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EYE GAZE TO ALTER DEVICE BEHAVIOR

by Inventors Steven Osman and Jeffrey Roger Stafford
BACKGROUND

1. Field of the Invention

[0001] The present invention relates to methods for controlling the behavior of electronic
devices, and more particularly, methods and systems for controlling device behavior based on
the gaze of one or more users.

2. Description of the Related Art

[0002] Electronic devices are becoming more and more pervasive in everyday life. The
feature sets keep growing, offering a wider variety of functions and options for users. As the
number of options grows, ease of use becomes more and more important as users try to select
and navigate through all the options offered by electronic devices. At times, some of the options
are not even available due to the current environmental variables of the device, yet a user may
still be presented with a complex tree of menu options. For example, an option in a Global
Positioning System (GPS) device allows a user to select between voice navigation assistance
(verbal instructions for the driver of a car) or directions on a map shown in a display situated
near the driver. However, a user driving on a curvy road at night may have difficulties following
a map since the user must focus attention on the road ahead.

[0003] Advances in the science of gaze detection allow devices to determine if one or more
users and presently looking at a certain target. To improve the usability and configurability of
electronic devices, better user interfaces are needed to take into account the state of the device as
well as the user situation in order to produce intuitive, easy-to-use interfaces, which improve
interactions between man and machine.

[0004] It is in this context that embodiments of the invention arise.
SUMMARY

[0005] Embodiments of the present invention provide methods and systems for controlling
behavior of an electronic device based on user-gaze direction. It should be appreciated that the
present invention can be implemented in numerous ways, such as a process, an apparatus, a
system, a device or a method on a computer readable medium. Several inventive embodiments
of the present invention are described below.

[0006] In one embodiment, a method includes an operation for operating the electronic device

in a first mode of operation, and an operation for tracking the gaze of a user interfacing with the
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electronic device. The electronic device is maintained in a first mode of operation as long as the
gaze is directed towards a predetermined target. In another operation, the system detects that
the gaze is not directed towards the predetermined target. The electronic device is operated in a
second mode of operation, different from the first mode of operation, after detecting that the
gaze is not directed towards the predetermined target.

[0007] In another embodiment, an electronic device includes a gaze detection module and a
processor. The gaze detection module determines if the gaze of the user interfacing with the
electronic device is directed towards a predetermined target. The processor supports different
modes of operation for the electronic device, the modes of operation including a first mode and a
second mode of operation. While the gaze of the user is directed towards the predetermined
target the processor operates in the first mode of operation, and the processor operates in the
second mode of operation after the gaze detection module detects that the gaze of the user is not
directed towards the predetermined target.

[0008] In yet another embodiment, a computer program embedded in a non-transitory
computer-readable storage medium, when executed by one or more processors, for controlling
behavior of an electronic device, includes program instructions. Included in the medium are
program instructions for operating the electronic device in a first mode of operation, and
program instructions for tracking a gaze of a user interfacing with the electronic device. Further,
the medium also includes program instructions for maintaining the electronic device in a first
mode of operation as long as the gaze is directed towards a predetermined target, and program
instructions for detecting that the gaze is not directed towards the predetermined target.
Additional program instructions enable the operation of the electronic device in a second mode
of operation different from the first mode of operation, after detecting that the gaze is not
directed towards the predetermined target.

[0009] Other aspects of the invention will become apparent from the following detailed
description, taken in conjunction with the accompanying drawings, illustrating by way of

example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention may best be understood by reference to the following description taken
in conjunction with the accompanying drawings in which:
[0011] Figures 1A to 1C illustrate a navigation system that changes mode of operation based

on the gaze of the user, according to one embodiment.
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[0012] Figures 2A and 2B illustrate a collision avoidance system using gaze detection,
according to one embodiment.

[0013] Figure 3 illustrates an embodiment of a gaze detection system with multiple gaze
detection units.

[0014] Figures 4A and 4B show a video recorder activated when a user looks away from a
display, according to one embodiment.

[0015] Figures SA and 5B depict a toy that changes behavior depending on the gaze of the
child, according to one embodiment.

[0016] Figures 6A and 6B illustrate an embodiment of a mobile phone that changes behavior
depending on the user’s gaze on the phone.

[0017] Figures 7A and 7B illustrate the behavior of a picture-in-picture display that changes
according to user gaze, in accordance in one embodiment.

[0018] Figure 8 depicts a watch that glows brighter when the watch detects the user’s gaze,
according to one embodiment.

[0019]  Figure 9 illustrates a device that enhances the visibility of an area of the display based
on the user’s gaze, according to one embodiment.

[0020] Figures 10A and 10B illustrate the operation of a screensaver based on user gaze,
according to one embodiment.

[0021] Figures 11A and 11B illustrate a system that responds to the direction of the gaze of
several users, in accordance with one embodiment.

[0022] Figure 12 depicts the architecture of a gaze detection system, according to one
embodiment.

[0023] Figure 13 depicts another embodiment of a gaze detection system where the gaze
target is located outside the electronic device.

[0024]  Figure 14A shows the flow of an algorithm for controlling behavior of an electronic
device, and for generating alarms, in accordance with one embodiment of the invention.

[0025] Figure 14B shows the flow of an alternate algorithm for controlling behavior of an
electronic device, and for generating alarms, in accordance with one embodiment of the
invention.

[0026] Figures 15A to 15C illustrate different state diagrams for embodiments of the
invention.

[0027]  Figure 16 is a process flowchart for controlling the behavior of an electronic device, in

accordance with one embodiment of the invention.
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[0028]  Figure 17 is a simplified schematic diagram of a computer system for implementing

embodiments of the present invention.

DETAILED DESCRIPTION

[0029] The following embodiments describe methods, computer programs, and apparatus for
controlling the behavior of an electronic device utilizing user-gaze information. It will be
obvious, however, to one skilled in the art, that the present invention may be practiced without
some or all of these specific details. In other instances, well known process operations have not
been described in detail in order not to unnecessarily obscure the present invention.

