wo 2014/150728 A1 |1 I} OO0 OO N

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/150728 A1l

25 September 2014 (25.09.2014) WIPO I PCT
(51) International Patent Classification: (74) Agents: JENSEN, Philip et al.; Kilpatrick Townsend &
GO6F 3/01 (2006.01) GO6F 3/03 (2006.01) Stockton LLP, Two Embarcadero Center, 8th Floor, San
(21) International Application Number: Francisco, CA 94111-3834 (US).
PCT/US2014/024084 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
12 March 2014 (12.03.2014) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
13/843,506 15 March 2013 (15.03.2013) Us OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
(71) Applicant: QUALCOMM INCORPORATED [US/US]; TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
Attn: International IP Administration, 5775 Morehouse ZW.
Drive, San Diego, CA 92121-1714 (US).
(84) Designated States (uniess otherwise indicated, for every
(72) Inventors: EVERITT, Andrew, J.; 5775 Morehouse kind of regional protection available): ARIPO (BW, GH,

Drive, San Diego, CA 92121-1714 (US). CHRISTI-
ANSEN, Nadine, B.; 5775 Morehouse Drive, San Diego,
CA 92121-1714 (US).

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

[Continued on next page]

(54) Title: DETECTION OF A ZOOMING GESTURE

Puaiiatia Aoalialie
movernent away mvemant Cinar
frore body towards body  pone
------------- "'\~-—<-—<-—\}/—«m—/‘\-«—«—w\ rw,&m,é
Camera [
218 ;

Zoom vector

280 \»

[—* 210

(57) Abstract: Methods, systems, com-
puter-readable media, and apparatuses for im-
plementation of a contactless zooming gesture
are disclosed. In some embodiments, a remote
detection device detects a control object asso-
ciated with a user. An attached computing
device may use the detection information to
estimate a maximum and minimum extension
for the control object, and may match this
with the maximum and minimum zoom
amount available for a content displayed on a
content surface. Remotely detected movement
of the control object may then be used to ad-
just a current zoom of the content.

Lser

H
;
;
;
;
o

2k
g, 1
é: § ;

i

H

i

H

H

Hax Paxe] Max
POCIN (AH starting 200 in
273 position 276

274
FIG. 28




WO 2014/150728 A1 |IIWAT 00T 0000 T L A

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

Published:
with international search report (Art. 21(3))

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))



WO 2014/150728 PCT/US2014/024084

DETECTION OF A ZOOMING GESTURE

BACKGROUND

{6801} Aspects of the disclosure relate to display interfaces. In particular, a
contactless interface and an associated method are described that conirel content In a

display using detection of a contacticss gesture.

{80602] Standard interfaces for display devices typically involve physical manipulation
of an clectronic input. A television remwote control involves pushing a button. A touch
screen display interface involves detecting the touch interaction with the physical
surface. Such interfaces have nomerous drawbacks. As an alternative, a person’s
movements may be used to control electronic devices. A hand movement or movement
of ancther part of the person’s body can be detected by an electronic device and used to
determine a command to be executed by the device {e.g., provided to an interface being
executed by the device) or to be cutput to an external device. Such movements by a
persen may be referred to as a gosture, (Gestures may ot reguire the person 1o

physically manipulate an input device,

BRIE

CSUMMARY

[6803] Certain embodiments are described selated to detection of a contactiess
zooming gesture. One potential embodiment includes a method of detecting such a
gesture by remotely detecting a control object associated with a user and initiating, in
response to a zoom initiating input, a zoom mods. Details of a content including a
current zoom amount, a minimum zoom amount, and a maximum zoom amount are
then identified, and cstates are made of a maximuom range of motion of the control
object including a maximum extension and a minimum cxtension. The minimom zoom
amount and the maximuom zoom amount are then matched to the maximum extension
and the minimum extension to create a zoom match along a zoom vector from the
maxinig oxtension to the mintmum cxtension. The remote detection device is then
used to remoetely detect a movement of the control object along the zoom vector and the
current zoom amount of the content is adjusted i response to the detection of the

movement of the control object along the zoom vector and based on the zoom match.
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16804} In additional alternative embodiments, the control object may include a
aser’s hand. In still further embodiments, remotely detecting movement of the control
object along the room vector may involve detecting a current position of the user’s hand
in three dimensions; estimating the zoom vector as a motion path of the user’s band as
the user pulls or pushes a closed palm toward or away from the user; and detecting the
motion path of the user’s hand as the user pulls or pushes the closed palm toward or
away from the user.

16405) Additional alternative embodiments may inclade ending the zoom mode by
remotely detecting, using the remote detection device, a zoom disengagement motion.
In additional alternative embodiments, the control object comprises a hand of the user;
and detecting the zoom disengagemend motion comprises detecting an open pabo
position of the hand after detecting a closed palm position of the hand. In additional
alternative embodiments, detecting the zoom disengagement motion comprises
detecting that the control object has deviated from zoom vecior by more than a zoom
vector threshold amount, In additional alternative embodiments, the remote detection
device comprises an optical camera, a stereo camera, a depth camera, or a hand
mounted inertial sensor such as a2 wrist band which may be combined with a hand or
wrist mounded EMG sensor to detect the epen palm position and the closed palm
position i order to determine a grabbing gesture. In  additional altcrnative
embodiments, the control object 15 a hand of the user and zoom initiating input
comprises a detection by the remote detection device of an open palm position of the
hand followed by a closed palm position of the band, when the hand is in a first location
along the zoom vector.

{8886} Stll further embodiments may involve matching the first location along the
zoom vector and the current zoom smount as part of the zoom match. In additional
aliernative embodiments, wdentifying details of the content may also include comparing
the minimum zoom amount and the maximum zoom amount to a maximum single
extension zoom amount and adjusting the zoom match to associate the minimum
extension with a first capped zoom setting and the maxinum extersion with a second
capped zoom setting. In such embodiments, a zoom difference between the first capped
zoom setting and the second capped zoom seiting may be less than or cqual to the
maximom single extension zoom amount. Stil further embodiments may involve
ending the zoom moede by remotely detecting, using the vomote detection device, a

s
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zoom discngagement motion when the hand is in a second location along the zoom
vector different from the first location.  Still further embodiments may additionally
involve initiating, in response to a second zoom imitiating input, a sccond zoom mode
when the hand is at a third location along the zoom vector different from the second
location and adjusting the first capped zoom setting and the sccond capped zoom setting
n response to a difference along the zoom vector between the second location and the
third location.

18867} Une potential embodiment may be inplemented as an apparatus made up of
a processing module, a computer readable storage medivim coupled to the processing
module, a display output module coupled to the processing module; and an image
capture module coupled to the processing module. In such an embodiment, the
computer readable storage medium may include computer readable instructions that,
when executed by the computer processor, cause the computer processor to perform a
method according to various cmbodiments. Onc such cmbodiment may involve
detecting a control object associated with a user using data received by the image
capture module; initiating, in response 0 8 zoom inifisting input, a zoom mode;
identifving details of a content incloding a corrent zogm amount, 8 minimum 760m
amount, and a maxoum zoom amount; cstimating a maxioum range of metion of the
control object incliding 8 maximum extension and a myinimum extension; matching the
minipm zoow amount and the maximuem zoom amount to the maximum extension and
the minimuom extension o create a zoom maich along a zoom vector from the maximum
extension to the mintmum extension; remotely detecting, using the image capture
module, a movement of the control object along the zoom vector; and adjusting the
current zoom amount of the content in response to the detection of the movement of the
control object along the zoom vector and based on the zoom match.

I An additional alternative embodiment may further include an audio sensor;
and a speaker. In such an embodiment, the zoom initiating input may comprise a voice
command received via the audio sensor. In additional alternative embodiments, the
current zoom amount may be conununicated to a server infrastructure computer via the
display output module.

{6869} One potential embodiment may be implemented as a system that includes a
first camera; a first computing device communicatively coupled to the first camera; and
an output display communicatively coupled to the first computing device. Tn such an
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embodiment, the first computing device may include a gesture analysis module that
identifies a control object associated with a user using an image from the first camera,
cstimates a maximum range of motion of the control object inchuding a maxinwum
extension and a mudowm exiension along a zoom vector between the user and the
output display, and identifies motion along the zoom vector by the control object. In
such an embodiment the first computing device may further include a content control
module that outputs a content to the output display, identifics details of the content
including a current zoom amount, a mintmum zoom amound, and a maximum zoom
amount, matches the munimum zoom amount and the maximum zoom amount to the
maximum extension and the minimuem extension 1o crgate 8 zoom match along the
zoom vector, and adjusts the current zoom amount of the content in respounse to the
detection of a movement of the control object along the zoom vector and based on the

zoom match.

18610} Another embodiment may further fnclude a second camera communicatively
coupled to the first computing device. In such an embodiment, the gesture analysis
module may identify an obstruction between the first camera and the control object; and
then detect the movement of the control object along the zoom vector using a sccond

mmage from the second camera.

18811} Another embodiment may be a mothod of adjusting a property of a
computerized objeet or function, the method comprising: detecting a control object;
determining total available motion of the control object in at least one divection;
ctecting movement of the control object; and adjusting a property of a computerized
object or function based on the detected movement, whercin an amount of the
adjustment is based on a proportion of the detected movement compared 1o the total
available motion.
164121 Further embodiments may function where the property is adjustable within a
range, and wherein the amouunt of adjustment in proportion to the range is
approximately eqoivalent to the proportion of the detected movement compared to the
total available motion. Further embodiments may function where the property
comprises a zoom. Further embodiments may function where the property comprises a
pan or scroll. Further embodiments may function where the property comprises a

volome level control. Further embodiments may function where the control object

4.
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comprises a user’s hand. Further embodiments may function where the total available
motion is determined based on an anatomical model. Further embodiments may
function where the total available motion is determined based on data collected over
time for a user.

[8813] Further embodiments may comprise determining total available motion in a
seccond direction, and controliing two separate objects or functions with each direction
wherein the first direct controls zoom and the second direction controls panning.
8414} An additional cembodirsent may be methed for causing a zoom level to be
adjusted, the method comprising: determining a zoom space based on a position of a
control object associated with a user when zoom 1s initiated and a reach of the user
relative to the position; detecting movement of the control object; and causing a zoom
level of a displaved element to be adjusted based on a magnmitude of the detected
movement compared to the determined zoom space.

8815} Further embodiments may function where the causing comprises causing the
eleraent to be displayed at a maximum zoom level when the control object is positioned
at a first extreroum of the zoom space, and causing the element to be displayed at a
pyinimoem zoom level when the control object is positioned at a second extremum of the
zoom space. Further embodiments may function where the first extreroum is located
opposite the second extremum. Further embodiments may fonction where the first
extremum is located approximately at the user’s torso, and wherein the second
extremum is located approximately at a maximum of the reach. Further embodiments
may function where there 1s a dead zone adjacent the first exéreroum and/or the second
extremum. Further embodiments may function where a proportion of increase of the
zoom level from a present zoom level to the maximum zoom level is approximately
cquivalent to a proportion of the detected movement from the position fo the first
extremunt. Further crobodiments may fumction where a proportion of decrease of the
zoom level from a present zoom level to the miminwim zoom level 1s approximately
equivalent to a proporiion of the detected movement from the position to the second
extrenum.

18816} An additional embodiment may be a method comprising: determining a
range of motion of a control obiect associated with a user including a maximm
extension and a minimum oxiension; detecting, based on information from one or more
detection devices, a movement of the control object substantially in a direction

-5
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associated with a zoom command; and adjusting a current zoom amount of displayed
content in response to the detection of the movement of the control object, wherein
details of a content are identified inclading a current zoom amount, a minimum 7o0m
aniount, and 3 maximum zoom amount; and wherein the nunimum zoom amount and
the maximum zoom amowunt are matched to the maximuim extension and the minimum
extension to create a zoom match along the direction from the maxinem extension to
the minimom extension.

