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SYSTEM AND METHOD FOR INTERACTING WITH AND ANALYZING MEDIA ON A
DISPLAY USING EYE GAZE TRACKING

[0001] This application claims priority from U.S. Provisional Application No. 61/413,964

filed on November 15, 2010, the contents of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The following relates to systems and methods for interacting with and/or

analyzing media on a display using eye gaze tracking.

DESCRIPTION OF THE RELATED ART

[0003] Eye-tracking systems provide a powerful tool for monitoring human-computer

interactions. For example, where a viewer is looking can often be tied to what the viewer is

interested in, or what caught the user's attention. With the rapid advance in computing

power, and equivalent decrease in cost, there is now a convergence of computers and all

forms of displays . With this convergence, it is now commercially possible for eye tracking

systems to be integrated with, or used in addition to, televisions or other consumer level

displays such as projector screens, mobile devices, augmented reality, etc., and in real-

world environments such as the home, office, etc., rather than just at dedicated research

facilities.

SUMMARY

[0004] In one aspect, there is provided a method of interacting with media content using

gaze information, the method comprising: obtaining gaze information for at least one subject

viewing media content on a display in an environment; associating the gaze information with

a portion of the media content being displayed; and interacting with the media content being

displayed according to the associated portion.

[0005] In another aspect, there is provided a method of tracking gaze information, the

method comprising: obtaining a first image of an environment using a first imaging device;

identifying a subject in the first image; orienting a second imaging device towards a position

associated with the identified subject; obtaining a second image of the subject; and utilizing

the second image in tracking gaze information for the subject.

[0006] In yet another aspect, there is provided a method of enabling interaction with

elements displayed in an augmented reality (AR) environment, the method comprising:

overlaying at least one element on a viewing area in the AR environment; obtaining an

image of a subject in the AR environment viewing the viewing area; determining gaze



information from the image; associating the gaze information with the at least one element

overlaid on the viewing area; and performing an action according to the gaze information.

[0007] In yet another aspect, there is provided a method of controlling a gaze tracking

system on a portable electronic device, the gaze tracking system for enabling interaction

with a display of the portable electronic device, the method comprising: detecting a tilt angle

with respect to the portable electronic device; orienting at least one of a plurality of gaze

tracking cameras on the device according to the tilt angle; and selecting at least one camera

obtaining an image not being obscured.

[0008] In yet another aspect, there is provided a method of controlling a gaze tracking

system on a portable electronic device, the gaze tracking system for enabling interaction

with a display of the portable electronic device, the method comprising: obtaining an image

from each of a plurality of gaze tracking cameras on the device; selecting the image

obtained by the camera positioned lowest on the device; and utilizing the image obtained

from the lowest camera in determining gaze information for a user of the device.

[0009] In yet another aspect, there is provided a method of controlling a gaze tracking

system on a portable electronic device, the gaze tracking system for enabling interaction

with a display of the portable electronic device, the method comprising: powering lights

associated with a plurality of gaze tracking camera on the device only when an associated

camera shutter is open.

[0010] In yet another aspect, there is provided a method of controlling a gaze tracking

system on a portable electronic device, the gaze tracking system for enabling interaction

with a display of the portable electronic device, the method comprising: using a hardware

region of interest with a gaze tracking camera on the device, wherein only a portion of a

sensor in the camera that is imaging eyes is transmitted to a central processing unit of the

device.

[001 1] In further aspects, computer readable media storing computer readable

instructions, and systems operable for performing the above methods are also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Embodiments will now be described by way of example only with reference to

the appended drawings wherein:



[0013] FIG. 1 is a block diagram showing an example of a subject viewing and/or

interacting with a display and an eye gaze tracking system for tracking the subject to detect

interactions with content on the display and to analyze the content associated with eye gaze.

[0014] FIG. 2 is a block diagram of an example configuration for the gaze tracking

system of FIG. 1.

[0015] FIG. 3 is a block diagram of an example configuration for the local processing

system of FIG. 1.

[0016] FIG. 4 is a block diagram of an example configuration for the data collection and

analysis system of FIG. .

[0017] FIG. 5 is a block diagram of an example configuration for the media system of

FIG. 1.

[0018] FIG. 6 is an example of a screen shot displaying control elements.

[0019] FIG. 7 is a flow chart illustrating an example set of operations that may be

performed in enabling interactions with control elements on a display use eye gaze.

[0020] FIG. 8 is an example of a screen shot displaying media content.

[0021] FIG. 9 is a flow chart illustrating an example set of operations that may be

performed in analyzing media content according to eye gaze data.

[0022] FIG. 10 is an example screen shot displaying an augmented reality (AR) layer

on a scene including control elements and information associated with elements in the

scene.

[0023] FIG. 1 is a flow chart illustrating an example set of operations that may be

performed in displaying an AR layer on a scene.

[0024] FIG. 12 is a flow chart illustrating an example set of operations that may be

performed in gaze tracking on a display for long-range environments.

[0025] FIG. 13 is an example screen shot illustrating face tracking for a displayed

scene.

[0026] FIG. is a schematic diagram illustrating point of gaze (POG) correction for

long-range eye tracking.



[0027] FIG. 5 is a plan view of a display with integrated eye tracking components.

[0028] FIG. 16 is a plan view of the display of FIG. 15 with an obstruction over an eye

tracking camera.

[0029] FIGS. 17 and 18 are flow charts illustrating an example set of operations that

may be performed in performing eye tracking on a mobile device.

DETAILED DESCRIPTION

[0030] It will be appreciated that for simplicity and clarity of illustration, where

considered appropriate, reference numerals may be repeated among the figures to indicate

corresponding or analogous elements. In addition, numerous specific details are set forth in

order to provide a thorough understanding of the examples described herein. However, it will

be understood by those of ordinary skill in the art that the examples described herein may be

practiced without these specific details. In other instances, well-known methods, procedures

and components have not been described in detail so as not to obscure the examples

described herein. Also, the description is not to be considered as limiting the scope of the

examples described herein.

[0031] It will also be appreciated that the examples and corresponding diagrams used

herein are for illustrative purposes only. Different configurations and terminology can be

used without departing from the principles expressed herein. For instance, components and

modules can be added, deleted, modified, or arranged with differing connections without

departing from these principles.

