
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date
16 April 2015 (16.04.2015)

WO 2015/054170 Al
P O P C T

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
G06F 3/01 (2006.01) G06F 3/0481 (201 3.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

PCT/US2014/059380 KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

(22) International Filing Date: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

7 October 2014 (07. 10.2014) PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(25) Filing Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every

(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,

14/05 1,890 11 October 20 13 ( 11.10.20 13) US GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

(71) Applicant: MICROSOFT CORPORATION [US/US]; TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
One Microsoft Way, Redmond, Washington 98052-6399 DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
(72) Inventors: KERR, Bernard James; c/o Microsoft Corpor

GW, KM, ML, MR, NE, SN, TD, TG).
ation, LCA - International Patents (8/1 172), One Microsoft
Way, Redmond, Washington 98052-6399 (US). ELLI¬ Declarations under Rule 4.17 :
OTT, Edward; c/o Microsoft Corporation, LCA - Interna

— as to applicant's entitlement to apply for and be granted a
tional Patents (8/1 172), One Microsoft Way, Redmond, patent (Rule 4.1 7(H))
Washington 98052-6399 (US). VENABLE, Morgan
Kolya; c/o Microsoft Corporation, LCA - International — as to the applicant's entitlement to claim the priority of the
Patents (8/1 172), One Microsoft Way, Redmond, Washing earlier application (Rule 4.1 7(in))
ton 98052-6399 (US). Published:

(81) Designated States (unless otherwise indicated, for every — with international search report (Art. 21(3))
kind of national protection available): AE, AG, AL, AM,

(54) Title: USER INTERFACE PROGRAMMATIC SCALING

D
J

o i

C

FIG. 1

©
(57) Abstract: Embodiments that relate to scaling a visual element displayed via a display device are disclosed. In one embodiment

o a method includes receiving and using gaze tracking data to determine gaze locations at which a user is gazing on the display device.
Depth tracking data is received and used to determine that a user's pointer is at a predetermined location. In response, a locked gaze

o location on the screen is locked, where the locked gaze location includes at least a portion of the visual element. In response to lock
ing the locked gaze location, the visual element is programmatically scaled by a predetermined amount to an enlarged size. A user
input selecting the visual element is then received.



USER INTERFACE PROGRAMMATIC SCALING

BACKGROUND

[0001] Navigating electronic content to find and select relevant portions of the

content is often repeated task. In many examples, content items are displayed to a user via

a display device associated with a computing device. Some content items may be

selectable by the user via an input device or other mechanism. With touch screen devices,

for example, a user may select a selectable content item by touching a location on the

touch screen where the content item is displayed.

[0002] In some cases, however, selectable content items may be displayed in a

size too small to allow for effective touch selection. For example, where two or more

selectable content items are displayed close together and in a small size, touching only the

desired item without also touching an adjacent item may be difficult or especially tedious.

To address this concern, some touch screen devices enable the user to enlarge a displayed

content item via touch gestures on the screen, such as double-tapping a location or

performing a reverse-pinch-to-zoom gesture in which the user expands the distance

between the thumb and index finger while contacting the screen.

[0003] Using such touch gestures to enlarge the content item, however, entails

additional effort and movement by the user to ready the display and the desired item for

selection. Performing such gestures also increases the delay between the user forming an

intention to select an item and the actual selection of the item. Additionally, such touch

gestures may be ill suited or even nonfunctional for other user interfaces associated with

different devices, such as televisions, wall-mounted displays, wearable displays, and the

like.

SUMMARY

[0004] Various embodiments are disclosed herein that relate to systems and

methods for scaling a visual element displayed via a display device. For example, one

disclosed embodiment provides a method for scaling a visual element that includes

receiving and using gaze tracking data to determine a plurality of gaze locations at which a

user is gazing on a screen of a display device. Depth tracking data is received and used to

determine that a user's pointer is at a predetermined location.

[0005] In response to determining that the user's pointer is at the predetermined

location, a locked gaze location on the screen is locked. The locked gaze location includes

at least a portion of the visual element. In response to locking the locked gaze location,



the visual element is programmatically scaled by a predetermined amount to an enlarged

size. A user input selecting the visual element is then received.

[0006] This Summary is provided to introduce a selection of concepts in a

simplified form that are further described below in the Detailed Description. This

Summary is not intended to identify key features or essential features of the claimed

subject matter, nor is it intended to be used to limit the scope of the claimed subject

matter. Furthermore, the claimed subject matter is not limited to implementations that

solve any or all disadvantages noted in any part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a schematic view of a user interface system for scaling a visual

element according to an embodiment of the present disclosure.

[0008] FIG. 2 shows an example head-mounted display device according to an

embodiment of the present disclosure.

[0009] FIG. 3 is a schematic perspective view of a room including a user

holding a tablet computer, a user wearing the head-mounted display device of FIG. 2, and

a user interacting with a wall-mounted display.

[0010] FIG. 4 is a schematic view of a display device screen that is displaying

visual elements from a webpage.

[0011] FIG. 5 is a schematic view of the screen of FIG. 4 showing a user's hand

moving toward the screen.

[0012] FIG. 6 is a schematic perspective view of the screen and user's hand of

FIG. 5 .

[0013] FIG. 7 is a schematic side view of the screen and user's hand of FIG. 5 .

[0014] FIG. 8 is a schematic view of the screen of FIG. 5 showing the user's

hand closer to the screen and the visual elements enlarged.

[0015] FIG. 9 is a schematic view of the screen of FIG. 8 showing the user's

hand still closer to the screen and the visual elements further enlarged.

[0016] FIG. 10 is a schematic perspective view of the screen and user's hand of

FIG. 9 .

[0017] FIG. 11 is a schematic side view of the screen and user's hand of FIG. 9 .

[0018] FIG. 12 is a schematic view of the screen of FIG. 9 showing the user's

finger touching the screen and the visual elements further enlarged.



[0019] FIGS. 13A, 13B and 13C are a flow chart of a method for scaling a

visual element displayed via a display device according to an embodiment of the present

disclosure.

[0020] FIG. 14 is a simplified schematic illustration of an embodiment of a

computing device.

DETAILED DESCRIPTION

[0021] FIG. 1 shows a schematic view of one embodiment of a user interface

system 10 for scaling a visual element displayed via a display device. The user interface

system 10 includes a scaling module 14 that may be stored in mass storage 18 of a

computing device 22. The scaling module 14 may be loaded into memory 26 and

executed by a processor 30 of the computing device 22 to perform one or more of the

methods and processes described in more detail below.

[0022] The user interface system 10 may include a display device that is

operatively connected to computing device 22. In some examples, the display device may

comprise a separate display 34, such as a standalone monitor, wall-mounted display,

interactive whiteboard, etc., that is operatively connected to computing device 22 via a

wired or wireless connection. As described in more detail below, display 34 may include

one or more of a display system 36 for presenting one or more visual elements 38 to a

user, a gaze tracking system 40, an optical sensor system 44, a depth tracking system 46, a

position sensor system 48, and a microphone system 52.

[0023] In other examples, computing device 22 may be integrated into the

display 34 to form a single device. Such devices may include, for example, hand-held

smart phones, e-readers, laptop, notebook and tablet computers, etc. It will be appreciated

that many other types and configurations of display devices having various form factors,

whether separate from or integrated with computing device 22, may also be used and are

within the scope of the present disclosure.