[0030] Figures 1A to 1C illustrate a navigation system that changes mode of operation based
on the gaze of the user, according to one embodiment. A user’s gaze is good indicator of the
user’s attention or intention. Using eye-gaze information as input enables a computer system to
gain contextual information about the user’s task, which in turn can be leveraged to design
interfaces that are more intuitive and intelligent. With the increasing accuracy and decreasing
cost of eye-gaze tracking systems, eye-gaze tracking can be used in a wide range of applications.
[0031] Eye tracking, or eye-gaze tracking, is the process of measuring either the point of gaze
(“where a user is looking”), or the motion of an eye relative to the head. An eye tracker is a
device for measuring eye position and eye movement. There are a number of methods for
measuring eye movement and gaze direction. Some methods use video images from which the
eye position is extracted, and other methods use search coils or are based on the
electrooculogram. In another method, infrared light is emitted by a device with an infrared
camera or detector, or that is in communication with an infrared camera or detector. The
infrared light is reflected from the user’s retinas back onto the infrared camera or detector. The
amount of infrared light reflected back is based on the person’s gaze towards the emitter. A
user’s gaze on a device is determined once the infrared light received on the camera or detector
reaches a certain threshold for a period of time. Small lapses in gaze are considered blinks of the
eye and are ignored.

[0032] Using eye-gaze detection, a device — e.g., a portable entertainment device, an in-
vehicle navigation system, a child's toy, a TV, etc. — can change its behavior based on how
much attention is receiving from the user. In some embodiments, a device only needs to know if
a user is looking at the device, but the device does not need to know the precise direction of a
user’s gaze. In other embodiments, the precise direction of the user’s gaze is considered to

control the behavior of the device. Embodiments of the invention enable consumer electronic
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devices to take advantage of gaze detection, and to tailor functionality based on the attention
received by the electronic device. By utilizing gaze detection, devices can provide more
intuitive interaction and an improved experience for the user.

[0033] In the embodiment shown in Figure 1A, a gaze detection system is used to determine
if driver 102 is looking at display 108, which includes a car navigation system. The gaze
detection system includes camera 106 that captures video of the eyes 104 of the driver 102. The
gaze detection system, which includes camera 106 and display 108, determines if the gaze of
driver 102 is directed towards the display. The system changes behavior according to the gaze
— when the gaze is directed towards the display, the car navigation system displays a map to
assist the driver to reach a destination, and when the gaze is not directed to the display, the car
navigation system provides audible directions to the user.

[0034] Figure 1B illustrates the mode of operation that includes showing map 120 when the
user is looking at the display. The example of Figure 1B shows a location of the car in the map
and an indication, the arrow, of the next turn to be taken by the driver. Additional information
on the display can include distance to the next intersection, distance to destination, street names,
etc.

[0035] Figure 1C illustrates the mode of operation when the driver is not looking at the map,
e.g., the driver is looking at the road ahead. Speaker 132 delivers verbal cues to the driver, such

2% C¢

as “turn left in 50 meters,” “turn right at the next intersection,” “drive on highway 17 for the next
10 miles,” etc. Display 130 can be dimmed or turned off, or can present the verbal cues as visual
cues. Visual cues are not required (the visual cues on the display may be available for other
people in the car). In another embodiment, the map is always shown on the display and the
verbal cues are only provided when the gaze of the user is not on the display.

[0036] The change of behavior can be utilized in a variety of devices and scenarios. For
example, a television can pause the show being displayed (the television system is connected to
a Digital Video Recorder) when gaze fades away. Other examples of devices changing behavior
based on user gaze are given below with reference to Figures 2A to 11B.

[0037] Figures 2A and 2B illustrate a collision avoidance system using gaze detection,
according to one embodiment. User interfaces change modality, depending on whether the user
is paying attention to a device or to a situation. For example, in the scenario illustrated in Figure
2A, a potential alarm situation arises when car 204 suddenly slows down in front of car 202,

which is detected by a car proximity detector. If user 206 is looking ahead (as detected by a

gaze detector, such as the one shown in Figure 1A), then no alarm is generated because the user
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is already looking at the car in front. However, if user 206 is not looking ahead, as shown in
Figure 2B, then the car proximity detector will generate an alarm, which can be audible, visible,
or both. In another embodiment, a threshold of danger is defined to determine when a collision
is imminent, and when the collision is imminent, the alarm is generated regardless of whether
user 206 is looking ahead or not. The threshold condition is calculated base one or more factors,
such as the distance between the cars, the speed of the cars, the relative speed of the cars, an
average response time for a user, a configuration parameter indicating when the user whishes to
receive an alarm, etc.

[0038] In another embodiment, an alert condition is generated when a user is changing lanes
and the user is not looking at a car approaching in the destination lane for the lane change. The
alarm is avoided if the user is looking at a mirror where the other car can be seen, or if the user
has turned the head in the direction of the second car. More than one gaze detector may be
needed to detect if the user is looking at the mirror or the side of the car.

[0039] Figure 3 illustrates an embodiment of a gaze detection system with multiple gaze
detection units. The car of Figure 3 includes several gaze detection units 302a-302f. Each gaze
detection unit detects if the user is looking at the corresponding target for that gaze detection
unit. The information from all the gaze detection units is combined to define a grid 304. The
grid coordinates of the approximate point or area where the user is looking are calculated based
on the information from gaze detection units 302a-302f.

[0040] Further, different target areas Al-A6 (306a-306f) are defined in order to determine
when alarms are generated. One or more specific target areas are utilized according to the
situation. For example, if a user is changing to the lane on the right and a car is in the lane on
the right, the collision detection system will generate an alarm if the user is not looking at target
area A4 306e, and will not generate an alarm if the user is looking at target area A4 306e. In the
same scenario as the one illustrated in Figures 2A and 2B, an alarm will be generated if the user
is looking at target A3 306d when there is a potential collision with the car in front. The single
gaze detector of Figure 2A may have detected that the user was looking ahead, but the single
gaze detector may have not detected that the user was looking to the side (A3), because the user
may have been looking at a street sign, a car on the next lane, a commercial banner, a pedestrian,
etc. Thus, the additional resolution added by having multiple gaze detectors improves the ability
to determine danger situations. In addition, the increased resolution may limit the number of
alarms generated because there is a better understanding of where the user is directing their

sight.
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[0041] Figures 4A and 4B show a video recorder activated when a user looks away from a
display, according to one embodiment. As shown in Figure 4A, user 402 is watching a television
show on display 404. A gaze detection system uses camera 406 aimed at the user to detect when
the user is looking to the display or away from the display. When the gaze detection system
determines that user 402 is looking at display 404, Digital Video Recorder (DVR) 408 does not
record the television show. However, when user 402 looks away from display 402, as shown in
Figure 4B, the gaze detection system takes action.

