 by identifying the positioning of waypoint characterisiics that
are visible in the video siream. Because the position and orientation of the
waypoint is known, the posilion and orentation of the camera relative 1o the
waypoint can be determined. The orentation of the caplure device 115 is updated

in real-ime as the mobile computing device 100 is repositioned.

{00191 Next waypoint determining instructions 126 determines a next waypoint
in the route of the user based on characteristics of the waypoint. For exampie, if
there is a lot of congestion in the area, the nexd waypoint can be determined to
minimize overall congestion. In ancther example, if the user has indicated that he

is hungry, the next waypoint determined may be a food vendor. In some cases,
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7]

the characteristics of all potential waypoinis can be considered and weighed

against each other while determining the next waypoint.

[0020]  Guidance overlay generating instructions 128 generates a guidance
overlay that directs the user of mobile computing device 100 to the next waypoint.
The guidance overlay may, for example, include a directional arrow and a distance
to the next waypoint. The guidance overlay is generated based on the orientgtion
of the capture device 115 with respect fo the identified waypoint in the video
stream. In other words, the position of the user can be determined based on the
orientation of the caplure device 115, which is then used to determine the direction

and distance of the next waypoint for the guidance overiay.

(00217  In this example, a video stream of caplure device 115 is used lo
determine the posilion and orientation of the mobile compuling device 100;
however, other daia streams can be used o defsrmine the position and
orientation. For exampile, a positioning stream captured by a GPS device can be
used lo determine the position and orientation.  In ancther example, a radio
frequency {RF)} stream from wireless routers, Bluetooih receivers, wireless

adapters, efc. can be usad o determine the position and orientation.

[0022]  FIG. 2 is a block diagram of an example system 200 including g mobile
computing device 206 and waypoinis 214A-214C for behavior tracking and
modification using mobile augmented reality in an area of interest 202, As with
mobile computing device 100 of FIG. 1, mobile compuiing device 208 may be
implemented on any electronic device suitable for behavior tracking and
maodification using mobile augmented reality.  The components of mobile
computing device 206 may be similar to the corresponding componenis of mobile

computing device 100 described with respect fo FiG. 1.

[0023]  Area of interest 202 may be any enclosed, indoor area such as a
convention center or museum or an cutdoor area such as a park or downtown of a
city. In this example, area of inferest 202 is a park including a number of
waypoints 214A-214C. Each waypoint 214A may be a point of interest such as a
monument, QR code, treg, efc. The position of waypoints 214A-214C may be

designated in a map of the area of interest 202, where the map is a two-
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dimensional or three-dimensional represantation of the area of interest 202. in
other embodimenis, other items of interest such as restaurants, water founiains,
bathrooms, eic. may also be included in the map, which can be stored in mobile
computing device 206 or in a storage device {not shown) that is accessible to
mobile computing device 208. Recognition cues describing each of the waypoinis
214A-214C may also be stored in mobile computing device 206 or accessible
storage device. Examples of recognition cues include geometric properties, edge
information, gradient information, histogram information, location information, etc.
The recognition cues are configured o be used by mobile compuiing device 208

to perform object recognition.

(00241  Mobile computing device 208 may be configured to provide mobile
augmenied reality for mobile user 208, For example, mobile computing device
206 may dispiay a video stream caplured by a camera for view by mobile user
208, where the video siream includes visual overlays. Mobile computing device
206 includes an object recognition module for recognizing waypoints 214A-214C
in the video stream. The waypoints can be recognized using characleristics
stored in mobile computing device 206 or a siorage device thal is acocessibie o

maobile computing device 208 over, for example, the Intarnet.

(00257  Mobile computing device 206 may also be configured o delermine
traveling routes (e.g., route 216 from waypoint A 214A to waypoint B 214C) for
mobite user 208 based on the map and characteristics of the waypoints 214A-
214C. Characleristics of the waypoinis 214A-214C include information such as an
educational value of a waypoint, a popularity of a waypoint, an entertainment
value of a waypoint, current congestion at a waypoint, a nourishment value of a
waypoint, a location of a waypoint, ete. For example, a painting in a museum may
have a high educational and enlertsinment value. In another example, g
restaurant may have a high entertainment, nourishment, and congestion value,
Mobile computing device 206 may allow user {o specily route preferences, which
are then used {o delermine the waypoinis that should be determined for a traveling