[0024] The computing device 22 may take the form of a desktop computing

device, a mobile computing device such as a smart phone, laptop, notebook or tablet

computer, network computer, home entertainment computer, interactive television,

gaming system, or other suitable type of computing device. Additional details regarding

the components and computing aspects of the computing device 22 are described in more

detail below with reference to FIG. 14.



[0025] In other examples, the display device may take the form of a virtual or

mixed-reality capable device, such as head-mounted display (HMD) device 54, that may

create a mixed reality environment 58. In these examples, the user interface system 10

may include a mixed reality display program 60 that may generate a virtual environment

62 for display via HMD device 54. The virtual environment 62 may include one or more

visual elements 38 in the form of virtual images, such as three-dimensional (3D)

holographic objects and two-dimensional (2D) virtual images, that are generated and

displayed via HMD device 54.

[0026] The computing device 22 may be operatively connected with the HMD

device 54 using a wired connection, or may employ a wireless connection via WiFi,

Bluetooth, or any other suitable wireless communication protocol. For example, the

computing device 22 may be communicatively coupled to a network 64. The network 64

may take the form of a local area network (LAN), wide area network (WAN), wired

network, wireless network, personal area network, or a combination thereof, and may

include the Internet. Additionally, the example illustrated in FIG. 1 shows the computing

device 22 as a separate component from the HMD device 54. It will be appreciated that in

other examples the computing device 22 may be integrated into the HMD device 54.

[0027] With reference now also to FIG. 2, one example of an HMD device 200

in the form of a pair of wearable glasses with a transparent display 68 is provided. It will

be appreciated that in other examples, the HMD device 200 may take other suitable forms

in which a transparent, semi-transparent or non-transparent display is supported in front of

a viewer's eye or eyes. It will also be appreciated that the HMD device 54 shown in FIG.

1 may take the form of the HMD device 200, as described in more detail below, or any

other suitable HMD device.

[0028] With reference to the example shown in FIGS. 1 and 2, the HMD device

54 includes an HMD display system 66 and transparent display 68 that enables images

such as holographic objects to be delivered to the eyes of a user 70. The transparent

display 68 may be configured to visually augment an appearance of a physical

environment 74 to a user 70 viewing the physical environment through the transparent

display. For example, the appearance of the physical environment 74 may be augmented

by graphical content (e.g., one or more pixels each having a respective color and

brightness) that is presented via the transparent display 68 to create the mixed reality

environment 58.



[0029] The transparent display 68 may also be configured to enable a user to

view a physical, real-world object in the physical environment 74 through one or more

partially transparent pixels that are displaying a virtual object representation. As shown in

FIG. 2, in one example the transparent display 68 may include image-producing elements

located within lenses 204 (such as, for example, a see-through Organic Light-Emitting

Diode (OLED) display). As another example, the transparent display 68 may include a

light modulator on an edge of the lenses 204. In this example the lenses 204 may serve as

a light guide for delivering light from the light modulator to the eyes of a user. Such a

light guide may enable a user to perceive a 3D holographic image located within the

physical environment 74 that the user is viewing, while also allowing the user to view

physical objects in the physical environment, thus creating a mixed reality environment.

[0030] The HMD device 54 along with the display 34 may also include various

sensors and related systems. For example, the HMD device 54 and display 34 may

include a gaze tracking system 40 that includes one or more image sensors configured to

acquire image data in the form of gaze tracking data 76 from a user's eyes. Provided the

user has consented to the acquisition and use of this information, the gaze tracking system

40 may use this information to track a position and/or movement of the user's eyes.

[0031] In one example, the gaze tracking system 40 includes a gaze detection

subsystem configured to detect a direction of gaze of each eye of a user. The gaze

detection subsystem may be configured to determine gaze directions of each of a user's

eyes in any suitable manner. For example, the gaze detection subsystem may comprise

one or more light sources, such as infrared light sources, configured to cause a glint of

light to reflect from the cornea of each eye of a user. One or more image sensors may

then be configured to capture an image of the user's eyes.

[0032] Images of the glints and of the pupils as determined from image data

gathered from the image sensors may be used to determine an optical axis of each eye.

Using this information, the gaze tracking system 40 may then determine a direction and/or

at what location, physical object, and/or virtual object the user is gazing. The gaze

tracking system 40 may further determine at what location on a physical or virtual object

the user is gazing. Such gaze tracking data 76 may then be provided to the computing

device 22. In some examples, the gaze tracking system 40 may also be used to identify the

user via iris recognition, retinal scanning, or other suitable eye-related biometric

identification technique.



[0033] It will be understood that the gaze detection subsystem may have any

suitable number and arrangement of light sources and image sensors. For example and

with reference to FIG. 2, the gaze tracking system 40 of the HMD device 200 may utilize

at least one inward facing sensor 212.

[0034] The HMD device 54 and display 34 may also include sensor systems

that receive physical environment data 80 from the physical environment 74. For

example, the HMD device 54 and display 34 may include an optical sensor system 44 that

utilizes one or more outward facing sensors, such as optical sensor 216 on HMD device

200, to capture image data. The outward facing sensor(s) may detect movements within

its field of view, such as gesture-based inputs or other movements performed by a user 70

or by a person or physical object within the field of view. The outward facing sensor(s)

may also capture 2D image information and depth information from physical environment

74 and physical objects within the environment. For example, the outward facing

sensor(s) may include a depth camera, a visible light camera, an infrared light camera,

and/or a position tracking camera.

[0035] The optical sensor system 44 may include a depth tracking system 46

that generates depth tracking data 86 via one or more depth cameras. In one example,

each depth camera may include left and right cameras of a stereoscopic vision system.

Time-resolved images from one or more of these depth cameras may be registered to each

other and/or to images from another optical sensor such as a visible spectrum camera, and

may be combined to yield depth-resolved video.

[0036] In other examples a structured light depth camera may be configured to

project a structured infrared illumination, and to image the illumination reflected from a

scene onto which the illumination is projected. A depth map of the scene may be

constructed based on spacings between adjacent features in the various regions of an

imaged scene. In still other examples, a depth camera may take the form of a time-of-

flight depth camera configured to project a pulsed infrared illumination onto a scene and

detect the illumination reflected from the scene. It will be appreciated that any other

suitable depth camera may be used within the scope of the present disclosure.

[0037] The outward facing sensor(s) may capture images of the physical

environment 74 in which a user 70 is situated. With respect to the HMD device 54, in one

example the mixed reality display program 60 may include a 3D modeling system that

uses such captured images to generate a virtual environment 62 that models the physical

environment 74 surrounding the user 70.



[0038] The HMD device 54 and display 34 may also include a position sensor

system 48 that utilizes one or more motion sensors, such as motion sensors 220 on HMD

device 200, to capture position data and thereby enable motion detection, position tracking

and/or orientation sensing of the HMD device and display 34. In the example of the HMD

device 54, the position sensor system 48 may be utilized to determine a direction, velocity

and acceleration of a user's head. The position sensor system 48 may also be utilized to

determine a head pose orientation of a user's head. In one example, position sensor

system 48 may comprise an inertial measurement unit configured as a six-axis or six-

degree of freedom position sensor system. This example position sensor system may, for

example, include three accelerometers and three gyroscopes to indicate or measure a

change in location of the HMD device 54 or display 34 within 3D space along three

orthogonal axes (e.g., x, y, z), and a change in an orientation of the HMD device or display

about the three orthogonal axes (e.g., roll, pitch, yaw).

