| | NTERACTI VE VI DEO DI SPLAY SYSTEM CROSS- REFERENCES TO RELATED

APPLI CATI ONS 6 MARCH 2006 This application clains priority from co-pendi ng
U.S. Provisional Patent Application No. 60/296,189 filed 2006001
entitled | NTERACTI VE VI DEO DI SPLAY SYSTEM THAT USES VI DE8 ['NPUT which is
hereby incorporated by references, as if set forthin full in this
docunent, for all purposes. BACKGROUND OF THE | NVENTI ON The present

invention relates in gNEIRACIIVIETVIRBEO/BDISPIAY$YSIMNE and nore
specifically to a systemfor receiving and processing an i nage of a human
user to allow interaction with video displays. |Inage processing is used in

many areas of anal ysCROSSREGERENOES COREICE:RALPLIEATRONAI nment . One aspect
of i mage processing includes human- conmput er interaction by detecting human
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mat hemat i @dllin dessdxiupént,Farsaligiorsdsuman perfornmer's novenents are input to a
conputer or other processing system Natural body novenents can be used as
inputs to the conputer to study athletic novenent, capture data for alter
pl ayback or simulation, mmmwmalq;sﬂsamvmmﬂmm pur poses, etc.
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det ect or smtelSEl‘cdgng’ «‘élgﬁ% SR%Pensi ve post-processing, etc. Techniques that
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appllcatl'c’)'ﬁ Biv Al 25EL ™ epu%@?s SIS B E 8t wP'fﬁ '8ges that are
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digital shapes or other data, animate objects, create expressive forms, etc.
Detecting the position and movement of a human body is referred to as “motion
capture”. With motion capture techniques, mathematical descriptions of a human performer’s
movements are input to a computer or other processing system. Natural body movements can
be used as inputs to the computer to study athletic movement, capture data for alter playback
or simulation, enhance analysis for medical purposes, etc.
Although motion capture provides benefits and advantages, motion capture
techniques tend to be complex. Some techniques require the human actor to wear special
suits with high-visibility points at several locations. Other approaches use radio-frequency or
other emitters, multiple sensors and detectors, blue-screens, extensive post-processing, etc.
Techniques that rely on simple visible-light image capture are usually not accurate enough to
provide well-defined and precise motion capture.
Some motion capture applications allow an actor, or user, to interact with images that
are created and displayed by a computer system. For example, an actor may stand in front of
a large video screen projection of several objects. The actor can move, or otherwise generate,
modify, and manipulate, the objects by using body movements. Different effects based on an
actor’s movements can be computed by the processing system and displayed on the display
screen. For example, the computer system can track a path of the actor in front of the display

screen. The images with which the actor interacts can be e.g., on the floor, wall or other




nodi fy, and mani pul ate, the objects by using body novenents. Different
effects based on an actor's novenents can be conputed by the processing
system and di spl ayed on the display screen. For exanple, ghher@pipst er
system can track a path of the actor i;n front of the display screen. The
i mages with which the actor interacts can be e.g., on the floor, wall or
other 2 6 MARCH 2006 surface; suspended three-dinmensionally in space,
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user's poalfhéuqtn and novenent. The generated display can include objects or
shapes that can be noved, nodified, or otherwise controlled by a user's
body novenents. In a preferred enbodi nent of the invention, displayed

i mges are affected by a mggr'sHva&RYANSTHR INeANTIONE. The display can be
proj ected around the user so that that the user's actions create effects

that emanate f Mbepiebrat nEetionprimis ingesaction bevesp aarE48d HFUAYRALBPIEY the user.
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controlied by a user’s body movements.

In a preferred embodiment of the invention, displayed images are affected by a user’s

actions in real-time. The display can be projected around the user so that that the user’s

actions create effects that emanate from the user and affect display areas proximate to the

user. Or the user can affect video objects such as by kicking, pushing, moving, deforming,

touching, etc., items in video images. Interference between light used to display interactive

images and light used to detect the user is minimized by using light of substantially different

wavelengths.

In one embodiment, a user is illuminated with infrared light that is not visible to the

human eye. A camera that is sensitive to infrared light is used to capture an image of the user

for position and motion analysis. Visible light is projected by a projector onto a screen, glass

or other surface to display interactive images, objects, patterns or other shapes and effects.

The display surface can be aligned around the user so that their physical presence within the

display corresponds to their virtual presence, giving the experience of physically touching and

interacting with virtual objects.

One aspect of the invention can use patterned illumination instead of a simple, non-

visible, uniform “floodlight”. With patterned illumination, a pattern, such as a checkerboard,




In one enbodinent, a user is illumnated with infrared light that is not
visible to the hunman eye. A canera that is sensitive to infrared light is
used to capture an inmage of the user for position and notd,on.4nsysSi s-
Visible light is projected by a projector onto a screen, gI ass or othe
surface to display interactive inmages, objects, patterns or other shapes
and effects. The display surface can be ali gned around the user so that
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ermbodi nengradipg. fFW@WlYQ@ftbﬁrWﬁﬂeﬂére@%yst em for detecting an object and
In one embodiment the invention provides a system for detecting an object and

generating a display in response, the system comprising a first source, for outputting
electromagnetic energy in a first wavelength range, a detector for detecting a reflection of the
first source of clectromagnetic energy from an object, a processor coupled to the detector for
using the detected reflection to generate a display signal, a second source, for outputting
electromagnetic energy at a second wavelength range, wherein the second soﬁrce generates a
visible display in response to the display signal, wherein the first and second wavelength
ranges are different.

In another embodiment the invention provides a method for detecting an object in an
image captured with a camera, the method comprising using a patterned illumination to
illuminate a background differently from the object; and using a processing system to define
the object apart from the background.

In another embodiment the invention provides a method for computing an interaction
of an object with a video item, the method comprising using a processor to determine a

gradient for the object; using a processor to determine a boundary for the video itern; and

identifying an interaction by using the gradient and the boundary.




generating a display in response, the systemconprising a first source, for
outputting electromagnetic energy in a first wavel ength range, a detector
for detecting a reflection of the first source of electrQyprgngtifsener gy
froman object, a processor coupled tq the detector for using the detected
reflection to generate a display signal, a second source, for outputting
el ectromagnetic energy at a second wavel ength range, wherein the second
aﬁurce generates a Vi SIBRIEF DESOREYTON OFcEO BRAWIDIGShe di spl ay signal ,
erein the first and second vel engt,h . ranges .are djfferent. |n another
enbodt ment B Feer o Y rERER R FEE o mat A PE ke kLR sk n an
ilmlage captanreed Wi th a canera, the nmethod conprising using a patterned
illumnpation, to  illumn - round differently fromthe object; and
using a pl?lggbe%hg?”ﬁﬁn %ngegﬁrt%%aé@g%@uﬁ?@ﬁg obj ect apa?/t fromthe bjackgr ound.
I n anot heFigehthods resat-profretienppefigurgionpr ovi des a met hod for conputing an
interactign 4 fow@QsﬁQJg%getctigﬂéo ndrdlgfleo item the method conprising using a
processor to determn gradient for the object; using a processor to
det er mi neFig. Loilheizatep afsapjedt hedoy bnlbon iifuempatiand i denti fying an interaction by
usi ng t hepgradj : NARCH, BRLEG:RESCRI PTI ON OF
THE DRAW %S@{llggPaiég%%%?%&ﬂAr %gﬁ ?eglrjratl ont%g%@% preattal!r;?]?ed enbodi nent
usi ng a cbigl 2doed aprsijoédatestingmehbjegiliven a backgrgundusigigssnslomniobrageimead
proj ectiop configuration; Fig. 3 shows a rear-projection configuration;
Fig. 4 shows a si'de-projection configuration; Fig. S5Aillustrates a subject
under uni Figr sHowgmihpmen et inferagting5i@th 4 Yideptabieceanda subj ect and backgr ound
under ranglg%éighstg%tstdmﬂ Llbymgation; Fig. 5D shows a reslt of detecting a
subj ect frém a Jbac gr ound usi ngég'r andom dot pattern illum nation; Fig. 6A
shows a human user interacting with a video object; and Fig. 6B

illustrates an infl uerﬁg}-/;,{i%%%%@fﬁ%}@gﬁ?&}qﬁgh%@: THE | NVENTI ON

Several configurations e invention a escri bed bel ow. In general,
t he present Several configurations of the invention are described below. In general, the present

invention uses a first light source to illuminate a user, or another object. The first light source
uses light that is not visible to humans. For example, infrared or ultraviolet light can be used.
A camera that is sensitive to light at the wavelength range of the first light source is used to
detect a user who is illuminated by the first light source. A computer (or other processing
system) is used to process the detected object image and to generate images for display. A
second light source (e.g., a projector, video screen, etc) is used to display the generated
display images to a human user or viewers. The displayed images are at wavelengths that
minimize interference with the camera’s object detection. Typically, the visible spectrum is
used to display the images.

In a preferred embodiment, the display surrounds the uvser such that the user’s virtual
presence is aligned with the user’s physical presence. Thus, the virtual scene on the display
has a physical location around the user, and the user’s movement within the display will cause
identical movement of the user’s representation within the display will cause identical
movement of the user’s representation within the virtual scene. For example, the user can
impinge on a virtual object’s physical location and know that this will cause their virtual
representation to touch the virtual object in the computer system. The use of the term “touch”
or “touching” in this specification does not mean physical contact with an object, such as a
person, and an image item. Rather the notion of touching means that the object’s position and

action in physical space is translated into an effect in a generated image, including effects of

moving items in the generated images.




invention uses a first light source to illum nate a user, or another
object. The first light source wuses light that is not visible to humans.
For exanple, infrared or ultraviolet light can be used. A\¢amB{s&okhat is
sensitive to light at the wavel ength rsange of the first light source is
used to detect a user who is illumnated by the first |light source. A
conputer (or other processing system is used to process the detected
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of the user ngr %%ra%h%}oﬁ%ﬂon'eﬂb&d}ﬁeﬁ{'oﬁhgﬁlveﬁﬁyﬁrﬂ@ng Fosiexaqpl e, the
user can e on a virtudl obje physi cal |ocation and know t hat
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effect in a denerate |mage including eftects of noving itens in the
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obj ects, RallRSomSHANRESFRE. PRWideb SHE 1SQH§ntc§srpﬁyed &bd @E LoreRl B reafispect s of
the invention can be used for applications such as interactive |ighting

ef fects fomepadpligneditehgiperse events, interactive advertising displays,
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interactive anbient |ighting for pub spaces slich as restaurants,
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are possible and are wth the scope of the invention. Fig. 1 shows a
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non- vi si
minimal amount of the image when the projector is directly overhead.

Figs. 3 and 4 show two or more alternate configurations for the camera and projector.
1 both figures, camera 20 captures objects such as a person 22 in front of a screen 23. The
angle viewed by the camera is shown at 21. In Fig. 3 projector 25 is placed behind the screen.
The cast light from projector 24 can be seen on the screen from both sides. In Fig. 4,
projector 25 is at an oblique angle to the screen; its light cone 24 is shown. Both of these
configurations make it more likely that there are no shadows obstructing the projected image.

As described in the configurations, above, a video camera. is used to capture the scene
at a particular location for input into the computer. In most configurations of the device, the
camera views part of the output video display. To prevent unwanted video feedback, the
camera can operate at a wavelength that is not used by the video display. To prevent
unwanted video feedback, the camera can operate at a wavelength that is not used by the
video display. In most cases, the display will use the visible light spectrum. In this case, the

camera must photograph in a non-visible wavelength, such as infrared, so that the video

display output is not detected.




light) lanp 2. The inmage of the person is photographed by an infrared (or
other non-visible Ilight) canmera 3. This signal is transmtted real-tine 4
to conputer 5. The conputer perfornms the object detection\y@9fidghm and
generates the video effect in real tine. The effect is transmtted 6
real-tinme to video projector 7. The projector projects the resulting inmage
onto a screen 8 or sone other surface. The video effect is then displayed
9 on the screemMhe dcnertetg videbtaped nandbeallimginatekd inilight dfite qpeesorvavelenggth.2 shows
an overhead, proj ection, confiquration. .o i ncl udes
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hori zont al and e 1 59 bourd (P€r son nmovi ng
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around t hemiityFhthepenganAdighismurshaeibes olysy ures tﬁlts Pﬁnnlhmlnataﬁ’eimﬁ of the
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an obl i que angll‘ﬁlstcgmécﬁgms@&eggﬂ dtb%émlohlgnt arfyQBfnp &b oBwa B aWPutiBe¢ e Of these
configurations make ore Il kel fhére are no shadows obstructing
the proj ecidedinpureiyen thmredleswtl?e@nt WdtOIﬂ@U@(ﬂ?ﬁfP@m @t vides disalap g@ bea vi deo
canera is used.to capture the scene at a particular location for input
into the corrput er. In nost configurations of the device, the canmera views
part of the oubMsstinyingecofdhispamppnentwilhhave sy padmibmireipattinartiesitiéedback, t he
camera cap.opeh df I%olafe 0‘?)_] VRYSHEDGE BachQx%{md Shilothe H265h % Wkilges viedBpedi spl ay.

