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This invention relates to methods and apparatus for improv
ing communications between humans and devices. The
invention provides a method of modulating operation of a
device, comprising providing an attentive user interface for
obtaining information about an attentive state of a user; and

modulating operation of a device on the basis of the obtained
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information, Wherein the operation that is modulated is
initiated by the device. Preferably, the information about the
user’s attentive state is eye contact of the user With the

device that is sensed by the attentive user interface.
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METHOD AND APPARATUS FOR
COMMUNICATION BETWEEN HUMANS AND
DEVICES

136 to Amir et al. teaches an eye contact sensor for deter
mining Whether a user is looking at a target area. The Amir
et al. patent suggests that eye contact information can be

used together With voice information, to disambiguate voice
RELATED APPLICATIONS

commands When more than one voice-activated devices are

present.

[0001] This application is a continuation-in-part of Inter
national Patent Application No. PCT/CA2004/000428, ?led
Mar. 22, 2004 and designating the United States, Which is a
continuation-in-part of US. patent application Ser. No.
10/392,960, ?led Mar. 21, 2003.

[0006] While it is evident that considerable effort has been
directed to improving user-initiated communications, little
Work has been done to improve device-initiated interactions

FIELD OF THE INVENTION

SUMMARY OF THE INVENTION

[0002]

This invention relates to attentive user interfaces

or communications.

appliances to more effectively communicate With users, in
device or subject initiated communications.

[0007] According to one aspect the invention provides a
method of detecting eye contact of a subject, comprising (i)
obtaining alternating odd and even video frames of the
subjects’ pupils; (ii) subjecting the odd and even video
frames to rolling subtraction to produce a subtracted frame;
(iii) detecting the pupils and a glint in the subtracted frame;

BACKGROUND OF THE INVENTION

Wherein alignment of the pupil and the glint con?rms eye

for improving communication betWeen humans and devices.
More particularly, this invention relates to use of eye con

tact/gaZe direction information by technological devices and

and (iv) determining alignment of the pupil and the glint;

[0003] Interaction With technological devices is becoming

contact of the user.

an ever-increasing part of everyday life. HoWever, effec
tiveness and e?iciency of such interaction is generally
lacking. In particular, When seeking user input, devices such
as computers, cellular telephones and personal digital assis

[0008] In one embodiment, obtaining an odd or even video
frame comprises determining Whether a frame Was illumi
nated by on-axis or off-axis illumination. In another embodi

tants (PDAs) are often disruptive, because such devices
cannot assess the user’s current interest or focus of attention.

More e?icient, user-friendly interaction is desirable in inter
actions With household appliances and electronic equipment,
computers, and digital devices.
[0004]

One Way that human-device interactions can be

improved is by employing user input such as voice and/or
eye contact, movement, or position to alloW users to control

the device. Many previous attempts relate to controlling
computer functions by tracking eye gaZe direction. For

ment, presence of pupil candidates in a frame indicates
on-axis illumination. In a further embodiment, the rolling
subtraction and the on-axis and off-axis illumination are
synchroniZed With a video camera clock. In another embodi
ment, determining Whether a frame Was illuminated by
on-axis or off-axis illumination comprises comparing the
number of Zero and non-Zero pixels present in the frame. In
another embodiment, a greater number of non-Zero pixels
indicates on-axis illumination. In a further embodiment,
comparing the number of Zero and non-Zero pixels present
in the frame comprises determining a ratio of Zero vs.

example, US. Pat. No. 6,152,563 to Hutchinson et al. and
US. Pat. No. 6,204,828 to Amir et al. teach systems for

non-Zero pixels. In a preferred embodiment, rolling subtrac

controlling a cursor on a computer screen based on user eye

such that the result is not negative.

gaZe direction. US. Pat. Nos. 4,836,670 and 4,973,49 to
Hutchinson, US. Pat. No. 4,595,990 to GarWin et al., US.
Pat. No. 6,437,758 to Nielsen et al., and US. Pat. No.
6,421,064 and US. Patent Application No. 2002/0105482 to
Lemelson et al. relate to controlling information transfer,
doWnloading, and scrolling on a computer based on the
direction of a user’s eye gaZe relative to portions of the
computer screen. US. Pat. No. 6,456,262 to Bell provides an
electronic device With a microdisplay in Which a displayed

[0009] In one embodiment, detecting pupils comprises

image may be selected by gaZing upon it. US. Patent
Application No. 2002/0141614 to Lin teaches enhancing the
perceived video quality of the portion of a computer display
corresponding to a user’s gaZe.

[0005] Use of eye and/ or voice information for interaction
With devices other than computers is less common. US. Pat.
No. 6,282,553 teaches activation of a keypad for a security

system, also using an eye tracker. Other systems employ
detection of direct eye contact. For example, US. Pat. No.
4,169,663 to Murr describes an eye attention monitor Which
provides information simply relating to Whether or not a user
is looking at a target area, and US. Pat. No. 6,397,137 to
Alpert et al. relates to a system for selecting left or right
side-vieW mirrors of a vehicle for adjustment based on

Which mirror the operator is vieWing. US. Pat. No. 6,393,

tion comprises subtracting an even frame from an odd frame

determining a threshold intensity of the image, and elimi

nating pixels With intensity beloW the threshold intensity;
Wherein pupils are detected from remaining pixels. In vari
ous embodiments, subjecting the remaining pixels to con

ditioning is selected from morphological closing/opening
and image erosion/dilation. In another embodiment, the
method further comprises using one or more image process

ing techniques selected from contour extraction, pixel region

groWing, edge detection, pattern recognition, and template
matching; ?tting a boundary around the extracted pupil
region; and calculating the center of the boundary to obtain
pupil center location.

[0010] In another embodiment, the method comprises
detecting glint for a region of interest based on the siZe of the

pupil. In another embodiment, the region of interest is
de?ned by an area corresponding to a circle With radius r

from the pupil center, Wherein the radius is based on pupil

siZe, and/or by a boundary comprising N pixels around the
pupil center, Where N is based on pupil siZe.