[0039] Position sensor system 48 may also support other suitable positioning

techniques, such as GPS or other global navigation systems. Further, while specific

examples of position sensor systems have been described, it will be appreciated that other

suitable position sensor systems may be used. In some examples, motion sensors may also

be employed as user input devices, such that a user may interact with the HMD device 54

or display 34 via motion of the hands, body, neck and/or head. The HMD device 54 and

display 34 may also include a microphone system 52 that includes one or more

microphones, such as microphones 224 on HMD device 200, that capture audio data. In

other examples, audio may be presented to the user via one or more speakers, such as

speakers 228 on the HMD device 200.

[0040] The HMD device 200 and display 34 may also include a processor, such

as processor 230 on the HMD device. The processor includes a logic subsystem and a

storage subsystem, as discussed in more detail below with respect to FIG. 14, that are in

communication with the various sensors and systems of the HMD device and display. In

one example, the storage subsystem may include instructions that are executable by the

logic subsystem to receive signal inputs from the sensors and forward such inputs to

computing device 22 (in unprocessed or processed form), and to present images to a user

via the display 34 or HMD device 200.

[0041] It will be appreciated that the display 34, HMD device 200 and related

sensors and other components described above and illustrated in FIGS. 1 and 2 are

provided by way of example. These examples are not intended to be limiting in any



manner, as any other suitable sensors, components, and/or combination of sensors and

components may be utilized. Therefore it is to be understood that the display 34 and

HMD device 200 may include additional and/or alternative sensors, cameras,

microphones, input devices, output devices, etc. without departing from the scope of this

disclosure. Further, the physical configuration of the display 34 and HMD device 200 and

their various sensors and subcomponents may take a variety of different forms without

departing from the scope of this disclosure.

[0042] With reference now to FIGS. 3-12, descriptions of example use cases

and embodiments of the user interface system 10 will now be provided. FIG. 3 provides a

schematic illustration of a first user 304 located in a physical environment that comprises a

family room 308. The first user 304 is shown holding a display 34 in the form of a touch

screen tablet computer 312 that includes user interface system 10 and a gaze tracking

system 40 and depth tracking system 46 as described above. As discussed in more detail

below, scaling module 14 may be configured to display and programmatically scale one or

more visual elements 38 via touch screen tablet computer 312 using gaze tracking data 76

and depth tracking data 86.

[0043] The family room 308 may also include a wall-mounted display 316 that

may be operatively connected to a gaming system 320. The gaming system 320 and/or

display 316 may also include user interface system 10 and a gaze tracking system 40 and

depth tracking system 46 as described above. A second user 330 may interact with visual

elements 38 displayed on the wall-mounted display 316 via user interface system 10 as

described in more detail below.

[0044] A third user 334 may experience a mixed reality environment 58 via an

HMD device 200 as described above. The third user 334 may interact with visual

elements, such as 3D virtual image 338, displayed via the HMD device 200 using the user

interface system 10 described herein. For purposes of the following description, use cases

of the user interface system 10 in connection with the tablet computer 312, wall-mounted

display 316 and HMD device 200 will be described. It will also be appreciated that any

suitable display device incorporating the user interface system 10 may also be utilized.

[0045] With reference now to FIG. 4, a schematic view of one example of a

plurality of visual elements that are displayed on a display screen 404 of a display device

is provided. In this example, the visual elements comprise a news source web page 400.

For purposes of the present example, the display screen 404 will be described as the touch

screen of the tablet computer 312 shown in FIG. 3 . It will also be appreciated that the



principles of the present example may apply to other display devices, such as the wall-

mounted display 316 and the HMD device 200 shown in FIG. 3 . Further, it will be

appreciated that the principles of the present disclosure may apply to a variety of content

displayed via a display device including, but not limited to, web pages, video game

graphics, streaming content including movies, video calls or chats, online meetings,

presentations and other interactive collaborations, and the like, two-dimensional and three-

dimensional holographic images, and any other suitable content displayed via a display

device.

[0046] As first user 304 reads the web page 400, the user's eyes will scan across

the surface 408 of the display screen 404 at various gaze locations, with gaze locations

412a, 412b, 412c and 4 12d being shown. Using gaze tracking data 76 from the gaze

tracking system 40 of tablet computer 312, the scaling module 14 may be configured to

determine the gaze locations at which the user is gazing on the display screen 404. As

shown in FIG. 4, in some examples the gaze tracking system may determine a gaze

location in the form of a point located on the display screen 404. It will be appreciated

that the gaze location may not be displayed to the user.

[0047] It will also be appreciated that the human eye undergoes natural,

involuntary movements such as, for example, saccades, microsaccades, jitter, tremors, and

drifts. Such natural movements may impact an accuracy of a gaze tracking system.

Accordingly, to account for accuracy constraints of a gaze tracking system and/or to

approximate the actual gaze location of a user, in some examples a gaze box centered on a

gaze location may be determined.

[0048] With reference to FIG. 4, in one example a gaze box 414 may have a

height that corresponds to an angle 420 having an apex 424 extending from a point at or

near the user's eyes to the screen. FIG. 4 schematically illustrates an eye 306 of first user

304 and gaze location 412c that corresponds to subtended angle 420. In the example

shown in FIG. 4, the gaze box 414 is a square. In other examples, the gaze box may be a

rectangle having a width different from the height. In still other examples, other shapes

and configurations may be determined and utilized to account for accuracy capabilities of

a gaze tracking system and/or to approximate the actual gaze location of a user.

[0049] It will be appreciated that the size of a gaze box on the surface 408 of

screen 404 will depend upon the distance between the surface and the apex 424 of the

angle corresponding to the gaze location box. As illustrated in FIG. 3, this distance may

vary depending upon the type of display device being used and the position of the



corresponding user. For example, in FIG. 4 where the angle 420 is approximately 1

degree and the first user 304 holds the tablet computer 312 a distance Di of approximately

400 mm from the user's eyes, the corresponding gaze location box on the tablet computer

display surface 408 will have a height of approximately 1 mm.

[0050] Where the angle 420 is approximately 1 degree, other examples of a

distance between a display surface and the eyes of a user, and the corresponding height of

the gaze location box, include but are not limited to a 100 mm distance and a 4 mm height,

a 200 mm distance and an 8 mm height, a 300 mm distance and a 13 mm height, a 500

mm distance and a 2 1 mm height, a 600 mm distance and a 25 mm height, a 700 mm

distance and a 29 mm height, an 800 mm distance and a 33 mm height, a 1000 mm

distance and a 42 mm height, a 1200 mm distance and a 50 mm height, a 1600 mm

distance and a 67 mm height, and an 1800 mm distance and a 75 mm height. It will be

appreciated that for an angle 420 of approximately 1 degree, other

distance/heightcombinations may be used that correspond to an approximate ratio of

distance/height= 24. It will also be appreciated that other distance/heightcombinations

corresponding to other values of angle 420 may also be utilized.