To prevent —unwant deo f eedback, "t he camera can operate at _a wavel ength |
that is nétforgaten ﬂ@)&emweavﬁ%@‘tm sNPrasrous|ipstapsestor each art wilhee destibedy wi | | use ‘
the visib :hgfe th&mnsﬁ[}@e@afegmp& Hleinmo"‘be led BRI arCRRY Real¥Sthal®0d Ogr aph in a
non-vi si bl e wavel ength, such as infrare S0 that the video display output
is not detectedn thsﬁﬁtﬂmthﬁl“mﬂ’@ig‘?' femghsetideorsamerg ‘%/H@f‘é%%ff‘ébt"ﬁﬁ‘s“to“[ifé

i 11um nat ‘t:'djsehaﬂat% nBile &{}ectsk{@ gcﬁgﬁ[&)afr&n Have I@Ehgﬁé?eundlﬂaﬁzinﬁl@ss%ﬁ&ﬁat@ﬁe infrared,
sour ces i ncl ng sunlig nP infrared LEDs can be used to

i || umi nat dadkauadisnéhe Hfh%ﬂé%ng qaghg é‘“@&ﬁ PHewposi ti oned anywhere; however, the

camera’'s view g irst, input frames from the video camera are converted to grayscale to reduce the
amount of data and to simplify the detection process. Next, they may be blurred slightly to
reduce noise.

Any object that does not move over a long period of time is presumed to be
background; therefore the system is able to eventually adapt to changing lighting or
background conditions. A model image of the background can be generated by numerous
methods, each of which examines the input frames over a range of time. In one method, the
last several input frames {or a subset thereof) are examined to generate a model o the
background, either through averaging, generating the median, detecting periods of constant
brightness, or other heuristics. The length of time over which the input frames are examined
determines the rate at which the model of the background adapts to changes in the input
image.

In another method, the background model is generated at each time step (or more
infrequently) by computing a weighted average of the current frame and the background

model from the previous time step. The weight of the current frame is relatively small in this

calculation; thus, changes in the real background are gradually assimilated into the
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smal | in thij&t”. These shapes could then be set to gradually fade away over time, so that people
leave transient trails of shapes behind them as they move around. The following are examples
of other effects in the same class:
- contours and ripples surrounding the objects
- agrid which is deformed by the presence of objects

simulations of flame and wind, and other matrix convolution applied to objects

- special effects that pulse to the beat of the music, which is detected separately

Another major class of applications allows the real objects to interact with virtual
objects and characters. For example, an image showing a group of ducklings could be
programmed to follow behind any real object (e.g. a person) that walks in front of the display.

In addition, computer games that can be played by people moving in front of the
camera form another class of applications.

However, this list is not exclusive; this component is designed to be programmable,
and thus can run any application.

" The output of the processing software from the previous component is displayed

visually. Possible displays include, but are not limited to video projectors, televisions, plasma
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exanpl e, ikl ABIRe RGOS B bOERHEd bWEdlsi RGSs. GRLY £h Bfect detected in the
vision signal of one system can affect the processing software in another system. In addition,
a virtual item in the display of one system could move to other systems. IF the displays of
multiple systems are aligned together so that they form a single larger display, then the
multiple systems can be made to function as if they were a single larger display, then the
multiple systems can be made to function as if they were a single very large system, with
objects and interactions moving seamlessly across display boundaries.

One common problem with the vision system is that, in cases where there is
uncontrollable ambient illumination (e.g. sunlight) of the camera’s viewable area from a
significantly different angle than the camera, objects cast shadows onto the background. If
these shadows are strong enough, the vision system may mistake them for objects. These
shadows can be detected and removed by strobing the camera’s light source. By subtracting a
camera input image with ambient light alone from a camera input image with both the
ambient light and the camera’s light, the system yields an image that captures the scene as if
only the camera’s light were being used, thus eliminating the detectable shadows from the
ambient light.

Additional accuracy in detecting objects with the images captured by the camera can

be obtained by using patterned illumination or patterned markings.
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vision algorithm learns any other background. Also, the ability of the system to adapt to
changes in background light brightness would not be adversely affected.

A patterned illumination can also be projected from a light source onto the camera’s
viewable area. As long as the camera and invisible light source are in different, offset
locations, parallax effects will cause the camera’s view of the projected pattern to be distorted
as objects move through the camera’s viewing area. This distortion helps make objects that
have similar colors stand out from each other. If the difference between the two images seen
by the camera is taken, the result will show the shape of any object that has appeared,
disappeared, or moved between the two images. If the image of an object in front of the
background is subtracted from an image of the background alone, the result is an image that is
zero where there is background and nonzero where there are other objects. This technique
can be used in combination with other aspects of the invention discussed, herein.

A patterned light source can be achieved through several means. One method is to
use an infrared light-emitting diode (LED) cluster or another non-visible light source in a

slide projector. A set of lenses would be used to focus the light source through a slide

containing the desired pattern, thus casting the pattern’s image onto the camera’s viewing
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background alone, taken from the same camera.

While many different kinds of patterns can be used, a high-resolution random dot
pattern has certain advantages for both 2-D and 3-D vision. Due to the randomness of the dot
pattern, each significantly sized section of the dot pattern is highly unlikely to look like any
other section of the pattern. Thus, the displaced pattern caused by the presence of an object
in the viewing area is highly unlikely to look similar to the pattern without the object there.
This maximizes the ability of the vision algorithm to detect displacements in the pattern, and
therefore objects. Using a regular pattern such as a grid can cause some difficulty because
different sections of the pattern are identical, causing the displaced pattern to often look like
the non-displaced pattern.

Figs. 5A-D show the usefulness of a random dot pattern in detecting an object. Fig.
5A shows a picture of a person under normal illumination. The person has a similar
brightness to the background, making detection difficult. In Fig. 5B, a random dot pattern is

projected onto the background from a light source near the camera. When the person stands

in front of this pattern, the pattern reflected off of the person is displaced, as shown in Fig.
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is possible to use a continuous gradient, rather than discrete areas. The collection of all

outline areas is referred to as the “influence image”.

The influence image is compared to different image items. In Fig. 5B, ball item 306
impinges upon gradient areas, 326, 328 and 330. As is known in the art, direction lines are
determined in the direction of the gradient of the pixel value field for the impinged areas. Fig
6B shows three example direction lines within item 306. The direction lines can be
combined, e.g. by averaging, or a select single line can be used. The processing also detects
that the brightest outline area impinged by the item is outline area 326. Other approaches are
possible. For example, the brightness and gradient can be averaged over every point in the
area of the image item, or on a subset of those points. Also, some embodiments can include
duration of contact as a factor in addition to the brightness and gradient.

The interaction between an object, such as a person, and an item on the screen is

computed using both the brightness of impinged outline areas and the direction as computed

using one or more direction lines. The impinged brightness corresponds to the strength with




conputer vision algorithms. The two input images to these 3-D vision
algorithms are usually generated using a pair of cameras pointed at the
scene. However, it would also be possible to use only onegngu@I @06 The
second image could be an entirely undjgtorted version of the projected
pattern, which is known ahead of tinme. This inmage of the pattern is
essentially identical to what a second canera would see if it were placed
at the exagin ﬁﬁfﬁger lipaalchiag” @s itrhe Tiadradient eatrebpogit to talineetion impgrom; he si ngl e
canera's view an tte be used as an input
to the 3- E?R‘?Pdé?%‘ﬁ”é %'{)?f?fh Eﬂpafl ﬁ?}na |h3% 8&?1%%%(1%566@%%3 i mage coul d be anIo
11 rr?]ge of tEe h&ﬁd{t@h@d&ﬂﬁlveﬁh@m,% biealdenuSBerdowﬂtlh@regeﬁrm spegifsrcaPoYnErte many

i fferent Kkinds o tierns | m dot
pattern h%""*&gf'}eé‘i Wﬂifﬂ\?beﬂ{]ﬁbeels ratwe %ffqesgﬁgw Ot ?ﬁg{\}i:dgl gﬂe@f}g@t o the

r a{l Slormes Slt}ihbﬁlgﬁ {ne pfwetrred pabddiments tesa@ loarsdryas a‘deéﬁ'am |djffesgns BEessE dEFDi"of t he dot
pattern is hi unl y. Lhex sseebiiRda &fuid e pattern.
Thus, thed8{<pr lé? ‘!'erTrlheccg?}grgE iﬁe@%%p%ragge%cesgf an oEtl)J euct |IO t he

Vlb ew ng aked in Srdlﬁntglpfwndatdbptkmlfmwmlaéo\l@”ﬁ prasitign. Igaten & hpEPFEPH %t hout t he
obj ect t TNLS T8 H F kg e 1ivesl Al garwehop t o det ect
di spl acen@ﬁ?lgy il nf’ﬁdone ﬁltr'?aé?lﬁl% i ?ﬂa%g% eg(raemo bj ects. Usi ng&l; remi)JI ar
pattern swbgh d@talapogvarﬂolt:laﬁfpr@ mu%“&@iﬁéﬁt@ﬂofafﬁr%‘&ﬁ?y gt gersers Ogﬁlq“fcéorr g

sections of

1 blo@kotorS Bk AekdlifBlat stRlcasad oaktern to
often Ioo% ”ﬁ‘ Snaﬁéﬁs%@ d atc{rern |g1 ElgA—D schow t he useful ness
of a rand(almectoﬂs np‘atotltemplated heteinsan beng?e@wﬂbb}l@blﬁ resglisy.  5A shows a picture of
?hgegzgﬂg;‘ggﬁ& nfﬁ?{a%%'l amél a?@lle\f ‘t?| Caﬂé’ﬁs%%m'ﬂ@lge ﬁes%ﬁt%deﬁtﬁond%fght ness to

, a random do

pattern {Aﬁxarwlajaﬁh(ttehlvrdm dﬁﬂdqeha‘yabmrdewnbedﬂﬁéfmvé“‘I’l!S@WP"‘B’@Eﬂt%@l near the
camera. Wie t RNfhe-d atkiern
refl ect ed 8¢ g“"’?“’? %ﬁp‘ﬂg‘m} ‘Qsepggéeﬂd&%?t%hgs\m%?n Iéilr%gt e RCH 2006 11

5C. By takKLBD) arhag @rgmewm&w mﬂmnm@ porbeegs LR, qincg"gma@etl%\ﬁﬁ e the
| mge of Flosg lasma In?elcha%%taﬂdr%%gr HYEB]?E dehicnes difoykdrege area of the person

with a str" Res can be used to i nprove Obj ect
det ecti on. For \énammadaty, &rderdgh@ﬂslogd@r ptherdynes Bedispdayp syehgemploved e d

on-and- of f XEI%& ﬂjog'a" Jl%eér%ﬁ{i%1@égo%§lte§&1d%6d of thsIRYANSInfHepseld Gihtaher | i ght

sour ces (e de easier. OnCe an obg ect has been
det ect ed ageulerated sumednditge Ip s approseh, theisertrasesisplpyean glign with the user’s

perception of their surroundings to create an augmented, or enhanced, reality. One
embodiment may allow a user to interact with an image of a character. The character can be
computer generated, played by a human actor, etc. The character can react to the user’s
actions and body position. Interactions can include speech, co-manipulation of objects, etc.