[0042] In one embodiment, DVR 408 starts recording the show (light 410 turned on indicates
that the DVR is recording) so the user can watch the show at a later time. In another
embodiment, the DVR records the show and the show is paused until the user turns back their
gaze towards display 404. The ability to record only when the user is looking away is useful
when the recording capacity of the DVR is limited.

[0043] The same principle is used in other applications using a display, such as pausing a
videogame when the user looks away, pausing a streaming internet video, pausing a DVR that is
playing a movie, pausing a computer game or some other software application, etc.

[0044] In yet another embodiment, a television set decreases the volume when gaze is not
detected on the television, and increases the volume when gaze is detected. In another
embodiment, gaze detection determines the quality of recording. For example, when the user is
looking at the display, the recording is made with low quality because it is assumed that the user
will not watch the show again. However, if the user looks away, the recording switches to high
resolution mode because the system assumes that the user will watch, at a future time, the part of
the show he missed.

[0045] If there are several viewers in the room, one embodiment determines if any of the
users is looking at the display before taking action, such as starting recording or pausing the
show. In another embodiment, a testing application or a web-based classroom use gaze
detection to determine when the user is paying attention. If the user is not paying attention, a
flag may be shown to a teacher, or the software application will not give the user credit for
paying attention.

[0046] Figures SA and 5B depict a toy that changes behavior depending on the gaze of the
child, according to one embodiment. Figure SA shows child 502 playing with toy 504, which
includes a gaze detection system. When toy 504 detects that the child’s gaze is set on the toy,
toy 504 interacts with child 502 by emitting sounds, producing verbal messages, moving around,

flashing lights, etc.
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[0047] When child 502 is not looking at toy 504, as illustrated in Figure 5B, toy 504 responds
by trying to induce the child to play with the toy, and eventually, after a predetermined period,
by shutting down. For example, the toy may emit a verbal message (“Play with me”), or flash
some lights, sound a siren, move closer to the child, etc. Thus, the behavior of the toy changes
according to the gaze of the child.

[0048] Figures 6A and 6B illustrate an embodiment of a mobile phone that changes behavior
depending on the user’s gaze on the phone. As shown in Figure 6A, mobile phone 604 includes
at least two behavior modes for obtaining voice mail, a visual mode and an audible mode.
Mobile phone 604 has a gaze detection system that includes a camera facing the user, and the
behavior of the voice mail application changes according to the gaze of user 602. When user
602 is looking at mobile phone 604 (Figure 6A), the mobile phones operates using a visual voice
mail interface, which includes one or more of a list of voice mails, command buttons (play,
rewind, replay, save, next, etc.), data voice mail received, etc.

[0049] When user 602 looks away from mobile phone 604, the voice mail application
switches to audible voice mail mode, as shown in Figure 6B. The audible voice mail mode
provides prompts to user 602 to guide user 602 through the different options. The user in return
provides voice commands to mobile phone 604 to select the desired options. In one
embodiment, the user can provide other types of inputs, such as pushing a button, touching a
touchscreen, etc. For example, user 602 may be given a list of choices to say a number
corresponding to an option, and the user selects one of the options by saying the corresponding
number.

[0050] In another embodiment, the gaze of the user changes the power consumption mode of
an electronic device. For example, when the user looks away from the device, the device may
enter power-saving mode to decrease the amount of power supplied to input devices, such as
buttons, touch panels, cameras, etc.

[0051] Figures 7A and 7B illustrate the behavior of a picture-in-picture (PIP) display that
changes according to user gaze, in accordance in one embodiment. Display 702 includes a gaze
detection system that is, not only able to detect if the user is looking at display 702, but also able
to detect if the user is looking at a particular section of display 702. Figure 7A shows display
702 presenting a first video 704a in the main section of the display, and a second video 704b in
an inset within the display, which is known as the picture-in-picture window.

[0052] When the gaze detection system determines that the user is looking at video 704b in

the picture-in-picture window, for an amount of time exceeding a threshold, the gaze detection
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system switches the showing of the first video and the second video. As shown in Figure 7B,
the first video 704a is displayed in the picture-in-picture window and the second video 704b is
displayed in the main area of display 702.

[0053] Figures 7A and 7B illustrate how the operating mode of the display changes without
requiring user input, and without producing a notification to the user (e.g., an alarm) that the
operating mode is changing. The gaze system triggers a change in the operating mode of the
electronic device, without requiring an action or an input from the user, beyond that of changing
the gaze direction. Thus, the change of operating mode is independent of user action. In another
example, a computer program detects if the gaze of the user remains, for a period of time (e.g., 2
seconds), on one of several advertisements shown on a web page. When the gaze of the user
remains on the advertisement, then the computer program performs an action related to the
advertisement, such as opening a related web page, running an animation, increasing the size of
the advertisement to provide additional information to the user, etc.

[0054] In one embodiment, a notification is provided to the user indicating that the mode of
operation is being changed, but permission from the user is not required to change the mode of
operation. For example, a brief message is shown on the display indicating that the videos are
being switched (e.g., “Switching program with picture-in-picture program”). However, the user
still produces no active input (beyond changing the gaze, of course) to command the television
to switch the programs.

[0055] In yet another embodiment, gaze detection is combined with user input. Once the
gaze detection system determines that the gaze of the user has changed, the user is prompted for
an input to determine if the electronic device will change operating mode. For example, when
the gaze detection systems detects that the gaze of the user is on the picture-in-picture display,
the television asks the user for permission to switch the programs (e.g., “Do you want to switch
with PIP? Press 1 to switch, press 2 to cancel”). In the example described above with reference
to web page advertising, instead of giving additional information automatically, the computer
program asks the user if the user whishes additional information for the advertised product or
service. If the user accepts the suggestion, then additional information is provided.