[0051] To increase the likelihood that the gaze detection box falls on a single

visual element on the display surface, in one example each visual element on the display

surface may be sized to have a height of at least the height of the gaze detection box. In

some examples, however, one or more visual elements may not have a height equal to or

larger than the height of the gaze detection box. In these examples, and depending upon

the size of the gaze detection box relative to the display surface area, 2, 3, 4 or more visual

elements may be fully or partially enclosed by the gaze detection box. For example and

with reference to FIG. 4, gaze detection box 428 falls on 2 selectable visual elements, the

Business hyperlink 430 and the U.S. hyperlink 434. In this situation, using gaze detection

to determine which of the multiple visual elements the user is interested in may be

difficult.

[0052] For touch screen devices, another consideration may be the size of a

selectable visual element with respect to the size of a user's finger that will be touching

the touch surface of the device. In one example, an estimate of a surface area on the touch

surface that is contacted when a user's finger touches the surface may be determined.

Using this estimate, a minimum visual element size may then be determined. In one

example, the minimum visual element size may correspond to the estimated surface area

in a manner that increases the likelihood that a user intending to touch a location on the



screen at which a particular visual element is displayed will consistently succeed in

touching a location corresponding to the particular visual element. In one example, using

empirical data of touch screen surface areas contacted by various users' fingers during

touch screen selection contacts, a minimum visual element size may be defined as a 9mm

height.

[0053] As noted above, as the first user 304 scans the web page 400, the gaze

tracking system 40 may generate gaze tracking data 76 that corresponds to various gaze

locations on the display screen at which the user is gazing over time. With reference now

to FIG. 5, in one example the first user 304 desires to select the Health hyperlink 504

visual element and navigate to the Health page of the news source. As the first user 304

looks at the Health hyperlink 504 visual element, the user moves a user pointer (in this

example, her hand 342 with index finger 346 extended) toward the display screen 404.

The depth tracking system 46 generates depth tracking data 86 corresponding to the

position of the user's hand 342. It will be appreciated that other types of user pointers

may be used to interact with the touch screen table computer 312. Examples of other user

pointers may include, but are not limited to, a stylus, pen or pencil, or any other pointing

instrument or item that is manipulated by a user.

[0054] Using the depth tracking data 86, the scaling module 14 may determine

that the user's hand 342 is at a predetermined location. In one example, the predetermined

location may be a predetermined distance from a point on the user's hand 342 to the

surface 408 of the display screen 404. For example, a predetermined distance D2 may

correspond to the distance from the tip 348 of the user's index finger 346 to the surface

408 of the display screen 404. Example values of the predetermined distance may be 100

mm, 150 mm, 200 mm, or any other suitable distance. In another example and with

reference to the third user 334 in FIG. 3 wearing HMD device 200, the predetermined

location may comprise the second user's index finger 352 pointing towards a virtual

screen or virtual image, such as virtual image 338, that is generated by the HMD device.

In some examples the predetermined location may further comprise a predetermined

distance from the tip of the second user's index finger 352 to the virtual screen or virtual

image.

[0055] In response to determining that the user's hand is at the predetermined

location, the scaling module 14 locks a locked gaze location on the display screen 404 that

corresponds to the current gaze location of the user as determined by the gaze tracking

system 40. In the example of FIG. 5, gaze tracking system 40 may determine that the first



user 304 is looking at the screen location corresponding to the gaze location 412c in FIG.

4 when the user's hand is at a predetermined location indicated at 502. Accordingly, the

scaling module 14 creates locked gaze location 510 at this location. In the example of

FIG. 5, the locked gaze location 510 corresponds to the gaze box 414 shown in FIG. 4 . In

other examples, the locked gaze location may correspond to a gaze location point, such as

gaze location 412c, or to other shapes or bounding areas that may approximate the actual

gaze location of a user or capture a neighborhood around an estimated gaze location.

[0056] As noted above, 2, 3, 4 or more visual elements 38 may be fully or

partially enclosed by a locked gaze location. In the example shown in FIG. 5, the Health

hyperlink 504 selectable visual element and a Politics hyperlink 514 selectable visual

element are partially enclosed by the locked gaze location 510. In some examples, the

locked gaze location 510 may be displayed and visible to the user. In other examples the

locked gaze location 510 may not be displayed or visible to the user.

[0057] In some examples, in response to determining that the user's hand is at

the predetermined location, the scaling module 14 may cause the gaze tracking system 40

to cease gathering and/or sending gaze tracking data 76 to the scaling module 14.

Advantageously and in this example, by causing the gaze tracking system 40 to cease

gathering and/or sending gaze tracking data 76, power, battery life, and/or computational

resources of the corresponding display device may be preserved.

[0058] In other examples, the gaze tracking system 40 may be normally

disabled, and may be enabled when a user's hand is sensed by the optical sensor system

44. For example and as described in more detail below, the gaze tracking system 40 may

be enabled when the user's hand is sensed moving toward the display screen 404 and

breaking a virtual plane between the user's eyes and the screen. In some examples, the

gaze tracking system 40 may be subsequently disabled when the user's hand breaks a

second virtual plane that triggers a selection of a visual element 38, or when a visual

element is selected by other means. In other examples, the gaze tracking system 40 may

be subsequently disabled when the user's hand moves away from the screen by a

predetermined distance.

[0059] Once the user's hand has been identified to be at the predetermined

location and the locked gaze location 510 has been created, the scaling module 14 may

proceed to scale one or more visual elements as described in more detail below. More

particularly, in response to locking the locked gaze location 510, the scaling module 14



may programmatically scale the Health hyperlink 504 and Politics hyperlink 514 visual

elements by a predetermined amount to an enlarged size.

[0060] In one example and prior to the programmatic scale, the Health

hyperlink 504 selectable visual element may be displayed on the display screen 404 in a

default size that is smaller than a minimum visual element size needed for accurate touch

selection, such as a 9mm height. For example, the Health hyperlink 504 selectable visual

element may be displayed having a 6mm height. Similarly, the Politics hyperlink 514

selectable visual element that is immediately below the Health hyperlink 504, may also be

displayed having a 6mm height.

[0061] Advantageously, and in response to locking the locked gaze location

510, the scaling module 14 may programmatically scale the Health hyperlink 504 and

Politics hyperlink 514 selectable visual elements, which are partially enclosed by the

locked gaze location 510, by a predetermined amount to an enlarged size that is greater

than or equal to a 9mm height. In this manner and prior to the user's finger 346 contacting

the display surface 408, the Health hyperlink 504 that the user desires to select may be

enlarged to a size that enables accurate touch selection of this link. The user may then

provide user input by touching and thereby selecting the Health hyperlink 504 at the

enlarged size.

[0062] In one example, the scaling module 14 may programmatically scale the

entire webpage 400 and all selectable and non-selectable visual elements 38 of the

webpage by a predetermined scale factor to an enlarged size. In one example, the

webpage 400 and all of its visual elements 38 may be proportionally enlarged by a

predetermined scale factor that corresponds to a ratio of a minimum visual element size

needed for accurate touch selection to the size of the smallest selectable visual element

displayed on the webpage 400.

[0063] As noted above, in one example a minimum visual element size needed

for accurate touch selection may be 9mm. A smallest selectable visual element displayed

on the webpage 400 may be, for example, 6mm. In this example, the predetermined scale

factor is 9mm/6mm = 1.5 or 50% scaling. Accordingly, all of the visual elements 38 in

the webpage 400 may be enlarged to 1.5 times their initial size. It will be appreciated that

various other scale factors will correspond to different minimum visual element sizes

needed for accurate touch selection and different smallest visual element sizes on a

display.