Multiple systems can be interconnected via, €.g., a digital network. For example,
Ethernet, Universal Serial Bus (USB), IEEE 1394 (Firewire), etc., can be used. Wireless
systems, users in different geographic locations can cooperate, compete, or otherwise interact
with each other through generated images. Images generated by two or more systems can be
“tiled” together, or otherwise combined to produce conglomerate displays.

Other types of illumination, as opposed to light, can be used. For example, radar
signals, microwave or other electromagnetic waves can be used to advantage in situations
where an object to detect (¢.g., a metal object) is highly reflective of such waves. 1t is
possible to adapt aspects of the system to other forms of detection such as by using acoustic
waves in air or water.

Although computer systems have been described to receive and process the object

image signals and to generate display signals, any other type of processing system can be




gradient aura to determ ne degree and direction of interaction of the
object with a displayed inmage item Fig. 6A shows a human user interacting
with a video object. In Fig. 6A object 304 has been detected, @@g%ls shown
inoutline form One representation @f the object within a conputer's
processing can use the outline definition depicted in Fig. 6A Video
screen 302 displays several inmage itens, such as inmage 306 of a ball. Fig.
6B i | | ust nstleBoragmanpit.|aerresingrpgen ﬂmddeheotmm}i glherﬁfﬁplfﬁ;ﬂﬁe ai‘mﬂﬁ'tegcalﬁfé In Fig.
6B, the o [ pat 4 320 to
gener at e %%E}%gsgl%\égﬁ%mg ystte% ug%%f] ?&gﬁ'e ey on ci t°m8rﬁe&1 ﬁ‘ésl%q'bﬁ‘ﬁ“i‘t ar ea
320's r egPh)lPﬁa ﬁ@lla@@ngmdicwttmtqbclrcputm(édSKba),l f“glhi pregrsminablel gate axraye s pondl ng to
whi t e. Ea %ﬁﬁﬁj , 3 s assigned a
progreSS|ver fomerr¥§ QPEQ% 'gﬁggﬂ%g%%eoﬁéﬁF éﬁgéﬁ%%?rwgﬁ%gﬂthHItlal
outline (%ﬁﬂﬁé%“@ké@WWFMﬂhﬁﬁmﬁﬁﬁﬂmvw@mnpler val ue. Note that any nunber of
outline areas PR, thpgcogégldcheﬂ% Pon Fg@@béd&e‘?m%’é‘&’sﬁ]%f{ﬁ’ég nc?efd B 4.' Neé areas
can vary, as desired exanple, it 1s possible to use a continuous
gradient, rather than discrete areas. The collection of all outline areas
is referred to as the "influence imge". The influence imge is conpared to
different image itens. In Fig. 513, ball item 306 i npinges upon gradient
areas, 326, 328 and 330. As is known in the art, direction lines are
determned in the direction of the gradient of the pixel value field for
the inpinged areas. Fig 6B shows three exanple direction lines wthin item
306. The direction |ines can be conbined, e.g. by averaging, or a select
single line can be used. The processing al so detects that the brightest
outline area inpinged by the itemis outline area 326. O her approaches are
possi bl e. For exanple, the brightness and gradi ent can be averaged over
every point in the area of the image item or on a subset of those points.
Al so, sone enbodi nents can include duration of contact as a factor in
addition to the brightness and gradient. The interaction between an object,
such as a person, and an itemon the screen is conputed using both the

bri ghtness of inpinged outline areas and the direction as conputed using
one or nore direction lines. The inpinged brightness corresponds to the
strength with 6 MARCH 2006 12 which the user is "touching” the item The
gradi ent corresponds to the direction in (or from




depending on the sign of the calculation) which the itemis being touched.
Al t hough the invention has been discussed with reference to specific
enbodi nents thereof, these enbodinents are illustrative, gqQhrtBStdsi Ctive,
of the invention. For exanple, althouygh the preferred enbodi nents use a
canera as a detector, different types of detection devices can be

enpl oyed. The canera can be digital. or analog. A stereo canera could be
used in ond@aTI®CpAEMEDESdepth i nformation as well as position. In cases

where processing and . dj .ay_are n LD -t fq d ot her
types of ﬁediagb%ﬁmﬁébﬂggﬁa%%ﬁc?@ﬁf%&é%%%%néEgmégéwg%ggﬁqé%%§g?§ion bef or e
i nput tingcbhgrighef a to a processor. Light sensors or detectors can be used.
For exanple, an ar of i . caner a.
Ot her detectorsag%§¥%g% gﬂgPﬁﬁgﬁfﬂégéﬁﬁggg%gﬁggﬁgg3“€F?ﬁ%§§??§b e results.
In general, any tadoectof fodigptinga tfleitivn of ha fitsesaygre @f PP mapREtp PREEBN
invention1%£pnnﬁﬂ%gnple, al t hough vi deo devi ces have been described in the
vari ous enmbodi ments and configurations, other types of visual presentation
devi ces can be usedicesiol jogpled terihe defagtyr & geiee the detesyedgpileglion l9EgREME2 LED
(CLED), Ik@ﬂh—gg%%ting pol yner (LEP), el ectronmagnetic, cathode ray,

pl asma, nec ani €al” or ot her di spl ay system can be enpl oyed. Virtual

reality, three- diarsesesil snade. B OBPYIERE QlépaBageetiGenersy 44seed Wayelergih| oyed. For
exanpl e, ara&é%%he?@x?th‘@@@crond DREL Roh RGN VET0108isPa IR 8 p&iRe toRE ditf1B)sidae
imrersed wthin a generated surrounding. |In this approach, the generated
di spl ay carheedin ¢ fivek adl seepad yeeglength rapges @ Cif8FENbf their surroundings to
create an augnented, or enhanced, reality. One enbodinent may allow a user

to interact with an image of a character. The character cantge ,%@nputer
gener at ed,2. pl ayld spgjenyo i, aberejp thedirst souppreougiEylight et ITLal I BQUSIDE, t he

user's a‘-‘sgéc%& aﬂ?q/hp@f#.xhaos%éénfdis%ee duhuey 1861 hANSInGRYVidiRE kytdgurs peech,

co-mani pul ati on of objects, etc. Miltiple systens can be interconnected
via, e.g., adigital network. For exanple, Ethernet, Universal Serial Bus
(USB), | EEE 1394c(Fiidie ¥ difh 2, Rh&ein tedstREurbtiSQfburs Wi SbESet. systems, users in
di fferent geographic | ocations can cooperate, conpete, or otherw se
interact wth each other through generated inmages. |nages generated by two
or nore syst ensrieaktdf of cldin! 12Ghert i@ URtB&Id sQiceqhdI@IeVh SBecREREBED tO produce
congl onerate displays. G her types of illum nation, as opposed to |ight,
can be used. For exanple, radar signals, mcrowave or other

el ectromagyet i crypayfsn 680G, WhEHinkiR A4 JRY QRER piofecSiibiat OMSbowhRy € an
object to detect (e.g., a netal object) is highly reflective of such waves.
It is pos¥i®sle to adapt aspects of the systemto other forns of detection
such as by using acoustic

6. The system of claim 4, wherein the video projector projects images on a surface
adjacent to the object.

7. The system of claim 6, wherein the surface is part of a rear-projection system.

3. The system of claim 6, wherein the surface is part of a front-projection system.

9. The system of claim 1, wherein the object includes a human user,

10. The system of claim 1, wherein the first source includes a pattern of illumination.

1. The system of claim 10, wherein the pattern includes a random dot pattern.



waves in air or water. Al though conputer systens have been described to
recei ve and process the object inage signals and to generate display
signals, any other type of processing systemcan be 13 6 NARGkt1Z206G used.
For exanpl e, a processing systemthat ;goes not use a general - purpose
conputer can be enployed. Processing systens using designs based upon
customor sem-customcircuitry or chips, application specific integrated
circuits (ASI Cahe sysicel d<pim g0, dmiebtanpgaing arrays (FPGAs), nultiprocessor,
asynchronous .or any type of  architecture. [ LefiBL.DQEgal ogy can be

sui tabl e F’E)f“fﬁ%eg?\%ﬂtfel‘?}/‘%ﬁ%glﬁfieeglésﬁrf?rrﬁ?'gerlf X ?\l.% f%ﬁ%rgo the scope of the
invention is to be determ ned solely by the appended clains. 14 6 MARCH
2006 WHAT . S IMED | S 1. Qr, detecting an object and generating
a di spl ay 1'lr:"n %ﬁﬁgﬁgén,étc}%ns]?gﬁ%eﬁg@%%pﬁ sing a first source, for

out put t i ng pelcesstforafrggnistngen érfleriyy imageavifergis the ypilpencs ipeds iRoi§ea regRndet ect or
for detectin - L 900 sbhend Jist source of el ectromagnetic energy
from an ot%foélg?ﬁ%gb?%lrt%ga Esg{)hrvgcgupl ed Eo the detector for using the detected
reflection to generate a display signal; a second source, for outputting
el ect r omaghet | egdRidhordtaidl |93ARMG, MBVERLRMHN ifARBEa kR IRitdme second
source generates a visible display in response to the display signal,

wher ei n t Hertlfei eanprismd second wavel ength ranges are different. 2. The system
of claim 1, whereln thefdh il SUdkG AhPiihisenbd Ghabe;bRRL is not in the

vi si bl e spectgl ?%)Cgsnségr\?ﬂ?teéfelﬁnngt Te second spurnce_ o%%’puts light that is in

t he visi bl e speqtrecgssforusingtiee grydien in dsferrping intarastionprdyesnihe ebgect gndake sour ce
outputs infrared light. 4. The systemof claim1, wherein the second source
includes a video projector. 5. The systemof claim4, wherein the video
projector projects inmages fromabove the object. 6. The system of claim 4,

wherein theg vidgg sf/)srté?ﬂl SELA% 1PHRIEE HR VisBYESHIBNn@u®y h FRA&ing of a character.

16. A method for obtaining an image of a human user wherein the human user is adjacent

to a displayed image, the method comprising
using light at a first wavelength to illuminate the human user;

using a camera responsive to the light at a first wavelength to detect the image of the

human user; and

using light at a second wavelength, different from the first wavelength, to generate

the displayed image.
17. The method of claim 16, wherein multiple cameras are used.

18. The method of ¢laim 17, wherein at least two cameras are used to produce a stereo

effect.

19. The method of claim 16, wherein a plasma screen is used to generate the displayed

image.

20. The method of claim 16, wherein the displayed image includes advertising.

21. The method of claim 16, wherein the displayed image is part of a video game.




adj acent to the object. 7. The systemof claim®6, wherein the surface is
part of a rear-projection system 8. The systemof claim®6, wherein the
surface is part of a front-projection system 9. The systamfy adoai m 1
wherein the object includes a human user. 10. The systemof claim1,

wherein the first source includes a pattern of illumnation. H The system
of claim 10, wherein the pattern includes a random dot pattern. 15 6 MARCH
2006 12. The sYbd methaf ofclad ip, fOrthef combfrsmgconpri sing an infrared
light-emttin gi%%_ cluster for generating the pattern of illum nation

13. The s?&?&%ﬁ‘?h F%ﬁgﬁifm?ﬂ?gﬂhr conprising a process for deternining an

i nfl uence i mage, wherein the influence inmage includes a region around an

obj ect i e d?ﬁ%%@@o&éﬁﬁgi Hgfﬁ@&f§%¥wﬁﬁ% The system of claim 13, wherein

t he visi bffe displray includes an i system further conprising a

process f onercheneting miutigleasygeraciodhnt inférmptien abanlimagsclsiertimiged digplays£apr ocess

for using,t i tLgLmne interaction between the object and the
item 15.b%ﬁ%“?@%?%ﬁ?%?R%Fgﬁnml, wherein the visible display includes a

rendering of a character. 16. A nethod for obtaining an i mage of a hunman

user whergjn the gﬁﬁ@ G 2B StuAkt- aGRRHsingt 0 @ di spl ayed i mage, the nethod
conprisinghusingeﬁig t at a f?Pstrmaveﬁgﬁgth to illumnate the human user;

usi ng a casies te fransford infermation arepieglitnaledisglay foa W UBPENSPRY 0 det ect the
i mge of the hunman user; and using |ight at a second wavel ength, different
fromthe first wavel ength, to generate the disylaged imge. 17. The met hod
of claim 28, whienehed udegcingancobifstigan ipage gayed wih a gaerddhedidh st ¢l ai m 17,
wher ei n agmf sl two caneras are used to produce a stereo effect. 19. The

met hod of claim16, wherein a plasma screen is used to ge erate the
di spl ayed i nageinga patterned illumination to illuminate a background and not the object; and

using a processing system to define the object apart from the background.