[0056] Figure 8 depicts a watch that glows brighter when the watch detects the user’s gaze,
according to one embodiment. Watch 802 has a gaze detection system, and when the gaze
detection system detects that user is looking at the watch, then the watch improves the visibility

of the watch. For example, the watch may turn on a light that brightens up the watch, or increase
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the amount of power to the display to make the display brighter, turn on a glow mechanism, turn
on the display, etc.

[0057] The watch saves power because the visibility is only enhanced when the user is
looking at the watch. The embodiment in Figure 8 is exemplary and not meant to be limiting.
The same principle can be used in other devices such as a television set, a television remote
controller, a game console, a game controller, a keyboard, an alarm control panel, an electronic
book reader, instrumentation in the dashboard of a car, etc. Devices can change the power mode
consumption, such as waking up a television or a phone from a standby mode when the gaze is
detected on the device.

[0058] In another embodiment, power consumption also takes into account other parameters
that are combined with the status of the gaze detection. For example, instrumentation on the
dashboard of a car may not increase the light emitted, when the user is looking at the
instrumentation, if the system detects that it is daylight and the dashboard is sufficiently
illuminated by natural light.

[0059] Figure 9 illustrates a device that enhances the visibility of an area of the display based
on the user’s gaze, according to one embodiment. A large display is divided into separate areas,
each area showing a different video. In the example of Figure 9, the display is divided into four
areas, 902a to 902d. When the gaze detection system determines that a user is looking at one of
the areas, such as area 902a, the system changes the properties of the video being watched. In
other embodiment, the areas not being watched that have the videos shown, can change
properties too. For example, when the system detects that the user is looking at area 902a, the
system increases the quality of the video shown in area 902a by improving the resolution (e.g.
reducing video compression), by providing a higher resource bandwidth to area 902a, or by
adding resources to the watched area. More Central Processing Unit (CPU) resources can be
added to the video of area 902a to improve the rendering of the video or higher power is given to
the display elements (e.g. LEDs) of area 902a. The rest of the areas can be shown at a lower
resolution, but a good enough resolution so the user can change focus to another area and see
what is being displayed.

[0060] For example, the area being watched is shown at one resolution and the areas not
being watched are shown at a different resolution. In one embodiment, the system can track
more than one user, such as when a second user is watching a different area from the area
watched by the first user. In this case, the region watched by the second user is also shown with

higher resolution. In another embodiment, when the gaze detection system determines that a
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user is looking at one of the areas, such as area 902a, the system plays the audio associated with
the video playing in the area being observed by the user. Accordingly, the audio from the areas
not being observed (902b, 902d, and 902c¢) will be muted. If the user changes the gaze to
another area (e.g., area 902b), then the audio from the previous area (e.g., 902a) will be muted,
and the audio associated with the new area (e.g., 902b) will be played.

[0061] In yet another embodiment, a visual cue is provided to the user indicating which area
is being selected with gaze. For example, an icon can be displayed on the selected area, the area
selected is framed with a border having a predefined pattern or color, a light (e.g., and LED) is
turned on in the frame of the display next to the selected area, etc.

[0062] Figures 10A and 10B illustrate the operation of a screensaver based on user gaze,
according to one embodiment. A screensaver is a type of computer program, initially designed
to prevent burn-in on computer monitors, that blanks the screen or fills the screen with moving
images, when the computer is not in use. The screensaver is typically started after a period of
inactivity of input devices, such as keyboard and mouse. The screensaver terminates after
receiving a message from the operating system, indicating that the mouse has been moved or a
key has been pressed.

[0063] While user 152 reads a document on display 156, the user may take a long time to
read the same page. If the user exceeds the screensaver inactivity time trigger, screensaver 158
will start executing (as shown in Figure 10B) and the user is not able to continue reading.
However, a gaze detection 154 system incorporated into the computer enhances the
screensaver’s behavior.

[0064] The gaze detection system in the computer blocks the computer system from starting
the screensaver while the gaze of the user is on the display. If the gaze of the user is not on the
display, the computer starts the screensaver as soon as gaze on the computer is not detected. In
another embodiment, the moment the gaze is not detected on the display, the computer starts the
inactivity timer, and when the timer expires the screensaver is started. If the user returns their
gaze to the display while the screensaver is executing, then the screensaver is terminated. The
inactivity timer is reset if the screensaver is not executing.

[0065] Gaze detection for controlling screensavers can also be utilized in other devices that
include a display, such as a book reader, a tablet, a mobile phone, a video-game player, etc.
[0066] Figures 11A and 11B illustrate a system that responds to the direction of the gaze of
several users, in accordance with one embodiment. The embodiments of Figures 11A and 11B

include a gaze detection system that tracks the gaze from more than one viewer. A plurality of
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viewers 162 in a bar watch screens displaying different videos or programs 164a-164e, where
each of the videos and programs can be switched to be displayed in a different screen. There is a
central screen, larger than the other screens, showing program 164c, and the system aims at
displaying on the central screen the most popular program. To determine the most popular
program, the gaze detection system determines which programs the viewers 162 are watching.
The program that has the most viewers is determined to be the most popular.

[0067] In the embodiment of Figure 11A, program 164b is the most popular with the viewers
because there are three viewers watching program 164b, and all the other programs have less
than three viewers. Since the program on screen 164b is the most popular, the system switches
programs 164c and 164b, such that program 164b is shown on the central screen, as shown in
Figure 11B. For example, several sports events are being watched at the bar. At a moment in
time, a goal is scored in one of the games presented in a small screen, causing many of the
patrons to shift their attention to the game with the goal scored. The gaze detection system
detects that this program, where the goal was scored, is the most popular program, and the
system then switches the popular program to the central screen.

[0068] In one embodiment, a screen not watched by any viewer for a certain amount of time
changes the video or program shown, not by switching with other screen, but by changing the
feed, such as by changing the television channel.

[0069] In another embodiment, the data collected on the programs that the viewers are
watching is combined with data from other locations to obtain data for a large group of
individuals. The combined data is used for several purposes, such as to assess the viewing
patterns of the large group, to determine the popularity of commercials, to calculate program
ratings, etc. This aggregated data can also be used for marketing purposes, such as by listing on
real time the popularity of programs, listing the most popular programs, adjusting advertising
rates so companies pay more for advertising in popular programs, etc.