[0064] In another example, instead of utilizing the smallest selectable visual

element displayed anywhere on the webpage 400, the scaling module 14 may utilize a

predefined neighborhood surrounding the current gaze location to select the smallest

selectable visual element. For example and with reference to FIG. 5, the selectable visual

elements that are at least partially overlapped by locked gaze location 510 may be

examined to determine the smallest selectable visual element.

[0065] It will be appreciated that any other suitable neighborhood or predefined

location surrounding the gaze location may also be utilized in determining the

predetermined scale factor. It will also be appreciated that in other examples, the

predetermined scale factor may be determined in any other suitable manner. Further, the

predetermined scale factor may be determined based on one or more other considerations

such as, for example, a distance from the user's eyes to the physical or virtual display

screen or projected virtual object.

[0066] In one example, the scaling module 14 may programmatically scale the

visual elements 38 by a single step to the enlarged size. For example and with reference to

FIG. 12, the visual elements including the Health hyperlink 504 and Politics hyperlink 514

selectable visual elements are enlarged as compared to the size of the visual elements as

shown in FIG. 5 . In this example, the visual elements including the Health hyperlink 504

and Politics hyperlink 514 selectable visual elements may remain in this enlarged size as

the user's finger 346 moves closer to the display screen 404 to touch and select the Health

hyperlink 504. Alternatively expressed, in this example the enlarged size of the visual

elements 38 is independent of the distance of the user's finger 346 and hand 342 from the

display screen 404.

[0067] In another example, the scaling module 14 may animate the visual

elements 38 to grow in a continuous manner from an initial size to the enlarged size. In

this example, instead of scaling the visual elements 38 by a single step to the enlarged

size, the scaling module 14 may animate the dimensional changes to the elements using,

for example, an easing function to create a smooth zooming effect. Additionally, in this

example the visual elements may grow in a continuous manner from the initial to the

enlarged size independent of a distance of the user's hand from the screen.

[0068] In another example, the scaling module 14 may programmatically scale

the visual elements 38 by progressive enlargements through one or more increasing sizes

that are each proportional to a distance of the user's hand 342 from the display screen 404.

For example and with reference to FIGS. 5-12, the visual elements including the Health



hyperlink 504 and Politics hyperlink 514 selectable visual elements are progressively

enlarged as the user's hand 342 moves closer to the display screen 404, until the tip 348 of

the user's finger 346 contacts the screen in FIG. 12.

[0069] In the examples shown in FIGS. 5-12, the visual elements 38 are

enlarged through 3 increasing sizes, which together may comprise a predetermined

amount, until the elements are displayed in an enlarged size as shown in FIG. 12. It will

be appreciated that in other examples the visual elements 38 may be enlarged through 2, 4,

5 or more increasing sizes. As noted above, in some examples the visual elements 38 may

be enlarged independent of the distance between the user's hand 342 and the display

screen 404. In other examples, each of the 2 or more increasing sizes may be inversely

proportional to the corresponding distance of the user's hand 342 from the display screen

404.

[0070] As shown in FIGS. 5-12, in some examples the location of the locked

gaze location 510 may be maintained in an approximately fixed location relative to the

visual elements 38 as the visual elements are enlarged. Additionally, the webpage 400

shown in FIG. 5 may comprise a full view of the webpage in which the visual elements 38

comprising the webpage have not been enlarged. As shown in FIGS. 8-12, it will be

appreciated that as the user interface system 10 enlarges the visual elements 38, one or

more portions of the webpage 400 that are displayed and visible in the full view of FIG. 5

will not be displayed or visible as the visual elements are enlarged.

[0071] In some examples, as the visual elements 38 are enlarged, the locked

gaze location 510 may be translated toward the center of the display screen 404. Where

the location of the locked gaze location 510 is also maintained relative to the visual

elements 38 as they are enlarged, the visual elements are correspondingly moved toward

the center of the screen, and the proportional spaced relationships among the elements are

also maintained. In one example, two simultaneous geometric transformations of the

visual elements 38 may be performed - translating the locked gaze location 510 to the

center of the display screen 404 and scaling up all of the displayed visual elements around

that point. In some examples in which scaling of the visual elements 38 is performed via

animation, for each frame of the animation three geometric transformations of the visual

elements may be performed - translating the visual elements at the locked gaze location to

a geometric origin (such as the top-left corner of a view's frame), scaling the visual

elements about that origin, and translating the visual elements from the origin to the center

of the display screen.



[0072] In another example, when the locked gaze location is positioned near a

peripheral edge of the displayed content, moving that location to the center of the display

screen 404 can result in a blank area onscreen, even after scaling up the visual elements

38. For example and with reference to FIG. 5, if the locked gaze location 510 is moved to

the center of the display screen 404 and the visual elements 38 are correspondingly

translated and scaled, there will be a blank area on the left side of the display screen 404,

even after scaling up the content. Accordingly, in this example the locked gaze location

510 may be moved towards the center of the display screen 404 by a limited amount that is

sufficient to bring the left edge of the enlarged visual elements 38 flush with the left edge

of the screen. It will be appreciated that such limited translations of the locked gaze

location may be performed when the locked gaze location is near any edge of the display

screen.

[0073] In some examples, the scaling module 14 may be configured to monitor

the user's use of the user interface system 10 over time. Based on the user's use, the

scaling module 14 may modify the predetermined amount by which one or more visual

elements are scaled to a user-specific amount. The scaling module 14 may then

programmatically scale one or more visual elements by the user-specific amount to a user-

specific size.

[0074] In one example and with reference to FIG. 12, the scaling module may

determine the user-specific amount by averaging user adjustments made by the user to the

enlarged size of the Health hyperlink 504 selectable visual element and/or other enlarged

visual elements over a predetermined number of user adjustments. For example, the user

may repeatedly view webpages from The Post news source, such as the webpage 400

shown in FIGS. 5-12. On 3 separate occasions, after the scaling module 14 has

programmatically scaled a visual element 38 by a predetermined amount equal to, for

example, 20% to an enlarged size, the user may have further enlarged the visual element to

a larger size. For example, the user may have used a reverse-pinch touch gesture to

further enlarge the visual element.

[0075] On the 3 occasions, the user may have further increased the enlarged size

by an additional 4%, 8% and 6%. Accordingly, the scaling module 14 may average these

3 additional scale amounts to arrive at an average additional scale amount of 6%. The

scaling module 14 may then add this additional amount of 6% to the predetermined

amount of 20% to arrive at a user-specific amount of 26%. Going forward, the scaling



module 14 may then programmatically scale visual elements by the user-specific amount

of 26%. Advantageously, this customized, user-specific amount may more closely match

the preferences of individual users.

[0076] In other examples, after the scaling module 14 has programmatically

scaled a visual element 38 by a predetermined amount equal to, for example, 20% to an

enlarged size, the user may have reduced the visual element to a smaller size on multiple

occasions. For example, the user may have used a pinch touch gesture to shrink the visual

element and create more visual context around the element. Accordingly, the scaling

module 14 may average these multiple reduction amounts to arrive at an average reduced

scale amount that is subtracted from the predetermined amount to arrive at a revised user-

specific amount. Going forward, the scaling module 14 may then programmatically scale

visual elements by the revised user-specific amount.