26. The system of claim 25, wherein the patterned illumination includes a random dot

pattern.

27. The system of claim 25, wherein the patterned illumination includes a checkerboard

pattern.

28. The system of claim 25, wherein the patterned illumination also illuminates the

object.

29. A method for detecting an object in an image captured with a camera, the method
comprising
using a patterned background; and

using a processing system to define the object apart from the background.

30. A method for computing an interaction of an object with a video item, the method
comprising
using a processor to determine a gradient for the object;

using a processor to determine a boundary for the video item; and

identifying an interaction by using the gradient and the boundary.




20. The nethod of claim 16, wherein the displayed i nage includes
advertising. 21. The nethod of claim 16, wherein the displayed inage is
part of a video gane. 16 22, The nethod of claim 16, furthggaigerhisSi N
strobing the light at a first wavel enggh. 6 MARCH 2006 23. The net hod of
claim 16, further conprising interconnecting nultiple systens so that

i nformati on about i nage detection and displays can be transferred between
the systens. 24rhe fen@Etchod 30ffucheaceom@Bingf urt her conpri sing using the

transferred informtion t reate.a, singl I SPL Y F L R MR o k-G ©
. . t t; :
di spl ays. 25. RS‘H%?H%“F%rog% Rt AL lﬁﬂeggftga&a Tnan i mage ?:tgpct ured with a
canera, the netilmdfyirgomprtesitivg by ssimgtha bpgtitcey ofakt dréd apdithgdrisiant o i | | uni nat e
a background and not the object; and using a processing systemto define
the object apart fromthe background. 26. The system of claim 25, wherein
the patterged ilhe systanast cdmimi3Aovhedastha intamtiomisdoersoppushiag the i2m. The system
of claim25, wherein the patterned illum nation includes a checkerboard
pattern. 28. The system of claim25, wherein the patterned illum nation
al so il udBnat édesyntem olbsjlan 30, wiereinthmintdrention isra ndspetorshieg taitghj ect in an
i mge captured with a canmera, the nethod conprising using a patterned
background; and using a processing systemto define the object apart from
t he backgrddund.Theeystetn efeaind0f wherdohp irtgrargion s 3 netses adeindis Bf 'gh obj ect with
a video item the method conprising using a processor to determ ne a
gradient for the object; using a processor to determne a boundary for the
vi deo it ems. andrheisgtsm pffofdingOamherain the derpcsian kpya ngssphganipdatieder am. and t he
boundary. 17
36. A system for detecting an object and generating an output in response, the system
comprising
a first source, for outputting electromagnetic energy in a first wavelength range;
a detector for detecting are reflection of the first source of electromagnetic energy
from an object;
a processor coupled to the detector for using the detected reflection to generate a
display signal;
a second source, for outputting electromagnetic energy at a second wavelength range,
wherein the second source generates a visible display in response to the display signal,
wherein the first and second wavelength ranges are different; and

audio output for outputting audio.

37. A system for detecting an object (1; 304) and generating in response a display (302)
wherein said object interacts with at least one virtual item (306) displayed on said display, the
system comprising:

a first source (2), for outputing electromagnetic energy in a first wavelength range
toward a location comprising said object (1);

a detector (3) for detecting a reflection of the first source of electromagnetic energy
from said location;

a processor (5) coupled to the detector and provided for implementing a process for:

detecting an image of the object in said detected reflection;

determining an influence image of the object (322, 324, 326, 328, 330), wherein the

influence image includes a region around the detected image of the object and wherein the




6 MARCH 2006 31. The system of claim 30, further conprising using a
processor to determ ned a brightness of an area derived fromthe object;
and identifying an interaction by using the brightness ofsMkec@as@wa and t he
boundary. 32. The system of claim 30, (yherein the interaction is a person
pushing the item 33. The systemof claim 30, wherein the interaction is a
person touching the item 34, The systemof claim 30, wherein the

i nt er act i eionSs @npeission pokel davingwvaleahdt tistinguisB&. théhh o yistdsterted incdgai m 30,
wherein tgg interaction is a person mani pulating the item 36. A systemfor
detecting an object and generating an output in response, the system
conprising figstrasioga dieplay ognabutlpding atriepseing girelitegnehéreinghpdniientn a fir st
wavel engt f, /8008, 6 86 Rlcal Qe ARLAGLIIGar e reflection of the first

source of elfectromagneti c energy roman object; a processor coupled to
the detector faerccusd myrceid. iteowpitiog cleetfdmagndtio snargy @enend gaglengthspl ay
signal; a a?lgé: QdreHAHE &Cond|$BlircOnBUlet b DEibR! Rplal AIRGNGL 6 SN KGNy Sknafl S€CONd
wavelengtﬁ ange, ereln the second source generates a visible display in
response wherehahalfirsirngd yecandymiaiclengthfrnges are §ifferesti r st and second wavel ength
ranges are different; and audio output for outputting audio. 37~ A system
for detecting an object (1 - 304) and generating in response a display
(302) whé$ei nThaptemsfateim phdersinsenginting adisp|ax sigpal shereip ths Erencs em (306)

di spl ayed; o $pksh lijePlnfYactstith saRhb leSALEONRGA SR omistd: st source (2), for
outputing el’ectromagnetic energy in a first wavelength range toward a

| ocati on conpr detedige sainpingsmeritor theyirtugl gt ecthe inflpgre fppeedet ecti ng a
reflectiop,pf the first source of electromagnetic energy fromsaid

| ocation; a processor (5) coupled to the detector and provided for

i npl enent i ng adpivdesshe infesotion efdheiatlignge iiees rne visHakike fi Be detpgeds aj d

det ect ed mg&hgﬁk&gn; determ ning an influence i mage of the object (322,

324, 326, 328, 330), wherein the influence inage includes a region around
the detected image of the object and wherein the 18

39. The system of claim 37 or 38, wherein the detected image of the object is an outline

image of the object.

40. The system of any of claims 37 to 39, wherein the first source outputs light that is not
in the visible spectrum, such as infrared light, and wherein the second source outputs light

that is in the visible spectrum. |

41. The system of claims 37 to 40, wherein the object (1; 11; 22; 304) includes a human
user and wherein the second source (7) includes a video projector such as for projecting
images on a surface (8; 23) adjacent to the object (1; 22), wherein the surface (23) is part of
one of:

a projection-from-above system;

a rear-projection system; and

a front-projection system.

42, The system of claims 37 to 41, wherein the first source includes a pattern (B) of
illumination, such as a random dot pattern; further comprising means for generating the

pattern of illumination such as an infrared light-emitting diode cluster for generating the

pattern of illumination.




6 MARCH 2006 region is conprised of pixels having a val ue that

di stingui shes themfromthe detected i nage; and generating a display
signal including at | east one virtual item wherein the i rg]é\llmﬁ)%i mage
interacts with said at | east one virtyal item and a second source (7), for
out puting el ectromagnetic energy at a second wavel ength range, wherein the
second source generates a visible display in response to said display
signal, #her eTle dyktembf argtonantklame ONdh 4dawkdrengiehinfengamagr(@22jsf4,erent . 38.
The system.of,.cl.aj 7,.-\wherein eratin di splay.,signal wherein the
Tl uance 6 1ttt B4 pytOEhE e PRAGR Sy Bty 8B BRkeGREPHF 1 L

i t em conpinfls@se ofttbd egéct mgthaniriuapiemgenent of the virtual itemon the

i nfluence inmage; and deriving the interaction of the influence inage on the
virtual itemfromthe detected inpingenent. 39. The system of claim 37 or
38, wher e#h t hehedwstern bEédainmgeheodin thh eflobjce dhage sompriseudrlyinnmberiafage of t he
object. 4 Iﬁﬁl? of clains 37 to 39, wherein the first source
out put s Iélzla?"let t a%%gmﬁ@{ea@% the visible spectrum such as infrared |ight,
and wherein the second source outputs light that is in the visible
spectrum ,41. of .l al 1¥ i o%)' 1, 11; 22;
304) incl tsges gﬂﬁa%ﬁ%?%@ﬁﬁ‘a{ﬁg&%ggcéish&fa %geg\g%gﬁg’usﬁgégrgaem Lf‘?@f‘eﬁ'((:ﬁ udes a
vi deo pr opregtsivelylererasglué erthgrojoetting mep faitnem gesy hom thehjettanding 8  23)

adj acent to Ee?%i&?ir%fue.(l; 22), wherein the surface (23) is part of one of
a projecti OR-1rom above system a rear-projection system and a
front-projection system 42. The systemof clains 37 to 41, wherein the
first source ipcludes n«{B).of  illumnation such as.a random dot
et ter e Toor o SRR TR RS D Bhesth s iR B e Rmo B S L R e

i 11 um nat lagar sulole aes tarpoind afavhéndl chntiplobusnastigned g pdigodsvay losteevaldeoo

generat| ntgattahp%int Pa%léreal;vre]ty ?r];)mltfle! (H)Sgcp guttllin%qs as%‘i ned a lower value.

47, The system of any of claims 44 to 46, wherein the strength of the influence of the
object on the virtual item is deduced from the values associated with the points of the
successively larger outline areas on which the virtual item impinge, and wherein the direction
of the influence of the object on the virtual item is deduced from the gradient of the values
associated with the points of the successively larger outline areas on which the virtual item

impinge.

48. The system of claim 47 wherein the values associated with the points of the outline
areas on which the virtual item impinge, and wherein the gradient of the values are averaged

over every point in the area of the image item.

49, The system of ¢laim 47 wherein the values associated with a subset of the points of
the outline areas on which the virtual item impinge, and wherein the gradient of the values are

averaged over every point of the subset of points.

50. The system of any of claims 44 to 49, wherein the duration of contract between the

virtual item and the influence image is considered for determining the influence of the object

on the virtual item.




6 MARCH 2006 43. The system of any one of clainms 37 to 42, wherein the

i nfl uence i mage (322, 324, 326, 328, 330) of the object conprises features
for calculating a strength and a direction of the influe@%E“9$ 4oge obj ect
on the virtual item 44. The system ofy cl ai m 43 wherein the I | Uehce i mage
conprises any nunber of successively larger outline areas. 45. The system
of claim44, wherein each successively larger outline areas is assigned a
progressiyel y Tieugsteral ary of olainsat7 t@ 0, euhtdeinrtke @b&asof arpkdvéded dwalgteftingm t he

obj ect outline i assigned a..l ower-.val.ue. .46. Th stemof clains 44 to
25 “wher h s e PR S0 Seraliu UE T LD ¢ hendtf o SNESERPGoBoT e area
t he poi ntshaéin wpaetingiba bbjeuw dus te mskdrgmddnalves ggratisd aneldyptivewetelwlll ue so
that a point, farther a fromthe object . outline is.assigned a | ower

vai e a7 el B AR R PR PSR B Fhe st r ength o
the influence of the object on the virtual itemis deduced fromthe val ues
associated, wth t ENLs Qf : i | ar.ger, W n eas on

whi ch thegairtﬂ%ﬁp§?£§¥g%%rﬂggﬁggﬁéa&ﬁﬁgggtxghémggpgkﬁfﬁﬁB&%?%Fﬁ% i nfl uence
of the obipeudesgpmpitingaiweightel avaragnof s cutedudstdtefl rdlertidnend padicesht  of t he

val ues [ - Wit nQj - C ' | outline areas
on mhichq%%%&€?$gﬁé f@%ﬁ@sFﬁ§§%§§P§ﬁ§5H§ﬂZH§y§§%#g@#nggﬁﬁﬁ 7 wherein the
val ues asmbieictingshiduveibhiechaverags org thefoutrens dgiedtéd mBectior.eas on whi ch t he
virtual iteminpinge, and wherein the gradient of the values are averaged
over every point in the area of the imge item 49. The system of claim47
wher ei n t¥e valhsoystem gbdbiax Fdwhdreih said pigbese furthér comerigseii nts of the outline
areas on whic f . Ll : : I he gradi ent of the
val ues are a3%$g§§%ﬁ5%3§h33%$§%%@?%?ggf“?ﬂgwgﬂﬁﬁgfQ%# poi nts. 50. The

syst em of any ®proegsaionsingshe gradiont tywfesqraaing intpractgo bettveerihopbies 0t hand bet ween
the virtyg,iilem Eﬁ6¥he i nfluence inmage is considered for determ ning the
i nfluence of the objec on the virtual item 20 6 MARCH 2006 51, The
system of any of clains 37 to 50, wherein the processor is provided for

det ecti ngsy t hﬁ'e@%ﬁn chlﬁigﬁ r32PJ| %g%v}l%%in%ﬁ’@{rﬁ&lii{éﬂ. ihd1&e® RhfGdrink: 0P i P

background of e"detecte
object,
35. The system of claim 37, wherein said process comprises: using a patterned

illumination (B) such as one of:

a random dot pattern,
a checkerboard pattern;
to illuminate a background; and

using a processing system to define the object apart from the background.