[0011] In another embodiment, the method comprises
determining a threshold intensity of the region of interest;
and eliminating pixels With intensity beloW the threshold
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intensity; wherein glint is detected from remaining pupils. In
another embodiment, the method comprises detecting glint
in an image selected from the subtracted image, an on-axis
illuminated image, and an off-axis illuminated image. In

another embodiment, the method comprises calculating a
boundary for the glint, Wherein the center of the boundary
corresponds to glint location relative to a pupil center. In

another embodiment, determining alignment of the pupil
and the glint comprises calculating a distance betWeen pupil
center and glint center, and comparing the distance to a
threshold, Wherein, When the distance is above a threshold
distance, eye contact is detected. In another embodiment, the

[0018]

In another aspect, the invention provides a method

for determining Which region of a surface is of interest to a

subject vieWing the surface, comprising providing a plural
ity of eye contact sensors, each eye contact sensor being
associated With a different region of the surface, Wherein eye
contact sensors simultaneously in the subject’s ?eld of vieW
are synchronized, the eye contact sensors detecting eye

contact by (i) obtaining alternating odd and even video
frames of the subjects’ pupils; (ii) subjecting the odd and
even video frames to rolling subtraction to produce a sub

method comprises determining the threshold distance based

tracted frame; (iii) detecting the pupils and a glint in the
subtracted frame; and (iv) determining alignment of the
pupil and the glint; Wherein alignment of the pupil and the

on at least one of percentage of the radius of the pupil,

glint con?rms eye contact of the user; and Wherein a

absolute number of pixels, and distance.

con?rmation of eye contact by one eye contact sensor
indicates interest of the user With that eye contact sensor’s

[0012] According to another aspect of the invention there
is provided an apparatus for detecting eye contact of a

associated region of the surface.

subject, comprising (i) a digital imaging source for obtaining

[0019]

alternating odd and even video frames of the subjects’
pupils; (ii) a subtractor for rolling subtraction of the odd and

polating con?rmation of eye contact by tWo or more eye

even video frames to produce a subtracted frame; (iii) a

detector for detecting the pupils and a glint in the subtracted
frame; and (iv) a processor for determining alignment of the
pupil and the glint; Wherein alignment of the pupil and the

In one embodiment, the method comprises inter

contact sensors, Wherein the interpolating indicates that the
region of interest of the user is betWeen the eye contact

sensors being interpolated. In another embodiment, the

glint con?rms eye contact of the user.

surface is selected from a sign, a computer screen, a tele
vision screen, a Whiteboard, a chalkboard, art, a WindoW, an
interactive surface, and a static surface.

[0013] In one embodiment, odd and even video frames
correspond to Whether a frame Was illuminated by on-axis or

[0020] In another aspect, the invention provides an appa
ratus for determining Which region of a surface is of interest

off-axis illumination. In another embodiment, presence of
pupil candidates in a frame indicates on-axis illumination. In

to a subject vieWing the surface, comprising a plurality of

another embodiment, the rolling subtraction and the on-axis

sensor being associated With a different region of the sur
face, Wherein eye contact sensors simultaneously in the
subject’s ?eld of vieW are synchronized, and Wherein a

and off-axis illumination are synchronized With a digital

imaging source clock. In another embodiment, the digital

eye contact sensors as described above, each eye contact

imaging source comprises a digital video camera. In another
embodiment, Whether a frame Was illuminated by on-axis or
off-axis determines the number of zero and non-zero pixels

associated region of the surface.

present in the frame. In another embodiment, a greater
number of non-zero pixels indicates on-axis illumination. In

[0021]

another embodiment, the subtractor performs rolling sub

sign, a computer screen, a television screen, a Whiteboard, a

traction of even frames from odd frames such that the result

is not negative. In another embodiment, the detector deter
mines a threshold intensity of the image, eliminates pixels
With intensity beloW the threshold intensity; and detects

pupils from remaining pixels. In another embodiment, the
detector determines a region of interest to detect glint based
on the size of the pupil, determines a threshold intensity

Within the region of interest, eliminates pixels With intensity

con?rmation of eye contact by one eye contact sensor
indicates interest of the user With that eye contact sensor’s

In one embodiment, the surface is selected from a

chalkboard, art, a WindoW, an interactive surface, and a static
surface.

[0022] According to another aspect of the invention there
is provided a method of modulating operation of a device,
comprising providing an attentive user interface for obtain
ing information about an attentive state of a user; and

modulating operation of a device on the basis of the obtained
information.

beloW the threshold intensity; and detects glint from remain

ing pixels.

[0023] According to another aspect of the invention there
is provided a method of modulating operation of a device,

[0014] According to another aspect of the invention, there

comprising: providing an attentive user interface for obtain

is provided an attentive user interface for obtaining infor

ing information about an attentive state of a user; and

mation about an attentive state of a user, comprising the

modulating operation of a device on the basis of the obtained

apparatus described above.

information, Wherein the operation that is modulated is
initiated by the device.

[0015] In another aspect, the invention provides a device,
the operation of Which is capable of being modulated by an

[0024]

In a preferred embodiment, the information about

attentive state of a user, the device comprising the attentive

the user’s attentive state is eye contact of the user With the

user interface described above.

device that is sensed by the attentive user interface. In
another embodiment, the information about the user’s atten
tive state is eye contact of the user With a subject that is
sensed by the attentive user interface. In one embodiment,

[0016]

In a further aspect, the invention provides a system

comprising one or more devices of claim as described above.

[0017]

In another aspect, the invention provides a system

comprising tWo or more devices as described above, the
devices being adapted to communicate over a netWork.

the subject is human, and the information about the user’s
attentive state is eye contact of the user With the human that

is sensed by the attentive user interface. In another embodi
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ment, the subject is another device. In accordance With this
embodiment, When the user’s attention is directed toWard

of a netWork of devices With an attentive user interface for

the other device, the modulating step may comprise routing

toWard the second device; providing the ?rst device of the

a noti?cation to the other device. In various embodiments,
the information about an attentive state of the user is based
on one or more indices selected from the group consisting of

netWork With a proxy for communicating to the ?rst user the
information about the second user’s attentive state toWard

eye contact, eye movement, eye position, eye gaZe direction,

voice, body presence, body orientation, head and/or face
orientation, user activity, and brain activity/arousal.
[0025] In one embodiment of the method the sensing of
eye contact comprises obtaining successive full-frame video

obtaining information about a second user’s attentive state

the second device; providing the second device of the
netWork With a proxy for communicating to the second user
the information about the ?rst user’s attentive state toWard

the ?rst device; relaying to the netWork the information
about the ?rst and second users’ attentive states toWard the

respective ?rst and second devices; Wherein communication

?elds of alternating bright and dark video images of the
user’s pupils; and subtracting the images betWeen frames to
locate the pupils; Wherein locating the pupils con?rms eye

betWeen the ?rst and second devices is modulated on the
basis of the attentive states of the ?rst and second users

contact of the user. In a preferred embodiment, the sensing
of eye contact further comprises: detecting a glint in the
user’s eyes; and con?rming eye contact of the user When the

[0032] In one embodiment, communication betWeen the
?rst and second devices is enabled When respective proxies

glint is aligned With the pupils.
[0026] In accordance With the invention, When the user’s
attention is not directed toWard the device Whose operation

is being modulated, the modulating step comprises notifying
the user progressively, from a less interruptive noti?cation to
a more interruptive noti?cation. In various embodiments, the
noti?cation is of at least one type selected from the group

consisting of audio, visual, and tactile.
[0027]

In various embodiments, the attentive user inter

toWard their respective devices.

indicate that attentive states of the ?rst and second users are

toWard respective devices. In other embodiments, the device
may be a telephone, and the proxy may be a representation
of a user’s eyes. In a further embodiment, the netWork
comprises more than tWo devices.

