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SYSTEM AND METHOD OF VIGUAL LAYERING

BACKGROUND

{6681} Sharing digital information and collaborating based on that digilal
information is becoming increasingly common. Input devices caplure digital
information {g.9., user input on a computing device, digial cameras, scanning
devices, ein. ). Oulput devices oulput digital information for consumption by a
user or group of users. Culpit devices may include digiisd displays argigital
profactors that display digiial information onto g display streen orinlo g

WorkKspace.

BRIEF DESCRIPTION OF DRAWINGS

8821 The following description includes discussion of figures having tlustrations
given by way of sxample of implementations of embodiments of the invention.
The drawings should be understood by way of exampéa, not by way of limitation.
As used herein, references o one of more “embodimants” are o be understpod
as describing a particular feature, structure, or characteristic included in at lsast
ane implementation of the invention. Thus, phrases such as "in ong
ambodiment” or “in an alternate embodiment” appearing hergin describe various
embodiments and implementations of the invention, and do not necessadly all

rafer 1o the same embodiment. However, they are aiso not necessarily mutually

axaciusive.

fh
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REEIRH Figure 1 is a block diagram llusirating & system according to various
gmbodiments.

108041 Figure 2 is a perspechive, axterior view Hllustraling a system according (o
various embodiments,

{08051 Figure 3 is a perspective view Hustrating logical layers in & system
according to vardous embodiments,

13006} Figure 4 Is a block diagram Hiustrating laver siates in a system according
io various embodiments

10887} Figure 5 is a flow diggram of gperation in a sysiem according 1o various
embodiments.

0DOY] Figure 8§ is a flow diagram of operation in a system according to various

ambodimeants.

DETAILED DESCRIPTION

{60691 Lmbadimenis described herein relate to g ﬁrcgeci*m-capmre system. The
combination of projection, caplure and user input control in the same workspace
at the same time Tacilitates mixed reality (L.e, physical and virtual) coliaboration.
For exxample, virtual objects could be files on a user's computer {e.g., slectronic
presentation slides, slectronic documents, digital pholos, efe.}. Physical objects
cowld be iwo-dimensional objects (e.g., photos, documents, ete. or three-
dimensional obiects {8.g., models, widgets, eic}). As described hereiln, physical
and virtual oblects are treated as visually interchangeable "layers.” As decribed

herein, these layers represent logical layers and allow systems and devices
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gdescribed hersin {o contral the workspace environment such that one layer {e.g,,
physical obiect or set of digital Information) has the appearance of being on lop
of another Jayer. In g collaborative envivonment where Users in different
iocations coliaborate via separasie projection-capiure systems, sach user s able
see and interact with bath the local and remote objests {physical and virtual)
because the camera on each system sends a live {e.g., vidso} feed v the other
incation for projection,

138181 Figure 1 is a block diagram #llustraling a system according o various
embodiments. Figure 1 includes particular components, modules, ste. according
o various embodiments. Howeaver, in diferent embodiments, more, fewer,
andfor other components, modules, arrangements of components/imodules, el
may be used according to the teachings described herein. In addition, various
companants, modules, efe. described herein may be implemented as one or
more software modules, hardware modules, spacial-purpose hardware {.g.,
apulication specific hardware, application specific integrated cireuits (ASICs),
embedded coniroliers, hardwired ciroultry, st ), or some combination of these.
Various modules andfor components flustrated in Figure 1 may be implemented
asa compiter-readable storage medium containing instructions executed by &
processor and stoved In a mernory fur performing the operations and functions
digcussed herein.

[B013) System 100 includes a2 camera 110, a display 120, & layering module 130
and a cantroller 140, Camera 110, display 120 and lavering module 130 are

aperatively connected o controfler 140 to faciitate altering visual adjacency
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between layers in a workspace. In an example, display 120 displays a map onto
a work-surfage. Display 120 could be a display screen placed onto & work-
surface or it could be a digital projector that displays information on the work-
surface via digital projection. Additionally, camera 110 detects a physical abject
{e.g., a mods! of a house or building) placed on the work-surface. Camera 110
coild be a visibledight camera {(e.g., digital image camera, a digital video

camera, stc) or an infrared (R} camera,

5012

sk

Layering module 130 associates the physical object with one visual layer
and associates the projected map with anather visual fayer. By mainiaining state
information for the various lavers, confroller 140 is able 1o control the visual
adjacency of the layers. I other words, one layer may initially appear o be “on
top of” the other layer, but controlier 140 may alter the visual adjacency such that
the “bottom” layer visually becomes the “lop” layer.

