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application clainms priority from co-pending U S. PrOVISIORR@Eﬂ@m @MWU
Application No. 60/296,189 filed June 5, 2001 entitled | DEO
DI SPLAY SYSTEM T1-1AT USES VI DEO | NPUT which is hereby incorpdf’#fed by
references, as if set INTERACTIVEMIDEO DISPLASCSYSTEMTOr all purposes.
BACKGROUND OF THE | NVENTI ON The present invention relates in general to
i mage processing systens and nore specifically to a systemfor receiving
and processing an i "Rg@RLREFHRIRIEHEEGRELATED AMPLICATRINGLi on Wi th video
di spl ays. Image processing is used in nmany areas of analysis, education,
commerce and entertai nment. One aspect of imnmage processing includes
human- conput er Wﬂaéplafétl?rbﬁamP"%rét/éfemwﬁg)evmmﬂ%r Bromisiopa) Hatgw npkieptien t o al | ow
i nteracti o, bhde, i 99BI&S NP R0 CatilieNN TR AGUOR ADROSSSPINGY &8 THRE ef ficient
or entertalnln%§ﬁ$K%P%O interacting with i mages to define di gital shapes

or other ddtAl OBPeErgich dyhepaby incoipprated iby eefergnans as Eset fortheinect i ng t he

posi tion andid RN abBMenOfor 811 pupBas.body is referred to as "notion capture”.
Wth notion capture techni ques, nathematical descriptions of a human

performer's novenents are input to a conputer or other processing system
Nat ural body novenents cangabrcrSEANFSF I THEUNY ENTIORE conputer to study
athletic novenent, capture data for alter playback or sinmulation, enhance
anal ysis for meldie PEsenS VB ioa selates ip gensral HOTGEE POt BIE wapnuind marevi des
benefits %a&.ﬁgwfbtaagﬁgm f@@de%hg%ﬁ@h‘&@ssmé %Mggaeashuhﬁnqs&% figweonpl ex.
Sone techni ques re%nl human actor to wear special suits with

hi gh- V|S|bP¢WﬂympUt ‘@OdﬁP§$Veral | ocations. Cther approaches use

radi o-fr E€quUencynfte prQéelé’s‘?ﬁ @U@eﬁi‘i;ﬁx‘i&n a%ﬁg Bfﬂa@s@ ee9§<91 §n @&gmgt’é%]%t ors,
bl ue- screens, extensive post proce33|ng et C. n|ques t rer on
sinple vi ShisTtainmprih Ong peRee of Wpsee precessiag mskuéq8|lrymnrmom1¢qunrmrect@nbugh to

provi de Wejfef ectﬁjrf'gfﬂuﬂﬁﬁi R ARl RSV S EntIREAIBR 1&@19$t}65%v1th%95$ m)ﬁ;gf?&tl&%% ure
applications allow an actor, or user, to Interact A ges that are
creat ed arfichoiregspeinecan Bse eAlicdentpranertaisinstveys offinteragtingmyihemages tadefior may st and
in front Qjﬁguaﬁshh@ersgﬁotuér%@ STHAE Do ROLREE blestile RFMELRI Obj ects. The actor

can nove, or otherw se gener at e,
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
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» 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 sgreen. For exanple, the conputer
systemcan track a path of the actor in front of the display screen. The
i mages with which the actor interacts can be e.g., on the floor, wall or

ot her 11144l dublehaddebrbd ahlhibnalt i dpade itk bl ol drinci GRORRS sur f ace:
|

suspended t hree-di nensionally in space, displayed on one or nore nonitors,
proj ect i orPrajestien prscess orths devdessi ArstyPaphditplaydeyee afitechnelgeydan peesed o

technol 09y, &t ilgel VAR whRh aREE & WonirfBG GRerie I h Which a user can control or
interact. In sone applicatio such as point-of-sale, retail advertising,

. . nS . . e .
pronot i ons, ar daswne aRlieations kAt Paiitobsale. aetall adverising prUEtioabREadey capt ur e

the noti on,RftiAReMRiids2di0 &lis s &Fable o Gpturdthe RSSOt aRASEHiNG ub ke £ @ Very
unobtrusive way. ldeally, the user wll not need 55e0|al preparation or

traini ng Ao passisy BY)dmt Vry pnabgusivesway ddrally. thoyserwill et negdisnsefigint . Al so, the

met hod and, §uatieMbURGnd Mid MY Qo GAPEM LS (rdEly 3GLeRkive hfdnt. NI§S Beabl y, be
invisible or undetectable to the user. Many real -wor appl i cations mnust

wor k in ervitiodrfe Axsienvitied © matioa ceptue ehe@ginpihewidepreferahlanksiimgsiblaekgr ound and
for egr ound,@Qk&fbico tRNR&! MahfFeal-WbEd é/@%iéaﬁ%ﬁ’sf must BErkGRBIHORmefR@ASE NY