16637} Additional embodiments of such a method may further function where the
control object comprises a user’s hand, and wherein remotely detecting movement of
the control object along a zoom vector comprises: detecting a current position of the
user’s hand in three dimensions; estimating the direction as a motion path of the user’s
hand as the user pulls or pushes the hand toward or away from the user; and detecting
the motion path of the user’s hand as the user pulls or pushes the hand toward or away
from the user.

16818} An additional combodiment may further comprise ending the zoom meode by
remotely detecting a zoom disengagement motion. Additional embodiments of such a
method may further function where the control obiect comprises a hand of the user; and
wherein detecting the zoom disengagement moticn comprises defecting an open palm
position of the hand atier detecting a closed palm position of the hand. Additional
embodiments of sach a method may further fimetion where the one or more detection
devices comprise an optical camera, a stereo camera, a depth camera, or a hand
mounted inertial sensor, and wherein a hand or wrist mounted EMG sensor is used to
detect the open palm position and the closed pabm position.

{6619 Additignal embodiments of such a method may further function where
detecting the zoom disengagement motion comprises detecting that the conirof object
has deviated from zoom vector by more than a zeorn vector threshold amount.
Additional embodiments of such a method may firther fimetion where

the control object is a hand of the user; and further comprising detecting a zoom
nitiating input, wherein the zoom initiating iput coraprises an open palm position of
the hand followed by a closed palm position of the hand.

{60281 Additignal embodiments of such a method may further function where

a first location of the hand along the direction when the zoom initiating input is detected
is matched to the corrent zeom amount.

G-
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8624 Additional embodiments of such a method may further fumction where

the details of the content fiwther comprise: comparing the minimum zoom amoont and
the maxinuun zoom amount 10 a maximum single extension zoom amount; and
adjusting the zoom match to associate the niniom extension with a first capped zoom
setting and the maximuom extension with a second capped zoom setting; wherein a zoom
difference between the first capped zoom setting and the second capped zoom setting is
fess than or equal to the maxinmum single extension zoom amount.

18822} An additional cembodiment may further comprise ending a zoom mode by
remotely detecting, using the one or more detection devices, a zoom disengagement
motion when the hand s in a second location along a zoom vector different from the
first location; initiating, in response to a second zoom initiating input, a2 second zoom
mode when the hand is at a third location along the zoom vector different from the
second location; and adjosting the first capped zoom setting and the second capped
zoom sctiing in response to g difference along the zoom vector between the second
location and the third location.

166231 Additional embodiments of such a method may further fumction where
adjusting the current zoom amount of the content in response to the detection of the
movement of the control object along 2 zoom vector and based on the zoom match
comprises: identitying a maxinuim allowable zoom rate; monitoring the movement of
the control object along the zoom vector; and setting a rate of change in zoom to the
maximm allowable zoom ratc when an associated movement along the zoom vector
excecds a rate threshold until the current zoom amount matches a current control object
location on the zoom vector.

(60243 Additignal embodiments of such a method may further function where

the zoom match is further determined based on an analysis of an arm length of the user.
Additional embodiments of such a method may further function where

the zoom match is estimated prior o a first gesture of the user based on one or more of
torso size, height, or arm length; and wherein the zoom maich is updated based on an
analysis of at least one gesture performed by the user.

AL Additional embodiments of such a method may further fumetion where

the zoom mateh identifies a dead zone for a space near the minimuam extension.
Additional cmbodiments of such a method may further function where

the zoom match identifies a second dead zone for a space near the maximw extension.

~¥
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16826] Another embodiment may be an apparatus comprising: a processing module
comprising a computer processor; a computer readable storage medivm coupled to the
processing module; a display output module coupled to the processing module; and an
image capture module coupled to the processing moedule; wherein the computer
readable storage medium comprises computer readable instractions that, when executed
by the computer processor, caase the computer processor to perform a method
comprising: determining a range of motion of a contro] object associated with a user
including a maximur extension and a mininwm extension; detecting, based on
mformation from one or more detection devices, a movement of the control object
substantially in a direction assoctated with a zoom command; and adjusting a corrent
zoom amount of displaved content in response to the detection of the movement of the
control object, wherein detatls of a content are identified including a current zoom
amouni, a minimum zoom amount, and a maximum zoom amount; and wherein the
minimum zoom amount and the maximum zoom amount are matched to the maximum
extension and the mintmum extension to create a zoors match along the direction from
the maximum extension to the minimum extension.

18827} Axn additional embodiment may further comprise a speaker; wherein the
zoom initiating foput comprises a voice coromand received via the audio sensor. An
additional embodiment may further comprise an antenna; and a local arca network
module; wherein the content is communicated to a display from a display cutput module
via the local area network module.

16028] Additional such embodiments may function where the current zoom amount
is commnuumicated to 8 server infrastructure computer via the display output module.

An additional embodiment may forther comprise a head moonted device comprising a
first camera that is communicatively coupled to the computer processor.

16929} An additional embodiment may further comprise a first comaputing device
communicatively coupled to a first camera; and an output display wherein the first
computing device further comprises a content control module that outputs a content to
the output display. Additional such embodiments may function where the apparatus is a
head mounted device (HMD),

168381 Additional such embodiments may function where the output display and the
first camers arc integrated as components of the HMD. Additional such embodiments
may function where the HMD further comprises a projecior that projects a content

8-
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image mto an eyve of the user. Additional such embodiments may fumction where the
image comprises content in a virtual display surface. Additional sach embodiments may
function where a second camera is communicatively coupled to the first computing
device; and wherein the gesture analysis module identifies an obstruction between the
first camera and the control object and detects the movement of the control object along
the zoom vector using a second image from the second camera.

{8831} An additional cmbodiment may be a system comprising: means for
determining a range of motion of a control object associated with a user including a
maximum extension and a mininunm extension; means for detecting, based on
information from one or more detection devices, a movement of the control object
substantially in a dircction associated with a zoom command; and means for adjusting a
current zoom amount of displayed content in response to the detection of the movement
ot the control obiect, wherein details of a content are identified inchuding a current
zoom amount, a minimum zoom amount, and a maximum zoom amount; and wherein
the minimum zoom amount and the maximure zoom amount are matched to the
maximum extension and the ninimum extension to create a zoom match along the
direction from the maximnnn extension to the minimuom extension.

18832} Awn additional embodiment may further comprise means for detecting a
current position of a user’s hand 1n three dimensions; means for estimating the direction
as a motion path of the user’s hand as the user pulls or pushes the hand toward or away
from the user; and means for detecting the motion path of the user’s hand as the user
pulls or pushes the hand toward or away from the user.

18833} An additional embodimnent may further comprise ending a zoom mode by
remotely detocting a zoom disengagement motion.

18934} An additional embodiment may further comprise detecting contro] object
movement where the control object is a hand of the user including detecting an open
palm position of the hand after detecting a closed palm position of the hand.

{8835} An additional cmbodiment may further comprise means for comparing the
minimum zoom amount and the maximum zoom amount 10 a maximum single
extension zoom amount; and means for adjusting the zoom match o associate the
pyinimem extension with a first capped zoom setting and the maximum extension with a

second capped zoom setting; wherein a zoom differcnce between the first capped zoom

9.
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setting and the second capped zoom setting is less than or equal to the maximum single
extension zoom amount.

8836} An additional embodiment may further comprise means for ending the zoom
maode by remotely detecting, using the one or more detection devices, a zoom
disengagement motion when the hand is in a second location along a zoom vector
different from the first location; means for initiating, in response to a second zoom
initiating input, a second zoom mode when the hand is at a third location along the
zoom vector different from the second location; and means for adjusting the first capped
zoom setting and the second capped zoom setting in response to a difference along the
zoom vector between the second location and the third location.

18837} Another embodiment may be a non-transitory compuier readable storage
medium comprising computer readable mstruction that, when executed by a proccssor,
cause a system to: determine a range of motion of a control object associated with a
user including a maxinnim extension and a minimum extension; detect, based on
information from one or more detection devices, a movement of the control object
substantially in 8 direction associated with a zoom command; and adjusting a current
zoom amount of displayed content in response to the detection of the movement of the
comirol object, wherein details of a content are identificd including a current zoom
amount, a mimmum zoom amount, and a maximun zoom amount; and wherein the
mininnin zoom amount and the maximum zoom amount are matched to the maximum
extension and the minimum extension to create a zoom match slong the direction from
the maxinum extension to the mindnwm exiension.

16838} An additional embodiment may further identify & maximum allowable zoom
rate; monitor the movement of the control obiect along the zoom vector; and setting a
rate of change in zoom to the maximum allowable zoom yate when an associated
movement along a zoom vector exceeds a rate threshold until the current zoom amount
matches a current control object location on the zoom vector. An additional
embodiment may further cause the system to: analyze a plurality of user gesture
commands to adjust the zoom match.

16839} Additional such embodiments may function where analyzing the plurality of
aser gesture commands to adjust the zoom mateh comprises identifying the maximm

extension and the minionim extension from the plurality of user gesture comumands.

-10-
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16840} An additional embodiment may further cause the systemn o estimate the
zoom match prior 1o a first gesture of the user based on one or more of a torso size, a
height, or an arm length. An additional cmbodiment may further cause the sysiem to:
identify a dead zoune for a space near the minimum extension. An additional
embodiment may further cause the system to: identify a second dead zone near the
maxinm extension.

18441} While various specific cmbodiments are described, a persen of ordinary skill
in the art will understand that cloments, steps, and componends of the various
embodiments may be arranged in alternative structures while remaming within the
scope of the description. Also, additional embodiments will be apparent given the
description herein, and thus the description is not referring only to the specifically
described embodiments, but to any embodiment capable of the function or structure

described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

16842} Aspects of the disclosure are illustrated by way of cxample. In the

accompanying figures, like reference numbers tndicate similar elements, and:

[8043] FIG. 1A illustrates an environment including a systern that may mcorporate

one o more embodiments;

16844} FIG. 1B ilustrates an environment including a system that may ncorporate

one or more embodiments;

[8045] FIG. 1C illustrates an environment including a systern that may incorporate

one or more embodiments.

18046} FIG. 2A illustrates an cnvitomment that may incorporate one oF 1m0Te

embodiments;

16047} FIG. 28 tllustrates an aspect of a contactiess gesture that may be detected in

one or more embodiments;

16048} FI1G. 3 Ulustrates one aspect of a method that may incorporate one or more

embodiment;

-11-
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{8849} FIG. 4 illusirates one aspect of a system that may incorporate ong or more

embodiments;

16458] FIG. SA illustrates one aspect of a system including a head mounted device

that may incorporate one or more embodiments; and

{8851} FIG. 5B illustrates one aspect of a system that may incorporate onc or more

cmbodiments; and

[8852] FIG. 6 illustrates an example of 8 computing system in which one or more

embodiments may be implemented.

DETAILED DESCRIFTION

{6653 Several iHustrative embodiments will now be deseribed with respect to the
accompanying drawings, which form a part hereof While particular embodiments, in
which one or more aspects of the disclosure may be implemented, are described below,
other embodiments may be used and various modifications may be made without

departing from the scope of the disclosure or the spirit of the appended claims.