[0070] In one embodiment, the system creates a dynamic channel that displays the most
popular program at a given time, or that displays the most popular program from a list of
channels configured by the user. For example, a user may have selected two different sporting
events, and the program shown will vary according to the dynamically-calculated popularity of
the sporting events. The popularity changes when exciting events happen in the sporting events,
such as a score, a penalty, etc.

[0071] The data collected regarding gaze-based viewer’s video choices is used, in another

embodiment, to determine the popularity of segments within a show. Thus, future viewers can
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access rating information indicating which segments of the show acquired higher ratings, where
each segment is given an individual rating, independent of the ratings of other segments within
the show. A stream of content ratings is created, whereby a show is not just rated by a unique
show rating, but rather the show is rated at each segment (e.g., hour, minute, second, chapter,
inning, half, quarter, set, game, etc.) based on gaze voting.

[0072] In another embodiment, an electronic device redirects CPU resources away from the
processing of Graphical User Interface (GUI) tasks to other tasks when there is no gaze detected
on the display. When the gaze returns to the display, GUI processing receives additional CPU
resources to ensure that the GUI is responsive to the user. In yet another embodiment, an alarm
clock is turned off or set to snooze when the alarm clock detects a gaze for a sustained period of
time.

[0073] Figure 12 depicts the architecture of a gaze detection system, according to one
embodiment. Device 254 includes a gaze detection system that includes at least a gaze engine
262, an action engine 268, and an alarm engine 276. The gaze detection system determines, at
any moment in time, if user 252 has their gaze 286 on gaze target 256. The gaze target can be
the complete device, or a part of the device, such as a video display. In another embodiment,
described below with reference to Figure 13, the gaze target is not situated on the device.

[0074] Gaze engine 262 includes gaze detection module 264 and gaze history database 266.
Gaze detection module 264 determines if the gaze of user 252 is on gaze target 256. In one
embodiment, gaze detection module 264 includes a camera facing user 252 together with gaze
detection software that analyzes the eyes of user 252. However, other gaze detection systems
are also possible. One skilled in the art will appreciate that the embodiment of Figure 12 is
exemplary and not meant to be limiting. In one embodiment, a history of the gaze status (on or
off) is kept in database 266. The gaze history can be used in embodiments that take into account
the history of the gaze, such as for example, a screensaver application described above with
reference to Figures 10A and 10B.

[0075] Action engine 268 includes action processor 272, history database 270, and rule
engine 274. The action processor 272 takes inputs related to gaze information, and determines
which action to take in response to the status of the gaze of the user. The inputs to action
processor 272 include gaze state from gaze detection 264, device state 260, user interface 258,
etc. Action processor 272 also interfaces with alarm engine 276 to command the alarm engine

276 to generate alarms, or to initiate some other action to be performed by the device. History
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database 270 includes a history of the different actions taken by action processor 272, such as a
log of alarm events.

[0076]  Action processor 272 uses logic rules to determine the actions to be generated. The
rules are stored in rule engine database 274 and are configurable by the user or other programs,
inside and outside the device. In one embodiment, server 284 interfaces with device 254 via
network 282 to configure action engine 268. For example, one rule may be “generate a two-
second loud beep when user’s car is less than 1 second away from a collision with car ahead, and

b

user’s gaze is not directed towards the front of the car.” Another rule may be “in a navigation
system, use verbal directions when user is not looking at display, and use map navigation when
user is looking at the display.”

[0077] Alarm engine 276 includes alarm processor 278 and alarm interface 280. The alarm
processor receives commands from action processor 272 and translates the commands into
specific actions in the device, which are communicated via alarm interface 280. Device state
260 of device 254 includes the values of parameters associated with the status of the device, and
more specifically, the values of parameters related to gaze detection and actions associated
therewith. Alarm interface 280 can change the device state 260 (e.g., dim the display) and the
device state parameters are also available to the action processor 272. User interface 258
provides one or more interfaces to different elements in device 254, such as display, keyboard,
mouse, car instrumentation, camera, speaker, etc.

[0078] Figure 13 depicts another embodiment of a gaze detection system where the gaze
target is located outside the electronic device. Gaze target 352 is not part of the device
interfacing with the user. In one embodiment, a car collision-detection system does not check if
the user is looking at the collision-detection system, but rather checks if the user is looking at the
car ahead when the user is dangerously approaching the car ahead. Thus, the gaze target is not
in the gaze detection system or in the device holding the gaze detection system.

[0079]  Generally speaking, the state of a first environmental parameter is tracked (e.g., a car
ahead, bandwidth available), analysis is made to see if a condition occurs that requires response
(e.g., water boiling over, car breaking ahead), and a determination is made based on the state of
the gaze of a user or users.

[0080] In yet another embodiment, the gaze engine is located outside the device and
interfaces with the device. The gaze target is external to both the gaze engine and the device.
The three components (gaze engine, gaze target, and device) interface with each other to detect

gaze and have the device react to the gaze of the user.
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[0081] It should be noted that the embodiments illustrated in Figures 12 and 13 are
exemplary. Other embodiments may utilize different modules, or some modules may not be
present. The embodiments illustrated herein should therefore not be interpreted to be exclusive
or limiting, but rather exemplary or illustrative.

[0082] Figure 14A shows the flow of an algorithm for controlling behavior of an electronic
device, and for generating alarms, in accordance with one embodiment of the invention. In
operation 1402, gaze checking is started, and in operation 1404, the values of state parameters
are determined. The state parameters define the state of the device or of some condition in the
environment related to the device. After operation 1404, the method proceeds to operation 1406
to check for the existence of an actionable condition based on the values of the state variables.
In operation 1408, the result of the check determines if the method proceeds to operation 1410
when there is an actionable condition, or if the method proceeds to operation 1420 if there is no
actionable condition. In operation 1420, the method waits for a period of time, as necessary. In
one embodiment, the wait period is zero, while in another embodiment, the method waits for a
period of time, such as 100ms, 1 second, 1 minute, etc., before returning to operation 1404 and
repeating as described above.

[0083] In operation 1410, the gaze state is checked, and in operation 1412, the method
operation determines if taking action is required based on the values of the state variables and
the gaze state. For example, if the gaze state is “driver not looking ahead” and the state variable
indicates that a collision with the car ahead will occur within 2 seconds, then a determination is
made to warn the user.