[0032] It has been recognized that eye gaze can be used as a pointing or selection tool,

which enables hands-free operation of a display such as a television. In this way, a subject

viewing the display may simply look at on-screen elements to control the system. For

example, by looking at a volume-up button, the system can react by increasing the volume

for audio associated with the content being displayed. Activation of control elements can

also be made using dwell time, blinks, or, if a remote control device is available, a simple

push button selector. Using eye gaze for controlling the display provides a convenient,

intuitive, and enjoyable way for enabling a subject to operate displays such as televisions.

Moreover, the use of eye gaze as an input can also lead to easier and faster interactions

when compared to traditional remote controls.

[0033] It can also been recognized that eye tracking on displays such as televisions can

be used to determine what content was viewed and, by association, what content was of



most interest to the user. Alternatively, knowing what content was not viewed also provides

useful information on what was not of interest, or did not catch the attention of the subject.

[0034] Viewer behavior tracking for television is also a known market research tool for

establishing the viewing habits of a population or demographic. It has been found that the

addition of eye gaze tracking provides information regarding which elements of the media

content the viewer actually viewed, and not just what channel or program was on the screen.

Eye gaze data can be collected, aggregated, and used in further market research for better

understanding the viewer's habits. Additionally, eye gaze information may be useful in

providing subjects with a stream of programming specifically tailored to their interests based

on their viewing patterns. For example, by analyzing what catches the attention of a

particular demographic, content can be tailored accordingly.

[0035] The following provides a system and method that is operable to utilize eye gaze

tracking to enable interactions with content being displayed and to analyze or have

analyzed, how the subject interacts with the media content, e.g., what is viewed, for how

long, etc.

[0036] Turning now to FIG. , an environment 10 is shown with which a subject 12 views

or interacts with a display 14 in or provided by the environment 10. The environment 10 may

be associated with a physical location such as an office, movie theatre, home theatre, etc.;

or may represent components of one or more devices such as a television, smart phone,

personal computer (PC), gaming console, tablet computer, etc. The display 14 may

therefore be provided by or associated with any device capable of displaying media content

to a subject (e.g., user, viewer, etc.). For example, the display 14 may represent a screen

for a television (TV), computer monitor, mobile device, augmented or virtual-reality display,

etc. and may provide a two dimensional (2D) or a three dimensional (3D) output.

[0037] In the example shown in FIG. , the subject 2 when viewing the display 14 has a

direction of gaze, also known as a line of sight, which is the vector that is formed from the

eye of the subject to a point on a object of interest on the display 14. The point of gaze

(POG) 16 is the intersection point of the line of sight with the object of interest. The object of

interest in this example corresponds to a virtual object displayed on the display 14. For 2D

displays 14, the POG 16 lies on the surface of the display 14. For 3D displays 14, the POG

6 targets objects similarly to real-world objects, using the vergence of the eyes of the

subject, or intersection of the line of sight from both the left and right eyes of the subject.

The movement of the eyes can be classified into a number of different behaviors, however of



most interest when tracking the POG 16, are typically fixations and saccades. A fixation is

the relatively stable positioning of the eye, which occurs when the user is observing

something of interest. A saccade is a large jump in eye position which occurs when the eye

reorients itself to look towards a new object. Fixation filtering is a technique which can be

used to analyze recorded gaze data and detects fixations and saccades. The movement of

the subject's eyes and gaze information, POG 16 and other gaze-related data is tracked by a

gaze tracking system 20.

[0038] Media content is provided on the display 14 for the subject 2 using a media

system 22. In the example shown in FIG. 1 it is assumed that the media content being

consumed is fed to or obtained by the display 14 from a remotely located media system 28,

e.g., a network service such as a television channel. As shown in FIG. 1, it can be

appreciated that the media system 28 may also or instead reside locally with respect to the

display 14, e.g., media played from a disc or stored media file. In addition to displaying

media content using the display 14, the environment may be operable to provide a control

interface 8 such as a handheld remote control that includes one or more input mechanisms

with which the subject 2 may interact with the display 14 and any system controlling the

display 14. For example, the control interface 18 may be provided by a standard television

remote control which converts tactile inputs or button presses to infrared or other signals to

control the display 14.

[0039] A gaze tracking system 20 captures eye gaze information associated with the

subject 12. It can be appreciated that in the event that there are multiple subjects 12 viewing

the same display 14, the gaze tracking system 20 may track the multiple subjects 2 or

multiple gaze tracking systems 20 may be used, one being assigned to each subject 12.

The eye gaze information is provided by the gaze tracking system 20 to a local processing

system 22 to collect eye gaze data for further processing, e.g., to perform local processing

and/or analysis if applicable, or to provide the eye gaze information to a remote data

collection and analysis system 24. It can be appreciated that the local processing system 22

may also be remote to the gaze tracking system 20 and environment 0. Similarly, the data

collection and analysis operations discussed below may also be performed locally. As such,

the configuration shown in FIG. 1 is illustrative only and may be adapted for different

applications, e.g., according to the environment 10, the device including the display 14, etc.

[0040] The local processing system 22, in the example shown in FIG. 1, may be a

separate computer, or a computer or processor integrated with the display 14. The gaze

data being collected and processed may include where the user is looking on the display 14



for both the left and right eyes, the position of the subject's head and eyes with respect to

the display 14, the dilation of the subject's pupils, and other parameters of interest. The

local processing system 22 may also use the eye gaze data for navigating menus on the

display 14, examples of which will be described below. In applications wherein the local

processing system 22 is used to control the content on the display 14, the local processing

system 22 may also provide directed content (e.g., by controlling the media system 28 or the

display 14 directly), based on the subject's gaze pattern. As discussed above, the displayed

content may also be delivered from an external media system 28 or other source. For

example, the environment 10 may receive a media feed using a satellite dish, cable

connection, the Internet, or other content delivery medium.