16854} Embodiments are directed to display mterfaces. In certain embodiments,
contactless interfaces and an associated method for control of content in a display using
a contactless interface are described. As the imput devices and computing power
available 10 users countinues to increase, using gestures and in particular frec-air gestures
to nteract with comtent surfaccs is desirable n some situations.  Oue potential
navigation interaction involves navigating arcund large content items using a free-air
zoom gesture which may be made relative 10 a content surface, such as a Hquid crystal,
plasma display surface, or a virtual display surface presented by a device such as head
mounted glasses. Detection of the gesture i not based on any detection at the surface,
but is instead based on detection of a control object such as the user’s hands by a
detection device, as detailed further below.  “Remote” and “contactiess™ gesture
detection thus refers herein to the use of sensing devices to detect gestures remote from
the display, as contrasted to devices where contact at the surface of a display is used to
input commands to conirol content in a display. In some embodiments, a gesture may
be detected by a handheld device, such as a controller or apparatus comprising an

-12-
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inertial measurement unmit (IMU). Thus, a device used to detect a gesture may not be
remote with respect to the user, but such device and/or gesture may be remote with
respect to the display mterfaces.

[8985] o ouve cxample cobodiment, a wall mounted display is coupled 10 a
computer, which is in tum firther coupled to a camera. When a user interacts with the
display from a location that 13 in view of the camera, the camera comnmmicates images
of the user to the computer. The computer recognizes gestures made by the user, and
adjusts the presentation of contont shown at the display in response to gestures of the
aser. A particular zooming gesture may be used, for example. In one implementation
of the zooming gesture, the user makes a grabbing motion in the air to initiate the zoom,
and pushes or pulls a closed fist between the display and the user to adjust the zoom.
The camera captures images of this gesture, and commumicates them to the computer,
where they are processed. The content on the display is shown with a magnification
that is modified based on the push or pull motion of the user. Additional details are

described below,

{8856} As used berein, the terms “computer,” “personal computer” and “computing
device” refer to any programuuable computer system that is known or that will be
developed in the future. In certain embodiments a computer will be coupled o a
network such as described herein. A computer system may be configured with
processor-gxccutable software instructions to perform the processes described herein.
Figure 6 provides additional details of a computer as described below,

2% &6 (9%

{6657} As used herein, the term “component,” “module,” and “system,” is intended
to refer to a comaputer-related entity, either hardware, a combination of hardware and
software, software, or software in execution. For example, a component may be, but is
not limited to being, a process runming on 8 Processor, a processor, an object, an
exccutable, a thread of execution, a program, and/or a computer. By way of illustration,
hoth an apphication running on a server and the server may be a component. Oue or
more components may reside within a process and/or thread of execution and a
component may be focalized on onc computer and/or distributed between two or more

computers.
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{8858} As used herein, the term “gesture” refers to a movement through space over
time made by a user. The movement may be made by any contrel object under the

direction of the user.

[6459] As used herein, the term “control object” may refer to any portion of the
user’s bedy, such as the hand, arm, clbhow, or foot. The gesture may further include 3
control object that is not part of the user’s body, such as a pen, a baton, or an electronic
device with an output that makes movements of the device more readily visible to the

camera and/or more casily processed by a computer coupled to the camera.

{4860 As used herein, the term “remote detection device” refers to any device
capable of capturing data associated with and capable of being used to identify a
gesture. In one embodiment, & video camera is an cxample of a remote detection device
which is capable of conveying the tmage to a processar for processing and analysis to
identify specific gestures being made by a user. A remote detection device such as a
camera may be integrated with a display, a wearable device, a phone, or any other such
camera presentation. The camera may additionally comprise multiple inputs, such as
for a stercoscepic camera, of may further comprise multiple units to chserve a greater
set of wser locations, or to observe a user when one or more camera modules are
blocked from viewing all or part of a user. A remote detection device may detect a
gesture using any set of wavelength detection.  For example, a camera may nclade an
mfrared lght source and detect images i a corresponding infrared range. In further
embodiments, a remote detection device may comprise sensors other than a camera,
such as imertial sensors that may track movement of a control dovice using an
accelerometer, gyroscope or other such elemends of a control device. Further remote
detection devices may mclode ultraviolet sources and sensors, acoustic or ultrasound
sowrees and sound reflection semsors, MEMS-based sensors, any electromagnetic
radiation sensor, or any other such device capable of detecting movement and/or

positioning of a conirol ohject.

{8861} As used herein, the term “display™ and “content surface” refer to an image

source of data being viewed by a user. Examples include liquid crystal televisions,

cathode ray tube displays, plasma display, and any other such image source. In certain

embodiments, the image may be projected o a user’s eye rather than presented from a

display screen. o such embodiments, the system may present the content to the user ag
-14-
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if the content was origmating from a surface, even though the surface 15 not emitting the
light. One example 13 a pair of glasses as part of a head mounted device that provides

itnages to a user.

{8962} As used herein, the term “head mounted device” (HMD) or “body mounted
device” (BMD) refers to any device that is mounted to a user’s head, body, or clothing
or otherwise worn or supported by the user. For example, an HMD or a BMD may
comprise a device that captures image data and 1s linked to a processor or computer. In
certain embodiments, the processor is integrated with the device, and in other
cmbodimenis, the processor may be romote from the HMD. In an embodiment, the
head mounted device may be an accessory for a mobile device CPU (e.g., the processor
of a cell phone, tablet computer, smartphone, ete.) with the main processing of the head
mounted devices control system being performed on the processor of mobile device. In
another embodiment, the head mounted device may comprise a processor, a memory, a
display and 2 camera. In an embodiment, a head mounted device may be a mobile
device {¢.g., smartphone, etc.} that includes one or more sensors {e.g., a depth sensor,
camera, cte.) for scanning or collecting information from an environment (e.g., room,
ctc.) and circuitry for tramsmitting the collected information to another device {c.g.,
server, second mobile device, etc.). An HMD or BMD may thus capture gesture
information from a user and use that information as part of a contactless control

interface.

{68631 As used herein, “content” refers to a file or data which may be presented ina
display, and manipulated with a zoom comment. Examples may be text files, pictures,
or movies which may be stored in any format and presented 10 a uscr by a display.
Durmg presentation of content on a display, details of content may be associated with
the particular display instance of the content, sach as color, zoom, details levels, and

maximum and minimum zoom amounts associated with content detail levels.

{60641 As used herein, “maximum zoom amount” and “minimum zoom amount”
refors to a characteristic of content that may be presented on a display. A combination
of factors may deoterovine these zoom Hmits. For example, for a content comprising a
picture, the stored resohition of the picture may be used to determine a maximum and
minimum zoom amount that enables an acceptable prescutation on a display device.

“Zoom™ as used herein may also be equated to hicrarchies (for cxample of a file
-15-
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structure). In such embodiments, a maximum zoom may be the lowest level {e.g., most
specific) hierarchy, while min zoom may be the highest level (e.g., least specific)
hierarchy. Thus, a uscr may traverse a hierarchy or file structure using embodiments as
described herein. By zooming in, the user may be able to sequentially advance through
the hicrarchy or file structare, and by zooming out the user may be able to sequentially

retreat from the hierarchy or file structure in some embodiments.

{6865} In snother embodiment, the head mounted device may include a wircless
imterface for connecting with the Internet, a local wireless network, or another
computing device. in another embodiment, a pico-projector may be associated in the
head mounted device to enable projection of mages onto surfaces. The head mounted
device may be Hghtweight and constructed to aveid use of heavy components, which
could cause the device to be uncomfortable to wear, The head mounted device may also
be operable to receive andio/gestural inputs from a user. Such gestural or sudio juputs
may be spoken voice commands or a recognized user gesture, which when recognized
by a computing device may cause that device to execute a corresponding command.
16666] Figures 1A and IB illustrate two potential eanvironments in which
cembodiments of & contactless zoom may be mplemented. Both figures 1A and 1B
melade a display 14 mounted on surface 16, Additionally, in both figures a hand of the
user functions as control object 20. In figure 1A, HMD 10 is worn by a user 6. Mobile
computing device ¥ is attached to user 6. In figure 1A, HMD 10 is illustrated as having
an integrated carera shown by shading associated with camera field of vision 12. The
field of vision 12 for a camera embedded in HMD 10 is shown by the shading, and will
move to match bead movements of user 6. Camera field of vision 12 is sufficiently
wide to include the condrol object 20 in both an extended and retracted position. Awp
extended position in shown.

{8867} In the system of figure 1A, the image from HMD 10 may be communicated
wirclessly from a communication module within HMD 18 to a computer associated
with display 14, or may be comnumicated from HMD 10 o mobile computing device 8
either wirelessly or using a wired commection. In an embodiment where images are
comummicated from HMD 10 to mobile computing device 8, mobile computing device
8 may comynwmicate the images to an additional comaputing device that is coupled to the
display 14. Alternatively, mobile computing device § may process the images to

identify a gestore, and then adjust content being presented on display 14, especially if
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the content on display 14 is originating from mobile computing device 8. In a further
embodiment, mobile compoting device 8 may have s module or application that
performs an intermediate processing or commupication step to interface with an
additional computer, and may conumunicate data to the computer which then adjusts the
content on display 14, In certain embodiments, display 14 may be a virtual display
created by HMD 10, In one potential implementation of such an embodiment, HMD
may project an image into the user’s cyes io create the illusion that display 4 is
projected onto a surface when the image is actually simple projected from the HMD to
the user. The display may thus be a virtual image represented to a user on a passive
surface as if the surface were an active surface that was presenting the mage. If
mltiple HMD are networked or operating using the same system, then two or more
users may have the same virtaal display with the same content displayed at the same
time. A first user may then manipulate the content in a virtual display and have the
content adjusted in the virtual dispiay as presented to both users.

13068] Figure 1B illustrates an alierative embodiment, wherein the image detection
15 performed by camera 18, which is mounted in surface 16 along with display 14, In
such an embodiment, camera 18 will be communicatively coupled to a processor that
may be part of camera 18, part of display 14, or part of a computer systers
communicatively coupled to both camera 18 and display 14, Camera 18 has a field of
view 19 shown by the shaded arca, which will cover the control object in both an
extended and retracted position. In certain embodiments, a camera may be mounted to
an adjustable control that moves ficld of view 19 in response to detection of a height of
aser 6. In further embodiments, multiple cameras may be integrated into surface 16 to
provide a field of vision over a greater area, and from additional angles in case user 6 is
obscured by an obstruction blocking a ficld of view of camera 8. Multiple cameras
may additionally be used te provide improved gesture data for taproved accuracy in
gesture recognition. [n further embodiments, additional cameras may be located in any
focation relative to the user to provide gesture images.

13069 Figure 1C illustrates another alternative embodiment, where image detection
is performed by camera 118, In such an embodiment, either or both hands of a user
may be detected as control obiects, In figure 1€, the hands of a user are shown as first

control object 130 and second control object 140. Processing of the image to detect
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control objects 130 and 140 as well as resulting control of the content may be performed
by computing device 108 for content displayed on television display 114,

{88701 Figure ZA shows a reference illustration of a coordinate system that may be
applied to an enviromment it an embodiment. To the embodiments of figures 1A and
1B, the x-y planc of figure 2A may correspond with surface 16 of figures 1A and 1B.
User 210 is shown positioned in a positive z-axis location facing the x-v plane, and user
210 may thus make a gesture that may be captured by a camera, with the coordinates of
the motion captured by the camera processed by a computer using the corresponding ¥,
v, aud z coordinates as observed by the camera.