rotte.
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{00261  Mobile user 208 may be positioned in and moving about ares of interast
202. For example, mobile user 208 may be altending a convention at a
convention center. Mobile user 208 may have a mobile user device 206 such as a
tablet or smariphone that is equipped with a camera device. Mobille user device
206 may include a realily augmentation module to provide mobile AR to mobile
user 208 as he travels in area of interest 202, For sxample, the reality
augmentation module of mobile user device 206 may display a video stream with
guidance overlays directing the user along a fraveling route.  The guidance
overlay can be updated based on the waypoint {e.q., waypoint A 214A, waypoint B
2148, waypoint C 214C) that is currently visible in the video stream.

[0027]  As mobile user 208 reaches waypoints, mobile computing device 206
may be configured to provide achievemenis andfor other rewards to the user (i.e,,
gamification}. Such rewards may encourage the user to modify his behavior in
such a way that is beneficial fo the area such as reducing overall congestion,
driving traffic to targeted businesses, etc. Mobile computing device 206 may also
be configured to reroute the mobile user 208 o a new set of waypoinis if the
mobile user 208 ignores the recommended waypoint and reaches a different
waypoint,  In this manner, the traveling route of the mobile user 208 can be
dynarnically modified based on whether the mobile user 208 chooses to follow the

recormmendations in the guidance overlay.

[0028]  In some cases, mobile user device 206 may also use other positioning
data in addition {o or rather than object recognition {o determine the location of
mobile user. Examnples of other positioning data include RF data from wireless
routers, Bluetooth receivers, wireless adapters, sic. or global positioning system
(GFS) data. The RF data may include RF signal data (e.g., signal strength,
receiver sensilivity, etc.} and may be used fo enhance the location delermined by
mobile user device 206 basad on the video stream. For example, the RF dala
may be used to perform RF triangulation to more accurately determine the position

of mobile user device 208,

(0029 FIG. 3 is a flowchart of an example method 300 for execution by a

mobile computing device 100 for behavior fracking and modification using mobile
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augmented reality. Although execution of method 300 is described below with
reference o moblle computing device 100 of FIG. 1, other suitable devicas for
execution of method 300 may be used, such as mobile computing device 206 of
FiG. 2. Method 300 may be implementsd in the form of executable instructions
stored on a machine-readable storage medium and/or in the form of elecironic

circuitry.

(0307 Method 300 may start in block 305 and continue o block 310, where
mobile computing device 100 receives a navigation request from a user of mobile
computing device 100. The navigation reguest includes a destination location that
has been specified by the user. In block 315, a waypoint i3 identified in the video
stream of the capture device 115, For example, recognition cues in waypoint
metadaia can be used by an object recognition module to identify the waypoint. In
another example, location dala in the waypeint dala can be used o identify the
waypoint because it is near the user. The orientation of the mobile computing
device’s 100 camsra with respect to the identified waypoint is also determined.
Again, recognition cues associated with the waypoint can be used to determine

the orientation of the camera.

(00311  In Block 320, the next waypoint in a traveling route of the user is
determined based on characteristics {(e.g., educational value, enlertainmeant vaiue,
congestion, efc.} of the waypoints.  For example, i a particular exhibit in a
musewm has low congestion, the exhibit with low congestion can be favored when
determining the route of the user. In this example, various goal optimization
algorithms can be used to facilitate decision making such has applying weighted
valugs for various waypoints and maximizing resulis based on the weighled
values or more complex approaches like Pareto oplimization or Monte Carlo

simulations.

[0032]  In block 325, a guidance overay that directs the user of mobile
computing device 100 fo the next waypoint is displayed. Method 300 may

subsequently proceed o block 330, where method 300 may stop.

{00331 FIG. 4 is a flowchart of an example method 400 for execution by a

mobile computing device 208 for behavior fracking and modification using mobile
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augmented reality for waypoint navigation. Although execution of method 400 is
described below with reference to mobile computing device 206 of FiG. 2, other
suilable devices Tor execution of method 400 may be used, such as moblle
computing device 100 of FIG. 1. Method 400 may be implemented in the form of
executable instructions stored on a machine-readable siorage medium and/or in

the form of electronic circuitry.