[0041] The data collected at the data collection and analysis system 24 can be analyzed

based on, for example, the demographics of the viewers, statistics calculated for content

elements (e.g., a particular product or brand), etc. Statistics may include time to first view,

total time viewed, number of repeated views, etc. Behavioral data such as pupil dilation may

also be used to determine the emotional impact of viewing a product brand or other content

of interest. Analyses performed at the data collection and analysis system 24 may be used

for market research analysis, but may also be used to customize the content being fed to the

display 14 based on viewing behaviors, e.g., by controlling or instructing the media system

28. For example, if a shampoo bottle product placement has been shown in a television

sitcom program, and a large number of female viewers in the age range of 25 - 35 years old

viewed the shampoo bottle, the following commercial break may contain an advertisement

for that particular brand and type of shampoo.

[0042] An example of a configuration for the gaze tracking system 20 is shown in FIG. 2 .

The gaze tracking system 20 in this example includes an imaging device 30 for tracking the

motion of the eyes of the subject 12; a gaze analysis module 32 for performing eye-tracking

using data acquired by the imaging device 30; and a processing system interface 34 for

interfacing with, obtaining data from, and providing data to, the local processing system 22.

The gaze tracking system 20 may incorporate various types of eye-tracking techniques and

equipment. An example of an eye-tracking system can be found in U.S. Pat. No. 4,950,069

to Hutchinson and entitled "Eye Movement Detector with Improved Calibration and Speed".

It can be appreciated that any commercially available or custom generated eye-tracking or

gaze-tracking system, module or component may be used. An eye tracker is used to track

the movement of the eye, the direction of gaze, and ultimately the POG 6 of a subject 12.

A variety of techniques are available for tracking eye movements, such as measuring signals

from the muscles around the eyes, however the most common technique uses the imaging



device 30 to capture images of the eyes and process the images to determine the gaze

information.

[0043] An example of a configuration for the local processing system 22 is shown in FIG.

3 . The local processing system 22 in this example includes a processing module 40 for

collecting gaze data from the gaze tracking system 20 via a gaze tracking interface 44 and

for performing any local processing, analysis, or control of media content being viewed. The

local processing system 22 also include a display interface 42 for providing data to or

receiving data from the display 4 . For example, the local processing system 22 may be

operable to display control elements on the display 14 and track the subject's gaze with

respect to such control elements as will be explained in greater detail below. The local

processing system 22 also includes a network interface 46 (e.g., Wi-Fi connection, Ethernet

connection, etc.) to enable the processing module 40 to provide collected gaze data and/or

locally processed gaze data and other data and information to the data collection and

analysis system 24 via the network 26.

[0044] As noted above, the gaze tracking system 20 may be operable to track multiple

subjects 12 and it can be appreciated that this can be done at the same time or in series (i.e.

different viewers at different times). Moreover, the gaze tracking system 20 shown in FIGS.

1 and 2 may include multiple gaze tracking sub-systems (not shown) or otherwise be

capable of tracking multiple subjects at the same time. As such, the processing module 40

may include or otherwise have access to a subject profiles database 52 storing information

related to expected subjects 12. For example, the subject profiles may include information

for identifying which subject 2 is currently viewing the display 4 and any available

information associated with that subject 12 such as demographic data. It can be appreciated

that the gaze tracking system 20 may also include a subject profiles database 52 or be given

access to subject profiles by the local processing system 22.

[0045] In addition to collecting or receiving gaze data from the gaze tracking system 20,

the processing module 40 may include sub-modules or program instructions for providing

display control 48 and content analysis 50 components. For example, the display control

component 48 could be initiated to perform an action according to a detected selection of a

control element displayed on the display 1 . In another example, the processing module 40

may use the content analysis component 50 to perform local analyses that link the eye gaze

data to what content is being displayed by the media system 28 or to pre-process data that

is to be sent to the data collection and analysis system 24 over the network 26.



[0046] An example of a configuration for the data collection and analysis system 24 is

shown in FIG. 4 . The data collection and analysis system 24 in this example includes one or

more network interfaces 62 for enabling a data collection module 60 to receive data from the

local processing system 22, and to enable an analysis module 66 to provide data to the local

processing system 22, the media system 28 (if network accessible), or the display 4

directly. The data collection module 60 in this example is configured to obtain data and store

such data in a data repository 64. The data repository 64 is accessible to the analysis

module 66 for using the data in performing analyses. The data collection and analysis

system 24 also includes a media system interface 68 to enable the results of gaze and

content analyses to be provided to the media system 28, e.g., if the data collection and

analysis system 24 are communicable with each other locally rather than over the network

26.

[0047] An example of a configuration for the media system 28 is shown in FIG. 5. The

media system 28 in this example includes a media content feed control module 70, which

may represent any component, module, device, or program instructions for providing media

content to the display 14. For example, the media content feed control module 70 may be a

media player, a content server, a network service, physical medium, etc. In examples where

the media system 28 is remote with respect to the environment 0, a network interface 74

may be used to deliver media content over the network to the display 14. It can be

appreciated that although not shown in FIG. 5 , in example where the media system 28 is

locally provided in the environment 10, the media system 28 may include a display interface.

The media system 28 also includes a data analysis interface 72 for receiving, for example,

analyses results data, from the data collection and analysis system 24. Media content may

be stored in a media content database 76. The media content database 76 may also

represent or be replaced with a physical medium, media file, streaming media component,

etc. in various configurations for the media system 28 and thus it can be appreciated that the

configuration shown in FIG. 5 is purely illustrative. One or more media interfaces 78 may

also be included to enable media content to be loaded or stored onto the media content

database 76. For example, the media interfaces 78 may include media ports (USB, SD,

etc.), an Ethernet connection, a Wi-Fi connection, etc.

[0048] FIG. 6 illustrates an example of a display 14 that is capable of being gaze

controlled. In the example shown in FIG. 6 , various control elements are displayed on the

display 14, including channel up 80, channel down 82, volume up 84, volume down 86, other

menu options 88 (e.g., calibration), and close menu 90. To initiate display of the control

menu options shown, the viewer may select a button on a remote control, look at a particular



region of the screen, or even look at a particular region off the screen, such as the enable

control menu region 92 located above the display in the example shown. When the load on¬

screen control menu control is selected, the menu items 80-90 may then overlay the current

display content (such as a TV show). If the on-screen menu control elements are located

near the periphery of the display (sides and top), deselecting (hiding) the onscreen menu

may be achieved by simply returning the gaze to the center of the screen and resuming

watching the displayed content. After a certain length of time in which no control elements

are selected, the onscreen menu may fade and disappear.