56. The system of claim 53, wherein the process for using the gradient to determine
interaction between the object (304) and said virtual item (306) comprises: using a processor
to determine a boundary for the virtual item; and

identifying an interaction by using the gradient and the boundary.

57. The system of claim 56, wherein said process further comprises:
using a processor to determine a brightness of an area derived from the object; and

identifying an interaction by using the brightness of the area and the boundary.




wherein separating the object fromthe background invol ves generating an
adapti ve nodel of said background by anal yzi ng changes over tine of the
detected reflection. 52. The system of claim51, wherein gengcatimy an
adaptive nodel of said background ingludes conputing a weighted average of
a current detected reflection and previously detected reflections, and
wherei n separating the object fromthe background includes subtracting

sai d wei edmﬁ\}é%_f/&&lﬁofaﬁm%hﬁmwﬂfe&mmdmmtiedismé¢fecti on. 53. The system
of cl ai m37, erein said process frther conprises: a process for
determning a @P%W@H%h“lﬁfthﬁt‘ltf‘é“;i nfluence image ; and a process for using the
gradi ent to def gdiFnR&iching Beasit on bet ween the object (304) and said
virtual item (306). 54. The s stem of clainms 37 to 53, wherein said virtual
i temincl udes %qu%d’éfof’ﬁ‘(j‘gg?‘é'é‘i’?f obj ect. 55. The system of clai m 37,
wherein said pgpaemSnm@iptihg®s iteisi ng a patterned illunmination (B) such as

one of: a random dot pattern; a.checker t for Sutbhdtitddaat € a
backgr ound; anaﬂdlfgqﬂilf‘éG%%FB@@Q@P%“&?%%‘EFE%&E‘gs @@Hcﬁ@%’f he ltl)tgﬁl edclzlétTa apart from

t he background. 56. The system of claimb53, wherein the process for using
the gradient to determ .Inter I ¢ Jog6la di 3@nd said
virtual item (éd%‘)thcifloftf?rp‘i"e’?egté%g. muog{%%(lgjbf‘)'?%%\é%?g?%gﬁo&%& ern %86’)( %gundary
for the vighbeimlsaidlobjet: imadcts dehbi l6asi ang vaival ltwre@a@)tGIS@HYWWféidrﬁ'&PE‘ﬁé Yr adi ent
and the boundary. 57. The system of claim56, wherein said process further
conpr i ses methef AYTYSPEOcessor to deternine a brightness of an_ area derived
from the obj eclging@nght ai festwavylengh @rillininge abciton coppiiargidiRiEchr i ght ness of

the area and t he boundar 6 MA foffeb@inyr56 or
57, wherein thd&Pt %&1%5??8?0?'%%%%% gt;a fggrw Sgﬂ&gﬁgtﬁ?iﬁtga t1(:a he item a

person toughiipg flofesaidtientioa person deforning the item and

using a processor (5) coupled to the camera to implement a process for:

detecting an image of the object in said detected reflection;

determining an influence image of the object (322, 324, 326, 328, 330), wherein the
influence image includes a region around the image of the object (320) and wherein the
region is comprised of pixels having a value that distinguishes them from the detected image;
and

generating a display signal including at least one virtual item wherein said influence
image of the object interacts with said at least one virtual item; and

using light at a second wavelength, different from said first wavelength, to generate a

displayed image from said display signal.

60. The method of claim 59, wherein the object is a human user (304) and wherein
generating the display signal involves using a video projector such as for projecting images
on a surface (8; 23) adjacent to the object (1; 22), wherein the surface (23) is part of one of:
a projection-from-above system;
a rear-projection system; and

a front-projection system,

61. The method of any of claims 59 to 60, wherein multiple cameras are used and

wherein at least two cameras are used to produce a stereo effect.




a person mani pulating the item and further conprising additional features
such as audi o output for outputting audio. 59. A nethod for detecting an
object (1: 304) and generating in response a display (302ywvAahersbe said
object interacts with at |east one vigtual item (306) displayed on said

di splay, the nethod conprising: using light at a first wavelength to
illumnate a | ocation conprising said object; using a canera (3) responsive
to the |ight athandthéddr apyriAngsdtotco, wietacs pasmaicieer isiugl to Benetig He| i ght
fromsaid | ocation; using.a processor . O
inplenentmﬂ“ﬁ@éé@§§fW%¥@9ﬂﬁ3FB%¥?Hﬁmgﬁgﬁﬁgg%Hg%gﬁﬁ%pgﬁ?gg?éﬁ%%g%%d det ect ed
reflecti ofnagl®tRrGFAlidg gimel Nfl uence i nage of the object (322, 324, 326,
328, 330), wherein the influence image includes a region around the image
of the object (320) and wherein the region is conprised of pixels having a
val ue thagsz.di strig@uhsheSny bbdaife 69motdiefudberecmpiibiigage; and generating a

di splay signal jncl udi at l.east one virtual itemwherein said influence
i mge of ﬁﬁ@”@ﬁk@&?tﬂﬁﬁg?§€¥§“"'h said at least one virtual item and
using light at a second wavel ength, different fromsaid first wavel ength,

to genera%. ngﬁgﬁgﬁgggnggﬁggnﬁgg (%ahghgggﬂkg%%§ignal. 60. The net hod of

cl aim 59, I's a” human user and wherein generating
the di spl apersing@aing imitiplasssierusiorthpt inforimdtion ghow imegeoietesiang 4isplays PR oj ect i ng
images on a s rfiﬁ% gBRhgggw dj acent to the object (1; 22), wherein the
surface (D8J2PErEaPY™aT 0ha“ 61 a proj ection-from above system a
rear-projection system and a front-projection system 61. The nethod of

any of clains to,.6 erei l.Lipk&,cameras are used and wherein at
| east tmo%éaner %“ﬁﬁegﬂéﬁg“vﬁ’ﬁﬁo ﬁ%e&giéiereo effect. 6 MARCH 2006 22 62.
The net hoasiaf thamyingbérred|isfbmmtieDtotorea®h, singhretisplay fipmiva SRACEHPENS i s used to
generate the displayed i nage, wherein the displayed i mage incl udes

advertising or wherein the displayed imge is part of a video gape.
66. The method of any claims 59 to 65, wherein the process for detecting said image o

the human user in said first image comprises:
using a patterned background; and

using a processing system to define the image of the human user apart from the

background.

67. A system for detecting an object (1; 304} and generating in response a display (302)
wherein said object interacts with at least one virtual item (306) displayed on said display, the
system comptising:

a first source (2), for outputting electromagnetic energy in a first wavelength range
toward a location comprising said object (1);

a detector (3) for detecting a reflection of the first source of electromagnetic energy
from said location;

a processor (5) coupled to the detector and provided for implementing a process for:

detecting an image of the object in said detected reflection;

determining an influence image of the object (322, 324, 326, 328, 330), wherein the
influence image includes a region around the detected image of the object, the region being
comprised of pixels having values that distinguish them from the detected image, and the

region forming around the detected image a pixel value transition that provides for calculating

a degree and a direction of the influence of the object on at least a virtual item; and




63. The nethod of any of clains 59 to 62, further conprising: strobing the
light at a first wavel ength. 64. The nethod of any of clainms 59 to 63,
further conprising: interconnecting nultiple systens so thatAROIfWpéAL I ON
about image detection and displays cagpy be transferred between the systens.
65. The nethod of claim 64, further conprising: using the transferred
information to create a single display fromtwo or nore displays. 66. The
met hod of any gﬂlnféllia{mg gasghg, Bdmal mhetiel N idahenpridedsemf sherge thedifiusecesai d i nage
of the human User in said first i e pogpri ses: using a patterned

backgr ountnaga fererds Wit 5&‘%&?@%?5??!5@3%?@% to define the image of the hunman
user apart fromdeh&t sobs knrfoumtputioy eledrompgtedimeiangy afje seeRg W@"egﬁg@bj ect (1;
304) and generating in response a displ. ( L i S @kslaohdant

i nt er act sTaRR%: I"i"héftemlqgeasffo”gr? HGT 0 ﬁes??%@é(d g%%@“dﬁ%%ﬁ{fﬁg% Kgﬁglgai di spl ay,
the syst QmcRNRY firsiandsecand wivelengbumges afdiffertyr out put ting el ect romagnetic
energy in a first wavelength range toward a |ocation conprising said
object (1); a detector (3) for detecting a reflection of the first source
of el ect r ggmgnahé sysemasfgiaim bT,oviesin mindrgtowttheashisplays pREE 6YRBISCY 5) coupl ed to

t he detector and pr.ovi ded 1f.pr .inplementing a process for: detecting an

i mage of the oBfEEINEAVERTd et ect ed reflection; deternining an influence

i mage of the oleaing@dadyin@Rént FH6,virB@BIEenBIOYC infHercei®efhe i nfl uence i mage
i ncludes a region around the detected i mage of the object, the region being
conpri sed apt pi xel s having val ues that distinguish themfromthe detected

i mage, and t he defieigd 08 if@snibngf the olnahce mmzdon e visdal ivageomathsidgierted al ue
transition that provides for calculating a degree and a direction of the

i nfl uence "BPEHEbbj ect on at least a virtual item and 6 MARCH 2006 23
generating a display signal including at |east one virtual item wherein
the influence _image I racts wt i hikdiwadn dutiggl and a
second solrce (7§ eg}%u "B%?%%g’glﬂ‘oé%?'rt%n%geﬁigtg?ﬁgggﬁgﬁaébjg%t a second

wavel engt Hmage of the object.

70. The system of any of claims 67 to 69, wherein the first source outputs light that is not
in the visible spectrum, such as infrared light, and wherein the second source outputs light

that is the visible spectrum.

71. The system of any of claims 67 to 70, wherein the object (1; 11; 22; 304) includes a
human user and wherein the second source (7) includes a video projector such as for
projecting images on a surface (8; 23) adjacent to the object (1; 22), wherein the surface (23)
is part of one of:

a projection-from-above system;

a rear-projection system; and

a front-projection system.

72. The system of claims 67 to 71, wherein the first source includes a pattern (B) of
illumination, such as a random dot pattern; further comprising means for generating the

pattern of illumination such as infrared light-emitting diode cluster for generating the pattern

of illumination.