[0077] In other examples, the scaling module may determine the user-specific

amount by determining an identity of the user. Based on the user identity, the scaling

module 14 may modify the predetermined amount of scale to a user-specific amount. The

scaling module 14 may then programmatically scale one or more visual elements by the

user-specific amount to a user-specific size.

[0078] In one example, the user interface system 10 may determine an identity

of the user via user input of log in data. In other examples the user interface system 10

may determine an identity of the user via user biometrics such as, for example, eye

information received from the gaze tracking system 40, voice recognition information

received from the microphone system 52, and/or facial recognition information received

from the optical sensor system 44. It will be appreciated that any other suitable user

biometrics may also be used to determine an identity of the user. The user interface

system 10 may then access a user profile corresponding to the identity of the user, and

may retrieve a user-specific size for programmatically scaling visual elements.

[0079] FIG. 12 schematically shows the tip 348 of the user's finger 346

contacting the surface 408 of the display screen 404 at a location corresponding to the

Health hyperlink 504 selectable visual element. Contact of the fingertip is visually

indicated on the display screen 404 by a touch indicator 1204. In this manner, the user

may select this hyperlink and navigate to the corresponding webpage. In some examples

the user interface system 10 may enable a user to select a selectable visual element without

physically touching the display screen 404. For example and as described in more detail

below, the user interface system 10 may utilize one or more planes to lock a gaze location,



scale the visual element, and/or select the visual element. In some examples, the one or

more planes may be parallel to the surface 408 of the display screen 404. The planes may

be generated and located by the scaling module 14, and may be preset with respect to a

particular display 34. In some examples, the location of the one or more planes may be set

and/or calibrated by a user. In other examples, the scaling module 14 may utilize

interaction data reflecting a user's use of the user interface system 10 to programmatically

determine one or more locations of the planes that are more comfortable for a user.

[0080] In one example and with reference to FIGS. 3 and 5-7, the user interface

system 10 may define a plane 534 between the first user 304 and the screen 404. The

user's hand 342 may be moving in a direction of action arrow A toward the screen 404.

Using the depth tracking data 86, the scaling module 14 may determine that the tip 348 of

the user's finger 346 on the user's hand 342 crosses the plane 534, which corresponds to a

user intention to select a visual element 38, such as the Health hyperlink 504. In response

to the user's hand 342 crossing the plane 534, the scaling module 14 may lock the locked

gaze location 510 on the screen 404 and programmatically scale the Health hyperlink 504

and other visual elements. For example, the scaling module 14 may animate the hyperlink

and other visual elements to smoothly grow from their initial sizes as shown in FIG. 5 to

the enlarged sizes as shown in FIG. 12.

[0081] With reference now to FIGS. 9-1 1, in some examples the user interface

system 10 may also define an additional plane 540 between the plane 534 and the display

screen 404. Using the depth tracking data, the scaling module 14 may determine that the

tip 348 of the user's finger 346 on the user's hand 342 subsequently crosses the additional

plane 540, as shown in FIGS. 9-1 1. It will be appreciated that for clarity of illustration,

the display screen 404 of FIG. 10 is schematically illustrated without the visual elements

and other graphics displayed on the screen in FIG. 9 . In response to the user's hand

crossing the additional plane 540, the user interface system 10 may cause the Health

hyperlink 504 selectable visual element that is partially captured by the locked gaze

location 510 to be selected. In this manner, the user interface system 10 may enable the

user to select visual elements without physically touching the display screen 404.

[0082] In some examples, the scaling module 14 may be configured to provide

feedback to the user related to the user's interactions with the display device. For

example, the scaling module 14 may provide gaze lock feedback when the locked gaze

location is locked. With reference to FIG. 5, such gaze lock feedback may comprise

displaying the box 510 that indicates the locked gaze location. In other examples, the gaze



lock feedback may comprise other visual feedback, audio feedback, haptic feedback,

and/or any other suitable feedback.

[0083] In some examples, the scaling module 14 may provide progressive

feedback indicating a position of the user's hand relative to the display device. For

example and with reference to FIGS. 5 and 8, as the user's finger moves closer to the

display screen 404, an empty circle 804 may be displayed within the box indicating the

locked gaze location 510. As shown in FIG. 9, as the user's finger moves closer the empty

circle 804 may be filled. In this manner, the user interface system 10 provides a visual

indicator that responds to the user's movement of the user's finger 346. In other

examples, the scaling module 14 may provide progressive feedback indicating a position

of the user's hand relative to the plane 534 , the additional plane 540 , or a visual element

38.

[0084] In some examples, as the user's hand moves away from display screen

404, the scaling module 14 may utilize the location of the hand to scale the enlarged visual

elements 38 back to their initial size. For example and with reference to FIG. 11, as the

user's hand 342 moves in the direction of action arrow B away from the screen 404, the

scaling module 14 may scale the enlarged visual elements to their initial size when the tip

348 of the user's finger 346 passes the additional plane 540 or the plane 534. In this

manner, a user may easily downscale the visual elements 38 by simple withdrawing her

hand beyond a predetermined location.

[0085] In some examples, the scaling module 14 may not programmatically

scale a visual element where at least a portion of the visual element is included in the

locked gaze location. In one example, the locked gaze location may encompass portions

of one or more non-selectable visual elements 38 on the webpage 400, and may not

encompass a portion of a selectable visual element 38. In this example, based on the

locked gaze location not including a selectable visual element 38, when the user's hand is

at the predetermined location, the scaling module 14 may not programmatically scale the

non-selectable visual elements.

[0086] Advantageously, in this example the user may be afforded additional

user interface capabilities without triggering a programmatic scale. For example, the user

may move the user's finger toward the display screen 404 to trigger a panning or scrolling

function that allows the user to pan or scroll the webpage 400 in one or more directions,

without triggering a programmatic scale.



[0087] With reference again to FIG. 3, it will be appreciated that the above-

described methods and processes may be utilized with display devices other than the touch

screen tablet computer 312, such as the wall-mounted display device 316, the HMD device

200, and any other suitable display devices. For example, second user 330 may utilize the

user interface system 10 to interact with the wall-mounted display 316 via first and second

planes in a manner similar to that described above. In another example, third user 334

may utilize user interface system 10 to interact with virtual image 338. In some examples,

locations on the virtual image 338 may correspond to locations of visual elements on the

display screen 404 as described above. Accordingly, third user 334 may utilize user

interface system 10 to interact with virtual image 338 via one or more planes in a manner

similar to that described above.

[0088] FIGS. 13A, 13B and 13C illustrate a flow chart of a method 1300 for

scaling a visual element according to an embodiment of the present disclosure. The

following description of method 1300 is provided with reference to the software and

hardware components of the user interface system 10 described above and shown in FIGS.

1-12. It will be appreciated that method 1300 may also be performed in other contexts

using other suitable hardware and software components.