[0049] When the subject 12 looks at a point on the display 14 that is within a control

element region such as one associated with channel up 8 0 shown in FIG. 6 , the control

element may be selected. Feedback on which control element was selected may be

provided to the user, such as by highlighting 94 the control element 80-90 with a color

change, change of shape, etc.. The control element may be defined by a geometric region

on the screen. For example a rectangle, circle, or general polygon, or 3 D volume if tracking

in real world or 3 D displays, although any shape may be used. To determine if a control

element is being targeted, the POG 16 on the display 14 can be tested to see if it the POG

16 is within the control element region. While control elements may be shown with a specific

size to the viewer, the actual target size may be slightly larger to allow for slight inaccuracies

in the eye tracking system. For example the control target area may be 10% larger than the

control display area.

[0050] To determine if the point-of-gaze is within a rectangular control element region,

the following test may be applied:

[0051] IF (POG > CONTROLie ft ) AND (POG < CONTROL ig ) AND

[0052] (POG > CONTROL ottom) AND (POG < CONTROL, p)

[0053] THEN the POG is inside CONTROL rectangle, wherein "CONTROL" refers to the

control element region, and "top", "bottom", "left", and "right" define the position and

dimensions of the region.

[0054] For circular control elements, defined by a center point and a radius, the following

test may be applied to determine if the POG 16 is within the circle:

[0055] IF (squareroot ((POG - + (POG - CONTROLcenter_ ) 2 ) <

CONTROL radius)



[0056] THEN POG is inside CONTROL circle, wherein "CONTROL" refers to the control

element region, and "centre_x" and "centre_y" refer to the location of the centre of the region

and "radius" refers to the radius of the circular region.

[0057] For control elements defined by general polygons, it can be appreciated that any

suitable tests may be used, such as the well known ray casting and angle summation

techniques.

[0058] Activation of the targeted control element may be made by pressing a single

button on the hand held remote control. Hands-free dwell time activation may also be used

where the control is activated by dwelling on the control element for a predefined period of

time. With dwell time, the POG 16 may move out of the control element briefly, due to the

natural jittery motion of the eyes. In such an event, the control element may remain selected

to prevent resetting a dwell time counter. A countdown indicator such as an internal

shrinking shape, proportional to the remaining time to activate the control, may also be

provided as feedback to the subject 12. Tracking a subject's eye blinks is another technique

that may be used for controlling activation of a control element. Additionally, the control

elements may be made semitransparent to allow media content to continue to play behind

the control elements.

[0059] Turning now to FIG. 7, an example of a set of operations is shown that may be

executed by the display 14, local processing system 22, media system 28, or any other

system or module capable of displaying control elements on the display 14. At 100, an

option is provided to display one or more control elements. As discussed above, this may be

done in various ways, such as by enabling a menu to be invoked using a remote control or

other peripheral device, or by gazing at an off-screen portion of the display 14, an on-screen

control element, etc. The system or module being used may then determine at 102 whether

or not the option has been selected. If not, control may return to 100. If the option has been

selected, the one or more control elements may be displayed at 104. The system or module

being used may then determine at 106 if a detected POG 6 is within a region associated

with a displayed control element. If not, control may return to 104. Once the POG 16 is

determined to be within a control element region, selection feedback may be provided at

08. For example, as discussed above, the control element may be highlighted, its color

changed, etc.

[0060] After providing feedback indicating that the POG 16 is within a control element

region, the system being used may then determine at 10 whether or not a selection of that



control element has been confirmed. For example, an indication may be received from the

gaze tracking system 20 of a fixation on the control element, a signal may be received from

a remote control, etc. If a selection has been confirmed, the control system may initiate an

action associated with the control element at 112, e.g., increase or decrease volume, adjust

channel, etc. If a selection has not yet been confirmed at 110, the system being used may

determine at 1 4 whether or not the POG 16 is still within the control element region. If so,

the selection feedback may continue at 108. If the POG 16 is no longer within the control

element region or a timer has expired or other criterion met, the selection feedback may be

removed and normal display of the control elements resumed at 104.

[0061] FIG. 8 illustrates an example of a video frame of a scene 118 on a display 14.

The video frame in this example has been processed to automatically identify content-of-

interest regions. For example, the gaze tracking system 20 may provide the POG 6

corresponding to where on the display 14 the subject 12 was looking, which may then be

linked to the content that was shown on the display 14. In the example shown in FIG. 8 , the

content-of-interest elements include a television viewer age recommendation warning 130, a

name of a network 26 providing the content, and a product placement such as a vehicle

logo 122 on the front of a vehicle 120 being shown in the scene 118. The respective regions

of the screen occupied by these elements are determined manually or programmatically by

outlining the corresponding content region. For example a first outline 132 outlines the

warning 130, a second outline 128 outlines the network logo 126, and a third outline 124

outlines the vehicle logo 122. Programmatic detection of content may be done with pattern

matching in an image. For example, a video sequence may be scanned for the occurrence

of a corporate logo using scale and rotation invariant feature matching such as SIFT features

[e.g., as discussed in Distinctive Image Features from Scale-Invariant Keypoints, David G.

Lowe, International Journal of Computer Vision, January 2004].

[0062] The content-of-interest regions may be rectangles, ellipses, polygons or any other

shape that surround the content-of-interest. For each video displayed, the content-of-

interest regions may be defined by a sequence of 2D vertex points (e.g., ViX for the ith X

coordinate, ViY for the ith Y coordinate and, for 3D systems, ViZ for the ith Z coordinate).