{8871} Figure 2B illustrates an embodiment of a zooming gesture according to an
embodiment.  Camcra 218 is shown in a position 1o capture gesture information
associated with control object 220 and user 216, In certain embodiments, user 210 may
be operating in the same environment as user §, or may be considered to be user 6. The
z-axig and user 210 locations shown in figure 2B correspond roughly to the z-axis and
user 210 ecation of figure 2A, with the user facing an x-y plane. Figure 2B 5 thus
essentially a z-y plane cross section at the user’s arm. Extension of the user 210°s arm
is thus along the z-axis. The control object 220 of figwre 2B is a bhand of the user.
Starting zoom postion 274 1s shown as roughly a newtral position of a user arm with the
angle of the clbow at 90 degrees. This may also be considered the current zoom
position at the start of the room mode. As control object 220 is extended in available
movemeni away from the body 282, control object moves t0 a max zeom out position
272, which is at an oxfreme extension. As control object is retracted in an available
movement towards the body 284, control object 220 moves to max zoom in position
276 at the opposite extreme extension. Max zoom out position 272 and max zoom in
position 276 thus correspond to a maxinmum extension and a minimum extension for a
maximum range of motion of the control object, which is considered the distance along
zoom vector 280 as shown in figure 28, o alternative embodiments, the zoom in and
zoom out positions may be reversed. Dead zone 286 is shown that may be set to
accommodate variations i user flexibility and comfort in extreme positions of gesture
action. As such, in certain embodiments, there may be dead zones on etther side of the
of the zoom vector. This may additionally deal with difficulty presented in detecting
and/or distinguishing a control object when the control object is very close to the body.
In one embodiment, a zone within a certain distance of the user’s body may be excluded

18-
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from the zooming range, such that when the hand or other control object 1s within the
certain distance, no zoom change occurs in response to movement of the control object.
Dead zone 286 is thus not counsidered part of the maximum range of motion estimated
by a system in determining zoom vector 280 and creating any zoom maitch between
content and a control object. If a control ohject enters dead zone 286, the system may
gssentially pause the zoom action at the extreme zoom of the currend control vector until
the zoom mode is terminated by a detected terminating command or until the control
ohject leaves dead zone 286 and returns o movement along the control vector.

18872} A zoom match, then, may be considered as a correlation made between a
aser control object location and a current zoom level for content that is being presented
on a display. As the system detects movement of the control object sliding along the
zoom vector, the corresponding zoom adjusted along a zoom level to match. In
alternative embodiments, the zoom along the vector might not be vmiform.  In such
embodiments, the amount of zoom might vary based oun an initial hand position is {e.g.,
if hand is almost alf the way extended, but content is already zoomed almost ali the way
i), Also, amount of zoom could slow as vou reach the Hmuts, such that exireme edges
of a user reach are associated with a smaller amount of zoom over a given distance
other than arcas of the user’s reach. In one potential embodiment, this may sct such a
reduced zoom so long as max zoom is reached when hand is at the border between 284

and 286.

164731 This gesture of figure 2 may be likened to a grabbing of contont and drawing it
towards the user or pushing it away from the user as if the user were interacting with a
physical object by moving it relative to the user’s eyes. In figure 2, an apple is shown
as zoomed out in max zoom out position 272 at a maximum extension, and zeored 1 at
max zoom it position 276 at a minimuwm extension. The gesture is made roughly along
a vector from the user’s forcarm toward the content plane relative o the content being
manipulated as shown on a content surface. Whether the content is on a vertical or
horizontal sereen, the zoom motion will be ronghly along the same Hne detailed above,
but may be adjusted by the user to compensate for the different relative view from the

gser to the content surface.

[6074] In various embodiments, max zoom out position 272 and maximum zoom in

position 276 may be identified o different ways. In one potential embodiment, an
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mitial image of a user 210 captured by camera 218 may include images of an arm of the
gser, and a maximum zoow cut and zoom in position may be caleulated from tmages of
the user 210°s arm,. This calculation may be updated as additional images are received,
or may be moditicd based on system usage, where an actual reaxivmum zoom in and
zoom out position are measured during system operation.  Alternatively, the system
may operate with a rough estimate based on user height or any other simple user
measurcment. In further alternative embodiments, a model skelotal analysis may be
done based oun images captured by camera 218 or some other camera, and max zoom
out 272 and max zoom in 276 may be calculated from these model systems. In an
embodiment where nertial sensors are used to detect motion {or even if camera is used),
motion over tine may give a distribution that indicates maxinwm and mwidmum.  This
may enable a system to identify calibration factors for an individual user either based on
an initial setup of the system, or based on an nitial estimate that i3 adjusted as the user
makes gesture commands and the system reacts while calibrating the sysiem to the
user’s actual motions for future gesture commands.

18475} During system operation zoom vector 280 may be identified as part of the
operation to identify a corrent location of control object 220 and to associate an
appropriate zoom of content i 2 display with the posifion of zoom vector 280, Because
a gesture as illustrated by figure 2B may not always be perfectly along the z-axis as
shown, and the user 210 may adjust and torn position during operation, zoom veetor
280 may be matched to the user 210 as the user 210 shifts. When the wser 210 is
directly facing the x-v plane, the zoom vector 280 may be shifted at an angle. In
alternative embodiments, if only the portion of the zoom vector 280 along the z-axis is
analyzed, the zoom vector 280 may be shortened as the user 210 shifis from left to right,
or may be adjusted along the z-axis as wser 210 shifts a user ceonter of gravily along the
z-axis. This may mattain a specific zoom associated with zoom vector 280 cven as
control object 220 moves in space. The zoom is thus associated with the user arm
extension in such embodiments, and not solely with control object 220 position.  In
further alternative cmbodiments, user body position, zoom vector 280, and control
object 220 position may be blended and averaged to provide a stable zoom and to avoid
zoom jitter due to small vser movements or breathing motions.

{8876} In further embodiments, a user may operate with a2 control motion that
extends off the z-axis fn the v and/or x direction. For exaraple, some users 210 may
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make a movement towards the body 284 that also lowers the control object 220 toward
the user’s feet. In such an environment, certain embodiments may set zoom vector 280
to match this control motion.

18977} Detection of a hand or hands of the user may be done by any means such as
the use of an optical camers, stereo camera, depth camera, inertial sensors such as a
wrist band or ring, or any other such remote detection device. In particular, the use of
head mounied dispiays are onc option for convenient integration of free-air gesture
control as described further in figure 5, but other examples may use such a gestural
mteraction systern, such as media center TVs, shop window kiosks, and interfaces
relating to real world displays and content surfaces.

[8978] Figure 3 then describes one potential method of implementing a countactiess
zooming gesture for control of content in a display. As part of figure 3, content such as
a movie, a content video image, or a picture are shown in a display such as display 14 of
figure 1, a display 540 of HME 10, or display output module 460 of figure 4. A
computing device controls a zeom associated with the countent and the display. Such a
computing device may be a computing device 600 implementing system 400, or an
HMD 10, or any combination of processing elements described herein. A contactless
comirol caraera coupled to the computer observes a field of vision, as shown in figures
1A and 1B, and a user is within the field of view being observed by the control camera.
Such a camera may be equivalent to tmage capture module 410, cameras 503, sensor
array 500, or any appropriate mput device 615, In certain embodiments, a contacticss
control camera may be replaced with any sensor such as an accelerometer or other
device that does not capture an image. In 303, a computing device determines a range
of motion for a control object associated with a user.  Just as above, the computing
device may be a computing device 600 implemeniing system 400, or an HMD 16, or
any combination of processing clements described herein The computing device may
also function in controiling the display zoom to accept an input initiating a zoom mode
i 310, In 310 then, as part of this input, the method invoives detecting, based on
information from one or more detection devices, a movement of the countrol object
substantially in a direction associated with a zoom command. In some embodiments, a
pinimem room amoont and a maximon zoom amount for the zoom command are
substantially matched to the maeximum extension and the minimum extension
determiined i 305, In some embodiments, the minomum zoom is maiched to the
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minimum extension, and the maximum zoom 18 matched to the maxinnm extension. In
other embodiments, the maximom zoom is matched to the minionim extension, and the
minimom zoom is matched to the meximum extension.  Varicus embodiments may
accept a wide varicty of zoom initiating ioputs, mchuding differing modes where
differing commands are accepted. To prevent accidental gesture mput as a uscr enters,
walks across a field of view of the control camera, or performs other actions within the
ficld of view of the control camera, the computer may not accept certain gestures until a
mode initiating signal is received. A zoom initiating inpuf may be a gesture recognized
by the control camera. One potential example would be a grabbing motion, as
iltustrated by figure 2B. The grabbing motion may be detection of an open hand or
paim foliowed by detection of a closed hand or paim. The initial posttion of the closed
hand is then associated with zoom starting position 274 as shown by figure 2B.

16879] In alternative embodiments, a sound or veice command may be used to
initiate the zoom mode. Alternatively a button or remote control may be used to initiate
the zoom mode. The zoom starting position may thus be cither the position of the
control object when the command s received, or a settled control object position that is
stationary for a predetermined amount of time following the input. For example if a
voice command is issued, and the user subsequently moves the control object from a
resting position with the arm extended in the y-direction and the clbow at a near 180

degree angle to an expected control position with the elbow at an angle nearer to 90

)

cgrees, then the zoom starting position may be set after the control object is stationary
for a predetermined time n a range of the expected cowmtrol pesition. In some
embodiments, one or more other connmands may be detected to initiate the zoom mode.
In 315, the system adjusts a current zoom amount of displayed content in response {o
the detection of the movement of the control object. For example, a content countrol
maodule 450 and/or a user control 515 may be used to adjust a zoom on a display 540 of
HMD 19, or display output module 460 of figure 4. In some embodiments, details of a
content are identified including & current zoom smount, a minimom zoom amound, and
a maximum zoom amount.  In cortain embodiments, a zoom starting position 1§
identified and movement of the control object along the zoom vector is captured by the
camera and analyzed by the computing device. As the control shject moves along the
zoom vector, the content zoom presented at the display s adjusted by the computing
device. In additional embodiments, the maxinuum exiension and miniowun exiension
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may be associated with a resolution or image quality of the content and a potential
zoom. The maximum range of motion and the mintmuam range of motion including the
maximom extension and the mintmum extension possible or cxpected for the gesture of
a user may be calculated or ostimated, as described above. In certamn embodiments, the
minimum and maximum zoom amount is matched to the user’s extension to create a
zoom vector, as described above. Thus the mininim zoom amount and the maximum
zoom amount may be matched to the maximum extension and the minimum extension
to create a zoom match along the divection from the maximwm extension to the
minimwm extension in some embodiments.

{6884} Following this, in cortain cmbodiments an input terminating the zoom mode
is recetved. As above for the nput initiating the zoom mode, the termrinating input may
cither be a gesture, an clectromic input, a sound inpui, or any other such input.
Following receipt of the inpot terminating the zoom mode, the corrent zoom amount,
which is the rzoom level for the content that is being presented at the display, is
maintaived untll another input is received initiating a zoom mode.

18881} In various embodiments, when determining the zoom vector and analyzing
images to identify a gesture, a stream of frames containing X, y, and z coordinates of the
user’s hands and optionally other joint locations may be received by a remote defection
device and analyzed to identify the gestare. Such information may be recorded within a
framework or coordinate system identified by the gesture recognition system as shown
in figure ZA.

16482} For a grab and zoom gesture systern detailed above, the system may use
image analysis technigues to detect the presence then absence of an open palm ina
position between the user and the content surface to initiate the zoom meode. The image
analysis may utilize depth information if that is available.

{8083} When the cngagement gesture is detected, a nurnber of parametors may be
recorded: 1. The current position of the hand in 3 dimensions; 2. Details of the object
being zoomed iocluding the amount the object is currently zoomed by, 8 minimum
zoom amount, and a maxiowim zoom amount; 3. An estimation of how far the user can
move their hand from its curvent position towards and/or away from the content; and/or
4. A vector, the “zoom vector’, describing the motion path of the user’s hand as the user

pulls/pushes content towards/away from themselves.
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186841 In certain embodiments, a zoom match may then be created to match the
maximum zoom amount with an extreme extension or retraction of the user’s hand, and
{o match the munimum zoom with the opposite extreme movement. In other
cmbodiments, a certain portien of the range of motion may be maiched, instead of the
full range of motion.