{0813] Figures 2-3 are perapective, exterior views Hlustrating a system acoording
{0 various embodiments. Figures 2-3 include parlicular components, moduies,
sic. according to verious embodiments. However, in different embadiments,
more, fswer, andfor other componenis, maﬁuiss-,k arrangements of
sompoenents/modules, etc. may be used according to the teachings described
herein. It addiion, varfous components, moduiles, ste. described herein may de
implemented as one or more software modules, hardware modules, special-
pirpose hardware {8 g., application specific hardware, appilication specific
integrated circuits (ASICs), embedded controllers, hardwired circuitry, sta.), ar

some combination of these,
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{6614} Systam 200 includes a top 210 and a base 220. Base 220 includes an
infrared (IR} camera 224 and a projector 222, along with housing other
components {e.q., processor, memory, layering module, controller, slo ).
Projactor 222 may be any suitable light projecior including, but not fimited to,
LED {laser emilling diode) and DLF {digital ight processing) projection. In
varous embodiments, projector 222 projects digital information loward top 210
where a mirvor reflects the projection onto work-surface 230, IR camera 224
datacts the position of physical objects positioned on work-surface 230

Ba15] Projector 222 projects a profection 2580 of digital information {e.g.. lines}
onto work-sirface 230. Cbiect 260 is & physical abject placed in workspace 230,
R camera 224 detecis the position of the object 260, A layering module {(8.¢.,
fayering module 130} associates projection 250 with one logical layer and object
280 with another logical layer. As shown in Figure 2, object 280 appears o be
*or top of projection 250, In other words, object 280 appears to be a foreground
layer while projection 280 appears 1o be a background layer.

60161 Figurs 3 Hlustrates the logical layers described above. Layer 310
represents work-surface 230, Layer 320 represents projection 250 and is, in this
gxample, "o fop of layer 310. Layer 330 represents object 260 and is, in this
axample, "on top of layer 320, Once obiects and digitally projected information
have baen associated with logical lavers, the lavering module m;aismajéns stale
information about the visual order of the layers.

{08177 System 200 also includes a user input device 240 that aliows the userio

interact with system 200, In various embodiments, user input (L} device 240
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mcludes an infrared digital stylus and/or infrared camera to detect the position of
Ui device 240 in workspace 230, Although any suitable Ul device may be used,
a digitat atyius §§a$ the advantage of allowing input in thres dimensions, inchuding
along the swiface of workspace 230, without a sensing pad or other special
surface. Thus, system 200 can be used on & variety of work-sufaces.

H018} User inpid received from Ul device 240 or other input mechanism may

poree,

indicaie a request {o aller the visual adjacency of layers in workspace 230. For
gxampie, louching object 260 with Ui device 240 may indicate a request to have
object 260 be the foreground layer, with projection 250 as the background layer.
Touching the surface of workspace 230 might indicale a request {o have
projection 250 be the foreground laver, with object 260 as the background layer.
System 200 can use this input and state information from the layering module fo
alter the projection from projector 222 such that the visual order of the layers is
altered {(8.9., foreground and background layers are swapped).

{0191 Figure 4 is block diagram llusirating stale changes for layers {real and
virtual) in a projection-capture system. For flustrative purposes, the surface of
the workspace on which objects are positioned and digital information s
grojected is considered fayer LO. Thus, a layer L1 would be visually adjacent
{e.q., "on top o} laver LD and a layer L2 would be visually adjacent (8.g., "'ontop

Y

of} layer L1, As shown, stale 410 includes a physical obiect {8.5., @ map,
document, other two-dimensional or three-dimensional objent, sic.) associated
with layer L1, in other words, the physical objsct is visually adiacent L0, A

projection of digital information {(e.g., Image, document, ele) s infially associated
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with layer L2 and is visually adiacent layer L1. Thus, 11 state 418, the projection
of digital information visuslly appears to the system user as baing “on top of the
physical object.

18028] In response o user input or other control signal to alter the visusl
adjacency of the layers, the sysiem layering module changes the layer
associations from those of state 410 1o those of stale 420, In siate 420, the
ohysical object bacomes layer L2 and the projection of cightal information
pecomses laver L. To create the visual appearancs of the physical objedt being
“or top of” the projection, the systermn may simply stop projecting the digital
information info the workspace.