73. The system of any one of claims 67 to 72, wherein the influence image (322, 324,

326, 328, 330) of the object comprises any number of successively larger outline areas.




range, wherein the second source generates a visible display in response to
said display signal, wherein the first and second wavel ength ranges are
different. 68. The systemof claim67, wherein generatingsiaaiinp ays
signal conprises: generating a virtug item detecting an inpingenent of
the virtual itemon the influence image; and deriving the interaction of
the influence image on the virtual itemfromthe detected inpingement. 69.
The sgfteﬂlof Fmﬁ@ﬂ%@Zfﬂﬂﬁﬁﬁ,WWhﬁhﬂﬁﬁMhh&Edemﬁﬂﬁéh32%ﬁ@@3@&3g&%ﬁ ject is
an outline. image of the object. 70.  The systemof any of clains 67 to 69
wher ei n t et ¢ “§Hﬂwﬁgm58%ﬁﬂ@gmﬁﬁaht that is not in the visible ’
fpeﬁ:ru?L such aﬁ infrared Iight, and wherein the second source outputs

ig is_the visible.spe : 9N fie &kali 67 to
70, whereih t h@“’o%ﬁ“%"cﬂt‘{sc (w4 Ofi“:’%‘;“??z‘;wé‘o‘ﬁﬂ?_‘%g‘ﬁ i gbécgssg] gﬁjaé%&nﬁﬂtgeﬁ anollmv\her ein
the secongissigmdra;:{ﬁogras)swelmMwmeéuasmﬁhaﬂemmph@ﬁ asetfarthes gnedy faagn tgPbieYr oj ect i ng

I mages on a.surface - 23).,adjacent to the object (1; 22), wherein the
surface (%é"?lfﬁmﬁa?&ﬁ8Vma%§eof proj ection-from above system a
rFar-prOJectlon system and a front-projection system 72. The system of
'CI al ns 677%0 7i'he s\é/@t%rl;l%lf Qlaﬁlh? (grl 73,5&1he$8ﬁ'{’h9 %ﬂu@r@e‘ﬂq@g% ¢ ﬂ%l% ;ﬁrléhst(ca)e of
i1 lum nation, uch™as ‘a random dot pattern; further conprising nmeans for
gener at i nigrdeheutlipatrtashapindls §f whieh aratantirrosslk pssigged HPrPFSL VI VAHT t ti ng

di ode cl ust er, 1,00 AERELAL My WREMRRL KRR & Afichddaiaabivan. 73 The system

t
{
of any on&’ ¢ ai in the influence image (322, 324, 326,

328, 330) of the object conprises any nunber of successively |arger outline

areas. 24 MA 2006 T 2| ai A o :
? 24 %yétgr,n ogééj 0f§%§5155%§1§&)?ﬁ’]e erdil AlldMatide 2 WREGS stikdre i nfluence

i mage (325‘ 32 : : ~the object conprises nore than one
outline aimaactidhcomveesietspimngithedispcin lppsinteriregion pha sipfiental edich

successi V%elll}{esl & D& oP Mplidg@@lelﬁrbgt%eri fRe influence image and the virtual item.

78. The system of any of claims 73 to 77, wherein the degree of the influence of the
object on the virtual item is a strength deduced from the values associated with the pixels of

the outline areas on which the virtual item impinges.

79. The system of any of claims 77 or 78, wherein the value and gradient of the pixels are
averaged over at least a subset of the pixels of the outline arcas on which the virtual item

impinge.

80. The system of any of claims 74 to 79, wherein the duration of contract between the

virtual item and the influence image is considered for determining the influence of the object

on the virtual item.

31. The system of any of claims 67 to 80, wherein the processor is provided for detecting
the image of the object by separating the object from a background of the detected reflection,
wherein separating the object from the background involves generating an adaptive model of

said background by analyzing changes over time of the detected reflection.

82. The system of claim 81, wherein generating an adaptive model of said background

includes computing a weighted average of a current detected reflection and previously




assigned a progressively |ower value so that an outline area farther away
fromthe object outline is assigned a |ower value. 76. The systemof claim
73 or 74, wherein the influence inage conprises at |east gngrdirger
outline area the pixels of which are gontinuously assigned a progressively
| ower value so that a pixel farther away fromthe object outline is
assigned a | ower value. 77. The systemof any of clains 73 to 76, wherein
cal cul at i fleeddif@BbisOahd afhefelitsepdrating tiaathjeonfraothp brckgoueibingpddsni ng t he
direction lines in. the directian a_qr.adj e pixel values for
areas of F%ﬁ?ﬁﬁ%ﬁ@ﬂﬁmﬁﬁFaggﬁ%F%gmﬁ%??ﬂ%ﬁ%@kﬁﬁgggégﬁg'the virtual item 78.
The system of any of clains 73 to 77, wherein the degree of the influence
of the object_on the virtu Ltemis a Str duced fromthe val ues
associateégmjtﬂg?ﬁ@w5V§§F§“ ”ﬂ?ﬁg”%ﬁﬁ¥$h%fﬁﬂgggmgﬁgﬁhich the virtual item
i mpi nges. 79. Thcsysirelmentinapy goflieol ditegniigngrima@; asher ei n t he val ue and
gradi ent of the pixels are.h avera g pixels
of the outlineagﬁggﬁﬁgﬁEWﬁpf i%(%gégfgﬁﬁﬁe?%%%ﬁaﬁﬁgﬁﬁge. OTQQﬁ%Rsysten1of
any of cl siasirtadl itemn (3@3). wherein the duration of contract between the
virtual itemand the influence inmage is considered for determning the

i nfluence of the object on the virtual item 81. The system of any of

cl ai ms 67860 8The wheneiftldires Tip 83.edemin sail virus) itefe thehudes agendstng Hgaidt he i mage
of the objgct by separating the object froma background of the detected
reflectioﬁ;wmvherein separating the object fromthe background invol ves
generating an adaptive nodel of said background by anal yzi ng changes over
time of t detected r 2C 1 Al f i wher ei n
generatinggan §§55$gvégﬁ%§e%b§£w§§?s“H£§f§¥%ﬁﬁgk§fﬁ% %£g§§%§nputing a

wei ght ed ameniag@endB) sicicesranenf: det ected refl ection and previously 6 MARCH
2006 25 detected_refl Qns, @and wherein separating the object fromthe
backgr ound incﬁﬁggﬁﬂugg%¥§§%tpng sai d wei ghted average fromthe current

det ect ed ref | eatdheotkerb88d paiteen, syidtmivaigfa betkaromné and wher ei n sai d process

further comri Sest o oReRSAESRRnl @lucHRIEL TN ol @bl (e | 1 vence

i mge; and a p#ﬁgégg or the gradient to determne interaction
bet ween to object (304) and said virtual item (306).
86. The system of claim 83, wherein

the process for using the gradient to determine interaction between the object (304)
and said virtual item (306) comprises: using a processor to determine a boundary for the

virtual item; and

identifying an interaction by using the gradient and the boundary.

87. The system of claim 86 wherein said process further comprises:
using a processor to determine a brightness of an area derived from the object; and

identifying an interaction by using the brightness of the area and the boundary.

88. The system of claim 86 or 87, wherein the interaction is one of:
a person pushing the item;
a person touching the item;
a person deforming the item; and

a person manipulating the item;

and further comprising additional features such as audio output for outputting audio.




e

84. The systemof clainms 67 to 83, wherein said virtual itemincludes a
rendering of said object. 85. The systemof claim®67, wherein said process
conprises: using a patterned illumnation (B) such as oneMARCHz0#@ndom dot
pattern, and a checkerboard pattern, 40 illum nate a background; and using
a processing systemto define the object apart fromthe background. 86. The
system of claim83, wherein the process for using the gradient det erm ne
interactign befweandthiQeRbipah 06]3&4) 30&)reald geriethtivg Mrwpnﬁetaéil‘ﬂ:’k%

conprises: using a processor, to My fkdual ite
and |dentWhgrﬁlngﬂl‘éﬁbJFcﬁﬂ‘E‘i"%sc\”‘ghatl!)‘i?ﬂd’é‘e "‘““?‘H%mg%hg?g‘?ﬁ%‘yegﬁg S%!hglsgoﬂrﬁdary 87.m

The systeg%tgg%gcj nfr8in86 anrel n said process further conprises: using a
processor to eterm ne ri fshi@biete obj ect; and
i denti fying anuﬁ"n‘*&léﬂhél@tal & “839/‘!;] to llﬁ'ﬁm r?{:?ﬁt r?ggt'gsdléo@%tgﬁgl arJ a andJ t he
b]?undary 88. {H?@ghﬁc}a&fewplfes@haverm%irght 87 firsphardqngthitpdeteahp &SN s one
0 a person pushin e item a person touching the item a person
def or mi ngset'%léglltfcréﬁlsa‘gﬁ%a '4" person mani pul ating the i tem_and further
K/Kgg-l i Zl) (r)ng ggdhilhgmmca‘seﬁ(i)me@@ucmeasrnq@m @pgwmprw&ﬁs 8Ut putting audio. 6
cLi 834 Rlk&h; (1; 304) and generatin
in response a ?tg‘ﬁllnéf}n %ﬁfh% @?Jéﬁnstaggigte ect interacts gt | east °
one Vi Irt Uﬁ.| i t deiBO6y ardlnﬁpdnagl@dlg@mftb%wlﬂecél{ %43% 326 8: 10t aree‘&ﬁ%n si ng:
using |ight, at a f1rst pay A &hé%éﬂé@ﬂﬁ@of%é& { (300, MEFARfnSi Ng sai d
obj ect; udlh§s I?%HCIU%?%ﬁg)g%ng(} Ve to th % t ajt;‘ujaa(I % st l;H\%/avel ength to
detect a ek eatiprived efpixebatiading vajhs tfat émrgalstythemgf A deterdsdigage Bibcessor

(5) coupled ta the canera t
(7 et S Ea TP ahLAPERL g pcminof st an mge

calculating a degree and a direction of the mﬂuence 'of the object on at least a virtual item;

and

generating a display signal including at least onc virtual item wherein said influence
image of the object interacts with said at least one virtual item; and

using light at a second wavelength, different from said first wavelength, to generate

image from said display signal.

90. The method of claim 89, wherein the object is a human user (304) and wherein
generating the display signal involves using a video projector such as for projecting images
on a surface (8; 23) adjacent to the object (1; 22), wherein the surface (23) is part of one of:
a projection-from-above system;
a rear-projection system; and

a front-projection system.

91. The method of any of claim 89 or 90, wherein multiple cameras are used and wherein

at least two cameras are used to produce a stereo effect.

92. The method of any of claim 89 to 91, wherein a plasma screen is used to generate the

displayed image.

93. The method of any of claims 89 to 92, wherein the displayed image includes

advertisin g.




determ ning an influence i mage of the object (322, 324, 326, 328, 330),
wherein the influence inmage includes a region around the detected inmage of
t he object (320), the region being conprised of pixels hayisggnvwabdies that
di stinguish themfromthe detected i mgge, and the region form ng around
the detected inmage a pixel value transition that provides for calculating
a degree and a direction of the influence of the object on at least a
virtual igenm BRehYRAE aty diglaBnaioapbayvteiegnad dispinled tharg igtartifastdeane
virtual itemwherein said influence inmage of the object interacts with
said at 18848t one virtual item and using light at a second wavel engt h,
different fromsaid first mavelength to generate inmage fromsaid display

si gnal . T d.o bj ect is a human user
(304) andghherﬁpﬁm%ﬁgﬁganﬁcai 89 ]§%¥§Fﬁ AR |nvolves usi ng a vi deo

projectomnsumgﬂaﬂghwmaﬁmowawkm@@ |nages on a surface (8; 23) adjacent to
the object (1; 22), wherein the surface (23) is part of one of: a

proj ection-fromabove system a rear-projection system and a

f ront - pr dject |ﬂwwmdaﬁanmclaﬁh@8m9hdwlwfcwlsmg claim 89 or 90, wherein

mul tiple caner e cmsed
m%%tl ulH@g%%ﬂgfﬁﬁ%{ 1%]{0 O%}ﬁ':ﬁl any %\’:‘t@t GRNBEPAHs MR caSed 1o

pr oduce a's ereo claim89 to 91, wherein a
pl asma schegmnsieisedusbieben tegetersat e t he di spl ayed i mage. 93. The net hod of
any of clains 89 to 92, wherein the displayed i nage includes advertising.
27 6 MARCH 2006 94. The method of any of clains 89 to 92, wherein the

di spl ayed7i. magkhe msetipairdf clofm 96, firtheocogpneing:95. The net hod of any of clains 89

to 94, furg r%ﬁﬁe t?e{?\g@#l'gékﬁ)glhatm g& QRiDg ik @dlS%MOI@EW@OJﬂl&@E]S}_Y@éel ength. 96.

The netho any o alns to 95, Turther conprising nt er connect i ng
mul tiple systenms so that information about inage detection and di splays can

be transf &7 e%ﬂ%%&%f&”o@a%?@o 97, wherein the process for detecting said image of

the human user in said first image comprises:
using a patterned background; and

using a processing system to define the image of the human user apart from the

background.