[B885] The available space the user has for hand movement may be calculated by
comparing the current hand position with the position of the user’s torso, Various
embodiments may use different methods for calculating the available hand space. In
one potential embodiment using an assumed arm length, for example 600 mm, the space
available to zo0m in and zoom out may be calculated. If a torso position is vnavailable

the systom may simply divide the length of the arm in 2. Once an engage gesture 1

o

identified, zooming begins. This uses the current position of the hand and applies a
ratio of the hand position along the “zoom vector’ against the caleslated range to the
target object’s zoom parameters as recorded at engagement and shown in Figure 2A.
During zooming the user’s body posttion may be monitored; if it changes then the zoom
vector may be re-evaluated to adjust for the change in relative position of the user and
the content that they are manipulating. When using depth camera based hand tracking,
the z-axis tracking can be susceptible to jitter. To alleviate this a check may be made for
excessive change m zoom. In cases where the calcolated change in object zoom level 1s
deemed excessive, for example as caused by jitter or caused by a shake or sudden
change in the control object, the system may ignore that frame of tracker data. Thus, a
consistency of the zoom comumand data may be determived, and inconsistont data
discarded or ignored.

{8086} A zoom disengagement command may be caleolated as the reverse gesture
of the itiating gesture. When the open palm is detected, when the hand moves in a
significant fashion away from the zoom vector, of when any opening of the grabbing
gesture is detected within a predetermined tolerance, the zoom function may be released
and a display of the content fixed until an additional control function is initiated by a
user.

16887} In further alternative embodiments, additional zoom disengagement gestares
may be recognized. In one potential example, the zoom engagement motion is the
grabbing or grasping motion identified above. The zoom is adjusted as the control
object moves along the zoom vector. In certain erobodiments, a zoom vector threshold
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may identify a Hnut for the zoom vector. If a control object exceeds a zoom vector
threshold amount, the system may assume that the control obiect has moved away from
the zoom vector even if an open palm is not detected and the zoom mode may be
disengaged. This may occur i, for example, a user drops the user’s hand to a resting
mode beside the user’s body without presenting an open pabm. T still further
embodiments, going beyond max zoom or min zoom may automatically disengage. I a
jork or sudden jitier is detected, it may be assumed thai the user’s arm has locked and a
max has been reached.  Also, disengage could include voice commands or cordroller
mput may be associated with out of character aceeleration or jerk that may be filiered by
a system o creaie a smooth response to gestures. In some embodiments, a oser
movement that exceeds a threshold distance outside of the zoom vector may be
mierpreted as a disengagement. For example, when a user is moving a hand in a z
direction, signification movement in an x and/or y dircction may comprise a
disengagement.
16888} In certain crubodiments where content being presenied has an maximuom and
minimum zoom amount that prevents small movements of the control object from
providing meaningfid zoom adjustments, the zoom amount may be capped to a
maximum and minimun zoom amount that 18 less than the possible maximum and
miminnmm zoom amount of the content.  An example may be a sysiem capable of
zoowming from a local top down satellite picture of a house out to a picture of the planet.
For such a system, the maximum change in zoom may be capped for 8 given zoom
starting position. To achieve zeom in or Zoowm out beyond the cap, the zoom moede may
¢ terminated and restarted nuihtiple times, with an incremental zoom occurring during
cach initiation of the zoom mode. Such an implementation may be compared to
grabbing a rope and repestedly pulling the rope toward the user to create increasing
zoomn amounts using a contactless zoom mode. Such an embodiment is described 1o
additional detai] below.
16689] For embodiments where the available zoom for the content is not above a
threshold for zoom determined to be excessive for a single contrel object zoom range of
motion, the user may repeatedly zoom i and out with motion along the zoom vector
anti] the mput terminating the zoom mode s received. In certain embodiments, a
maximom zoom rate may be established, such that if the control object moves between
zoorn settings at a rate faster than the computing device can follow, or faster than is
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appropriate for secondary considerations such as motion input considerations or illness
of the user, the zoom may track {oward a corrent zoom associated with the control
objects position along the zoom vector, and sctile at the zoom position associated with
the comtrol objects position along the vector in a smoothed fashion to provide a
smoother user experience. This cssentially allows a system to set a rate of change in
zoowm te the maximum change in zoom rate allowed by the system when the associated
movement along the 700 vector exceeds a threshold.
In certain embodiments, a user might be able to pan at the same time as a zoom
command 18 initiated (e.g., by moving hand in x, vy while zooming in). Initiating of a
zoom mode does not then necessarily restrict a system from performing other
manipulations on displayved content besides a zoom adjustment.  Also, in certain such
embodiment, an amount of pan could be determined in similar fashion based on
potential movement along x and v axis for pan while movement along the z axis is used
for zoom. In certain embodiments, if a user s zooming and panning at same time and
an object becomes contered in screen, then the potential zoomyzoom matching night be
dynamically reset to the characteristics of that object. In one embodiment, zooming all
the way in on the object will act as an object sclection command for the object. Object
sclection may thus be another gesture conmmand integrated with 2 zoom mode in certain
embodiments.

1G890] Similarly, i various embodiments the zoom described above may be used to
adjust any one dimensional setting of a device. As described above, zoom may be
considercd a one dirsensional setting associated with content displayed in a display
surface. Similarly, volume of a speaker output may be a one dimensional setting that
may be associated with a zoom vector and adjusted with a zoom gestore conmmand.
Scrolling or selection along a Hnear set of objects or along a onc dimensional scroll of a
document may similarly be associated with a zoom vector and adjusted in response to a
zoom gesture conumand as deseribed herein.

8891} Figure 4 illustrates an cmbodiment of a systemn 400 for determining a
gesture performed by a person. Tu various altereative embodimerds, systern 400 may be
implemented among distributed components, or may be implemented in a single device
or apparatus such as a cellular telephone with an integrated computer processor with
sufficient processing power to implement the modules detailed in figare 4. More
gencrally, system 400 may be used for fracking a specific portion of 2 person. For
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mstance, system 400 may be used for tracking a person’s hands. System 400 may be
configured to track one or both hands of a person simultancouosly. Further, system 400
may be configured to track bands of multiple persons simultancously,  While system
400 is described herein as being used to track the location of a persons” hands, i should
be understood that system 400 may be configured to track other parts of persons, such
as heads, shoulders, torses, legs, et¢. The hand tracking of system 400 may be usehul
for detecting gestures performed by the one or more persons, System 400 itself may not
determine a gesture performed by the person or may not perform the actual hand
identification or tracking in some embodiments; rather, system 400 may output a
position of one or more hands, or may simply ootput a subset of pixels likely to contain
foreground objects. The posttion of one or more hands may be provided to and/or
determined by another picce of hardware or software for gestures, which might be
performed by one or more persons. In alternative embodiments, sysiem 400 may be
configured to track a control device held in a user’s hands or attached to part of a user’s
body. In various ershodiments, then, system 400 may be implemented as part of HMD
10, mobile computing device 8, computing device 108, or any other such portion of a
system for gesture control.

18992} System 400 may inchlude image capture module 410, processing module
420, computer-readable storage medium 430, gesture analysis module 440, content
control module 450, and display output module 460, Additional components may also
be present. For instance, system 400 may be incorporated as part of a computer sysiem,
or, ore generally, a computerized device. Computer system 600 of figure 6 illustrates
one potential computer system which may be incorporated with system 400 of figure 4.
Image capture modole 410 may be configured to capture multiple images. Tmage
capture module 410 may be a camera, or, more specifically, a video camera. Image
capture module 410 may capturc a serics of tmages in the form of video frames. These
mages may be captwed periodically, such as 30 times per second. The images
captured by image capture module 410 may inchuide intensity and depth values for cach
pixcl of the images generated by image capture module 410,

16893} Image capture moduale 410 may project radiation, such as infraved radiation
(IR} out o its field-of-view (e.g., onto the scene). The mtensity of the retuned
infrared radiation may be used for determining an intensity value for cach pixel of
image capture module 410 represented in cach captured image. The projected radiation
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may alse be used to determine depth information. As such, image capture module 4190
may be configured to capture a three-dimensional fmage of a scene. Each pixel of the
images created by image capture module 410 may have a depth value and an intensity
vaiue. In some cmbodiments, an image capture module may vot project radiation, but
may instead rely on light (or, more generally, radiation) present in the scene to capture
an image. For depth mformation, the tmage captire modale 410 may be stercoscopic
(that is, image capiure module 410 may capture two images and combine them into a
single image having depth information} or may use other techniques for determining
depth.

18894} The tmages captured by image capture module 410 may be provided to
processing module 420, Processing module 420 may be configured to acquire image

from image capture module 410, Processing module 426 may analyze some or all of
the images acquired from image capture module 410 to determine the location of one or
more hands belonging to one or more persons present in one or more of the images.
Processing module 420 may include software, fumoware, and/or hardware, Processing
module 420 may be m communication with computer-readable storage medium 430,
Computer-readabie storage medium 430 may be used to store information related fo
background meodels and/or foreground models created for individual pixels of the
mmages captured by mage capture modale 410, It the scene captured in images by
image capture module 410 s static, it can be expected that a pixel at the same location
in the first image and the second tmage corresponds to the same object. As an example,
if a couch is prosent at a particular pixel in a first image, in the second image, the same
particular pixel of the second tmage may be expected to also corvespond to the couch.
Background models and/or foreground models may be created for some or all of the
pixels of the acquired images. Computcr-readable storage medium 430 may also be
configured to store additional inforroation used by processing module 420 to determine
a position of & hand (or some other part of a person’s body). For nstance, computer-
readable storage medivm 430 may contain information on thresholds {which may be
used in determining the probability that a pixel is part of 2 foreground or background
model} and/or may contain information vsed in condocting a principal component
analysis.

[6895] Processing module 420 may provide an output to ancther module, such as
gesture analysis module 440. Processing module 420 may output two-dimensional
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coordinates and/or three-dimensional coordinates to another software module, hardware
module, or firmware module, such as gesture analysis module 440, The coordinates
output by processing module 420 may indicate the location of a detected hand (or some
other part of the person’s body). I more than one hand is detected {of the same person
or of different persons), more than one set of coordinates may be output.  Two-
dimensional coordinates may be image-based coordinates, whereln an x-coordinate and
y-coordinate correspond to pixels present in the image. Three-dimensional coordinates
may incorporate depth information. Coordinates may be ouiput by processing module
420 for each image in which at least one hand is located. Further, the processing
modude 420 may output one or more subsets of pixels having likely backgroond
clements exiracted and/or likely to include foreground elerents for further processing.
8496} Gesture analysis module 440 may be any one of various types of gesture
determination systems. Gesture analysis module 440 may be configured to ase the two-
or three-dimensional coordinates output by processing module 420 to determine a
gesture being performed by a person. As such, processing module 420 may ountput only
coordinates of one or more hands, determining an actual gesture and/or what fumction
should be performed in response to the gesture may be performed by gestare analysis
maodule 440, 1t should be understood that gesture analysis module 440 1s illustrated o
figure 4 for example purposes only.  Other possibilitics, besides gestures, exist for
reasons as to why one or more hands of one or more users may be desired to be tracked.
As such, some other module besides gesture analysis module 440 may receive locations
of parts of persons” bodies.