The content-of-interest regions may also dynamically transform, translate, scale, and morph,

to track the dynamic screen content. Key-frames which are smoothly interpolated in time to

follow the video content on the display 4 can be used to allow for dynamic content-of-

interest determinations. An example key frame list that defines a rectangle outlining the

vehicle logo as the vehicle drives diagonally across the screen, starting at a video time of 5



minutes, 4 seconds and 230 millisecond; and lasting for 1 second, may appear as follows in

Table 1:

Table 1: Example Key Frame List

[0063] The raw eye gaze data typically includes the X and Y coordinates on the screen

where the user was looking at a particular time. The eye gaze data, when linked to the

content-of-interest as described above, can be collected into a list indicating each content-of-

interest region that was targeted by a POG 16. An example list of processed eye gaze data

for the TruckLogo example above, where two fixations have hit the TruckLogo area of

interest, may as follows in Table 2 :

Table 2: Example List of Processed Eye Gaze Data

[0064] The content-of-interest region definitions may reside in the data collection and

analysis system 24, or on the local processing system 22, and the analysis linking eye gaze

data to content-of-interest regions can be performed at either location. If the analysis is

performed on the local processing system 22, a resulting analysis file could be transmitted to

the data collection and analysis system 24.

[0065] Turning now to FIG. 9 , an example of a set of operations is shown that may be

executed by the local processing system 22, data collection and analysis system 24, media

system 28, or any other system or module capable of linking POG 16 to content-of-interest

and/or analyzing such data. At 140, the system performing the analysis obtains the POG 16.

The POG 16 and/or related gaze data may be obtained directly from the gaze tracking

system 20 or through the local processing system 22, e.g., if the analysis is being performed

by the data collection and analysis system 24. Data indicative of the content-of-interest may



be obtained or determined at 142. For example, the system being used may have

information regarding what content is of interest or may determine content-of-interest from

the media content itself. The POG may then be linked to the content-of-interest at 144

and an entry stored at 146. The system being used then determines if content-of-interest is

to still be analyzed at 148. For example, if the content-of-interest is moving through the

display 14, the system may track that content-of-interest while it is on the display 14. Once

the entry or entries associated with the content-of-interest have been obtained, the system

determines whether or not to analyze locally at 150. If not, the content-of-interest list may be

sent at 152, e.g., to the data collection and analysis system 24. If the content-of-interest is

to be at least partially analyzed locally, a local analysis is performed at 154 and the system

determines at 156 whether or not an action is to be performed. For example, determining

that the subject 12 is focusing on a particular element may initiate the display of an

advertisement, a modification of the focus, etc. If an action is to be performed, such an

action is initiated at 158. If no action is to be performed, the analyzed or partially analyzed

content-of-interest may be sent at 160, e.g., to the data collection and analysis system 24 for

further processing and/or analysis.

[0066] The techniques discussed above for interacting with 2D displays can also be

extended to more complex displays 14 such as those providing virtual and augmented

realities. In FIG. 10, an automotive heads up display (HUD) view 170 is shown. In the view

170 shown in FIG. 10 are a variety of information and interaction elements, which may be

built into a windscreen, projected onto a windscreen, laser drawn, or shown through head

mounted HUD glasses, or using any other suitable display technique. In such an

environment 10, the gaze tracking system 20 may be head mounted, integrated into the

automotive dash for nonintrusive tracking, etc.. In such a system, the driver no longer needs

to remove their eyes from the road to see information such as how fast they are going 172,

and what channel the stereo is on 186. Smart sensors, such as sonar, radar, machine vision,

as well as integration with sensors in the surrounding environment can be used to tag

external vehicles with relative velocities 178, 180, remaining duration 182 of traffic lights and

so forth.

[0067] Interaction with devices may not be safe or legal when the subject 12 (driver)

needs to use their hands. By projecting on-screen elements as shown in FIG. 10, the

elements may be interacted with using eye gaze as described above. For example, a cruise

control setting 172 may be increased or decreased by looking at the plus (+) and minus (-)

control boxes 174, 176. Likewise, a stereo channel 186 may be controlled by looking at on

screen channel controls 184, 188. It is also possible to sound an alarm if the viewer is not



looking at an appropriate display feature, such as a car that is braking quickly or a

pedestrian walking in front of the vehicle. If the POG 16 does not intersect with the car or

pedestrian a warning may sound and the onscreen overlay flashed.

[0068] The onscreen overlays may by their nature be drawn in front of other objects

visible through the windshield. In this case using 3D eye tracking provides a means for

determining at what depth that driver is currently viewing. For example, looking at on-screen

elements will have a closer vergence angle between the left and right eye, than looking at

objects in the distance in which the line of sight of the left and right eyes become

increasingly parallel.

[0069] As with the TV display 14 shown in FIG. 6, the onscreen controls and information

may be hidden to prevent obstruction of the view until otherwise selected. For example,

gazing in a particular region of the display may bring up the stereo controls, or using voice

commands such as 'Speed' may bring up an overlay showing the relative velocity of the

current vehicle being looked at.

[0070] Turning now to FIG. 1 , an example of a set of operations is shown that may be

executed by the local processing system 22, data collection and analysis system 24, media

system 28, or any other system or module capable of having HUD elements projected onto a

display 14. In such an example, it can be appreciated that the display 14 may correspond to

a real-life image or scene as seen through HUD glasses, a windscreen, etc. At 190, the

system being used captures an image or video of a scene. For example, a media system 28

in a vehicle may be used to obtain a video of the road as seen by the driver. The overlay

elements to be displayed for the subject 12 are determined at 192 and displayed for the

subject at 194. For example, using the video obtained at 190, the system being used may

determine other vehicles in the scene 170 and identify the vehicles as content-of-interest to

be tagged with relative speeds. The relative speeds may be determined using external

sensors and associated with the vehicles in the scene to tag them with corresponding

overlay elements. The system being used also obtains the POG 196 of the subject 12 at

196.

[0071] As discussed above, the overlay elements may include both control elements and

information. At 198, the system being used determines whether or not an overlay element

has been selected. If so, the associated action may be initiated at 200 and control returns to

190. If not, the system determines at 202 whether or not an event has been detected. For

example, the system may track objects that appear in the screen that are not in the subject's



line of sight or otherwise far from their POG 16. If no event has been detected, control may

return to 190. If an event is detected, the system may then determine whether the POG 16

is relatively close to the object that has caused the event, which indicates whether or not the

subject 12 has or will see the object, e.g., a rapidly braking car, pedestrian, etc. If the POG

16 is not close to the object causing the event, an alarm may be initiated at 206 to try to

raise the subject's awareness and control may return to 190. If the POG 16 is relatively

close to the object causing the event, the system may still provide a warning at 208, e.g., by

highlighting the object, flashing something on the overlay in association with the object, etc.