[0033] According to a further aspect of the invention there
is provided a method of modulating operation of a cellular
telephone, comprising: providing an attentive user interface
for obtaining information about an attentive state of a user;

face may be attached to or embedded in the device, or
attached to or embedded in a member of the group consisting

and modulating operation of a cellular telephone on the basis

of clothing, eyeWear, jeWelry, furniture, a surface such as

modulated is initiated by the cellular telephone. In a pre
ferred embodiment, the information about the user’s atten

Wall or WindoW. In some embodiments, the device may be
a personal computer, a cellular telephone, a telephone, a

personal digital assistant (PDA), or an appliance.

[0028] In various embodiments, the modulating step may
comprise forWarding the obtained information to another
device or a netWork of devices or modulating a noti?cation
being sent to the user.

[0029] According to another aspect of the invention there
is provided a method of modulating operation of a netWork
of devices, comprising: providing each device of a netWork
of devices With an attentive user interface for obtaining
information about an attentive state of a user With respect to

each device; and modulating operation of the devices on the
basis of the obtained information, Wherein the operation that

of the obtained information, Wherein the operation that is
tive state is eye contact of the user With the cellular tele

phone that is sensed by the attentive user interface.

[0034] According to another aspect of the invention there
is provided a method of modulating operation of a graphical
user interface, comprising: providing a graphical user inter
face for displaying one or more images to a user; determin

ing the user’s eye gaZe direction to obtain information about

Which image is being vieWed by the user; and using the
information to enlarge, on the graphical user interface, the
image being vieWed by the user, and to shrink, on the
graphical user interface, one or more images not being
vieWed by the user, Wherein the enlarging of an image does

is modulated is initiated by at least one of the devices.

not obscure the one or more images not being vieWed.

[0030] In various embodiments, the operation that is
modulated may comprise noti?cation, communication,

[0035] According to another aspect of the invention there

information transfer, and a combination thereof, or routing
the noti?cation, communication, information transfer, or
combination thereof, to a device With Which the user is

is provided an apparatus for detecting eye contact of a
subject looking at a user, comprising an eye contact sensor
Worn by the user that indicates eye contact of a subject
looking at the user. In a preferred embodiment, the apparatus

engaged. The modulating operation may further comprise

comprises eyeglasses.

modulating noti?cation of the user progressively, from a less
interruptive noti?cation to a more interruptive noti?cation.
In a preferred embodiment, the information about the user’s
attentive state is eye contact of the user With each the device,
the eye contact being sensed by the attentive user interface.

is provided an eye contact sensor, comprising: an image
sensor for obtaining successive full-frame video ?elds of

[0031] According to another aspect of the invention there
is provided a method of modulating communication over a

netWork of at least tWo devices, comprising providing a ?rst
device of a netWork of devices With an attentive user

interface for obtaining information about a ?rst user’s atten
tive state toWard the ?rst device; providing a second device

[0036] According to another aspect of the invention there

alternating bright and dark video images of a user’s pupils;
and means for subtracting the images betWeen frames to
locate the pupils; Wherein the located pupils indicate eye
contact of the user. In a preferred embodiment, the eye
contact sensor further comprises means for detecting align
ment of a glint in the user’s eyes With the user’s pupils;

Wherein alignment of the glint With the pupils indicates eye
contact of the user.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Embodiments of the invention are described below,
by Way of example, With reference to the accompanying

drawings, Wherein:

[0049] Electronic devices that require user input or atten
tion do not folloW such social rules in communicating With
users. As a result they often generate intrusive and annoying
interruptions. With the advent of devices such as cell phones

and personal digital assistants (PDAs; e.g., Blackberry®,

FIG. 1 is a schematic diagram of an eye contact

Palm Pilot®), users are regularly interrupted With requests
for their attention. The present invention solves this problem

FIG. 2 depicts an algorithm for an eye contact

by augmenting devices With attentive user interfaces: user
interfaces that negotiate the attention they receive from or

sensor in accordance With an embodiment of the invention;

provide to users by negotiations through peripheral channels

[0040] FIG. 3 depicts an algorithm for an attentive user
interface in accordance With an embodiment of the inven

of interaction. Attentive user interfaces according to the
invention folloW social rules of human group communica

[0038]
sensor;

[0039]

tion, Where, likeWise, many people might simultaneously

tion;
[0041]

FIG. 4 shoWs eye glasses equipped With an eye

contact sensor in accordance With an embodiment of the

invention;

have an interest in speaking. In human group conversations,
eye contact functions as a nonverbal visual signal that

peripherally conveys Who is attending to Whom Without

interrupting the verbal auditory channel. With it, humans

FIG. 5 is a schematic diagram of a device equipped

achieve a remarkably ef?cient process of conversational

With a mechanical eye proxy and an eye contact sensor in

turn-taking. Without it, turn-taking breaks doWn. Thus, an

accordance With an embodiment of the invention;

attentive user interface according to the invention applies

[0043]

nications, by assessing a user’s attentive state, and making

[0042]

such social rules to device-initiated interactions or commu

FIG. 6 depicts a scheme for telephone eye proxy in

accordance With an embodiment of the invention;

[0044]

FIG. 7 is a schematic diagram of a display surface

a determination as to Whether, When, and hoW to interrupt
(e.g., notify) the user on the basis of the user’s attentive

With 16 embedded eye contact sensors;

state.