{0341  Method 400 may start in block 405 and continue o block 410, where
mobile computing device 206 oblains a video siream from a camera of the mobile
computing device 206. The video stream is caplured by a user in an environment
that includes known waypoinis, where the mobile computing device 206 is
preconfigured with recognition cues for the waypoints.  In block 415, mobile
computing device 206 performs object recognilion of the video stream.
Specifically, the recognition cues are used to determine if any waypoinis are in the

currant field of view of the camera.

[0035]  In block 420, mobile computing device 206 delermines if a waypoint is
detected in the video stream. If there is no waypoint in the video stream, method
400 returns o block 415 fo continue performing object recognition. If there is a
waypoint in the video stream, mobile computing device 206 obiains a user routing
preference for generating a traveling roufe for the user in block 425. The user
routing preferences specifies that the traveling routes should satisfy objectives
such as congestion avoidance, educational, entertainment, nourishment,
prompiness, and/or safely. In some cases, the user may specify multiple user
routing preferences. For example, the user may specify that the traveling routs

should include nourishment while being at least 3 kilometers in total distancs.

(00367 In block 430, mobile computing device 206 determines the next
waypoint based on the user routing preference and waypoint characteristics.
The characteristics of each waypoint can include educational value of the
waypoint, a popularity of he waypoint, an enlertainment value of the waypoint,
current congestion at the waypoint, a nourishment value of the waypoint, ete. The

next waypoint is determined so that the user preference is oplimally satisfied {(e.g.,
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focating the nearest waypoint with a high nourishment value if the user routing

preference includes a nourishment objective}.

(00371  In block 435, the direction and distance fo the next waypoint is
displayed on mobile computing device 206 in a guidance overlay. Mobile
computing device 206 may also display any achievemenis or rewards thal were
obtained by the user for reaching the waypoint. While the user is traveling o the
next waypoint, mobile computing device 206 may be configured o operale hands-
free. For example, mobile computing device 206 may provide directional
guidance by voice message or accept voice commands for rerouting, updating

user routing preferences, etc.

{00387  In block 440, mobile computing device 206 delermines if the user has
reached the destinalion of the fraveling route. I the user has not reached the
destination, method 400 can retumn o block 415, where mobile computing device
206 continues to perform object recognition for waypoints. If the user has reached

the destination, method 400 may proceed to block 445 and stop.

(00391  FIG. 5 is a block diagram of an example mobile computing device 505
for behavior tracking and modification using mobile augmenied reality. Mobile
computing device 505 includes a user display 510 showing a waypoint 515,
directional arrow 520, and a waypoint information message 525, In this example,
the video stream of mobile computing device 505 shows the waypoint 515 in the
center of the user display. Accordingly, mobile compuling device 505 can
determine the user's location/orientation with respect to the waypoint 515, Mobile
computing device 505 can also delermine a next waypoint for a fraveling route of
the user, where the directional arrow 520 indicates the direction toward the next

waypoint.

(00407 Waypoint information message 525 shows that the user has been
rewarded five points for reaching the waypoint 525. The points may be rewarded
because the user has, for example, relieved overall congestion in the area by
fraveling to the waypoint 525, Waypoint information message 525 also shows that
the next waypoeint is (.25 kilometers in the direction of the direction arrow 520. As

the user travels, the user display 510 can be updaled o, for example, reflect a
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change in the users position, a new waypoint that is dynamically determined
based on changing characleristics, elc. Furiher, when the user reaches the next
waypoint, the user display 510 can be updated for a further waypoint and so on.
in this manner, the user is directed from waypoint to waypoint until a destination of

the fraveling route is reached.

(00417  The foregoing disclosure describes a number of example smbodiments
for behavior tracking and modification using mobile augmented reality. In this
manner, the examples disclosed herein user navigation by providing waypoint
navigation that encourages the user to use roules based on characteristics of the

waypoints,
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CLAIMS
We claim;
1. A system for behavior tracking and maodification using mobile augmented

reality, comprising:

a caplure device o obtain a data stream associated with a user;

a memory configured o store a plurality of waypoint metadata that each
include recognition cues for identifying a corresponding waypoint of a plurality of
waypoints based on the data stream and characteristics of the corresponding
waypoint; and

a processor operatively connected fo the memory, the processor {o:

receive a navigation request for a routs o a destination location;

identify a first waypoint of the plurality of waypoints based on the
dala stream and firsi waypoint metadata of the plurality of waypoint
matadata;

determine an orientation of the user based on the data stream and
the recognition cues in the first waypoint metadata;

determine a second waypeint of the plurality of waypoints based
on the characteristics in second waypoint metadata of the plurality of
waypoint metadata; and

generate a guidance overlay for display 1o the user based on the
orientation, wherein the guidance overlay specifies a direction and a

distance o the second waypoint.