[0084] In operation 1414, a check is made to determine if the action is required, and if the
action is required, the method flows to operation 1416, where an alarm is activated. If the action
is not required, the method proceeds back to operation 1420. After operation 1416, the method
proceeds to operation 1418 to wait until the alarm condition is cleared. For example, the alarm
condition can be cleared when it is detected that the driver is looking ahead or when the
potential-collision condition is cleared.

[0085] Figure 14B shows the flow of an alternate algorithm for controlling behavior of an
electronic device, and for generating alarms, in accordance with one embodiment of the
invention. In the embodiment of Figure 14B, the gaze is not checked continuously, and the gaze
is only checked when an actionable condition is detected.

[0086] Thus, in operation in operation 1404, the values of state parameters are determined,

and the method proceeds to operation 1406 to check for the existence of an actionable condition
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based on the values of the state variables. In operation 1408, the result of the check determines
if the method proceeds to operation 1402 when there is an actionable condition, or if the method
proceeds to operation 1420 if there is no actionable condition. In operation 1420, the method
waits for a period of time, as necessary. In one embodiment, the wait period is zero, while in
another embodiment, the method waits for a period of time, such as 100ms, 1 second, 1 minute,
etc., before returning to operation 1404 and repeat as described above.

[0087] In operation 1402, gaze checking is started, and the method proceeds to operation
1410, where the gaze state is checked. In operation 1412, the method operation determines if
taking action is required based on the values of the state variables and the gaze state.

[0088] In operation 1414, a check is made to determine if the action is required, and if the
action is required, the method flows to operation 1416, where an alarm is activated. If the action
is not required, the method proceeds back to operation 1420. After operation 1416, the method
proceeds to operation 1418 to wait until the alarm condition is cleared. For example, the alarm
condition can be cleared when it is detected that the driver is looking ahead or when the
potential-collision condition is cleared.

[0089] Figures 15A to 15C illustrate different state diagrams for embodiments of the
invention. Figure 15A shows a state diagram of a gaze detection application that changes
behavior based on the state of the user’s gaze. In state 552, the gaze of the user is off the
dashboard display. The display on the car’s dashboard is dimmed, and the navigation system
provides verbal turn-by-turn instructions to the user.

[0090] In state 554, the gaze of the user is on the display. Therefore, the dashboard display is
on, with high intensity, and the driving directions are provided on a map in the dashboard
display. “Gaze on” is referred to herein as the condition where the gaze of the user is set on the
target of the gaze detection system, and the “gaze off” is the condition when the gaze of the user
is not set on the target of the gaze detection system.

[0091] The transitions between state 552 and 554 are triggered by the change in gaze state.
When the state machine is in state 552 and the gaze state changes to on, the state machine
transitions from state 552 to state 554, and when the state machine is in state 554 and the gaze
state changes to off, the state machine transitions from state 554 to state 552.

[0092]  Figure 15B presents the state machine for an interactive toy with gaze detection. The
state machine includes three states: state 556 where the toy is on, state 560 where the toy is off,
and state 558 where the toy provides verbal cues to the user and gets their attention (see example

described above for interactive toy).
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[0093] While in state 556, if the gaze state switches to off, the state machine transitions to
state 558. If the gaze state changes to back to “on” while in state 558, the state machine then
returns to state 556. However, while in state 558, if the gaze of the child is not detected for a
threshold period of time, the state machine transitions to state 560, where the toy is turned off.
Finally, a transition will take place from state 560 to state 556 when the toy is turned on.

[0094] It should be noted that the embodiments illustrated in Figures 15A to 15C are
exemplary. The state diagrams are simplified forms of state diagrams that may include more
states to perform a variety of functions, where at least one function is based on gaze detection
state.  Other embodiments may combine gaze with other parameters to determine the state of
the device, or to determine the state transitions. The embodiments illustrated herein should
therefore not be interpreted to be exclusive or limiting, but rather exemplary or illustrative.
[0095]  Figure 15C presents a state diagram of a collision detection application that uses gaze
detection. In state 578, the driver is driving and no alarm condition is present. States 580 and
572 are alarm states, that is, states where an event causes the system to evaluate a possible alert
condition to be presented to the driver. States 582 and 574 are states where an alert is presented
to the user, and state 576 is a state where the system detects that the driver is turning left. As
previously described, the state diagram is a simplified diagram. Another embodiment of a state
machine may include other states, such as turning right, backing up, etc.

[0096] While in state 578, if a possible collision is detected, the state machine transitions to
state 580. The possible collision is detected when the car is approaching a car in front, but there
is still enough time for the driver to react and avoid the collision. However, while in state 578, if
a collision is imminent, the state machine transitions to state 582, where the user is alerted. The
transition is made, independent of the state of gaze, because the criticality of alerting the driver,
even if the driver is looking ahead, as the driver may be distracted, looking at a street sign, etc.
[0097] There are two possible transitions from state 580: if gaze state is “off” the state
machine transitions to state 582, and if the gaze state is “on” the state machine transitions so
state 578, because the system assumes that the driver is aware of the condition and the alert is
not needed. This way, the system avoids producing too many alerts when the user is already in a
situation where the collision can be avoided.

[0098] From state 582, the state machine transitions back to state 578 when the end of the
possible-collision-ahead state is detected. This condition takes place when the distance from the

car in front is increased, or when a collision is detected, making the alert unnecessary.
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[0099] On the left side of Figure 15C, the state machine includes states related to collision
detection while making a left turn. Thus, a state transition takes place from state 578 to state 576
when the system detects that the car is steering left. The left turn can take place because the
driver is making a left turn onto another street, or because the driver is changing lanes to the lane
on the left. While in state 576, if the system detects the car is steering ahead, then the state
machine transitions back to driving state 578. While in state 576, the state machine can also
transition to states 572 or state 574. A transition is made to state 572 when a possible collision
is detected on the left. This may be, for example, when there is a car on the left lane, or when
there is traffic travelling in the opposite direction that will cause a collision. A transition is made
to state 574 from state 576, when the system detects that a collision on the left is imminent.
[00100] From state 572, the state machine transitions to state 576 when the system detects
that the driver has their gaze on the vehicle on the left, and to state 574 when a vehicle is
detected on the blind spot of the driver or when the gaze of the driver is not directed to the left.
From state 574, the state machine transitions to state 576 when the end of the possibility of
collision on the left is determined.