[0045]

[0050]

FIG. 8 is a How diagram shoWing an embodiment

of eyeREASON attention monitor architecture;
[0046] FIG. 9 shoWs screen shots of eyeWindoWs graphi
cal user interface, shoWing ?sheye operation; and
[0047]

FIG. 10 is an eye blogging video image, Where

circles indicate eye contact detection.
DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

[0048] The present invention is based, at least in part, on
the recognition that human-device interaction can be

To facilitate turn-taking betWeen devices and users

in a non-intrusive manner, an attentive user interface accord

ing to the invention assesses a user’s attentive state by
sensing one or more parameters of the user. Such parameters
are indicative of the user’s attentive state, and include, but
are not limited to, eye contact, eye movement, eye position,

eye gaZe direction, voice, body presence, body orientation,
head and/or face orientation, activity, and brain activity/
arousal. In the case of eye contact, movement, or position,
an attentive user interface senses the eyes of the user, or

betWeen the user and a subject (e.g., another human or

device), to determine When, Whether, and hoW to interrupt

improved by implementing in devices some of the basic

the user. For example, noti?cation by a PDA seeking user
input can be modulated on the basis of Whether the user is

social rules that govern human face-to-face conversation.
Such social rules are exempli?ed in the folloWing scenario:
Person A is in conversation With person B (or engaged in a
task), and person C Wishes to gain A’s attention. There are

engaged With the PDA, With another device, or a subject.
The PDA then can decide Whether, When, and hoW to notify;
for example, directly, or indirectly via another device With
Which the user is engaged. Body presence can be sensed in

a number of Ways in Which C may do so Without interfering

various Ways, such as, for example, a motion detector, a
radio frequency (RF) ID tag Worn by a user and sensed
using, e.g., BlueTooth®, a visual tag, electromagnetic sen

With A’s activities. Firstly, C may position himself such that
A becomes peripherally aWare of his presence. Secondly, C
may use proximity, movement, gaZe or touch to capture A’s

sors for sensing presence/location/orientation of a user

attention Without using verbal interruption. The use of

Within a magnetic ?eld, or a global positioning system

nonverbal visual cues by C alloWs A to ?nish his conver

(GPS) (see Example 9).

sation/task before acknowledging C’s request for attention,
e.g., by making eye contact. If A does not provide acknoWl
edgement, C may choose to WithdraW his request by moving

[0051]

out of A’s visual ?eld. Indeed, Frolich (1994) found that
initiators of conversations often Wait for visual cues of

attention, in particular, the establishment of eye contact,

before launching into their conversation during unplanned
face-to-face encounters. Face-to-face interaction is therefore
different from the Way We typically interact With most

technological devices in that it provides a rich selection of
both verbal and nonverbal communication channels. This

richness is characterized by (i) ?exibility in choosing alter
nate channels of communication to avoid interference or

As used herein, the term “user” is intended to mean

the entity, preferably human, Who is using a device, or With
Whom the device Wishes to communicate.

[0052] As used herein, the term “device” is intended to
mean any digital device, object, machine, or appliance that
requires, solicits, receives, or competes for a user’s atten
tion. The term “device” includes any device that typically is
not interactive, but could be made more user-friendly by
providing interaction With a user as described herein.

[0053] As used herein, the term “subject” is intended to
mean the human, device, or other object With Which a user

might be engaged.

interruption, (ii) a continuous nature of the information

[0054]

conveyed, and (iii) a bi-directionality of communication.

is intended to mean any hardWare and/or softWare that

As used herein, the term “attentive user interface”
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senses, receives, obtains, and negotiates a user’s attention by

tiZes the information it presents, and the Way it is presented,

sensing one or more indices of a user’s attentive state (e.g.,

to a user, such that information processing resources of both

eye contact, eye movement, eye position, eye gaze direction,

user and system are optimally used. This might involve, for

voice, body presence, body orientation, head and/or face

example, optimally distributing resources across a set of
tasks. An attentive user interface does this on the basis of
knoWledgeiconsisting of a combination of measures and

orientation, activity, brain activity/arousal), With appropriate
hardWare and associated algorithms and/or software for
netWork of devices. An attentive user interface comprises

models4of the present, and preferably also the past and/or
future states of the user’s attention, taking into account the

portions for sensing user attentive state and for processing
and interfacing/relaying information about the user’s atten

availability of system resources. Attentive user interfaces
may employ one or more of eye contact, eye movement, eye

tive state to a device. Such portions can be housed as a unit
or as multiple units. Interfacing an attentive user interface

position, eye gaZe direction, voice, body presence, body
orientation, head and/or face orientation, activity, brain

With a device comprises providing an output from the
attentive user interface to the device, Which controls opera
tion of the device. An attentive user interface of the inven

faces may store any of the above measures as a model, used
to govern decisions about the user’s attentive state.

interfacing the attentive user interface With a device or a

tion can perform one or more tasks, such as, but not limited

to, making decisions about user presence/absence, making
decisions about the state of user attention, prioritizing com
munications in relation to current priorities in user attention

as sensed by the attentive user interface, modulating chan
nels and modes of delivery of noti?cations and/or informa
tion and/or communications to the user, modulating presen
tation of visual or auditory information, and communicating
information (e.g., indices) about user attention to other

subjects.
[0055]

As used herein, the term “attentive state” is

activity/ arousal to detect attentive state. Attentive user inter

Digital High-Resolution Eve Contact Sensor (ECS)
[0060] In a preferred embodiment, an attentive user inter
face employs eye contact and/or eye gaZe direction infor
mation, optionally in combination With any further measures
of user attentive state mentioned above. Eye contact sensors

as used in the invention are distinguished from eye trackers,
in that eye contact sensors detect eye contact When a subject
or user is looking at the sensor, Whereas eye trackers track
eye gaZe direction.

intended to mean a measure or index of a user’s engagement

[0061] In some embodiments, an attentive user interface
employs an eye contact sensor based on bright-dark pupil

With or attention toWard a subject. Examples of such indices
are eye contact, eye movement, eye position, eye gaZe

detection using a video camera (see, for example, U.S. Pat.
No. 6,393,136 to Amir et al.). This technique uses intermit

direction, voice, body presence, body orientation, head

tent on-camera axis and off-camera axis illumination of the
eyes to obtain an isolated camera image of the user’s pupil.
The on-axis illumination during one video ?eld results in a

and/or face orientation, activity, and brain activity/arousal.
[0056] As used herein, the term “notify” or “noti?cation”
is intended to mean the signalling or soliciting, usually by a
device, for a user’s attention. For example, noti?cation can
employ any cue(s) that act on a user’s senses to solicit the
user’s attention, such as one or more of audio, visual, tactile,
and olfactory cues.