l'ighting conditions and other factors that can nake notion capture
di ffi cul t .th@rRpErompimnaRYharimgeckervEdmddRregroandetdestsnshortierinterypls fsr i t s

i nteracti qfe &y &Y@%n?iné‘ﬁ@&in@@%dﬂioﬁ%ﬂﬁ%l% fadloRth@¥an MYRIES O Sigdde t N user’ s
(or another object's) novenent and position as input to a computer. The

conput er gkffievlat es a di splay that responds to the user's position 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 embodi ment of tBRIBFEAMARY O TEE IAWENTIGMges are affected by a

user: s - act i oS eRbbhT perlR il SRIAY A DReRIBLEEEARGHYd the User

so that that the user's actions create e s that enahate m t he user
and af f ectsystem psingthapsen's (qyrapsthermbisctiso momementigngrposithpn asheputitoercoppntenf f ect

vi deo obj eﬁl‘é,%o.ﬁbkﬁ% RRerkls KiGHdyN0at rAPHAL RGhe JRVL &Q.it'oﬁ@{]&):‘hme nt, ThQUCHI NG,
etc., itens in VvVideo I mages. Interference bet ween 1|g t used to display
i nt er act i wasnerptahdjariayan inclugh pbiecieer shapesidpicen be mevedsapdified, af othervised by usi ng
light of syRsdiRAbY 2Liers 8bdy HEveRknts Wavel engt hs.
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 human eye. A canera that is sensitive to infrared light is
used to capture an inmage of the user for position and notion 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 ef f eCtrgndom UaEpdiemPéayis prydcRAE TG Patken BlutANg PrREQENHedufifg si5£r SO that
t heir physical presence within the display corresponds to their virtual

presence, “§MPTiRG IHEPELkpEMCEH BRSO ihJadset & object Bere aibagkeead andfpr ethgict i ng

Wi th Vi rt Yans Hd RE4eS ThOPRteASRABL &eratdds jhea/&?rbhms&%t iH&Rs P&tiﬁmﬁiﬁg’eed _
illumnation instead of a sinple, non- visible, uniform®"floodlight". Wth
pat t er ned YPPT ¥hebiest iodk detseteiof e Rattes @R by groiecied vt @ WbME gamesa’s r andom dot

pattern, &fidvableisSenpsQih@GHE BUminkteDBacRALLRS PordgPoudd 8l SyecRI1O6ESRQRdAKECUL I Ng ON
a conputer to interpret a canmera inmage and to detect an object froma

backgr ound"%iRBr#Et-her itens in a scene. The pattern can be generated as

a background ( SShetWitio hdhiedOBS phtRimdd TRinf8fion AR ARINR2h GftfarddQ HPEc I8 €Ct ed)
or the pattern can rojected over all of the canera's viewable scene so

that it il QRFrieneesi e lishysaueedn 2 slisledspentard Aapiiierappraeahsonld uppandefrased ed and

mot i on capiddf Rdm (kAR deAYctddOsHRREEE (eanhdL eR 2ot BEdAEd, pdiktam nNation includes
using an infrared LED cluster or other non-visible light source in a slide

proj ector. Anot/HfheR)pY BaeHeedta rptteraed WHMinafionyp togise p gegilar HlogdhighRabuti s

def | ect ed,mAhik LRFGtbntiSed PRRF orftd fhe cathQ@a BV RANAE aRa BRI iR Y e,'%PPz}im%En way to
achieve the patterned illumnation is to use a regul ar "f?lood I ght", but

mark the detdaivisivéiahedumarexs soas v impove Bigeesthegcsaf dgaditpleyar ea usi ng i nk,

dye, or paint CofthePRpfReLthE MVbioRusesh@rddlt Jisg.%aa]_ 8 ¥EteFfindhjdcP- infHgE Ove the
aesthetics of the display. Another aspect of the invention Uses a gradi ent

appr oach tigre@eitosr Minninflypjce émage” jseeegied by preating@tgrasient 2y, of gy sféléce i mage” is

created DyrGEifH hidGnda EHiRRH SBtct2UE fhe dRfectd et ARA, th bABRALLQANs around a
detected object. As the detected object novés, the gradient aura is

cal cul at edralenlated i realitims. Aaghergnadieyt aiis Eminggsivroniaryiden gaage gpiem.dhe/i deo i mage

or item thghmnbk h@hiARSS iR reGloAdE BB ImpiRediRemiEGIQkRl ThO& L ERLAPEd itemis
cal cul ated. The strength and direction of interaction (e.g. a pushing of
the item dirgctioniofiiitarachan Gre. @ Reshipgiofthe Hemkis ghenction efdbediightnesapdct i vel y, of

t he i nmpi ngeMidne 8dspettivdIf &ﬂ@iﬁpfg?girg@m_ the invention provides a systemfor
det ecti ng an obj ect and_ generating a display in response, the system
conpri sing a filhere eehedieent the nvenitop pecjdggya 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 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.