0821 State 412 includes a projection of digital Information {e.g., a map,
document, image, efe) initiafly associated with layer L1 In other words, the
nrofection is visually adjacent LO. A physical object (2.9, two-dimensional or
three-dimensional) is intially associated with layer L2 and (s visusly adjacent
layer L1, To achieve the visual appearance of physical object being "on top of”
the projeciion, the system may remove the digital information {e.g., map or image
data, efc.) coresponding 1o the coordinates of the physical abject from the
projection. For example, at the position where the physical object is located, the
system may profect a blank space (e.g., white or other suitableg-colorad lght)
while still projecting the origing! digital information {e.g., map or image data, eic)
at all other positions in the workspace. Alternatively, the system may caplure &
digital image of the physical object {a.g., from directly above the physical object)

and project that image at the position whare the physical object s lncated {in lieu
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of projecting a2 blank space). in sither example, the effect is the appearance of
the physical obisct being "on top of of the projected digital information.

ek In response to user input or ather control signatl to alter the visual

It.rt4

adiacency of the lavers, the system layering module changes the layer
associations from those of state 412 1o those of slale 422, In state 422, the

physical object becomes layer L1 and the prolection of digital information

ik

becomes faver L2, To oreate the visual appearance of the projected digital
information being “on top of the physical object, the systermn may simply project
all of the digital information into the workspacs including at the position whera the
nhysical object s located. |
{66237 #should be noled that muitiple projection-caplure qu*&zms may be ysed in
remote locations for vidual collaboration. The stales ﬁeg&icsﬁeé in Figure 4
Hustrate an examgple of such collaboration. The user in the first location might
have a physical gbject and a projection assérﬁéng to slate 410, At the same time,
the user in the second location might have a physical object and a projection
according to state 412, In other words, system represented by state 410 may
capiure a digital image of the physical object and send # (o the collaborating
system, where the digital image s projected according to state 412, Likewise,
the yser in the sacond logation has a physical obiject according to state 412, This
physical object is also caplured digitally and sent to the other system, shown as
the projection in state 410 his way, system ussers in different locations may

collaborate using both real and virtual objects.



WO 2013/019190 PCT/US2011/045983

24 Figure B is a flow diagram of operation in a system according to various
embodiments. Figure § includes particular operations and execution order
according o certain embﬁdriment& Howeaver, in different embodiments, other
operations, omitling one or more of the depicted operations, andfor proceading In
other orders of execution may also be used according to teachings described
herain, |

{8825] A system identifies 510 a physical object in a workspace. The physical
object can be two-dimensional or thres-dimensional. Objacts may be identified
by a camers (e.q., infrared, digital image capture, digital video, efc.}. In various
embodiments, identification includes determining a position {s.g., coordinates) of
the object within the workspace. A layering module associates 520 the physical
obiect with a first fayer. The systeny also displays {8.g., prajects) 530 digital
information (e.g., an image) as a second layer into the workspace, Again, the
layering module maintains the association between the projected information and
the second layer.

[O626] The system, perhaps in response o user input, alters 540 the visual
adiacency between the first and second lavers, For examply, the first layer might
initially be visually adjacent (8.5, appears o be “on lop of) the surface of the
workspace, The second ayer might initially be visually adjacent {g.g., appears to
be ‘on {op of) the first layer. In response 10 8 user reqguest or gther contrpd
signad, the system switches the visual arder of the layers. Thus, the second layer
becomes visually adiacent the surface of the workspace while the first layer

becomes visually adjacent the second layer.
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BO2T} Figure 6 is o flow diagram of operation in 2 sysiem according to various
ambodiments. Figure 8 includes particular operations and exscution order
according to cerlain embodiments. However, in different embodiments, other
aperations, omitting ong o more of the depicted operations, andfor proceeding in

ather orders of exscution may also be used according to leachings described

{00I8] A projfection-caplure sysien entifies 810 a physical object ina
workspace. Again, the physical object can be two-dimensional or three-
dimansional. Objecls may be identified by a camera {e.g., infrared, digital image
capture, digital video, sic). A system layering module associates 820 the
physical object with a first layer. The sysiem ailso displays {e.g., projects) 830
digitad information {(8.q., an image) as a second layer into the workspace. Again,
the layering module maintaing the association between the projecied information
and the second layer.