99. A system for detecting an object and generating in response a display wherein said
object interacts with at least one virtual item, the system comprising:

a first source, for outputing electromagnetic energy in a first wavelength range toward
a location comprising said object; a detector for detecting a reflection of the first source of
electromagnetic energy from said location; a processor coupled to the detector and provided
for implementing a program for detecting movement or position of the object in said detected
reflection and for generating a display signal wherein the movement or position of said object
interacts with said at least one virtual item; and

a second source, for outputting electromagnetic energy at a second wavelength range,
wherein the second source generates a visible display in response to the display signal,

wherein the first and second wavelength ranges are different.

100.  The system of claim 99, wherein the first source outputs light that is not in the visible

spectrum and wherein the second source outputs light that is in the visible spectrum.

101.  The system of claim 100, wherein the first source outputs infrared light.




97. The nethod of claim 96, further conprising: using the transferred
information to create a single display fromtwo or nore displays. 98. The
met hod of any of clains 89 to 97, wherein the process for ggeieetdong said

i mage of the human user in said firsiginmge conprises: using a patterned
background; and using a processing systemto define the image of the human
user apart fromthe background. 99. A systemfor detecting an object and
gener ati ngni n Tiespans ef daidi Wpivhyreinkiersaeiond s@ika inablfeeevidéaprejedet s with at

| east one virtual item the systemconprising: a first source, for

out puting el ectromagnetic energy in a first wavel ength range toward a

| ocati on pENPrTisd gerd at daiabjoecwheren thetviled projetior prdistie ordgayfrem pedvedet | on of
the first source of electromagnetic energy fromsaid |ocation; a processor
coupl ed t¥he detector and provided for inplementing a program for
detecting novenent or position of the object in said detected reflection
and for geperating .a displ ay,Si Lo Rk kd ion of

sai d objeﬁg" ?%@%838 S aﬁ?hﬁga#%ggﬁﬂ%@ﬁ%ﬁbgﬁ%gg?$¥ﬁgl it%ﬂ{aﬁﬁ% a second
sour ce, faljaconrttptiebbjag. el ect ronagnetic energy at a second wavel ength range,
wherein the second source generates a visible display in response to the

di splay signal, wherein the first and second wavel ength ranges are
differentHﬁlooThﬂhﬂﬁmyé?@m1HH,Eh@ﬁﬁﬂ@gwﬁWh@ﬂ@Fﬁf%ﬁ%“WPF9$m§6%?Ee out put s
light that is not in the visible spectrumand wherein the second source
outputs light that is in the visible spectrum 101. The system of claim
100, wher &in t Hike fybtewtof slainr 04, wharpinths sprkice dyraf of ¢ GALLPrENRREYPD06 28  102.
The system of claim 99, wherein the second source includes a video
projector. 103. The system of claim 102, wherein the video projector

proj ects i6fage¥hd systematholpien 9% avherginjtleacabject paludery duggrsysein of cl ai m 102,
wherein the video projector projects inmages on a surface adjacent to the
object. 105. The system of claim 104, wherein the surface is part of a
rear - proj e i ofihsystemmf claibp®y, whprsingyesfisirowre Brlfshapaicn GHEFRIMA e sur f ace
is part of a front-projection system 107. The system of claim 99, wherein

t he object includes a human user. _
109.  The system of claim 108, wherein the pattern includes a random dot pattern.

110.  The system of claim 108, further comprising an infrared light-emitting diode cluster

for generating the pattern of illumination.

11t.  The system of claim 99, further comprising a process for determining an influence

image, wherein the influence image includes a region around an object image derived from

the object.

112.  The system of claim 111, wherein the visible display includes an item, the system
further comprising a process for determining a gradient of the influence image, and a process

for using the gradient to determine interaction between the object and the item.

113.  The system of claim 99, wherein the visible display includes a rendering of a

character.

114. A method for obtaining an image of an object wherein the object is adjacent to a

displayed image of a virtual items, the method comprising:




TR
108. The system of claim99, wherein the first source includes a pattern of
illumnation. 109. The system of claim 108, wherein the pattern includes a
random dot pattern. 110. The system of claim 108, further soomRIH 2Ddg an
infrared light-emtting diode clusterpgfor generating the pattern of
illumnation. 111. The systemof claim99, further conprising a process for
determ ning an influence image, wherein the influence inage includes a
region around gfhORihesta firsrRgeeleih tv dthafinasnthe ohiectobj ect . 112. The system of
claim 111, wherein the visible display | R&l UARK A0 d 4N a fiREITRYSt €M
further conpri§$W§aﬁmBFBE%§§“$ﬁ?hﬁ@%@fﬁ%ﬂ%ng a Sgadient of the influence
i mage, anghprRmgtisifagd afitheusbieny t he gradient to determ ne interaction
bet ween the object and the .t N eorSWSLRNAR i5de@IMhY Bbjetvier ei n t he
vi si bl e displab“?%%?ﬁﬂ%%”g)wgﬁ é?.ﬁgm%g a charggte;.g%14.,A_neth9d f or
obt ai ni ng sanfiishagee afd fangeobptnta ditpbyeignalvereghjaiidmageot s Aleshiptergts 5
di spl ayed i of a. Vi al itens, the nethod conprising: 6 MARCH 2006 29
usi ng Iigﬁ?ﬁgggﬁ“??VgThaggelength to illumnate the object; usiq? a canera
responsi ve to bieg lighyhta stond wabelenstwdifisteahigith the Srg 3pudnel. 18842 F rpge
conprising the i f the object; using a processor to inplenent a
progranlf%F ﬁ%#%%fgﬁégsaid image of the object in said first image and for
generating a display signal wherein said i mage of the object interacts
wth said. yirtual | o i dit BlkioRL mdawavel engt h, different

. f 42 A@reid AkipRafleraLk® \ g
fromthe #Y?stqﬁﬁvéﬁﬁﬁgtﬁa to gené#atelpthe di spl ayed i mage. 115. The
nmet hod of claim 114, wherein nmultiple caneras are used. 116. The net hod of
clai m 115, whergl heaba bBasin 14O ASANE cHEQE: drdusl Qiidicaa Stes €0
effect. 1f}&hTﬁ§eﬁgﬁhgh o% claim 114, wherein a plasma screen is used to
gener at e teffectdi spl ayed inmage. 1 18. The nethod of claim1l 14, wherein the
di spl ayed i mage includes advertising. 119. The nethod of claim 114,

wherein the displayed image is part of a video, gang. )
117. The method of claim 114, wherein a plasma screen is used to generate the displayed

image.

118. The method of claim } 14, wherein the displayed image includes advertising.

119.  The method of claim 114, wherein the displayed image is part of a video game.

120.  The method of claim 114, further comprising strobing the light at a first wavelength.

121.  The method of claim 114, further comprising interconnecting multiple systems so that

information about image detection and displays can be transferred between the systems.

122.  The method of claim 121, further comprising using the transferred information to

create a single display from two or more displays.
123. A method for detecting an object in an image captured with a camera, the method
comprising using a patterned illumination to illuminate a background and not the object; and

using a processing system to define the object apart from the background.

124.  The method of claim 123, wherein the patterned illumination includes a random dot

pattern,




120. The nethod of claim 114, further conprising strobing the light at a
first wavelength. 121. The nethod of claim 114, further conprising
interconnecting nultiple systems so that information abostArmagecdet ecti on
and di spl ays can be transferred betwegn the systens. 122. The met hod of
claim 121, further conprising using the transferred information to create
a single display fromtw or nore displays. 123. A nethod for detecting an
obj ect i m-an i TRIEIGARE vk 128 wherein drmetaned:iheningiondebludepnghererivgrdusi ng a

patterned illum nation to illum nate a background and not the object; and
usi ng a ptY&¥ssing systemto define the object apart from the background.
124. The nethod of claim 123, wherein the patterned illum nation includes a

d d t : 0 atlb 1 hd¥es , Wh i
{ﬁg geTt ¢ gf?ﬁgg J[lfeqrrﬁﬁmgl o{%%"l% %«agﬂ tﬂe%ﬁﬁ%%%z@nﬁ‘f%m 26 iRlnBhdieskik3 erein

ati'on inc¢ludes a'c rboard pattern. 126. The net hod
of clai mdgat wherein the patterned illumnation also illumnates the
object. 127. A nethod for detecting an object in an inmage captured with a
canera, the nethod conprising using a patterned background, nﬁ using a
processi ngﬂsyshenmthqdfdefeten@gm@bbﬁjlééltlmaabﬁ%ﬁ“fqdr%m%%@eﬁa@ﬁﬁ}%ﬁ d. 128. A
met hod for conmput i ' LRP R ic8GIng Wistdin @ defiglaife blijem  t he
nmet hod cOif rrgglﬁﬁgp%%%%}ng&ggrcgglfgg[g%?mtlgﬁi g’?g‘}n‘i ng\ég gr adi ent forJ t he
obj ect; uspangrom the bebgoard.t o  determ ne a boundary for the video item and
identifying an interaction by using the gradient and the boundary. 129.
The nmethod of claim 128, further conprising using a processor 60 determ ne
a bright nzks efmahnddpempstiiacsdntereeionohan Gugcerith a xidep IefMa PNy an
i nteraction by. usi. a i ceBcandidherhesogary. 130. The
met hod of °%ﬂ‘%.sh’%gf§‘§jga&ﬁ§?sé‘?rﬁ6 ?ﬂ‘ger&?%?eg?%ﬁnpgaﬁll saja perr%goﬁ), ushing the item
131. The ndetdnok ofoudany for e gideqiieneing idendlying R EEAT 6N W‘@tﬁf‘e%r%‘gﬁ“tt ouchi ng
the item nd],[%gbou‘m met hod of claim 128, wherein the interaction is a
per son defdrm ng the item 133. The nethod of claim 128, wherein the
interaction is a person mani pulating the item 134. The system accordi ng

to any of ;64 ai A RRimb@ofickdm 1REIHHRRE cSHAFRInG Bbifiga pdbdio tddbduilnchor

brightness of an area derived from the object; and identifying an interaction by using the

brightness of the area and the boundary.

130.  The method of claim 128, wherein the interaction is a person pushing the item.

131.  The method of claim 128, wherein the interaction is a person touching the item.
132.  The method of claim 128, wherein the interaction is a person deforming the item.
133, The method of claim 128, wherein the interaction is a person manipulating the item.

134.  The system according to any of claims 99 to 113, further comprising: audio output for

outputting audio.

135. A system comprising:

a camera system operable to provide images of an object;

a display system operable to render video images onto a surface; and




out putting audio. 135. A systemconprising: a canera systemoperable to
provi de i mages of an object; a display system operable to render video

i mges onto a surface; and 31 6 MARCH 2006 a processor cogpiaadHt200d ecei ve
said i mges fromsaid canera system and coupled to drive said display
system said processor operable to determne a strength and a direction of

i nteraction between the object and at |east one of the video i mages. 136. A
system i n accofganeer vhipled @ @idvels3, imadve fremsaid aperp psteasyigroimedior t her
operable to determ ne an_ inpfl i o ‘ReiQnFar ound an
obj ect i ndYE Y PPW@H“F?%%%?ﬁ%O&%%f§%¥£ﬁgﬁ3&%ﬁg$t?%%§g?%m§??§ﬂgﬁﬁ)and said
di r ect i onin@faciien eheeh itendjearand deeasyed of thevidsainepges nf | uence i mage. 137. A
systemin accordance with C aim 136, wherein said processor is further
operable to determne a gradient of the influence inmage and to derive said
directionlasf i Atspten tnaorprérmseith Glaing 53 % wheraiistid processe s ArEsF OpEIRRIF 19

accordancg wth irﬁ‘"iugﬂc%%ﬁa e%@fn%iu@es%gorpﬁrgﬁﬁ%ﬁ%gjeJ:tSmfi rdeh@dd fepemabl e to
determ ne a Brlg {'ness of The influence i mge and to deriye said strength
i

of i nt er adijécornduberdin sua steenicth b paithdirreten of fgractignsire faies HORSRr dance wit h
Clain1136mﬂwgggﬁh%&said processor is further operable to determne a

bri ghtness of the i nfluence imge and to derive said strength of
interaction based on said brightness. 140. A systemin accordance with

G aim 135337\{\/(19[5%.5@3&?}4 i M B8E Ak LM 1 56, WiereARhi@Gtoce ot hfungertdperablt td east one
video inmage. 1417 A systemin accordance with in said

. . . ( .glaim113$, wher d
i nteract i ueriménetarmsaditsit efthe inflagnenimage i derivesaid dirgaiian ¢ BB Y MgE 142. A
systen1in09%&ﬂ%ggﬁge with Caim135 wherein said interaction is the object
deform ng the at [east one video inage. 143. A systemin accordance with
Claim 135, wherein said interaction is the object manipulating the at

| east one yj deq sjyﬁgrg‘%l acBorlYRERiR @06n 137, wherein said processor is further operable to
determine a brightness of the influence image and to derive said strength of interaction based

on said brightness.