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 item; and

identifying an interaction by using the gradient and the boundary.



- el ectromagnetic energy in a first wavel ength range, a detector for
detecting a reflection of the first source of electromagnetic energy from
an object, a processor coupled to the getector for wusing the detected
reflection to generate a display signal, a second source, for outputting

el ectromagneti c energy at a second wavel ength range, wherein the second
source generates a Vi si BREEFIDESURAYTION OBIPIIRAWINGBe di spl ay signal,
wherein t first d second. wayel epgt rgnges are di fferent not her
enbod ment T EMH/EHE: GHMEEOT GLCPrE eed HOROREATT Wt hg g seed | o an

i mge capteamed; Wwth a canmera, the nethod conprising using a patterned
|Ilun1nat|0n t |Ilug% te .a baqﬁground differently fromthe object; and

using a pro%ésiPrFngy Projectian Fopdisuretil obj ect apart from the background.

| n anot herrigkpslis@ir-gréjectiod ¢&ifigu@floRr ovi des a nmethod for conputing an
interactllp E an obj ect mnthfa video item the method conprising using a
processor [i% 4dBVETHdrePraectiop STIgNEtelr ¢ he obj ect: using a processor to

deternlnelagbgunﬂﬁﬁysignmkhmdmnmﬁanimemnma@ﬂ identifying an interaction by
usi ng the nt and n 4 BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. | Jﬁ%g ESF%‘FS% ggf‘i & '&)df“"é?e’df“é“\“oé‘r‘?oéaat@FPdHEfP%?ﬂ" using a

co- | ocat edifrso)saekHL reaﬂdde&mra&ubﬁagmm& tsaBIASUna RsiAY RhBGRGotRE@&IreCt | ON
confi gurat | Fig. 3 shows a rear-projection configuration; Fig. 4 shows
a side- prd]%ET?BH configuration; Fig. 5A illustrates a subject under

uni f or m i |Hig sAnAbWONhunkinGiser Mterhdting Sith Atvikeo 8bjséibingct and background under
randon1dot patt rn |Ilunhnat|on Fig. 5D shows a resit of detecting a

subj ect f rfd#nt8 IBLSERGT BURLUSISS H¥8S andom dot pattern illumination; Fig. 6A
shows a humen user interacting mnth a V|deo obj ect; and Fig. 6B

illustrates an influence | e. D DESCRI PTI ON OF THE | NVENTI ON
Several configurations Dg,fTAth,lgD ﬂ%gﬁfPTdﬁNaQF THENRYENEP el ow. 1n gener al ,

the present Irséeaauc@mﬁgmansaoffmenmenhb.gm d&01Me@Belb®. Il fenBal) BlePrederdSer, oOr
anot her object. The flrst ght source uses Ilg%t that is not visible to

humans. FARVeRYASPA ”Ptdfglh‘afioéfﬂ’e&"'H‘F‘t“ﬁ'éx?u“é‘fre‘tr anothobiegtn The fifsklight 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 user 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.



* Acamera that is sensitive to light at the wavel ength range of the first

| ight source is used to detect a user who is illumnated by the first

| ight source. A conputer (or other progessing systenm) is used to process
the detected object inage and to generate inages for display. A second
l'ight source (e.g., a projector, video screen, etc) is used to display the

generated di spbigplayednaRss &ﬂte&lshmau&tﬁ&rec@,rpthletQW%ﬁzﬁ)es ey dissaPpaiepd | mages
ths that, mnimze interference with the canera’ s, object

are at wav
det ecti on. ?‘%’Qp‘%&a‘f“f%?as pifbe pventign gandisdissdrfgnanplicatigassych as 1geragivadishting i mages.

In a pref eftfead (@ FRYE dTRRbs orlehéntd intdhcive Mhi@iﬂ@d@plﬁﬁecﬂé&ﬁferssabl@blrﬁjﬁlat the
user's virtual presence is aligned wth the user's ¥ISI cal presence.
g

Thus, the QPJ%F&&Freés‘éé%@eawwwtscﬂf@ﬁsayby’natgraawﬁﬁy@we'dr fingetef P¥ic ar ound t he

user, and g ?ﬁ'@s HRREs RsRMRIEIIppitG 111G spdiB v@lmplrayu Workd, 16bBIS Snd pal@nt i cal
movenent of the user's representation within the display wll cause

i denti cal Vi4RS\PERERSteES 3H é“t‘ifé‘é‘r"e Sfprapfienaeditritys o R %F’rl?i'?i‘t‘t’l"?e'?‘r‘?/?qsf'hlﬁl scene.