[0089] With reference to FIG. 13A, at 1302 the method 1300 may include

receiving gaze tracking data. At 1304 the method 1300 may include using the gaze

tracking data to determine a plurality of gaze locations at which a user is gazing on a

screen of the display device. At 1306 the method 1300 may include receiving depth

tracking data. At 1308 the method 1300 may include using the depth tracking data to

determine that a user's pointer is at a predetermined location. At 1310 the method 1300

may include, in response to determining that the user's pointer is at the predetermined

location, locking a locked gaze location on the screen, wherein the locked gaze location

includes at least a portion of the visual element.

[0090] At 1312 the method 1300 may include ceasing to receive gaze tracking

data from the gaze tracking system. At 1314 the method 1300 may include, in response to

locking the locked gaze location, programmatically scaling the visual element by a

predetermined amount to an enlarged size. At 1316 the method 1300 may include

programmatically scaling the visual element by a single step to the enlarged size. At 1318

the method 1300 may include scaling the visual element by progressive enlargements

through one or more increasing sizes that are each proportional to a distance of the user's

pointer from the screen.



[0091] At 1320 the method 1300 may include programmatically scaling the

visual element by animating the visual element to grow to the enlarged size independent of

the distance of the user's pointer from the screen. At 1322 the method 1300 may include

receiving a user input selecting the visual element at the enlarged size. With reference

now to FIG. 13B, at 1324 the method 1300 may include monitoring the user's use of the

user interface system. At 1326 the method 1300 may include, based on the user's use,

modifying the predetermined amount to a user-specific amount. At 1328 the method 1300

may then include programmatically scaling the visual element by the user-specific amount

to a user-specific size.

[0092] At 1330 the method 1300 may include determining the user-specific

amount by averaging a plurality of user adjustments to the enlarged size. At 1332 the

method 1300 may include determining an identity of the user. At 1334 the method 1300

may include determining the identity of the user via user input of log in data. At 1336 the

method 1300 may include determining the identity of the user via user biometrics selected

from the group consisting of eye information received from the gaze tracking system,

voice recognition information and facial recognition information.

[0093] At 1338 the method 1300 may include, based on the user identity,

modifying the predetermined amount to a user-specific amount. At 1340 the method 1300

may then include programmatically scaling the visual element by the user-specific amount

to a user-specific size.

[0094] With reference now to FIG. 13C, at 1342 the method 1300 may include

defining a first plane between the user and the screen of the display device. At 1344 the

method 1300 may include, using the depth tracking data, determining that the user's

pointer crosses the first plane. At 1346 the method 1300 may include, in response to

determining that the user's pointer crosses the first plane, locking the locked gaze location

on the screen and programmatically scaling the visual element.

[0095] At 1348 the method 1300 may include defining a second plane between

the first plane and the screen of the display device. At 1350 the method 1300 may include,

using the depth tracking data, determining that the user's pointer subsequently crosses the

second plane. At 1352 the method 1300 may include, in response to determining that the

user's pointer crosses the second plane, selecting the visual element. At 1354 the method

1300 may include providing feedback to the user via the display device comprising gaze

lock feedback when the locked gaze location is locked and progressive feedback

indicating a position of the user's pointer relative to the display device.



[0096] It will be appreciated that method 1300 is provided by way of example

and is not meant to be limiting. Therefore, it is to be understood that method 1300 may

include additional and/or alternative steps than those illustrated in FIGS. 13A, 13B and

13C. Further, it is to be understood that method 1300 may be performed in any suitable

order. Further still, it is to be understood that one or more steps may be omitted from

method 1300 without departing from the scope of this disclosure.

[0097] FIG. 14 schematically shows a nonlimiting embodiment of a computing

system 1400 that may perform one or more of the above described methods and processes.

Computing device 22 may take the form of computing system 1400. Computing system

1400 is shown in simplified form. It is to be understood that virtually any computer

architecture may be used without departing from the scope of this disclosure. In different

embodiments, computing system 1400 may take the form of a mainframe computer, server

computer, desktop computer, laptop computer, tablet computer, home entertainment

computer, network computing device, mobile computing device, mobile communication

device, gaming device, etc. As noted above, in some examples the computing system

1400 may be integrated into a display device.

[0098] As shown in FIG. 14, computing system 1400 may include a logic

subsystem 1404, a storage subsystem 1408, a display subsystem 1412, a communication

subsystem 1416, a sensor subsystem 1420, and an input subsystem 1422. Computing

system 1400 may optionally include other subsystems and components not shown in FIG.

14. Computing system 1400 may also include computer readable media, with the

computer readable media including computer readable storage media and computer

readable communication media. Computing system 1400 may also optionally include

other user input devices such as keyboards, mice, game controllers, and/or touch screens,

for example. Further, in some embodiments the methods and processes described herein

may be implemented as a computer application, computer API, computer library, and/or

other computer program product in a computing system that includes one or more

computers.

[0099] Logic subsystem 1404 may include one or more physical devices

configured to execute one or more instructions. For example, the logic subsystem 1404

may be configured to execute one or more instructions that are part of one or more

applications, programs, routines, libraries, objects, components, data structures, or other

logical constructs. Such instructions may be implemented to perform a task, implement a



data type, transform the state of one or more devices, or otherwise arrive at a desired

result.

[00100] The logic subsystem 1404 may include one or more processors that are

configured to execute software instructions. Additionally or alternatively, the logic

subsystem may include one or more hardware or firmware logic machines configured to

execute hardware or firmware instructions. Processors of the logic subsystem may be

single core or multicore, and the programs executed thereon may be configured for

parallel or distributed processing. The logic subsystem may optionally include individual

components that are distributed throughout two or more devices, which may be remotely

located and/or configured for coordinated processing. One or more aspects of the logic

subsystem may be virtualized and executed by remotely accessible networked computing

devices configured in a cloud computing configuration.

[00101] Storage subsystem 1408 may include one or more physical, persistent

devices configured to hold data and/or instructions executable by the logic subsystem

1404 to implement the herein described methods and processes. When such methods and

processes are implemented, the state of storage subsystem 1408 may be transformed (e.g.,

to hold different data).

[00102] Storage subsystem 1408 may include removable media and/or built-in

devices. Storage subsystem 1408 may include optical memory devices (e.g., CD, DVD,

HD-DVD, Blu-Ray Disc, etc.), semiconductor memory devices (e.g., RAM, EPROM,

EEPROM, etc.) and/or magnetic memory devices (e.g., hard disk drive, floppy disk drive,

tape drive, MRAM, etc.), among others. Storage subsystem 1408 may include devices

with one or more of the following characteristics: volatile, nonvolatile, dynamic, static,

read/write, read-only, random access, sequential access, location addressable, file

addressable, and content addressable.

[00103] In some embodiments, aspects of logic subsystem 1404 and storage

subsystem 1408 may be integrated into one or more common devices through which the

functionally described herein may be enacted, at least in part. Such hardware-logic

components may include field-programmable gate arrays (FPGAs), program- and

application- specific integrated circuits (PASIC / ASICs), program- and application-

specific standard products (PSSP / ASSPs), system-on-a-chip (SOC) systems, and

complex programmable logic devices (CPLDs), for example.

[00104] FIG. 14 also shows an aspect of the storage subsystem 1408 in the form

of removable computer readable storage media 1424, which may be used to store data



and/or instructions executable to implement the methods and processes described herein.

Removable computer-readable storage media 1424 are physical devices that may take the

form of CDs, DVDs, HD-DVDs, Blu-Ray Discs, EEPROMs, and/or floppy disks, among

others, and hold the data and/or instructions in a persistent manner, for a finite duration.