[0072] It has been found that, to date, gaze tracking has most commonly been used in

constrained environments such as with a desktop PC. However, the display 14 upon which

the subject's gaze is being tracked may take many shapes and forms, and be used in a

variety of environments 10. Long-range eye tracking, wherein the display 14 is located at a

relatively larger distance from the subject 12, may become increasingly more common as

eye tracking becomes more consumer oriented thus entering, for example, the living room

environment 10. Environments that are less constrained, such as a living room, theater or

boardroom; can add additional complexity to the gaze tracking system 20.

[0073] FIG. 12 illustrates a process that may be executed for performing eye gaze

tracking on a display 14 in a long range environment 10 such as a living room, office,

theatre, etc. Gaze tracking systems 20 such as that shown in FIGS. 1 and 2 use imaging

devices 30 to image the face and eyes of a subject 12 remotely, in order to provide a

"contactless" experience. In a long-range environment 10, the subject 12 is typically free to

move about the environment 10 and the imaging device 30 would still need to capture the

subject's eyes regardless of the subject's position within the environment 0. The gaze

tracking system 20 would also need to capture images of the face and eyes of a subject 12

with enough spatial resolution to extract the image features needed for POG estimation. To

do so, a fixed wide-angle camera 30' may be used to image the scene, identify the position

of the subject 12, and direct the orientation of a narrow angle camera used for eye tracking.

[0074] To accomplish the above, a face detection algorithm may be used, e.g., the well-

known algorithm for tracking Haar features [Paul Viola and Michael Jones: Robust Real-time

Object Detection, Second International Workshop on Statistical and Computational Theories

of Vision - Modeling, Learning, Computing, and Sampling, Vancouver, Canada, July 13,

2001], to find the subject's face in the image from the wide angle camera 30'. Originally the

entire image is processed 209, to identify the position of the face in the image, and a face

region sub-image 222 around the face to speed up subsequent iterations of the face tracking



algorithm. A grid of points is selected on the image of the subject's face which are then

tracked with a motion flow algorithm at 210 to generate a face motion vector, using well-

known optical flow algorithms such as tracking corner features or textures. The center of the

face is tracked using the motion flow vectors 210 for N- iterations as they are fast to use,

while the face detection 212 is used every N iterations which resets the motion flow points to

prevent accumulation of motion errors. For example, for a 30 Hz camera, the motion flow

tracking at 210 may operate 28 times a second (N = 15), while the face tracking at 212 runs

at a lower rate of 2 Hz. The average of the motion flow points are used to find the center of

the face at 214, and determine the center face position (x, y) in pixels in the image at 216.

[0075] It can be appreciated that in the event that the face is lost in the sub image area

of interest, the algorithm can reverts back to processing the full wide-angle image until the

next face is detected. The process shown in FIG. 12 may be applied to any number of faces

in the wide-angle scene to direct any number of narrow angle cameras (not shown). Faces in

the wide-angle scene may be differentiated using facial recognition or biometric signals such

as body size, height, etc. If a depth map 224 (see also FIG. 13) is available (lighter intensity

shows closer regions while dark intensity shows farther regions), the depth information

provides additional information for tracking the head position. For example the face is most

likely to exist in the region that corresponds to the head on the human shape in the depth

map.

[0076] FIG. 13 illustrates an example scene 220 of a relatively complex environment 10,

wherein a subject 12 is seated on a couch watching TV. The face tracking algorithm in this

example has detected a face and extracted a sub image 222 for the face area of interest.

The center of the face 226 is identified with a large red circle, while the face motion vector

points are identified with a 4 x 4 grid 228 of circles. The face tracking zero position 230 is

shown as a circle adjacent the grid of circles, and is discussed further below.

[0077] FIG. 14 provides a schematic illustration of a POG correction technique for long-

range gaze tracking. When the subject 12 moves with respect to the display 14 (screen in

FIG. 14) and a pan/tilt system follows the subject 12, the POG accuracy degrades due to

changing geometry. The accuracy degradation can be compensated for without user

recalibration using correction factors based on the modified system geometry. The offset

correction factor to apply to the point of gaze estimates in pixels is determined by finding the

intersection of the subject's position, through the gaze tracking system 20, and onto the

display 14. This provides a distance in X and Y (e.g., in meters) to correct for the offset



between the POG 6 at the time of calibration and the current position. The offset may then

be converted to pixels and applied to the POG 16.

[0078] Using the field of view angle of the wide angle camera 30', an angle Θcan be

found, which corresponds to the angle between the center of the subject's face in pixels in

the WA image and a face 'zero' position. The face 'zero' is the position in the image where

the face was first viewed by the system and the eye-tracker camera aligned to the face.

Since the imaging device 30 may not be coincident with the wide angle camera 30', the field

of view angles may not correspond between the imaging devices 30 and 30' directly. Using

trigonometry, and knowing the distance between the wide angle camera 30' and the subject

12, and the distance between the two imaging devices 30, 30' the subject's movement can

be projected onto the display and the degree of offset required to compensate for the

movement determined.

[0079] The function to compute the angle offset can be performed as follow (making

reference to FIG. 14):

[0080] d = distance from WA camera to viewer (a constant or measured at run-time with

a depth tracker)

[0081] s = distance from gaze tracker to screen (a constant, measured once)

[0082] o = distance between cameras (a constant, measured once)

[0083] Θ - the angle between the person and the WA camera

[0084] ' =the angle between the person and the eye tracker

[0085] The angle of the viewer with respect to the eye tracker is determined as:

[0086] tane * = tan9' * (d + )

[0088] The correction offset in meters may then be computed as:

[0089] offsetm = tan ( ') -



[0090] The offset in units of meters may then be converted to pixels using the ratio of the

display's resolution to physical display size:

screenp[0091] offsets =offsetm screen„

[0092] The POG 16 is then corrected by applying the offset in pixels.