{60291 The system detects 840 a change in the position of the physical ohiect.
For example, the systerm may include an infrared camera or a visible-light
camera {8.g., digital stili-image camera or a digital video camera) for detecting
the position of the physical object. In response to defecting the changs in
nasition of the physical abject, the systern meintains 880 the visual adjacency
between the first and second layers. For example, if a workspace is logically
divided into four guadrants, & physical ohject might inilially be dslecied as
occupying the first quadrant. ¥ the physical ohject {(associated with o e layer) is

initially visually "o top of projectad digital information {associated with a
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different layer}, then the system may abstain from projecting the digital
information that would otherwise be located in the first guad%am, consistent with
the visuad order of the layers. However, in response to detecting movament of
the physical object from the first quadrant to the second guadrant, the sysiem
may then project the digital information associated with the first guadrant while
remmoving from the projection the digital information associated with the second
guadrany, thereby maintaining the appearance that the physical obiect is "on top
of” the projeciad digital information,

ETERTH In examples describad herein, methods and systems manage the visual

adjacency of first and second iayers. The methods and systems described

¥

herein are readily extendible to more than twa layers. For example, additional
tayers of projecied digital information could be managed by a projection capture
system. Also, additional physical obiects could each be associated with a distinet
tayer. The visual adiacency betwesn these multiple physical and projected
layers may be managed according fo the embodiments described herein.

88331 Various modifications may be made o the disclosed embodiments and
implementations of the invention without departing frony their scope,  Therefore,

the Hustrations and examples herein should be construed in an flustrative, and

nol g restrictive sanss.
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LAIME

What is claimed is

el

A system, comprising:

a camera to identify a physical object positioned ina workspace,;

a display {o display first digital information in the workspace;

a layenng madule to treat the physical object as g first layer in the workspace
and {o treat the first diigétai information as a second layer in the workspace; and

a controller to control the visual order of the first and second layers via display of

{he first digial nformation.

2. The system of claim 1, wherein the camera is at least one of an infrared camera

or a visible-light camera.

3, The system of claim 1, further comprising:
the controfier {o alter the display of the first digital information to mainiain an
exisling visual order Debwaen the first and second layers in response to a change in

position of the physical objec! relative to the first digita! information.

4, The system of claim 1, further comprising:
a user inpul module {0 recelve user inpul, and
the contradler o alter the display of the first digital information (o alter the visual

order of the first and second layers.
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5. The system of clalm 1, further comprising:

the display 1o display second digital information in the workspace; and

the layering module to treal the second digital information as a third layer in the
warkspace,; and

the controlier to control display of the first and second digital information o alter

the visual order betwean the first, second, and third layers.

8. The gystem of cﬁairﬁ 1, wherein the display is a digital profector.
7. & computer-readable storage medium containing instructions that, when
gxecuted, cause a computer to

identify 2 physical object positioned in a workspace,

associate the physical object with & first layer;

display digital information as a second layer in the workspace; and

altegr the visus! adjacency between the first and second laysrs.

8. The compiter-readable storage medium of claim 7, comprising further
instructions that! cause the compuler

maintain an existing visual adjscency between the first and second layers iy
response o a change in position of the physical object relative to the displayed digital

formation.
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8. The computer-readabie storage medium of dlaim 7, comprising further
instructions that cause the computer to
dispiay additional dightal informationas s *h;rd tayer in the workspacs; and

alter the visual adjacency between the firsy, second, and third layers.

ik
o

A megthed for a projector-camera sysiem, comprising:

identifying a physical chject positioned in a workspace;

associating the physica! object with a first laver;

orojecting digital information as a second laver into the workspace; and

altering the visual adjacency betwsen the first and second lavers

1. The method of claim 10, wherein the physical object is identified via infrared

sensing.

12,  The method of claim 10, wherein the digital information comprises a digital image

or digital video feed.

13.  The method of claim 10, fusther comprising:
maintaining an exisiing visual adjacency betwsen the first and second laysrs in
response 1o 8 changs in position of the physical obisct relative 1o the projecisd digial

information

14, The method of claim 10, wherein allering the visus! adiscency comprises:

14
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receiving user inpul;
altering the visual adigcency of the first and second layers in response {o the

user input,

15,  The method of slaim 10, futher comprising:
profecting additions! digital information as a third layer info the workspace; and

altering the visual adjscency between the first, second, and third layers.
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DENTIFY PHYSICAL OBJIECT IN WORKSPACE £18

ASSOCIATE OBJIECT WITH A FIRST LAYER 520

i

é

DISPLAY DIGITAL INFORMATION AS A SECOND LAYER &30

i

ALTER VISUAL ADJACENCY BETWEEN FIRST AND SECOND
LAYERS 540
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DENTIFY PHYSICAL OBJECT IN WORKSFACE 810

;

ASSOCIATE OBJECT WITH AFIRST LAYER 620

é

DISPLAY DIGITAL INFORMATION AS & SECOND LAYER 630

:

DETECT CHANGE IN POSITION OF PHYSICAL OBJECT 840

é

MAINTAIN VISUAL ADJACENCY BETWEEN FIRST AND SECOND
LAYERGS 650

wz.tg«a
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