[00105] In contrast, in some embodiments aspects of the instructions described

herein may be propagated by computer-readable communications media, such as a

communications bus, port, or optical fiber, etc., in a transitory fashion by a pure signal

(e.g., an electromagnetic signal, an optical signal, etc.) that is not held by a physical device

for at least a finite duration.

[00106] Display subsystem 1412 may be used to present a visual representation

of data held by storage subsystem 1408. As the above described methods and processes

change the data held by the storage subsystem 1408, and thus transform the state of the

storage subsystem, the state of the display subsystem 1412 may likewise be transformed to

visually represent changes in the underlying data. The display subsystem 1412 may

include one or more display devices utilizing virtually any type of technology. Such

display devices may be combined with logic subsystem 1404 and/or storage subsystem

1408 in a shared enclosure, or such display devices may be peripheral display devices.

With reference also to FIG. 1, the display subsystem 1412 may include, for example, the

display system 36 of display 34 and/or the display system 66 and transparent display 68 of

the HMD device 54.

[00107] When included, communication subsystem 1416 may be configured to

communicatively couple computing system 1400 with one or more networks and/or one or

more other computing devices. Communication subsystem 1416 may include wired

and/or wireless communication devices compatible with one or more different

communication protocols. As nonlimiting examples, the communication subsystem 1416

may be configured for communication via a wireless telephone network, a wireless local

area network, a wired local area network, a wireless wide area network, a wired wide area

network, etc. In some embodiments, the communication subsystem may allow computing

system 1400 to send and/or receive messages to and/or from other devices via a network

such as the Internet.

[00108] Sensor subsystem 1420 may include one or more sensors configured to

sense different physical phenomenon (e.g., visible light, infrared light, sound, acceleration,

orientation, position, etc.) as described above. Sensor subsystem 1420 may be configured

to provide sensor data to logic subsystem 1404, for example. As described above, such



data may include gaze tracking information, depth tracking information, image

information, audio information, ambient lighting information, position information,

motion information, user location information, and/or any other suitable sensor data that

may be used to perform the methods and processes described above.

[00109] When included, input subsystem 1422 may comprise or interface with

one or more sensors or user-input devices such as a game controller, gesture input

detection device, voice recognizer, inertial measurement unit, keyboard, mouse, or touch

screen. In some embodiments, the input subsystem 1422 may comprise or interface with

selected natural user input (NUI) componentry. Such componentry may be integrated or

peripheral, and the transduction and/or processing of input actions may be handled on- or

off-board. Example NUI componentry may include a microphone for speech and/or voice

recognition; an infrared, color, stereoscopic, and/or depth camera for machine vision

and/or gesture recognition; a head tracker, eye tracker, accelerometer, and/or gyroscope

for motion detection and/or intent recognition; as well as electric-field sensing

componentry for assessing brain activity.

[00110] The term "module" may be used to describe an aspect of the user

interface system 10 that is implemented to perform one or more particular functions. In

some cases, such a module may be instantiated via logic subsystem 1404 executing

instructions held by storage subsystem 1408. It is to be understood that different modules

may be instantiated from the same application, code block, object, library, routine, API,

function, etc. Likewise, the same module may be instantiated by different applications,

code blocks, objects, routines, APIs, functions, etc. The term "module" is meant to

encompass individual or groups of executable files, data files, libraries, drivers, scripts,

database records, etc.

[00111] It is to be understood that the configurations and/or approaches

described herein are exemplary in nature, and that these specific embodiments or examples

are not to be considered in a limiting sense, because numerous variations are possible. The

specific routines or methods described herein may represent one or more of any number of

processing strategies. As such, various acts illustrated may be performed in the sequence

illustrated, in other sequences, in parallel, or in some cases omitted. Likewise, the order of

the above-described processes may be changed.

[00112] The subject matter of the present disclosure includes all novel and

nonobvious combinations and subcombinations of the various processes, systems and



configurations, and other features, functions, acts, and/or properties disclosed herein, as

well as any and all equivalents thereof.



CLAIMS

1. A user interface system for scaling a visual element displayed via a display

device, the user interface system comprising:

a computing device operatively connected to the display device, wherein the

display device includes a gaze tracking system and a display system for presenting the

visual element; and

a scaling module executed by a processor of the computing device, the scaling

module configured to:

receive gaze tracking data from the gaze tracking system;

using the gaze tracking data, determine a plurality of gaze locations at

which a user is gazing on a screen of the display device;

receive depth tracking data from a depth tracking system;

using the depth tracking data, determine that a user's pointer is at a

predetermined location;

in response to determining that the user's pointer is at the predetermined

location, lock a locked gaze location on the screen, wherein the locked gaze

location includes at least a portion of the visual element;

in response to locking the locked gaze location, programmatically scale the

visual element by a predetermined amount to an enlarged size; and

receive a user input selecting the visual element at the enlarged size.

2 . The user interface system of claim 1, wherein the scaling module is further

configured to, in response to determining that the user's pointer is at the predetermined

location, cease receiving the gaze tracking data from the gaze tracking system.

3 . The user interface system of claim 1, wherein the scaling module is further

configured to programmatically scale the visual element by animating the visual element

to grow to the enlarged size independent of a distance of the user's pointer from the

screen.

4 . The user interface system of claim 1, wherein the scaling module is further

configured to programmatically scale the visual element either by a single step to the

enlarged size or by progressive enlargements of the visual element through one or more



increasing sizes that are each proportional to a distance of the user's pointer from the

screen.

5 . The user interface system of claim 1, wherein the scaling module is further

configured to:

monitor the user's use of the user interface system;

based on the user's use, modify the predetermined amount to a user-specific

amount; and

programmatically scale the visual element by the user-specific amount to a user-

specific size.

6 . A method for scaling a visual element displayed via a display device, the

method comprising:

receiving gaze tracking data;

using the gaze tracking data, determining a plurality of gaze locations at which a

user is gazing on a screen of the display device;

receiving depth tracking data;

using the depth tracking data, determining that a user's pointer is at a

predetermined location;

in response to determining that the user's pointer is at the predetermined location,

locking a locked gaze location on the screen, wherein the locked gaze location includes at

least a portion of the visual element;

in response to locking the locked gaze location, programmatically scaling the

visual element by a predetermined amount to an enlarged size; and

receiving a user input selecting the visual element at the enlarged size.

7 . The method of claim 6, further comprising, in response to determining that

the user's pointer is at the predetermined location, ceasing to receive the gaze tracking

data from the gaze tracking system.

8. The method of claim 6, further comprising:

determining an identity of the user;

based on the user identity, modifying the predetermined amount to a user-specific

amount; and



programmatically scaling the visual element by the user-specific amount to a user-

specific size.

9 . The method of claim 8, wherein determining the identity of the user is

performed via user input of log in data or via user biometrics selected from the group

consisting of eye information received from the gaze tracking system, voice recognition

information and facial recognition information.

10. The method of claim 6, further comprising:

defining a plane between the user and the screen of the display device;

using the depth tracking data, determining that the user's pointer crosses the plane;

and

in response to determining that the user's pointer crosses the plane, locking the

locked gaze location on the screen and programmatically scaling the visual element.
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