[00101] Figure 16 is a process flowchart for controlling the behavior of an electronic
device, in accordance with one embodiment of the invention. In operation 1602, the electronic
device is operated in a first mode of operation. Further, in operation 1604, the gaze of the user
interfacing with the electronic device is tracked. From operation 1604 the method proceeds to
operation 1606, where the electronic device maintains the first mode of operation as long as the
gaze of the user is directed towards a predetermined target.

[00102] In operation 1608, a check is made to determine is the gaze of the user is directed
towards the predetermined target. If the gaze is towards the predetermined target, the method
proceeds back to operation 1606, and if the gaze is not directed towards the predetermined
target, then method proceeds to operation 1610. The electronic device is operated, in operation
1610, in a second mode of operation different from the first mode of operation. Thus, the
electronic device changes to a different mode of operation when the gaze of the user moves
away from the predetermined target.

[00103] Figure 17 is a simplified schematic diagram of an exemplary computer system for
implementing embodiments of the present invention. It should be appreciated that the methods
described herein may be performed with a digital processing system, such as a conventional,
general-purpose computer system. Special purpose computers, which are designed or

programmed to perform only one function, may be used in the alternative. The computer system
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includes a central processing unit (CPU) 1704, which is coupled through bus 1710 to random
access memory (RAM) 1728, read-only memory (ROM) 1712, and mass storage device 1714.
Gaze computer program 1708 resides in random access memory (RAM) 1728, but can also
reside in mass storage 1714 or ROM 1712.

[00104] Mass storage device 1714 represents a persistent data storage device such as a
floppy disc drive or a fixed disc drive, which may be local or remote. Network interface 1730
provides connections via network 1732, allowing communications with other devices. It should
be appreciated that CPU 1704 may be embodied in a general-purpose processor, a special
purpose processor, or a specially programmed logic device. Input/Output (I/O) interface
provides communication with different peripherals and is connected with CPU 1704, RAM
1728, ROM 1712, and mass storage device 1714, through bus 1710. Sample peripherals include
display 1718, keyboard 1722, cursor control 1724, removable media device 1734, camera 1740,
gaze detector 1742, etc.

[00105] Display 1718 is configured to display the user interfaces described herein.
Keyboard 1722, cursor control 1724, removable media device 1734, and other peripherals are
coupled to I/O interface 1720 in order to communicate information in command selections to
CPU 1704. It should be appreciated that data to and from external devices may be
communicated through I/O interface 1720. The invention can also be practiced in distributed
computing environments where tasks are performed by remote processing devices that are linked
through a wire-based or wireless network.

[00106] Embodiments of the present invention may be practiced with various computer
system configurations including hand-held devices, microprocessor systems, microprocessor-
based or programmable consumer electronics, minicomputers, mainframe computers and the
like. The invention can also be practiced in distributed computing environments where tasks are
performed by remote processing devices that are linked through a network.

[00107] With the above embodiments in mind, it should be understood that the invention
can employ various computer-implemented operations involving data stored in computer
systems. These operations are those requiring physical manipulation of physical quantities. Any
of the operations described herein that form part of the invention are useful machine operations.
The invention also relates to a device or an apparatus for performing these operations. The
apparatus may be specially constructed for the required purpose, such as a special purpose
computer. When defined as a special purpose computer, the computer can also perform other

processing, program execution or routines that are not part of the special purpose, while still
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being capable of operating for the special purpose. Alternatively, the operations may be
processed by a general purpose computer selectively activated or configured by one or more
computer programs stored in the computer memory, cache, or obtained over a network. When
data is obtained over a network the data maybe processed by other computers on the network,
e.g., a cloud of computing resources.

[00108] One or more embodiments of the present invention can also be fabricated as
computer readable code on a computer readable medium. The computer readable medium is any
data storage device that can store data, which can be thereafter be read by a computer system.
Examples of the computer readable medium include hard drives, network attached storage
(NAS), read-only memory, random-access memory, CD-ROMs, CD-Rs, CD-RWs, magnetic
tapes and other optical and non-optical data storage devices. The computer readable medium
can include computer readable tangible medium distributed over a network-coupled computer
system so that the computer readable code is stored and executed in a distributed fashion.
[00109] Although the method operations were described in a specific order, it should be
understood that other housekeeping operations may be performed in between operations, or
operations may be adjusted so that they occur at slightly different times, or may be distributed in
a system which allows the occurrence of the processing operations at various intervals associated
with the processing, as long as the processing of the overlay operations are performed in the
desired way.

[00110] Although the foregoing invention has been described in some detail for purposes
of clarity of understanding, it will be apparent that certain changes and modifications can be
practiced within the scope of the appended claims. Accordingly, the present embodiments are to
be considered as illustrative and not restrictive, and the invention is not to be limited to the
details given herein, but may be modified within the scope and equivalents of the appended
claims.

What is claimed is:
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CLAIMS

1. A method for controlling behavior of an electronic device, the method
comprising:

operating the electronic device in a first mode of operation;

tracking a gaze of a user interfacing with the electronic device;

maintaining the electronic device in the first mode of operation as long as the gaze is
directed towards a predetermined target;

detecting that the gaze is not directed towards the predetermined target; and

operating the electronic device in a second mode of operation different from the first
mode of operation after detecting that the gaze is not directed towards the predetermined target.

2. The method as recited in claim 1,

wherein the electronic device is a car navigation system;

wherein the predetermined target is a display for the car navigation system;

wherein the first mode of operation includes presenting directions on a map in the
display; and

wherein the second mode of operation includes giving verbal driving directions when the
user is not looking at the display.

3. The method as recited in claim 1,

wherein the electronic device is an electronic toys;

wherein the predetermined target is the electronic toy;

wherein the first mode of operation includes interactive play; and

wherein the second mode of operation includes issuing verbal cues to attract attention to
the electronic toy.

4, The method as recited in claim 1,

wherein the electronic device is a television screen with picture-in-picture display;
wherein the television screen switches a video shown in the television screen with a video shown
in the picture-in-picture display when the gaze of the user is on the picture-in-picture display for
a predetermined amount of time.