2. The system of claim 1, wherein the navigation request includes a user
objective selected from a group consisiing of congestion avoidance,
educational, entertainment, nourishment, promptness, and safely, whersin the

second waypoint is further based on the user objective.

3. The system of claim 1, further comprising a user display that is
configured o be hands-free while a user fravels from the first waypoint o the

sacond waypoint.
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4, The system of claim 1, wherein the caplure device iz a camers
configured fo obtain a video stream of a user view, and wherein the
identification of the first waypoint is performed by applying object recognition o

the video stream.

5. The system of claim 1, wherein the processor is further to provide a
game reward o the user when the first waypoint is identified based on the data

stream and the first waypoint meiadata.

6. The system of claim 1, wherein the second way point is determined using

a Pareto optimization or a Monte Carlo simulation.

7. A method for behavior tracking and modification using mobile augmented
reality, comprising:

receiving a navigation request for a route io a destination location for a
user;

obtaining a dala stream associated with the user;

identifying a first waypoint of a plurality of waypoinis based on the data
stream and first waypoint metadata of a plurality of waypoint metadata that each
include recognition cues for identifving a corresponding waypoint of ihe plurality
of waypoinis;

determining an orientation of the user based on the data stream and the
recognition cues in the first waypoint metadata;

determining a second waypoint of the plurality of waypoints based on the
characteristics in sscond waypoint metadata of the plurality of waypoint
metadata; and

generaling a guidance overlay for display to the user based on the
orientation, wherein the guidance overlay specifies a direction and a distance o

the second waypoint.
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8. The method of claim 7, wherein the navigation reques! includes a user
objective selected from a group consisiing of congestion avoidance,
educational, entertainment, nourishment, prompiness, and safety, whereain the

second waypoint is further based on the user objective,

g. The method of claim 7, wherein the caplure device is a camers
configured to oblain a video siream of a user view, and wherein the
identification of the first waypoint is performed by applying object recognition o

the video siream.

10.  The method of claim 7, further comprising providing a game reward {0
the user when the first waypoint is identified based on the data stream and the

first waypoint metadata.

1. The method of claim 7, wherein the second way point is delermined

using a Pareto optimization or a Monte Carlo simulation.

12. A non-transitory machine-readable storage medium  encoded  with
instructions executable by a processor for behavior tracking and muodification
using mobile augmented reslily, the machine-readable slorage medium
comprising insiruction to:

receive a navigation request for a route to a destination location for a
user;

obtain a video stream associated with the user from a camers;

identify a first waypoint of a plurality of waypoinis in the video stream
base on first waypoint metadata of a plurality of waypoint metadata that each
include recognition cues for identifying a corresponding waypoint of the plurality
of waypoinis;

delermine an orientation of the user based on the video stream and the

recognition cues in the first waypoint metadata;
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delermine a second waypoini of the plurality of waypoints based on the
characteristics in second waypoint metadata of the plurality of waypoint
metadala; and

generate a guidance overlay for display to the user based on the
orientation, wherein the guidance overlay specifies a direction and a distance o

the second waypoint.

13. The non-iransitory machine-readable storage medium of claim 12,
wherein the navigation request includes a user objective selected from a group
consisting of congestion avoidance, educational, enteriainment, nourishment,
prompiness, and safety, wherein the second waypoint is further based on the

user objective.

14, The non-ransitory machine-readable storage medium of olaim 12,
wherein the instructions are further fo provide a game reward o the user when
the second waypoint is identified in the video stream based on the second

waypoint metadata.

15, The non-transitory machine-readable storage medium of claim 12,
wherein he second way point is determined using a Parefo optimization or a

Monte Carlo simulation,
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