139. A system in accordance with Claim 136, wherein said processor is further operable to
determine a brightness of the influence image and to derive said strength of interaction based

on said brightness.

140. A system in accordance with Claim 135, wherein said interaction is the object

pushing the at least one video image.

141. A system in accordance with Claim 135, wherein said interaction is the object

touching the at least one video image.

142. A system in accordance with Claim 135, wherein said interaction is the object

deforming the at least one video image.

143. A system in accordance with Claim 135, wherein said interaction is the object

manipulating the at least one video image.




32 144. A systemin accordance with C aim 135, wherein said processor is
further operable to generate an adaptive nodel of a background to said
obj ect by anal yzi ng changes over tinme in franes of the isasg&sH20¢6m sai d
canera system 145. A systemin accorgfance with C aim 144, wherein said
processor is further operable to generate said video i nages based on said
adaptive nodel and said inmages fromsaid canera system 146. A system as
descri bed,jsn Chajsfenlfhhcii@nes Wittsalath prSovbssiorail sropesar elrbpEPEITE™t o
generate said adaptive el of said.b : i hbds bhv&ginRiixel s in
said franﬁemﬁ\i’flﬁéapt%ﬂﬁr%@gﬁéﬁkﬁ’ﬁ’f@“@%ﬁ%%g(}(n(%geg%ﬁtg%ggga%v%r tinme. 147. The
syst em asqgeseriHRedaden fiGinahitcddba wisermei n sai d processor is further operable
to generate said adaptive nodel of said background by conputing nedi an
val ues over tinme for said pixels. 148. The system as described in Caim
144 wher eimj_sahciygjér@ae&smaricswftlmCtaI'trerV’r”op}éPr&tﬁ‘lSé‘dtptf’ces@%rri%g'é[ﬁ%r T egodapti ve
model of said background b | l0dd] aNRlasiBma@d@font daixafera  pi xel s
in said fﬁ%{'ﬁ@?.sa'féfg({eofﬂa eSs§&sS (gén?%gi aﬁ%%%??{tggﬂ in dai %1%144 wher ei n sai d
processor gysgenf. Urt her operable to generate said adaptive nodel of said
background by incorporating into said adaptive nodel of said background
changes in said background that occur over tjne. 150.@{2& sgai} em as

descri bed kg ClaaiyserAddeskriied imCloimt HH4pYhsEds st Processe s fEer abfe to

gener ate sai d adaptive | cof.: 8ai (c] pratt) YxelsN€ ediphsadsihagng nt o sai d
adapt i ve RBHE© ﬁ%oad%%fvamggfég%%%k%ﬁgﬁ%s inﬂgagitbd background that occur
due to chamgeastidlly consgnt bogiptrefsfavetiily  sai d background. 151. The system as
described in Claim 144 wherein said processor is further operable to
generate said adaptive nodel of said background b cr.eflt' n earar[pgel i mge
from sai d 14mgEhe sfsteomassigiodbediméiamd §6 tRsF R Rl pﬁ%}é‘gi‘? “‘éther%?)xetf $in said
nodel i mage as el - y rolRk HoRpithy edMARGeAB06tB3f0L52. The
system as EETY faﬁ(ge%ﬁf’tﬁ\fe?ﬂqogigln?lfﬂgb%%rei n saig prgocessor is further operable
to gener ahid psaisd adapti ve nodel of said background by incorporating into
sai d adapti ve nodel of

148.  The system as described in Claim 144 wherein said processor is further operable to

generate said adaptive model of said background by computing median values over time for

pixels in said frames.

149.  The system as described in Claim 144 wherein said processor is further operable to
generate said adaptive model of said background by incorporating into said adaptive model of

said background changes in said background that occur over time.

150.  The system as described in Claim 144 wherein said processor is further operable to
generate said adaptive model of said background by incorporating into said adaptive model of

said background changes in said background that oceur due to changes in lighting affecting

said background.

151.  The system as described in Claim 144 whetein said processor is further operable to
generate said adaptive model of said background by creating a model image from said images

from said camera system that classifies pixels in said model image as either foreground or

background.




e
sai d background information relating to at |east a portion of said object
that has renmamined substantially stationary for a period of tine. 153. The
system as described in Caim 144 wherein said processor isMARCH?YE6 operabl e
to generate said adaptive nodel of s@ d background by conmputing a wei ghted
average of a current frane of said imges fromsaid canera systemwth
sai d adaptive nodel of said background. 154. The system as described in
L o Tt e AR
. . i i
changes i generatedaid peapsize PPRLPERIdPAEERYER %go;?s{)rgmt_l%'_s. “The syst em as
descr i bed g .k @b iRalfdrninen Riding & i lepst epesionpf faisl cbiset HEMYSEFRE e t o
generate sald display item by gifztt iengui shi ng between foreground that
cor r esponsibsieriay piationdny; fad PRRY YIS backgr ound. 156. The system as
described in C aim 155 wherein said distinguishing conprises conparing a
current frame of said i es fr saj d _; LA S¥Shkemswititer spdrabladapt i ve
nodel  of '%hi dTB%%YRGP‘c?ﬁH%.%r’%g?? Bglh“é?‘!ég‘g%gﬂfas gescri bed in O ai m 156
wher ei N s gidra sid dagptive hiong of sid brekgrowwpy icamputing @ tsighicA PG 4 8i f f er ences
bet ween correspondi ng. pi xel s in_sal I f LaMRaffve AR of Rges  from
sai d camF%r%gﬁ%ﬁ?%g@ 1%‘%%63%8135%1?%%&%5?“& sai da}gackground are greater
than a tRigkghahdl to determne |ocation of said object. 158. The system as
described in Cl aim 144 wherein said canera system conprises two caneras to
provide a stereo image, and wherein said processor is further qgerabl eto
conpute dept h ThakwtdnasekiscdhedsiaiClhinti8d wherkinsge PERARFSY & fyeber opF AP ¥t h dat a
to generate sai.d del of said b QPR saidmdel 6F SNHabFrduid adpRitslance
with d ai nesgd “(X’;%Fegia‘ﬁews‘ggit%&@g%aﬁg&gf/stemsa(I:orrprei ses a aﬁght sour ce t hat
i S strobeghandds it shi\RGide2DO6 sdiéCameta sysmem i n accordance with C ai m 159,
wherein said processor is further operable to process said inmages from
sai d canera system based on said strobed |ight source. 1. 61. AHS stemin
accor dance ssi t hiilspitam d3Bscribbkindilsimsldd whprewcad parcesy if firthprepergple @ble to
g;’tstegﬁn 2 gglﬁgeq%tltle 094 ROSNOTENRNGi A HGuib ifin SR &R ForBrolrd i cREdIfnat Bamidsai d camer a

object and said background.

156.  The system as described in Claim 155 wherein said distinguishing comprises

comparing a current frame of said images from said camera system with said adaptive model

of said background.

157.  The system as described in Claim 156 wherein said distinguishing further comprises

determining if differences between corresponding pixels in said current frame of said images
from said camera system and said adaptive model of said background are greater than a

threshold to determine location of said object.

158. Th.e system as described in Claim 144 wherein said camera system comprises two
cameras to provide a stereo image, and wherein said processor is further operable to compute
depth data based on said stereo image and to use said depth data to generate said model of

said background.

159. A system in accordance with Claim 135, wherein said camera system comprises a

light source that is strobed.




source. 162. A systemin accordance with Caim 161, wherein said |lighting
phenonmenon conprises shadows. 163. A systemin accordance with C aim 144,
wherein at |east a portion of said surface coincides w thmMmaaicd 2b@ckgr ound.
164. A systemin accordance with C aisn 135, wherein said processor is
further operable to detect said object and positions thereof. 165. A
systemin accordance with Caim 135, wherein said video inmages conprise an
adverti sament .A §66m iAasyshemvith Geigorsdanwecinsaidprateaoristaher ppretdd 1 sai d
processor_is further r.ahl t LG [ “having an

ani mat ed PEHETARILPRES ?rceﬁ S%gffgmé&ggyf%mgﬁ%n&as%ggﬂrr%glri\?%htvs\% 1?%1@ Cl ai m 166,
wherein said processor is further operable to change said ani mated

charact erjstic, of ; §ah dediBRlAYin CIEM 1BSRORSH YA bBe@h & fMRbASIIOR. 168. A
system conpri si nyg. a canera systemfor providing jimages of an object within
a field ofetevielighting preojreaion due to soysees joblight agenzhapegidicamera §Yssit ehy surface
wher ei n s%'l“gevi deo images conprise advertisenent nedia conprising display
items and whérein a portion of said surface lies within said field of view
and wherein said surface is a floor; and a processor coupled to receive
said imaggs romeal d Carkhd SHsEem 1ANEGaH Bli@gHiag phtnbMencaal d proj ector,
sai d processor operable to detect said object and positions thereof, said
pr ocessorcomprisdiehadgper abl e to generate a display item having an ani mat ed
characteristic and wherein said processor is operable to conpute a
strength and direction of an interaction 6 MARCH 2006 35 b,gt en said

obj ect anth3sai 4 sxitespingycdrdagen WiHHC e Fd whegn @t lsbe BU UYL ofsed s4896° oper abl e to
change saigal Wt S cRREBEger i stic of said display itemin response to
said interaction. 169. A systemas recited in Caim168, wherein said
processor is further operable to determ ne an influence imge that
includes g4 g QUi QUREL@RORIECTainh MRY ¥ héleinisyie grobesednid faherep¢reldt o and
wherein said strength and said direction of interaction are derived from
sai d i nfdatpshisid ohirstand ppsidons ghegdpdt em i n accordance with C ai m 169, wherein
said processor is further operable to

165. A system in accordance with Claim 135, wherein said video images comprise an

advertisement,

166. A system in accordance with Claim 135, wherein said processor is further operable to

generate a display item having an animated characteristic.

167. A system in accordance with Claim 166, wherein said processor is further operable to

change said animated characteristic of said display item responsive to said interaction.

168. A system comprising:

a camera system for providing images of an object within a field of view;

a projector for projecting video images onto a surface wherein said video images
comprise advertisement media comprising display items and wherein a portion of said surface
lies within said field of view and wherein said surface is a floor; and

a processor coupled to receive said images from said camera system, and coupled to
drive said projector, said processor operable to detect said object and positions thereof, said

processor further operable to generate a display item having an animated characteristic and

wherein said processor is operable to compute a strength and direction of an interaction




determne a gradient of the influence image and to derive sai [ [
interaction based on said gradient. 171. gA systemin accordagcceil \nga{_:Ll CC):Inaim;n
169, wherein said processor is further operable to detergmvaecabos ght ness
of the influence image and to derive gaid strength of interaction based on
said brightness. 172. A systemin accordance with Caim 168, wherein said
processor is further operable to generate an adaptive rmdei of a

backgr oungin sAd 6bj@phecshidayspanaky ahhghebiangesroowsern itdlweppiblefr anes of t he
i mages from sai d c,arrerahsglst.em o o e -
change said animated chardcteristic of said display item in response to said interaction.

169. A system as recited in Claim 168, wherein said processor is further operable to
determine an influence image that includes a region around an object image derived from the
object, and wherein said strength and said direction of interaction are derived from said

influence image.

170. A system in accordance with Claim 169, wherein said processor is further operable to
determine a gradient of the influence image and to derive said direction of interaction based

on said gradient.

171. A system in accordance with Claim 169, wherein said processor is further operable to
determine a brightness of the influence image and to derive said strength of interaction based

on said brightness.

172. A system in accordance with Claim 168, wherein said processor is further operable to
generate an adaptive model of a background to said object by analyzing changes over time in

frames of the images from said camera system.