18897} Content control module 450 may similarly be mplemented as a software
modude, hardware modale, or firmware modole. Sach a moduole may be integrated with
processing module 420 or structured as a separate remotc modole in a scparate
computing device. Content control module 450 may comprise a variety of controls for
manipulating content to be output to a display. Such controls may inclade play, pause,
seck, rewind, and zoom, or any other similar such controls. Whon gesture analysis
module 440 identifics an input initiating a zoom mwode, and further identifies movement
along a zoom vector as part of a zoom mode, the movement may be communicated to
content control module to update a current zoom amount for a content being displayed

at a prosent time.
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16898} Display output module 460 may further be implemented as a software
module, hardware module, or firmware module.  Such a module may include
instructions matched {0 a specific output display that presents contont to the user. As
the content control module 430 receives gesture commands identified by gesture
analysis module 440, the display signal bemg output to the display by display output
module 460 may be modified tn real-time or near real-time to adjust the content.

164991 In certain cmbodiments, particolar displays coupled to display output
module 460 may have a capped zoom setting which identifics an excessive amount of
zoom for a single range of motion. For a particular display, for example changes in
zoom greater than 500% may be identified as problematic, where a user may have
ditficulty making desired zoom adjustmerds or viewing cordent during a zoom mode
without excessive changes in the content presentation for small movements along the
zoom vector that would be difficult for a user to process. In such embodiments, the
content control module 450 and/or display output module 460 may identify a maximum
single extension zoom amount. When a zoom amount 5 initiated, the zoom maich
along a zoom vector may be Hmited to the maximum single extension zoom amount. If
this is S00%, and the content allows a 1000% zoom, the user may use the entire zoom
amount by initiating the zoom maode at a first zoom level, zooming the content within
the allowed zoom amount before disengaging the zoom amount, the reengaging the
zoom mode with the control object at a different location along the zoom vector to
further zoom the content. In an cmbodiment where a closed palm initiates the zoom
mode, this zoom gesture may be similar fo grabbing the rope at an extended position,
pulling the rope toward the user, releasing the rope when the hand is near the user, and
then repeating the motion with a grab at an extended position and a release at a position
near the user’s body to repeatedly zoom in along the maximum zoom of the countent,
while cach zoom stays within the maximum single oxtension zoom amount of the

system.

18168]  In such an cmbodiment, instead of matching the maximum and minimum
zoom available to the content as part of a zoom match, the zoom maich and zoom vector
match the user’s extension to first capped zoom setting and the second capped zoom
setting, so that the change i zoom available within the mindouwrn extension and

maximum extension is within the maxioum single extension zoom amount.
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[8161] Figures 5A and 5B describe one potential embodiment of a head mounted
device such as HMD 10 of figure 1. In certain embodiments, a head mounted device as
described in these figures may further be integrated with a system for providing virtual
displays through the head mourded device, where a display is presented in a pair of
glasses or other output display the provides the illusion that the display is originating

from a passive display surface.

[8162] Figore 5A illustrates components that may be included in embodiments of
head mounted devices 10, Figure 5B illostrates how head mounted devices 10 may
operate as part of a system in which a sensor array 560 may provide data to a mobile
processor 307 that performs eperations of the various embodiments described herein,
and communicates data to and receives data from a server 564, It should be noted that
the processor 507 head mounted device 10 may include more than one processor {(or a
multi-cote processor) in which a core processor may perform overall control functions
while a coprocessor executes applications, sometimes referred to as an application
processor. The core processor and apphcations processor may be configured in the same
microchip package, such as a multi-core processor, or in separate chips. Also, the
processor 307 may be packaged within the same microchip package with processors
associated with other fumctions, such as wireless communications (Le., 8 modem
processor), navigation {e.g., a processor within a GOPS receiver), and graphies

processing (e.g., a graphics processing unit or “GPU™).

{8183] The head mounted device 1) may commumicate with a communication system
or network that may include other computing devices, such as personal computers and
mobile devices with access to the Ioternet.  Such personal computers and wmobile
devices may inchide an antenna 551, a transmitter/receiver or transceiver 552 and an
analog to digital converter 553 coupled to a processor 507 to enable the processor to
send and receive data vis a wircless communication network. For cxample, mobile
devices, such as cellular telephones, may access the Internet via a2 wircless
communication network (e.g., a8 Wi-Fi or cellular telephone data communication
network).  Such wireless communication networks may include a plurality of base
stations coupled to a gateway or Intornet access server coupled to the Intornet. Personal

computers may be coupled to the Internet in any conventional manner, such as by wired
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comnections via an Internet gateway {(not shown) or by a wireless communication
network.

{8104] Referring 1o figure SA, the head mounted device 10 may include a scene
sensor 500 and an audio sensor 505 coupled to a control system processor SU7 which
may be configured with a number of software modules 510-525 and connected to 3
display 540 and audic output 550, In an embodiment, the processor 507 or scene sensor
500 may apply an anatomical feature recognition algorithin to the images to detect one
or more anatomical featares. The processor SO7 associated with the control system may
review the detected anatomical features in order to recognize one or morg gestures and
process the recognired gestures as an input command. For example, as discussed in
more detail below, a user may execute a movement gesture corresponding to a zoom
command by created a closed fist at a point along a zoom vector identified by a system
hetween the user and a display surface. In response to recogmizing this exarople gesture,
the processor 307 may initiate a zoom mode and then adjust content presented in the

display as the users hand moves 1o change the zoom of the presented content.

[8185] The scene sensor 500, which may include stereo cameras, orientation sensors
(e.g., accelerometers and an clectronic compass) and distance sensors, may provide
scenc-related data (e.g., fmages) to a scene manager S10 implemented within the
processor 507 which may be configured to interpret three-dimensional scene
information. In various embodiments, the scene sensor 300 may include stereo cameras
{as described below) and distance sensors, which may inchude infrared light emitters for
illuminating the scone for an infrared camera. For cxample, in an cmbodiment
illustrated in figure SA, the scene sensor 500 may include a storeo red green- blue
(RGR) camera 503a for gathering sterco images, and an infrared camera 503b
configured to image the scene in infrared light which may be provided by a stractored
infrared light emitter 503¢. The structured infrared lght emitter may be configured to
erait pulses of infrared light that may be imaged by the infrared camera 503b, with the
time of received pixels being recorded and used to determine distances to image
clements using time-of-flight calculations. Colicctively, the sterco RGB camera 503a,
the infrared camera 503b and the infrarcd emitier 503¢ may be referred to as an RGB-D

(I3 for distance) camera 503,
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{8166] The scene manager module 510 may scan the distance measurements and
images provided by the scenc sensor SO0 in order to produce a three-dimensional
reconsiruction of the objects within the image, including distance from the stereo
cameras and surface orientation mformation. In an embodiment, the scene sensor 500,
and more particularly an RGB-D camera 503, may point in a direction aligned with the
field of view of the user and the head moumted device 10, The scene sensor SO0 may
provide a foll body threc-dimensional motion capiure and gesture recognition. The
scene sensor 500 may have an infrared light emitter 503¢ combined with an infraved
camera 303¢, such as a monochrome CMOS sensor. The scene sensor 500 may further
inchide stereo cameras 503a that caphure three-dimensional video data. The scene
sensor 500 may work fo arohient light, sundight or total darkness and may include an
RGB-D camera as described herein. The scene sensor 500 may include a near-infrared
(NIR) pulse illumination component, as well as an image sensor with a fast gating
mechanism. Pulse signals may be coliccted for cach pixel and correspond (o locations
froma which the pulse was reflected and can be used 1o calculate the distance to a

corresponding point on the captured subject.

{8187 In another cmbodiment, the scenme sensor 500 may use other distance
measuring technologies (i.e., different types of distance sensors) to capture the distance
of the objects within the tmage, for example, oltrasound echo-location, radar,
triangulation of stcrcoscopic images, otc. The scene sensor 500 may include a ranging
camers, a flash LIDAR camera, a time-of-flight {ToF) camera, and/or a RGB-D camera
503, which may determine distances to objects using at least one of range-gated ToF
sensing, RF-modulated ToF sensing, pulsed-light ToF semsing, and projected-light
stereo sensing. In another cmbodiment, the scene sensor 500 may use a stereo camera
503a to capture stereo images of a scene, and determine distance based on a brightness
of the captared pixels contained within the image. As mentioned above, for consistency
any one or all of these types of distance measuring sensors and techniques are referred
to herein generally as “distance sersors.”” Multiple scene seosors of differing
capabilities and resolution may be present to aid i the mapping of the physical

environment, and accurate tracking of the user’s position within the environment.

{8188] The head mounted device 10 may also include an audio sensor 505 such as a

microphone or microphone array. An audio sensor 505 enables the head mounted device

~y
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10 to record sudic, and conduct acoustic source localization and ambient noise
suppression. The audio sensor 505 may capture audio and convert the audio signals to
audio digital data. A processor associated with the control system may review the audio
digital datz and apply a speech recognition algorithin to convert the data 1o searchable
text data. The processor may also review the generated text data for certain recognized
commmands or keywords and use recognized commands or keywords as mput commands
to exccute one or more tasks. For example, a user may speak a command such as
“Initiate zoom mode” to have the system scarch for a control object along an expecied
zoom vector. As another example, the user may speak “close content” to close a file

displaying content on the display.

{818%] The head mounted device 10 may also include a display 540. The display S40
may display images obtained by the camera within the scene sensor 500 or generated by
a processor within or coupled te the head mounted device 10. In an cobodiment, the
display 540 may be a micro display. The display 540 may be a fully occluded display.
In another embodiment, the display 540 may be a semitransparent display that can
display images on a screen that the user can see through to view the surrounding room.
The display 540 may be configured in a monocular or stereo (i.c., binocular)
configuration. Alternatively, the head-mounted device 10 may be a hehnet mounted
display device, worn on the head, or as part of a helmet, which may have a small
display S40 optic in front of one eyc {monocular) or in front of both eyes (ie., a
binocular or stereo display). Aliernatively, the head mounted device 10 may also
meclude two display units 540 that arc mindaturized and may be any one or more of
cathode ray tube (CRT) displays, liquid crystal displays (LCDs), liquid crystal on
silicon {L.Cos) displays, organic light coutting diode (OLED) displays, Mirasol displays
based on Interferometric Modulator (TMOD) elements which are simple micro-clectro-
mechanical system (MEMS) devices, light guide displays and wave guide displays, and
other display toechnologies that exist and thai may be developed. In another
embodiment, the display 540 may comprise multiple micro-displays 540 to increasc

total overall resclution and increase a field of view,

[8118] The head mounted device 10 may also include an audio output device 550,
which may be a headphone and/or speaker collectively shown as reference numeral 550

to output audic. The head mounted device 10 may also include one or more processors
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that can provide contrel fumctions o the head mounted device 10 as well as generate
images, such as of virtual objects. For example, the device 10 may include a core
processor, an applications processor, a graphics processor and a pavigation processor.
Alternatively, the head mounted display 10 may be coupled to a separate processor,
such as the processor i a smartphone or other mobile computing device. Video/andio
output may be processed by the processor or by a mobile CPU, which is connected (via
3 wire or a wireless network) to the head mounted device 10. The head mounted device
10 may also inclade a scenc manager block 510, a user coutrol block 515, a surface
manager block 520, an audio manager block 525 and an information access block 530,
which may be separate circuit modules or implemented within the processor as software
modules. The head mounted device 10 may further include a local memory and a
wireless or wired miterface for communicating with other devices or a local wireless or
wired network in order to receive digital data from a remote memory 555, Using a
remoie memory 555 1o the system may enable the head mounted device 10 to be made

more lightweight by reducing memory chips and circuit boards in the device.