[0057] As used herein, the term “modulating” is intended
to mean controlling, enabling and/or disabling, or adjusting

clear re?ection of the retina through the pupil (i.e., the bright
pupil effect). This re?ection does not occur When the eyes
are illuminated by the off-axis light source in the next video

?eld. By alternating on-axis With off-axis illumination, syn
chroniZed With the camera clock, successive video ?elds

produce alternating bright and dark images of the pupil. By
subtracting these images in real time, pupils can easily be
identi?ed Within the ?eld of vieW of a loW-cost camera.

(e.g., increasing and/or decreasing). With respect to noti?

Preferably, eyes are illuminated With infrared (IR) light,

cation, modulating includes, for example, turning noti?ca

Which does not distract the user.

tion on or off, delaying noti?cation, changing the volume or

type of noti?cation, and the like. For example, noti?cation
can be gradually modulated from less interruptive (e.g.,
quiet) to more interruptive (e.g., loud), as time passes
Without user acknoWledgement. Modulating also refers to
changing the vehicle or channel for noti?cation, communi

cation, or data transfer; for example, by routing such through
a netWork to a more appropriate device. For example, in the

case of an urgent noti?cation, modulation might encompass
routing the noti?cation to a device With Which the user is
engaged, increasing the likelihood that the user receives the

noti?cation (see Example 4, beloW).
[0058]

As used herein, the terms “mediated communica

tion” and “mediated conversation” refer to communication
or conversation that takes place through a medium such as
video or audio devices/systems, such that there is no face
to-face conversation betWeen the participants. In most medi

ated communications, participants involved are remotely
located relative to one another.

[0059] According to one aspect of the invention, there is
provided an attentive user interface that dynamically priori

[0062]

HoWever, accuracy of the eye contact sensor can be

improved by measuring the glint, or ?rst purkinje image, of
the eyes. The glint is a re?ection of light on the outer side
of the cornea, that acts as a relative reference point, Which
can be used to eliminate the confounding effects of head
movements. The glint moves With the head, but does not

rotate With the pupil because the eye is spherical. Thus, the
position of the glint relative to the pupil can be used to
determine the direction a user or subject is looking. For

example, When the user is looking at the camera and the glint
is inside the pupil, the pupil, glint, and camera are aligned
on the camera axis, indicating that the user is looking at the
camera, and hence eye contact is detected.

[0063]

We have used this technique in attentive user

interfaces to identify eye contact of users at approximately
2 meters distance, using standard 320x240 CCD cameras

With analog NTSC imaging. The ability to obtain a reliable
estimate of the pupils at larger distances is limited by the
resolution of such cameras. Use of megapixel CCD cameras,

although expensive, makes possible the detection of pupils
at greater distances. Using high-resolution CMOS imaging
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technology (e.g., Lumenera 2 megapixel camera (Lumenera
Corp., Ottawa, Canada), Silicon Imaging megapixel camera
SI-3l70U or SI-3200U (Silicon Imaging, Troy, N.Y.,

-continued

U.S.A.)) We have manufactured loW-cost high-resolution

4. EYEiBLINK
ID D1

D2

eye contact sensors.

3

{F1

Number of Eyes

End

F9 }

CR & LF

Dl : Number of Eyes

[0064] An example of a high-resolution eye contact sensor
is shoWn in FIG. 1. The high-resolution eye contact sensor

D1={1,...,9}
D2 : Blink

D2 F = {0, 1}

40 comprises an image sensor (i.e., a camera), such as a

black and White high-resolution CCD or CMOS image
sensor (2-3 Mpixels or greater), With a multifocus lens 48.
Preferably, infrared light is used to illuminate the eyes, and
accordingly an infrared ?lter is disposed beneath the lens 48.
The output of the image sensor is connected to circuitry that
uses the camera frame sync signal to illuminate the space in

front of the camera With on-axis light produced by, e.g., an

O = NOTiBLINK
l = BLINK

Numbers in ASCII format (unsigned int) separated by ASCII space
5. EYEiCONTACT
ID D1

D2

4

{F1

Number of Eyes

clock. For example, on-axis light is produced each odd
frame and off-axis light is produced every even frame.

CR & LF

Dl : Number of Eyes

Dl={l,...,9}
D2 : Eye Contact

D2 F = {0, 5}
0 = No Contact

array of infrared LEDs 42, and off-axis light produced by,
e.g., tWo arrays of infrared LEDs 44,52. On-axis and off-axis
light is produced alternately With odd and even full camera
frames, in a Way that is synchroniZed With the camera frame

End

F9}

5 = Contact

Numbers in ASCII format (unsigned int) separated by ASCII space
6. CALIBRATEDiSCREENiCOORDINATE
ID D1
End

5
(x, y)
CR & LF
Dl : Screen Coordinate (x, y)
Numbers in ASCII format (unsigned int) separated by ASCII space

Images are processed to locate a user’s and/or a subject’s

eyes, and corresponding information is relayed to hardWare/
softWare of an attentive user interface. The information is

used by the attentive user interface to determine Whether,
hoW, When, etc., to interrupt or send a noti?cation to a user.

In some embodiments the image processing circuitry and
softWare may reside in the eye contact sensor unit 40,
Whereas in other embodiments the circuitry and softWare are

remote (e.g., associated With a host computer) and suitably

[0065]

Preferably, the eye contact sensor determines the

orientation of pupils With a spatial accuracy of, for example,
1 meter at 5 meters distance (about 10 degrees of arc) and
a head movement tolerance of, for example, 20 degrees of
arc, at a distance of 5 meters or more. For best performance,
the frame rate of the eye contact sensor’s camera should be

as high as possible, and in the order of 100 HZ. The effective
sampling rate of the sensor preferably corresponds to at least

connected to the eye contact sensor unit 40 using, e.g., a

20 HZ, given that the minimum human ?xation time is in the

high-bandWidth video link, Which can be Wireless, such as
Apple® FireWire® or USB 2 based. As shoWn in the eye

order of 100 ms.

protocol speci?cation beloW, information relating to eye
contact may include Whether eyes are found in the image,
Where the eyes are, hoW many eyes are present, Whether the
eyes are blinking, and if the unit is calibrated, What the eyes
are looking at in screen coordinates. The information may
also include a ?ag for each eye When the eyes are looking
straight at the camera.

[0066] It should be noted that When interlaced images are
used, the use of a subtraction algorithm to locate pupils
results in a tradeolf betWeen temporal and spatial resolution.
In one embodiment, image subtraction occurs Within frames

(see, e.g., US. Pat. No. 6,393,136 to Amir et al.), resulting
in an effective spatial resolution of the sensor of only half

that of the camera. Here, the image processing algorithm and
LEDs are synchroniZed With half-frame ?elds generated by
an NTSC or other interlaced camera technology.