[0093] When the subject 2 is moving vertically (such as standing up or sitting down on

a couch or chair) the same algorithm can apply vertically (to the Y axis offset) in a manner

similar to how it can be applied horizontally (X axis offset).

[0094] If the face center 226 in the wide angle image is to the right of the face tracking

zero position 230, the horizontal offset is added to the POG 6 X-coordinate while if the face

226 is to the left of the face tracking zero position 230 the offset is subtracted from the POG

16 X-coordinate. If the face 226 is below (lower) than the face zero 230, the vertical offset

is added to the POG 16 Y-coordinate, if the face is above (higher) the offset is subtracted

from the POG 16 Y-coordinate.

[0095] In addition to compensating for changes in horizontal and vertical subject

position, changes in viewer depth may also be compensated. Using depth sensing

technologies, such as the Microsoft® Kinect, it may be possible to operate the environment

0 as discussed above, while the subject 12 is getting closer to or moving away from the

components of the environment 10. Knowledge of the viewer's depth may be used to

control the camera lens zoom and focus to ensure high-quality images of the viewer face.

Depth corrections may also be applied to the point of gaze estimation algorithm.

[0096] It has also been found that, unlike desktop computing environments, mobile

devices often integrate the use of touch into the user interface. Using a touch interface may

result in obscuring cameras and/or lights used by the gaze tracking system 20, when the

hands are interacting with the display 14. As shown in FIG. 5 , placement of cameras 244

and lights 242, 246 on the mobile device 10' may reduce this problem. To overcome issues

with gaze tracking cameras 244 being obscured, multiple cameras 244 and lights 242, 246

may be used as shown in FIGS. 15 and 16. The cameras 244 and lights 242, 246 may be

located along each side of the mobile device 10', and while one potential placement is

shown in FIGS. 15 and 16, any number of alternate positions are possible, such as locating

the cameras 244 in the corners of the housing, and the lights 242, 246 around the edge of

the mobile device 10'. As can be appreciated from FIG. 16, by providing multiple gaze



tracking cameras 244, if one is obscured when the subject 12 interacts with the touch-

sensitive display 14, the other cameras 244 are available to compensate.

[0097] Mobile devices 10' are also typically handheld and allow for rotation of the device

from portrait to landscape. To allow for this rotation the multiple cameras 244 and lights 242,

246 can be independently selected and the camera images rotated during operation of the

gaze tracking system 20. As shown in FIG. 17, the device 10' may possess an

accelerometer or some form of tilt sensing device which can be used to detect device tilt at

250 and to orient the camera images at 252 such that the viewer is always captured

appropriately (i.e. with eyes horizontal in the image). Obscured images that do not show a

properly formed face and eyes (e.g., where the camera 244 is obscured by the subject's

hand and arm as shown in FIG. 16) may be detects at 254 and discarded for so that images

from valid cameras 244 can be detected at 256 to obtain images that can be used in the

subsequent gaze tracking process.

[0098] Turning now to FIG. 18, after valid cameras are detected at 256, the image

features required for point of gaze estimation are identified (pupil and glints) at 260, and the

camera 244 on the device 10' that has the lowest location is selected at 262 to be used for

gaze tracking. It may be noted that the lowest camera (e.g., closest to the bottom of the

display 14) may particularly advantageous, as such a camera 244 typically provides a better

view of the eyes without the eyes being obscured by the eyelids.

[0099] During eye tracker calibration, all cameras calibrate at the same time. When the

final eye tracker camera 244 is determined for use at 262, the appropriate calibration for that

unit is used at 264, to determine the POG 16 on the display 14.

[00100] Techniques may be employed to reduce the power required for operation on a

mobile, or battery-powered device. The LED's 242, 246 are only required while the shutter of

the camera 244 lens is open and the camera 244 sensor capturing light. It is therefore

possible to pulse the LED's on at higher power while the camera shutter is open, and turn

the LED's off when the camera shutter is closed. It is desirable to operate the camera with a

short exposure time which will require less power as the system lights are off for a greater

percentage of the operating time. A short exposure time has the additional benefit of

reducing the amount of smear, or motion blur, during exposure due to motion caused by

holding the device in the operator's hand. Processing power may also be reduced by using a

hardware region of interest with the camera, in which only the portion of the sensor that is

imaging the eyes is transmit to the central processing unit. The remainder of the image, such



as the rest of the face and background scene are ignored. This will reduce the amount of

image processing needed, as well as bandwidth required to transmit image information from

the camera to the processor.

[00101] It will be appreciated that any module or component exemplified herein that

executes instructions may include or otherwise have access to computer readable media

such as storage media, computer storage media, or data storage devices (removable and/or

non-removable) such as, for example, magnetic disks, optical disks, or tape. Computer

storage media may include volatile and non-volatile, removable and non-removable media

implemented in any method or technology for storage of information, such as computer

readable instructions, data structures, program modules, or other data. Examples of

computer storage media include RAM, ROM, EEPROM, flash memory or other memory

technology, CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic

cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices, or any

other medium which can be used to store the desired information and which can be

accessed by an application, module, or both. Any such computer storage media may be part

of the display 14, gaze tracking system 20, local processing system 22, data collection and

analysis system 24, media system 28, and any component of or related to, or accessible or

connectable thereto. Any application or module herein described may be implemented using

computer readable/executable instructions that may be stored or otherwise held by such

computer readable media.

[00102] The steps or operations in the flow charts and diagrams described herein are just

for example. There may be many variations to these steps or operations without departing

from the principles discussed above. For instance, the steps may be performed in a differing

order, or steps may be added, deleted, or modified.

[00103] Although the above principles have been described with reference to certain

specific examples, various modifications thereof will be apparent to those skilled in the art as

outlined in the appended claims.



Claims:

. A method of interacting with media content using gaze information, the method

comprising:

obtaining gaze information for at least one subject viewing media content on a

display in an environment;

associating the gaze information with a portion of the media content being displayed;

and

interacting with the media content being displayed according to the associated

portion.

2 . The method of claim , further comprising detecting selection of the portion of the

media content, wherein controlling the media content comprises performing an action

according to the selection.