{8i11] The scene manager block 510 of the controller may receive data from the
scene sensor 500 and construct the virtual representation of the physical eovironment.
For example, a laser may be used to emit laser light that is reflected from objects in a
room and captured in a camera, with the round trip time of the light vsed to caleolate
distances to various obhjects and surfaces in the room. Such distance measurcments may
be used to determine the location, size and shape of objects 1o the room and to generate
a map of the scene. Once a map is formulated, the scenc manager block 510 may link
the map to other generated maps to form a larger map of a predetermined arca. In an
embodiment, the scenc and distance data may be transmitied to a server or other
computing device which may generate an amalgamated or integrated map based on the
image, distance and map data received from a number of head mounted devices {(and
gver time as the user moved about within the scone). Such an integrated map data made
available via wircless data links to the head mounted device processors.

{8812] The other maps may be maps scanned by the instant device or by other head
mounted devices, or may be received from a cloud service. The scene manager 510 may
1dentify surfaces and track the current position of the user based on data from the scene
sensors 500. The oser control block 515 may gather user control inputs to the system,
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for example audio commands, gestares, and input devices {e.g., keyboard, mouse). In an
embodiment, the user control block 515 may mehude or be configured to access a
gesture dictionary to imterpret user body part movemeunts idemtified by the scenc
manager 510, As discussed above a gesture dictionary may store movement data or
patterns for recognizing gestures that may include pokes, pats, taps, pushes, goiding,
flicks, turning, rotating, grabbing and pulling, two hands with pahms open for panning
images, drawing (e¢.g., finger painting), forming shapes with fingers, and swipes, all of
which may be accomplished on or in close proximity to the apparent location of a
virtual object in 8 generated display. The user control block 515 may also recognize
compownd commands. This may inclade two or more commands. For example, a
gesture and a sound {c.g. clapping} or a voice control command (c.g. “OK’ detected
hand gesture made and combined with a voice command or a spoken word to confirm
an operation), When a user control 5§15 1s identified the controller may provide a request

to another subcomponent of the device 10

{8113] The head mounted device 10 may also include a surface manager block 520,
The surface manager block 520 may continuously track the positions of surfaces within
the scene based on captured images (as managed by the scene manager block 510) and
measurements from distance sensors. The surface manager block 320 may also
continuously update positions of the virtual objects that are anchored on surfaces within
the captured image. The surface manager block 520 may be respounsible for active
surfaces and windows. The audio manager block 525 may provide control instractions
for audio input and audio output. The andio manager block 523 may construct an audio

stream delivered to the headphones and speakers 550.

[8114] The information access block 530 may provide control instructions to mediate
access to the digital nformation. Data may be stored on a local memory storage
medium on the head mounted device 10, Data may also be stored on 2 remote dats
storage medium 555 on accessibie digital devices, or data may be stored on a distribuied
cloud storage memory, which is accessible by the head mounted device 10 The
information access block 530 communicates with a data store 535, which may be a
memory, a disk, a remote memory, a cloud computing resource, or an infegrated

memory 555.
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[8118] Figure 6 illustrates an cxample of a computing system in which one or more
embodiments may be implemented. A computer system as iHustrated in figure 6 may be
incorporated as part of the previcusly described computerized devices in figures 4 and
3. Any component of a system according to various embodiments may include a
computer system as described by figure 6, including various camera, display, HMD, and
processing devices such as HMD 10, mobile computing device §, camera 18, display
14, television display 114, computing device 108, camera 11¥, various electronic
control objects, any clement or portion of system 400 or the HMD 10 of figure 3A, or
any other such computing device for use with various embodiments. Figure 6 provides
a schematic ilhustration of one embodiment of a computer system 600 that can perform
the methods provided by various other embodiments, as described herein, and/or can
fumction as the host computer system, a remote kiosk/terminal, a point-of-sale device, a
mobile device, and/or a computer system.  Figire 6 i3 meant only to provide a
generalized illustration of various components, any or ail of which may be utilized as
appropriate.  Figure 6, therefore, broadly ilustrates how individual system cloments

may be implemented in a relatively separated or relatively more integrated manner.

{8116] The computer system 600 is shown comprising hardware elements that can be
clectrically coupled via a bus 605 (or may otherwise be in conununication, as
appropriate).  The hardware clements may include ome or more processors 610,
including without limitation one or more general-purpose processors and/or one of more
special-purpose  processors  {such as digital signal processing chips, grapbics
acceleration processors, and/or the like); one or more nput devices 6185, which can
include without limitation a mouse, a keyboard and/or the like; and one or more cutput
devices 620, which can include without Hmitation a display device, a printer and/or the
like. The bus 6035 may couple two or more of the processors 61{, or multiple cores of a
single processor or a plorality of processors.  Processors 610 may be equivalent to
processing module 420 or processor 507 in various ombodiments.  In certain
embodiments, a processer 610 may be included n mobile device §, television display
114, camera 18, computing device 108, HMD 10, or in any device or element of a
device described herein.

{8117}  The computer system 600 may further include (and/or be in commumnication
with} one or more non-transitory storage devices 625, which can comprise, without
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Houtation, local and/or network accessible storage, and/or can imchude, without
2 iR 3
limitation, a disk drive, a drive array, an optical storage device, a solid-state storage
> b, }1' - o k }.‘>
device such as a random access memory (“RAM”) and/or a read-only memory
{(“ROM™}, which can be progranmunable, flash-updateable and/or the like. Such storage
. J & f=3
devices may be confizured to implement any appropriate data stores, meluding without
3 & Y ) 5

timitation, varicus file systems, database structures, and/or the like.

{8118] The computer system 600 might also include a communications subsystem
630, which can include without Hmitation a modem, a network card (wireless or wired),
an infrarcd commumication device, a wireless communication device and/or chipsat
{such as a Bluetooth™ device, an 802,11 device, 8 Wi-Fi device, a WiMax device,
cellular coromumication tacilities, eic.), and/or similar commumication interfaces. The
commumications subsystern 630 may permit data to be exchanged with a network {such
as the network described below, to name one example), other computer systems, and/or
any other devices described herein,  In many embodiments, the computer systen 600
will further comprise a non-transitory working memory 635, which can include a RAM

or ROM device, as described above.

16119 The computer systom 600 also can conprise software eloments, shown as
bemg currently located within the working memory 635, including an operating system
640, device drivers, executable libranies, and/or other code, such as one or more
application programs 645, which may comprise comaputer programs provided by various
embodiments, and/or may be designed to mplement methods, and/or configure systems,
provided by other embodiments, as described herein, Merely by way of example, one
or morg procedures described with respect to the method(s) discussed above might be
impicmented as code and/or instructions exccutable by a computer (and/or a processor
within a computer); in an aspect, then, such code and/or nstructions can be used to
configure and/or adapt a general purpose computer {or other device) to perform one or

more operations in accordance with the described methods.

[8128] A sct of these instructions and/or code might be stored on a computer-readable
stovage medium, such as the storage device(s) 625 described above. In some cases, the
storage medivm wight be incorporated within a compuier system, such as computer
systemm 600, In other embodiments, the storage medium might be separate from a

computer system (e.2., a removable medium, such as a compact disc), and/or provided
-38-
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i an installation package, such that the storage medium can be used to program,
configure and/or adapt 8 general purpose computer with the mstructions/code stored
thercon. These instructions might take the form of executable code, which is cxecutable
by the computer system 600 and/or might take the form of source and/or instaliable
code, which, upon compilation and/or installation on the computer system 600 {e.g.,
using any of a variety of generally available compilers, installation programs,

compression/decompression utilitics, etc.) then takes the form of executable code.

{8121} Substantial variations may be made in accordance with specific requirements.
For example, customized hardware might also be used, and/or particular clements might
be implemented n hardware, software (including portable sofiware, such as applets,
etc.), or both. Moreover, hardware and/or software components that provide certain
functionality can comprise a dedicated system (having specialized components) or may
be part of a more generic system.  For example, an activity selection subsystem
configured to provide some or all of the features described herein relating to the
selection of activities by a context assistance server 140 can comprise hardware and/or
software that is specialized {e.g., an application-specific mtegrated circuit {ASIC), a
software raethod, ete.} or generic {e.g., processor(s) 610, applications 645, etc.) Further,
connection to other computing devices such as network mput/output devices may be

employed.

{8122] Some embodiments may employ a computer system (such as the computer
system 600} to perform methods in accordance with the disclosure. For example, some
or all of the procedures of the described metheds may be performed by the computer
systom 600 in response to processor 610 executing one or more sequences of one or
more mstructions {(which might be incorporated into the operating system 640 and/or
other code, sach as an application program 645) contained in the working memory 635.
Such instructions may be read into the working memory 635 from another compuier-
readable medium, such as one or more of the storage device(s) 625. Mercly by way of
example, execution of the sequences of instructions contained in the working memory
635 might cause the processor(s) 610 io perform one or more procedures of the methods

described herein.

18123}  The terms “machine-readable medium” and “computer-readable medium,” as
used herein, refer to any medium that participates in providing data that causes a
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machine to operate in a specific fashion. In an embodiment implemented using the
computer system 600, various compuiter-readable media might be involved in providing
instructions/code to processor(s) 610 for execution and/or might be used to store and/or
carry such istructions/code (e.g., as signals). In many implementations, a computer-
readable medium is a physical and/or tangible storage medivim.  Such a medium may
take many forms, inclading but not limited to, non-volatile media, volatile media, and
transmission media. Non-volatile media include, for example, optical and/or magnetic
disks, such as the storage device(s) 6235, Volatile media include, without limitation,
dynamic memory, such as the working memory 635, Transmission media inchude,
without limitation, coaxial cables, copper wire and fiber optics, including the wires that
comprise the bus 605, as well as the various components of the commumications
subsystem 630 {(and/or the media by which the communications subsystem 630 provides
communication with other devices). Hence, transmission media can also take the form
of waves {inchiding without limitation radio, acoustic and/or light waves, such as those
generated during radio-wave and infrared data commuunications).  Such von-transitory
embodiments of such memory may be used in mobile deviee §, television display 114,
camera 18, computing device 108, HMD 10, or in any device or element of a device
described herein.  Similarly, modules such a gesture analysis module 440 or content
control module 450, or any other such module described herein may be implemented by

nstructions stored in such memory.

16124 Common forms of physical and/or tangible computer-readable media inclade,
for example, a tloppy disk, a flexible disk, hard disk, magnetic tape, or any other
magnetic medium, a CD-ROM, any other optical medivm, punchcards, papertape, any
other physical medium with patteros of holes, a RAM, a PROM, EPROM, a FLASH-
EPROM, any other memory chip or cartridge, 8 carrier wave as described hereinafter, or

any other medivm from which a computer can read instructions and/or code.

18128]  Various forms of computer-readable media may be volved in carrying one or
more sequences of one or more nstructions to the processor(s)y 610 for execution.
Merely by way of example, the instructions may initially be carried on a magnetic disk
and/or optical disc of a rvomote computer. A romote computer might load the
mstructions nto s dynamic memory and send the instructions as signals over a

transmission mediim to be received and/or executed by the computer system 660,
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These signals, which might be 1o the form of electromagnetic signals, acoustic signals,
optical signals and/or the Like, are all examples of carrier waves on which mstroctions

can be encoded, in accordance with various embodiments.

{8126] The communications subsystem 630 {and/or components thereof) generally
will receive the signals, and the bus 605 then might carry the signals (and/or the data,
mstractions, ete. carried by the signals) o the working memory 633, from which the
processor{s) 605 retrieves and executes the nstructions. The instructions received by
the working memory 635 may optionally be stored on a non-transttory storage device

625 cither before or after execution by the processor(s) 610,

[8127] The methods, systems, and devices discussed above are examples. Various
embodiments may omit, substitute, or add various procedures or componenis as
appropriatc. For instance, in alternative configurations, the methods described may be
performed in an order different from that described, and/or various stages may be
added, omitted, and/or combined. Also, features described with respect to certain
cmbodimenis may be combined in various other embodiments. Different aspects and
cloments of the embodiments may be combined in a similar manner. Also, technology
evelves and, thus, many of the clements are examples that do not mit the scope of the

disclosure to those specific examples.