[0067] HoWever, the invention provides, in one aspect, a
method and apparatus for obtaining eye contact information
in Which image subtraction occurs betWeen frames (by

Eye Protocol Speci?cation
{ } = Data set
( ) = Subset
l. EYEiNOTiFOUND
ID END
0
CR & LF

subtracting an odd frame from an even frame, or vice versa),
as shoWn in the algorithm of FIG. 2. This alloWs the use of
the full camera resolution, and thus a greater tracking range.
While this has the potential to reduce the effective frame or

ASCII CR = 77 or 4D

2. HEADiFOUND
ID D1

1

D2

Number of Heads {(T L B R)1

End

(T L B R)9}

CR & LF

Dl : Number of Heads

Dl={l,...,9}
D2 : Head Boundary Box
D2 = {(Top Left Bottom Right)ly ..., (Top Left Bottom Right)9}

Numbers in ASCII format (unsigned int) separated by ASCII space
3. EYEiFOUND
ID

D1

D2

2

Number of Eyes

{(Xg Yg XP YP)1

End

(Xg Yg XP YP)9} CR & LF

Dl : Number of Eyes

Dl={l,...,9}
D2 : Glint and pupil Coordinate

sampling rate by half, in our preferred embodiment this is
avoided through the use of a rolling subtraction algorithm.
The subtraction algorithm and LEDs are synchronized With
a full frame clock generated by the camera and the minimum
sampling frequency of the camera is preferably in the order
of about 30 to about 40 HZ, but is limited by the resolution
of the camera. For example, the sampling frequency is
limited to a maximum of about 10 HZ With a 2 Mpixel
camera.

Rolling Subtraction Algorithm

D2 = ((Xg Yg XP Yp)ly ..., (Xg Yg XP YP)9)

[0068]

Numbers in ASCII format (unsigned int) separated by ASCII space

subtraction algorithm is as folloWs. When a full frame A is

With reference to FIG. 2, an example of the rolling

captured by the camera, processing step 210 evaluates
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Whether this frame Was illuminated by the on-axis or off-axis
illumination circuit. To determine Whether a frame is an
on-axis or off-axis (i.e., odd or even) image, We ?rst run a

niques. Pattern recognition, or template matching, may also
be used to ?nd all shapes that closely resemble that of a pupil
(i.e., circular in form). This may be used as is, or in

pupil detection algorithm, such as that described below.

conjunction With the previously-mentioned image process

With appropriate ?ltering and threshold comparison, only an
on-axis image can yield pupil candidates. Thus, if the pupil
detection algorithm detects the presence of pupil candidates,

ing techniques to further remove noise and false positives.

We may classify the input image is an on-axis image,
otherWise it is an off-axis image. An additional constraint
may be added to improve the classi?cation process. The
pixel content of the on-axis and off-axis images should be
different. An on-axis image Will have signi?cantly more
non-Zero pixel data than an off-axis image. By counting the
number of non-Zero pixels after threshold comparison, We
may use this to verify Whether the on-axis/olf-axis classi?

By ?tting a boundary box surrounding the extracted pupil
region, and calculating the center of this boundary box, We
obtain the pupil center location.

Glint Detection Algorithm
Region of Interest

[0069] Although it is arbitrary, We Will call the ?rst frame,
produced at on-axis illumination, the odd frame. When the
next frame B arrives (e.g., step 205), it is preprocessed to

[0073] By extracting the pupil contour, We can detect the
exact shape and siZe of the pupil. To be useful for eye contact
sensing or eye tracking, the glint must be in relatively close
proximity to the pupil. Thus We can safely ignore glints
outside a given region of interest (ROI). The ROI is dynami
cally calculated With respect to the siZe of the pupil; larger
pupils indicate closer proximity and thus a greater level of
detail and pixel data, necessitating a larger ROI. For each

determine Whether it Was in fact illuminated With the off-axis
illumination circuit. We Will call a frame B subsequent to

pupil, the ROI extends a radius r from the pupil centre. To
ease calculations, the ROI is calculated as a box extending

frame A and illuminated by the off-axis illumination circuit
the even frame. At step 225, frame B is subsequently

N pixels around the pupil, Where the siZe of N is calculated
relative to pupil siZe.

cation is correct.

subtracted from frame A (A-B), then processed according to

pupil extraction and glint detection algorithms (e.g., steps
230 to 270 in FIG. 2), such as those described beloW. It is
preferable that an even frame is alWays subtracted from an
odd frame to ensure the result is not negative. Thus, When

the next frame C arrives, it is preprocessed to ensure it is
again an odd frame, illuminated by the on-axis illuminators.
If it is not, the frame is dropped and the next frame is
obtained until this criterion is satis?ed. Subsequently, frame

B is subtracted from frame C (C-B) and processed by the
pupil extraction and glint detection algorithms. The next
frame D is subtracted from C (C-D), etc. This rolling
subtraction algorithm ensures that, unlike previous embodi
ments, no temporal resolution is lost. This algorithm does

Glint Detection

[0074] Each pupil ROI is analyZed for glints using a
detection method identical to that of pupil detection, Where
the region of the image examined is the region of interest
and the mean is the mean intensity of that region of interest.
Glints can be located by threshold comparison to either the
subtracted image, the on-axis illuminated image, or, in a

preferred embodiment, the off-axis illuminated image. After
glint extraction, the boundary box is calculated for each
glint, and the center of this box determines the glint location
relative to the pupil center. In case of multiple glint candi
dates, We obtain the glint that is largest in the area. To

result in a one-frame delay of data processing, but not in a

remove noise, a ?lter may be applied to remove all glint
candidates beloW a threshold siZe.

halving of temporal resolution, Which alloWs use of loWer
speed digital cameras available today on the market (e.g., 10
Hz at 2 Mpixel resolution).

betWeen pupil center and glint center, and comparing this

[0070] Examples of the pupil extraction and glint detec

distance to a threshold (step 270), eye contact is reported to
a connected device (step 275). The threshold may be deter

tion algorithms are given beloW.

mined as, for example, percentage of the radius of the pupil,

Pupil Detection Algorithm

absolute number of pixels, or distance.

[0071] The on/olf-axis image provides the primary input

Use of Multiple Eye Contact Sensors With Surfaces or

[0075] After determining the distance (e.g., Euclidean)

for pupil detection. From this image, a threshold value T is

Multiple Objects

calculated at time t as folloWs:

[0076]

Where p. is the image mean, (I is the standard deviation, and
W is a Weighting factor. All pixels With intensity I beloW T

are dropped. The remaining pixels may be subjected to
further post-threshold conditioning by means of other mor

phological operations, such as morphological closing/open
ing, image erosion/dilation, etc.