3 . The method of claim 2 , the action controlling a feature of the display.

4 . The method of claim 2 or claim 3 , the selection being provided by a control interface.

5 . The method of claim 2 or claim 3 , the selection being provided by a detected fixation

on or near the portion of the media.

6. The method of any one of claims 2 to 5, the portion of the media content being

displayed as a selectable element.

7 . The method of claim 1, the portion of media content corresponding to content of

interest, wherein controlling the media content comprises customizing the media content.

8 . The method of claim 7, wherein associating the gaze information with the content of

interest comprises obtaining demographic data for the at least one subject viewing the media

content.

9 . The method of claim 7 or claim 8 , further comprising sending at least one of the gaze

information and the associated content of interest to a data repository.



0 . The method of claim 9 , the data repository being located remote from the

environment, wherein customizing the media content comprises adjusting a content feed to

the display.

11. The method of claim 10, wherein the content feed is delivered by a network service

provider.

12. The method of any one of claims 7 to 11, wherein the content of interest is detected

automatically using pattern matching.

13. The method of any one of claims 1 to 12, wherein the gaze information is indicative

of a point of gaze.

14. The method of any one of claims 1 to 13, the display providing a three dimensional

(3D) output, the gaze information providing a 3D point of gaze.

15. The method of any one of claims 1 to 14, the gaze information being associated with

multiple subjects viewing the same media content.

16. The method of claim 15, the multiple subjects being in a same location.

17. The method of claim 15, the multiple subjects being in a plurality of locations.

18. A computer readable storage medium comprising computer executable instructions

for performing the method of any one of claims 1 to 17.

19. A system comprising a processor and memory, the memory comprising computer

executable instructions that when executed by the processor cause the system to perform

the method according to any one of claims 1 to 17.

20. A method of tracking gaze information, the method comprising:

obtaining a first image of an environment using a first imaging device;

identifying a subject in the first image;

orienting a second imaging device towards a position associated with the identified

subject;

obtaining a second image of the subject; and



utilizing the second image in tracking gaze information for the subject.

2 1 . The method of claim 20, the first imaging device comprising a fixed wide-angle

camera.

22. The method of claim 20 or claim 2 , wherein identifying the subject comprises

performing facial recognition on the first image.

23. The method of claim 22, wherein performing facial recognition comprises:

determining a sub image comprising a face;

selecting a grid of points on face in the sub image;

tracking the grid of points to generate a face motion vector; and

using an average of motion of the grid of points to determine a centre of the face in

the sub image.

24. The method of any one of claims 20 to 23, further comprising determining a

correction factor and applying the correction factor to the gaze information.

25. The method of claim 24, wherein the correction factor is determined by finding an

intersection of a line from a position of the subject through the second imaging device and to

a display.

26. The method of claim 24 or claim 25, wherein an offset angle is computed using:

( t a

m
+ d tane * d = tane' * (d + d is a

distance from the first imaging device to the subject, s is a distance from the second

imaging device to a display, o is a distance between the first and second imaging devices, Θ

is an angle between the subject and the first imaging device, and θ ' is an angle between the

subject and the second imaging device.

27. A computer readable storage medium comprising computer executable instructions

for performing the method of any one of claims 20 to 26.



28. A system comprising a processor and memory, the memory comprising computer

executable instructions that when executed by the processor cause the system to perform

the method according to any one of claims 20 to 26.

29. A method of enabling interaction with elements displayed in an augmented reality

(AR) environment, the method comprising:

overlaying at least one element on a viewing area in the AR environment;

obtaining an image of a subject in the AR environment viewing the viewing area;

determining gaze information from the image;

associating the gaze information with the at least one element overlaid on the

viewing area; and

performing an action according to the gaze information.

30. The method of claim 29, further comprising detecting a point of gaze on or near a

selectable element overlaid on the viewing area, wherein the action comprises controlling a

feature in the environment.

3 . The method of claim 29, further comprising detecting that a point of gaze is not within

a predetermined distance from an element overlaid on the viewing area, wherein the action

comprises providing a warning.

32. The method of claim 3 , wherein the warning is associated with an object in a real-

world environment.

33. The method of claim 32, wherein the viewing area corresponds to a vehicle

windscreen.

34. The method of any one of claims 29 to 33, further comprising obtaining a secondary

input and using the gaze information and the secondary input to determine the action to be

performed.

35. A computer readable storage medium comprising computer executable instructions

for performing the method of any one of claims 29 to 34.



36. A system comprising a processor and memory, the memory comprising computer

executable instructions that when executed by the processor cause the system to perform

the method according to any one of claims 29 to 34.

37. A method of controlling a gaze tracking system on a portable electronic device, the

gaze tracking system for enabling interaction with a display of the portable electronic device,

the method comprising:

detecting a tilt angle with respect to the portable electronic device;

orienting at least one of a plurality of gaze tracking cameras on the device according

to the tilt angle; and

selecting at least one camera obtaining an image not being obscured.

38. A method of controlling a gaze tracking system on a portable electronic device, the

gaze tracking system for enabling interaction with a display of the portable electronic device,

the method comprising:

obtaining an image from each of a plurality of gaze tracking cameras on the device;

selecting the image obtained by the camera positioned lowest on the device; and

utilizing the image obtained from the lowest camera in determining gaze information

for a user of the device.

39. A method of controlling a gaze tracking system on a portable electronic device, the

gaze tracking system for enabling interaction with a display of the portable electronic device,

the method comprising:

powering lights associated with a plurality of gaze tracking camera on the device only

when an associated camera shutter is open.

40. A method of controlling a gaze tracking system on a portable electronic device, the

gaze tracking system for enabling interaction with a display of the portable electronic device,

the method comprising:

using a hardware region of interest with a gaze tracking camera on the device,

wherein only a portion of a sensor in the camera that is imaging eyes is transmitted to a

central processing unit of the device.

4 . A computer readable storage medium comprising computer executable instructions

for performing the method of any one of claims 37 to 40.



42. A portable electronic device comprising a display, a plurality of gaze tracking

cameras, a processor and memory, the memory comprising computer executable

instructions that when executed by the processor cause the device to perform the method

according to any one of claims 37 to 40.
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