{8128] Specific details are given in the description to provide a thorough
understanding of the embodiments. However, embodiments may be practiced without
these specific details.  For example, well-known circuits, processes, algorithms,
structures, and technigues have been shown without unnecessary detail in order to aveid
chscuring the embodiments. This description provides example embodiments only, and
1s not intended to limit the scope, applicability, or configuration of the invention.
Rather, the preceding description of the ershodiments will provide those skilled n the
art with an enabling description for implementing embodiments of the mvention.
Various changes may be made in the function and arrangement of clements without

departing from the spirit and scope of the invention,

[8129]  Also, some embodiments were described as processes depicted in 2 flow with
process arrows. Although each may describe the operations as a sequential process, of

the operations can be performed in parallel or concurrently. In addition, the order of the
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operations may be rearranged. A process may have additional steps not included in the
figure. Furthermore, embodiments of the methods may be implemented by hardware,
software, firmware, middleware, microcode, hardware description languages, or any
combination thercof. When implemented in sofiware, firmware, middleware, or
microcode, the program code or code segments to perform the associated tasks may be
stored In a computer-readable medium such as a storage medivm.  Processors may

perform the associated tasks.

18138] Having described several embodiments, various modifications, alternative
constructions, and equivalents may be used without departing from the spirit of the
disclosure. For example, the above clements may merely be a component of a larger
system, wherein other rules may take precedence over or otherwise modify the
application of the invention. Also, a nomber of steps may be undertaken before, during,
or after the above elements are considered. Accordingly, the above description does not

fimit the scope of the disclosure.

47~



WO 2014/150728 PCT/US2014/024084

WHAT IS CLAIMED 15:

1. A method comprising:

determining a range of motion of a control object associated with a user
including a maximum cxtension and a minimum cxicnsion;

detecting, based on information from one ot more detection devices, a
movement of the control object substantially in a direction associated with a
zoom command, wherein a mintnnan zoom amount and a maxinnim zoom
amount for the zoom covvnand are substantially matched to the maxinum

extension and the nunimum extension; and

adjusting a current zoom amount of displayed content in response to the

detection of the movement of the control ebject.

2. The method of claim 1 wherein the control object comprises a
user’s hand, and wherein detecting the movement of the control object
substantially in the direction associated with the zoom command comprises:

detecting a current position of the user’s hand n three dimensions;

estimating the direction as a motion path of the user’s hand as the user

pulis or pushes the hand toward or away from the user; and

detecting the motion path of the user’s hand as the user pulls or pushes

the hand toward or away from the user.

>

3. The method of ¢laim 2 further comprising:
ending a zoom mode comprising the adjusting the current zoom amount

by remotely detecting a zoom disengagement motion.

4. The method of claim 3 wherein the control object comprises a
hand of the user; and
wherein detecting the zoom discngagement motion coraprises detecting
an open palm position of the hand after detecting a closed palm position of the
hand.
-43-
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5. The method of claim 4 wherein the one or more detection devices
comprise an optical camera, a stereo camera, a depth camera, or a hand mounted
inertial sensor.

6. The method of claim 3 wherein detecting the zoom
disengagement motion comprises detecting that the control object has deviated
from the direction asseciated with the zoom command by more than a threshold

amount,

7. The method of claim 2
further comprising detecting a zoom iitiating input, wherein the zoom
Tnifiating jnput comprises an open palm position of the hand followed by a

closed palm position of the hand.

8. The method of claim 7 wherein a first location of the hand along
the direction when a zoom initiating input is detected and matched fo the current

ZOOMm amount 1o ¢reate a room match.

9. The method of claim 8 further comprising:

comparing the minimum zoom amount and the maxinumm zoom amount
to a maximum single extension zoom amount; and

adjusting the zoom match to associate the mininnim extension with a
first capped zoom setting and the maxtoum extension with a second capped
Zoom sething;

wherein a zoom difference between the first capped zoom setting and the
second capped zoom seiting is less than or equal to the maximum single

extCnSion Zoon amount,

10, The method of claim 9 further comprising:

ending & zoom mode by remotely detecting, using the one or more
detection devices, a zoom disengagement motion when the hand is in a second
location along a zoom vector in the direction associated with the zoom

command different from the first location;
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mitiating, in response to a second zoom initiating input, a second zoom
mode when the hand is at a third location along the zoom vector different from
the second location; and

adjusting the first capped zoom setting and the second capped zoom
setting m response to a difference along the zoom vector between the second

location and the third location.

11, The method of claim 8 wherein adjusting the current zoom
amount of the content in response to the detection of the movement of the
control object along a zoom vector in the direction associated with the zoom
command and based on the zoom match comprises:

identifying a maximum allowable zoom rate;

monitoring the movement of the control object along the zoom vector;
and

setting a rate of change in zoom to the maximum allowable zoom rate
when an associated movement along the zoom vector exceeds a rate threshold
until the current zoom amount matches a current control object location on the

ZOOM veCior.

iz, The method of claim 8 wherein the zoom match 1s further

determined based on an analyzsis of an arm length of the user.

13, The method of claim 8 wherein the zoom match is estimated prior
1o a first gesture of the user based on one or more of torse size, height, or arm
length; and

wherein the zoom mateh is updated based on an analysis of at least one

guesture performed by the user.

14, The method of claim 8 wherein the zoom match identifics a dead

zone for a space near the minimum extension.
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15. An apparatis comprising:

a processing module comprising a processor;

a computer readable storage medivm coupled to the processing medule;

& display output module coupled to the processing module; and

an image capture modide coupled to the processing module;

wherein the computer readable storage medium comprises computer
readable ingtructions that, when executed by the processor, cause the processor
to:

determine a range of motion of a control object associated with a user
mchuding 8 maximom extension and a minimum extension;

detect, based on information from one or more detection devices, a
movement of the control object substantially in a divection associated with a
zoom command, wherein a minimuom zoom amount and a maximom zoom
amaount for the zoom command are substantially matched to the maximum

extension and the minimum extension; and

adjust a corrent zoom amount of displayed content in respounse to the

detection of the movement of the control object.

16, The apparatus of claim 15 wherein the compuier readable
mstructions further cause the processor to:

detect a shift in the range of motion of the control object;

detect a second direction associated with the zoom command following
the shift in the range of motion of the control object; and

adjust the current zoom amount of displayed content in response to the

detection of the movement of the control ebject in the second direction.

17, The apparatus of claim 15 further comprising:

an audio sensor; and

a spoaker;

wherein a zoom totfigting input comprises a voice command received via

the audio sensor.
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18, The apparatus of claim 15 further comprising:

an anterma; and

a focal area network module;

wherein the content is communicated to a display from the display output

module via the local area network module.

19. The apparatus of claim 18 wherein the current zoom amount is

communicated to a server infrastructure computer via the display output module.

24, The apparatus of claim 19 wherein the computer readable
mstructions further cause the processor 1o:

identify a maximum allowable zoom rate;

monitor the movement of the control object along a zoom vector from
the minimuom zoom amount to the maximum zoom amouni; and

setting & rate of change in zoom to the maximum allowable zoom rate
when an associated movement along the zoom vector exceeds a rate threshold
until the current zoom amount matches a current control object location on the

ZOOM veCior.

21 The apparatas of claim 20 wherein the computer readable
instructions further cause the processor to:
analyze a plurality of user gesture commands to adjust the mirdowm

zoom amount and the maximum zoom amount.

22 The apparatus of claim 21 wherein the computer readable
fostructions further cause the processor 1o

identify a first dead zone for a space near the minimuom extension.

23, The apparatus of claim 22 wherein the computer readable
mstructions further cause the processor to:

identity a sccond dead zone near the maximom extension.
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24, A apparatus of claim 20 wherein the an output display and a first
camera are integrated as components of an HMDy; and wherein the HMD further

comprises a projoctor that projecis 8 content image into an cye of the user.

25. A apparatus of claim 24 whercin the the content image comprises

content in a virtaal display surface.

26.  The apparatus of claim 25 whercin

a second camera is communicatively coupled to the processing module;
and

wherein a gesture analysis module coupled to the processing module
identifies an obstruction between the first camera and the control object and
detects the movement of the control object along the zoom vector using a second

image from the second camera.

27. A system comprising:

means for determining a range of motion of a control object associated
with a user nclading a maxtoum extension and a o extension;

means for detecting, based on mformation from one or more detection
devices, a movement of the control obhicct substantially in a direction associated
with a zoom command, wherein a minimum zoom amount and a maximum
zoom amount for the zoom command are substantially matched to the maxioum

extension and the minimum extension; and

means for adjusting a current zoom amount of displayed content in

response to the detection of the movement of the control obhicct.

28. The system of claim 27 further comprising:
means for detecting & current position of a user’s hand in three

dimensions;

means for estimating the direction as a motion path of the user’s hand as

the user pulls or pushes the hand tfoward or away from the user; and



WO 2014/150728 PCT/US2014/024084

means for detecting the motion path of the user’s hand as the user pulls

or pushes the hand toward or away from the user.

29, The systern of claim 27 further comprising:
means for ending a zoom mode by remotely detecting a zoom

disengagement motion.

30 The system of claim 29 further comprising:

means for detecting control object movement where the control object is
a hand of the user including detecting an open palm position of the hand afier
detecting a closed palm position of the hand.
31 The system of claim 27 further comprising:

means for comparing the mininwm zoom amount and the maximum
Zoom amount 1o a maximum single extension room amount; and

means for adjusting a zoom match to associate the mintmum extension
with a first capped zoom setting and the maximum extension with a second
capped zoom scting;

wherein a zoom difference between the first capped zoom setting and the
second capped zoom sctiing 18 less than or equal to the maximum single

exiension zoom amount.

32. The system of claim 31 further comprising:

means for ending a zoom mode by remotely detecting, using the one or
more detection devices, a zoom disengagement motion when the hand is in a
second location along a zoom vector in the direction associated with the zoom
command different from a first location;

means for initiating, i response to a second zoom initating foput, a
second zoom mode when the hand is at a thivd location along the zoom vector
different from the second location; and

means for adjusting the first capped zoom setting and the sccond capped
zoom sctting in response to a difference along the zoom vector between the

second location and the third location.
45,
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33, A non-transitory computer readable storage medium comprising
computer readable instruction that, when executed by a processor, cause a
system to:

determining a range of motion of a control object associated with a user
meluding a maxinuim extension and 8 minimum extension;

detecting, based on information from one or more detection devices, a
movement of the control object substantially in a direction associated with a
zoom command, wherein a minimum zoom amount and a maxinwm zoom
amount for the zoom command are substantially matched 1o the maximuom

extension and the minimum extension; and

adjusting 8 current zoom amount of displayed content n response to the

detection of the movement of the control ebject.
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Determining a range of motion of a control object associated with a

305 ) . . : .. :
: user 11’1ciudmg a maximum gxicnsion and a minimum cxtension
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Dietecting, based on information from one or more detection devices,
a movement of the control object substantially in a divection
asso¢iated with a zoom command, wherein 2 minimpn Zoom amount
and a maximum zoom amount for the zoom command are
substantially matched fo the maximum extension and the minimum
eXIension

310

¥

Adjusting a current zoom amount of displayed content in response to

315
the detection of the movement of the control object

FIG. 3
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