Where multiple eye contact sensors are used Within

a user’s ?eld of vieW, multiple glints may appear in the eyes
of the user, Which thWart the glint detection algorithms used
in the eye contact sensors. For example, multiple eye contact
sensors may be disposed on a single surface such as a sign,
television, or computer screen, so as to obtain information

about a user’s eye contact With various regions of the

surface. As another example, multiple eye contact sensors,
each associated With an attentive user interface of a different

Pupil Extraction

device, may be used to obtain information about a user’s
attention to each device. To counter the confounding effect

[0072]

dates. This may be accomplished using, for example, con

of multiple glints, the clocks of eye contact sensors posi
tioned in close proximity can be synchroniZed through a
physical or Wireless connection protocol such that each eye

tour extraction, pixel region groWing, edge detection, or any
combination of these and/or other image processing tech

ment, this Will cause eye contact sensor A to obtain and

From the threshold images, the pixels are clustered

together and segmented by proximity, forming pupil candi

contact sensor illuminates the scene in turn. In one embodi
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process an odd and even frame (Frame 1 and Frame 2) and

task requiring user input. As shoWn in FIG. 3, an attentive

suspend processing. Subsequently, and optionally on receiv

user interface, running on a such a device, senses and
evaluates one or more indices of user attention (steps 310,

ing a signal from eye contact sensor A, or counting clock
cycles, eye contact sensor B Will obtain and process an odd
and even frame (Frame 3 and Frame 4 in the sequence), and
suspend processing, after Which eye contact sensor A
resumes processing, and so on. Suspension of processing is
required because of a lens effect of the cornea, that may
make on-axis glints caused by eye contact sensor A appear
as if they are on-axis to eye contact sensor B, even When the
user is looking at eye contact sensor A, depending on the
distance betWeen the tWo eye contact sensors. Such an

embodiment reduces the frame rate by the actual frame rate
divided by tWo times the number of cameras. In a second
embodiment, off-axis illumination is not used and the on
axis illuminator of eye contact sensor A may function as the
off-axis illuminator of eye contact sensor B, and vice versa.
In some embodiments, multiple eye contact sensors are
embedded in an interactive or static surface, for example but
not limited to a Whiteboard or any large computer display,

315) (e.g., eye contact, eye movement, eye position, eye
gaZe direction, voice, body presence, body orientation, head
and/or face orientation, activity, brain activity/arousal) to
determine Whether (steps 325, 330), When, and hoW (steps
345, 350) to notify, interrupt, respond, or respond to the user,
open/close communication channels, and the like. By pro

gressively sampling the user’s attention (steps 315, 355),
and appropriately signaling noti?cations (step 345), the user
can be noti?ed With minimal interruption. For example, as
shoWn in FIG. 3, an attentive user interface might progres

sively signal for the user’s attention. Initially this may
happen through a channel that is peripheral to the user’s
current activity. The interface may then Wait for user

acknoWledgement (step 360), provided through, e.g., an
input device, before opening a direct channel to the user. If,
hoWever, no user acknoWledgement is received Within a

given period, the attentive user interface may proceed to a

mounted on a Wall or tabletop or elseWhere. In one embodi

more direct channel to the user, increase the urgency level of

ment the illuminators and camera lens protrudes through the
surface of the display. In another embodiment, a half
silvered mirror positioned at a 45 degree angle alloWs the
cameras to be positioned such that they appear behind the

the noti?cation (step 365), or defer noti?cation (step 335). A

display.
[0077]

By synchronizing all eye contact sensors such that

further embodiment is described in detail in Example 11.
In one embodiment, information obtained about a

[0081]

user’s attentive state is communicated to one or more

subjects Who might Wish to contact the user. Such commu
nication can be through any netWork by Which the user and

each obtains and reports eye contact coordinates to a central

subject(s) are connected, such as a local area netWork, a

computer system over a network according to the Eye
Protocol Speci?cation (described above), the central com

Wide area netWork (e.g., the intemet), or hard-Wired or

puter system may determine, through interpolation betWeen

evaluate the information about the user’ s attentive state, and,
using rules of social engagement, decide Whether or not to
contact the user. For example, in telephonic communications

knoWn coordinates of each eye contact sensor relative to the

surface in Which they appear embedded, Where on the
display a user is looking, Without any calibration.

Wireless (e.g., cellular) telephone netWork. Subjects can

(as described in detail in Example 1), information about the
user’s current attentive state is communicated to a subject

[0078]

For example, FIG. 7 shoWs a surface 700 With 16

embedded eye contact sensors (702-732). In cases Where a

user is looking betWeen multiple eye contact sensors, With
more than one eye contact sensor reporting eye contact, the

central computing system may triangulate or otherWise
interpolate betWeen the vector betWeen glint and pupil as

attempting to telephone the user. The subject can decide
Whether to proceed With the telephone call on the basis of
such information.

[0082] Further, the invention provides for an environment
in Which multiple devices, each equipped With attentive user
interfaces, are netWorked, such that information concerning

reported by each eye contact sensor, to determine the coor
dinate of the user’s gaZe on the surface, Without calibration.
The maximum number of eye contact sensors embedded in

to Which device the user’s attention is directed is available

the surface is theoretically unlimited, but in practice is
bounded by the minimum required surface eye tracking

phone starts by vibrating, then ringing quietly and progres

speed for a particular attentive user interface application of
such surface.

Attentive User Interface Applications
[0079]

In some embodiments, an attentive user interface

employs eye contact detection using methods described
above. In other embodiments, an attentive user interface
uses eye gaZe direction as input about a user’s attentive state.

Eye gaZe direction is detected by an eye tracker, such as that
described in detail in US. Pat. No. 6,152,563 to Hutchinson
et al.