5. The method as recited in claim 1,

wherein the electronic device is a television screen;

wherein the predetermined target is the television screen;
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wherein the first mode of operation includes showing a video on the television screen;
and

wherein the second mode of operation includes one or more of pausing the video,
recording the video, raising or lowering volume of the television screen, and turning off the
television screen.

6. The method as recited in claim 1,

wherein the electronic device includes a display;

wherein the predetermined target is the display;

wherein the first mode of operation includes a first level of brightness for the display;
and

wherein the second mode of operation includes a second level of brightness for the
display different from the first level of brightness.

7. The method as recited in claim 1, wherein tracking the gaze of the user further
includes:

checking a direction of the gaze of the user periodically.

8. The method as recited in claim 7, wherein detecting the gaze further includes:

determining that the gaze is away from the predetermined target when the gaze is away
from the predetermined target for a plurality of consecutive periods of checking the direction of
the gaze.

0. The method as recited in claim 8, further including:

switching the electronic device to operate in the first mode of operation when the gaze is
directed again to the predetermined target while operating the device in the second mode of
operation.

10. The method as recited in claim 1, further including:

operating the electronic device in a third mode of operation after a predetermined amount
of time operating in the second mode of operation while the gaze stays directed away from the
predetermined target.

11. The method as recited in claim 10, wherein the third mode of operation includes
powering off or suspending the electronic device.

12. An electronic device, comprising:

a gaze detection module that determines if a gaze of a user interfacing with the electronic

device is directed towards a predetermined target; and
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a processor with different modes of operation which include a first mode of operation
and a second mode of operation,

wherein the processor operates in the first mode of operation while the gaze of the user is
directed towards the predetermined target, wherein the processor operates in the second mode of
operation after the gaze detection module detects that the gaze of the user is not directed towards
the predetermined target.

13. The electronic device of claim 12, wherein the electronic device, when operating
in the second mode of operation, is controlled by the user without requiring visual cues from the
electronic device to the user.

14. The electronic device of claim 12, further including:

a television screen in communication with the processor, wherein the predetermined
target is the television screen,

wherein the first mode of operation includes the television screen powered on,

wherein the second mode of operation includes the television screen powered off.

15. The electronic device of claim 12, further including:

input devices in communication with the processor; and

a display, wherein the predetermined target is the display,

wherein the second mode of operation includes reducing power delivered to the input
devices while the user is looking away from the display.

16. The electronic device of claim 12, further including:

a mobile phone in communication with the processor, wherein the predetermined target
is the mobile phone.

17. The electronic device of claim 12, further including:

a car that includes the processor, wherein the predetermined target is an area in front of
the car,

wherein the first mode of operation does not generate alarms,

wherein the second mode of operation generate alarms if the car enters a possible
collision situation with an obstacle in the area in front of the car.

18. The electronic device of claim 12, further including:

a plurality of video screens, each video screen showing one of a plurality of videos, one

of the video screens being a main video screen,
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wherein the gaze detection module determines the gaze of all users watching the plurality
of video screens and determines which of the video screens has the gaze of a majority of the
users,

wherein the processor switches the video associated with the video screen that has the
gaze of the majority of the users to the main screen when the majority is not associated with the

main screen.

19. The electronic device of claim 12, further including:

a display divided in a plurality of display areas, each display area showing one of a
plurality of videos,

wherein the gaze detection module determines the gaze of all users watching the plurality
of display areas and determines which of the display area has the gaze of a minority of the users,

wherein the processor changes a video feed of the display area that has the gaze of the
minority of the users, and wherein an audio associated with the video feed is reproduced.

20. The electronic device of claim 12, further including:

a plurality of video screens, each video screen showing one of a plurality of videos,

wherein the gaze detection module determines which of the video screens has the gaze
the user,

wherein the processor provides more computing resources for processing the video
shown on the video screen that has the gaze of the user than computing resources provided to the
video screens that do not have the gaze of the user.

21. The electronic device of claim 12, further including:

a display which is divided into a plurality of display areas, wherein the gaze detection
module determines which display area corresponds to the gaze of the user,

wherein the processor delivers a higher quality of service to the display area
corresponding to the gaze of the user.

22. The electronic device of claim 21, wherein the higher quality of service includes
reproducing the audio of the display area corresponding to the gaze of the user.

23. The electronic device of claim 12, further including:

an alarm clock, wherein the predetermined target is the alarm clock,

wherein the first mode of operation includes an alarm ringing,

wherein the second mode of operation includes turning off the alarm ringing after

detecting the gaze on the alarm clock.

SUBSTITUTE SHEET (RULE 26)



WO 2012/162060 PCT/US2012/038153
05-

24. The electronic device of claim 12, further including:

a display, wherein the predetermined target is the display,

wherein the first mode of operation includes disabling a screensaver program while the
gaze of the user is on the display,

wherein the second mode of operation includes enabling a timer to start the screensaver
program while the gaze of the user is not the display.

25. A computer program embedded in a non-transitory computer-readable storage
medium, when executed by one or more processors, for controlling behavior of an electronic
device, the computer program comprising:

program instructions for operating the electronic device in a first mode of operation;

program instructions for tracking a gaze of a user interfacing with the electronic device;

program instructions for maintaining the electronic device in a first mode of operation as
long as the gaze is directed towards a predetermined target;

program instructions for detecting that the gaze is not directed towards the predetermined
target; and

program instructions for operating the electronic device in a second mode of operation
different from the first mode of operation after detecting that the gaze is not directed towards the
predetermined target.

26. The computer program as recited in claim 25, wherein tracking the gaze of the
user includes operating a plurality of gaze detecting units.

27. The computer program as recited in claim 26, further including:

program instructions for operating the electronic device in a third mode of operation
when the gaze is directed towards a second target.

28. An electronic device, comprising:

a plurality of gaze detection modules, wherein information from the plurality of gaze
detection modules is combined to determine a direction of a gaze of a user interfacing with the
electronic device; and

a processor, wherein the electronic device has a plurality of modes of operation, each
mode of operation being associated with a corresponding target area for the direction of the gaze,
wherein the processor detects if the direction of the gaze is directed to one of the target areas,
and wherein the electronic device operates in one of the modes of operation from the plurality of
modes of operation when the processor detects that the direction of the gaze is towards the

corresponding target area associated with the mode of operation.
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