[0080] An attentive user interface of the invention may be
applied to user-initiated control of a device using, for
example, eye contact and/or eye gaZe direction, With or

to all devices on the netWork. By progressively signaling
noti?cations (e.g., in the case of a cell or desk phone, the

sively louder, depending on urgency of the call and/or
proximity to the user; or, an icon on the cell or desk phone’s

screen changes in siZe, colour, intensity, orientation, appear
ance, and the like, as urgency increases), and by determining
Which device the user is currently attending to, a noti?cation
and/or message can be forWarded to the appropriate device
so that the message is received With minimal interruption of

the user’s primary task (see Example 9). In one embodiment,
a source computer may forWard messages, such as but not

limited to email, instant messages, voicemail, application
noti?cations, alarms, calendar messages, and the like to an

appliance such as a Personal Digital Assistant, Message
Watch, or any other form of portable or non-portable com

puting system capable of servicing the request. Given suf

Without further input, such as voice, body presence, and the
like. HoWever, the invention is particularly applicable to

?cient importance to the user, on the basis of contextual
information pertaining to that message such as its sender, or
the content of the message itself, the message or its noti?

device-initiated communication With a user, such as, for
example, notifying a user of an incoming message, or of a

cation Will be routed to the appliance currently attended to
by the user, as indicated by sensor information (e.g., eye
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contact With the appliance by the user) provided by an

[0087] As used herein, the term “proxy” is intended to

attentive user interface associated With the appliance.

mean any hardWare or virtual (e.g., an image on a computer

[0083] There are numerous applications of an attentive
user interface according to the invention, in addition to those
discussed above. In some embodiments, the hardWare com

example, a proxy can be a pair of eyes, either mechanical or

ponent of the attentive user interface is small and light
Weight, such that it can be embedded in or attached to a

personal electronic device such as a cell phone, jewelry,
clothing, or eyeglasses, and the like. For example, FIG. 4
shoWs a front vieW of a pair of eye glasses having an eye
contact sensor attached thereto. The eye glasses 2 have a
frame 4 and lenses 6 and 8. A camera lens 10 is embedded

in the frame 4 of the glasses, pointing outWard. Surrounding
the camera lens 10 is an array of on-axis LED illuminators
12. TWo roWs of off-axis LED illuminators 14,16 are posi

tioned near the outer peripheries of the lenses 6,8. The
camera feed as Well as the LED arrays are connected through

Wires to a control unit optionally Worn by the user. This

control unit contains poWer and circuitry for illumination of
the LEDs and camera sychroniZation. In one embodiment,

the control unit performs computer vision processing
according to an algorithm using an embedded processor
board. In such an embodiment, data is sent over a Wireless
or Wired netWork link to a host. In another embodiment,
camera images are sent over a Wireless or Wired netWork to

an external computer vision processing facility. Eye contact
glasses can be used, for example, to open/close communi
cation channels betWeen co-located but distant users, or for
regulating messaging to a user or betWeen tWo or more
users.

[0084]

One application of eye contact glasses is to track

screen) representation of a (remote) subject’s attention. For
virtual (e.g., pictured on a computer screen), that inform a
user of the state of attention of a subject With Which the user

is attempting to establish mediated communication (e.g., via

telephone). Eye proxies are preferred because of What they
represent; that is, the establishment of eye contact is related
to the establishment of communication betWeen individuals.
[0088] In such embodiment, an attentive user interface,
including a proxy, is used not only to obtain information
about the attention of its user, but also functions to com
municate robot, machine, or remote user attention directed
toWards a user. For example, an eye contact sensor can be

mounted on a robotic actuation device that alloWs rotation of
the eye contact sensor in 3 orientation directions. The eye
contact sensor functions as virtual eyes directing the robotic
device in establishing eye contact With the user When the
attentive user interface’s attention is directed toWards that
user. To convey attention, the robotic device may feature a
pair of mechanical eyes, or an image or video of a remote
user or computer agent. FIG. 5 shoWs an embodiment in
Which a pair of robotic mechanical eyes 60 and an eye
contact sensor With camera lens 62, on-axis LED array 64,
and off-axis LED arrays 66,68 are mounted on a device 70,
such as a telephone.

[0089]

In accordance With this embodiment, an attentive

user interface With a sensor such as an eye contact sensor or

an eye tracker can be used With any device to sense Whether
a user is available for communication, and Whether a user is

hoW many individuals have looked at the user during a

communicating With that device, via any route such as a

speci?ed period. These data or statistics can be made avail

keyboard, speech recognition, or manual interactions. Con

able on the user through an LCD display, or sent to a

versely, a proxy can signal the device’s attention to the user

networking device for further processing or display. Com

by alignment of the eye contact sensor and/or virtual eyes
With the user’s eyes. If the device has not recently received

bined With computer vision or other means, the eye contact
glasses can determine Who has looked at the user, for hoW

long, and When. In one embodiment, the eye contact glasses
provides a personal attention sensor (i.e., a “hit counter”),

visual attention from the user, it chooses an unobtrusive

method to signal the user (i.e., by vibrating, rotating its
eyeballs to obtain attention or any other nonverbal means).
A device remains in the periphery of user activity until the
user has acknoWledged the device’s request for attention. At

Which indicates to a user When he/ she is being looked at by
a subject. For example, a counter could be incremented
Whenever the user has been looked at by a subject, to provide
information about the number of “hits”. Such an embodi

that time that the device receives user attention, as measured

ment can provide amusement to users in certain social

mediated communication channel With the user is estab

With the eye contact sensor or through other means, a

lished, including, for example, speech production or display

settings.
[0085] Another application of the eye contact glasses lies
in the automated recording and/or editing of video images or

other information, including information captured through
computer vision such as identi?cation and face detection,
upon eye contact by an individual With the Wearer. In one

embodiment, this provides an eye blogging tool that alloWs
users to record and stream video from a ?rst person per

spective to any form of recording or broadcasting facility,
automatically editing such segments on the basis of recorded
information about eye contact of recorded individuals With
the Wearer at the time of recording. This alloWs videos of

conversations, meetings, and private interactions to be
recorded and edited automatically Without any intervention

by the Wearer (see Example 10).

of information. Example 2 describes an example of this
embodiment in detail.
[0090] In another embodiment, the proxy may consist of a
more traditional desk phone augmented With an eye contact
sensor. Example 11 describes this embodiment in more

detail. Here, any form of visual or auditory noti?cation (e. g.,
a light) may indicate the presence of an incoming phone call
or pending voice message, and/or may display the caller’s
ID or phone number. The function of the light in this
embodiment is similar to that of the eyes in the eye proxy:
the phone senses When the user looks at the visual noti?
cation device via its embedded eye contact sensor and

responds by setting up a call. Lack of eye contact may
automatically drop the call, or forWard it to an ansWering

service. Incoming messages may be played automatically

the invention includes a sensor for detecting one or more

upon eye contact. Multiple eye contact sensor-augmented
desk phones be used to represent different individuals, for

indices of user attentive state in combination With a “proxy”.

example during conference calls. In such embodiment, the

[0086]

In other embodiments, an attentive user interface of