For exanpl ad ateh@thits@RE s&,gaofthgrﬂwﬁggn on a virtual object's physical |ocation
and know t hat thls will cause their virtual representation to touch the

virtual object fiigy 1tsh%w§:‘b%lﬁtpé3decé‘%?‘%‘?ﬂd‘“‘lfl*i'éoﬁ}@f‘em&?“t‘?%léS“Egear“r?r'“’faéﬁﬂch or

"t ouchi ng"cajnBratahd §ro§%9'lﬁ'%ﬁ'%rs@9@$s NehindRE By ROMEhC@ | or 6ABE Afalvideit h an
obj ect, such as a person, and an inmage item ther the notion of touching

means t hat'@R&n3-¢ 1@a3§c9§ﬂtem6ﬁoraﬁd>hota&r@w*ﬁﬁ by g inFgrsd (o lothepranevisije

transl at eqlg'llﬂtcﬁ}n@lfﬁl3eﬁ“fx1§§|tgndl Y tehn SHriRtEd Rhisnd mgzgmpbtgrcfl uldﬁe@&nﬁftér%@ﬁf&r@f
nmoving itens in the generated images. 5 Displayed inmages or itens can

i ncl ude objreeliest deﬁ%ﬁﬂ%iﬂ'ﬂ%"th@ms@gnemtesahﬁyw@qoﬁa?t "pmlttémqn Theeffestis et c.

Aspect s Ofydhiifittbdy F‘e‘ﬁf-t’nrﬁ@tocﬁd}olﬁﬁnééﬁﬁd TR praRBbE S8l ONR r&UEiRg Atigk BiEhAct i ve
lighting effects for people at clubs or events, interactive advert|5| ng

di spl ays, S€ish Setwms OHﬁHS‘\r/@?ec ke Videpstiet is thepdisplaxed S ontthe crren.ripirabrent s of

passer s- bytimd, BiAIBrdd With BERirent | ighting for public spaces such as
restaurants, shopping malls, sports venues, retail stores, |obbies and

parks, video gafe shgusarayerhgrlproipgtion serficyatipnefshastrmnspmaenspl Wys. O her

appl i cat i QRQuARE theRRPSHdMiBned 3NGenR! ContchBicN0 i \Bow s RBENQS vt Gl R¥ERLd ON. Fi g.
1 shows a front proj ection enbodi nent of the i nvention using a co-l ocated

canera andhpfas)eEt Projector fnddiedt sorce yithiarl§ gan alsq by mqunigaerioaid!hynddben nf r ar ed

(or other @ARcNH3bWhRards Withi hhirfoRMR pérsonhSvindB8e BbutdB REHSRMhe video
phot ographed by an infrared (or other non-visible 1light) camera 3. This

si gnal i s ¥§"ahRpiRetedente e gropndgoundithentidndtie egrsoy’ SOT‘Wéh%mﬁh‘?‘é'Fesﬂer forns the

obj ect detRiinaPBm&lnd6f tht HAge Mch BEPRIRIER dirb&ly\bhvelaqef fect in real tine.

The effect is
Figs. 3 and 4 show two or more alternate configurations for the camera and projector.

[ 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.



» transmtted 6 real-time to video projector 7. The projector projects the
resulting image onto a screen 8 or sone other surface. The video effect is
then di splayed 9 on the screen, in reaf tinme, and aligned with the person.
Fig. 2 shows an overhead projection configuration of the system Conponent
10 includes the aforenentioned system Conponent 10 is shown nounted

vertically her efheltsne bélhgawaaif@wmuwbehlﬁmtnﬁartedamdglhlogmé c&RE°S aWdldnigihn 10 can
al so be ted cf;?ﬁrlzotall dthen ‘¥vards with a mrror.

rected down
A person MBYICHESH NHEGIOH ndydigginfigie qtehtéafwaféap rare¢ bRl capbe et ed ont o
t he groundo aneiek thhi&dhel ZhestNRhRREBEY HoSitiONA aﬁM@%Nh&b@v@Hﬂﬁ%arﬂeravam|
anount of the | mage,K when tE%E‘SOJ ector is.directly overhead. Figs. 3 and 4

show two &Y Spisious shadayysfromy ht3 eanheiyp@ized by p é‘“&ﬁﬁé‘lgﬁt SQMEe Pr oj ector’. |
bot h fi gurgskimERiBRAcacadidraC APlight Sfird@P§uele hsSons UEMoRSights A SRMirde dbjkclsr ont of a

screen 23. viewed b e canera is shown at 21. In Fig. 3

proj ect or ¥ ﬁ‘g“faF'gL@tﬁ'"%é'ﬁPm?s%/dﬁ@q&ﬂaE%ed‘l'“\fﬂ‘@at@é‘é’fswﬁsﬁiﬂ?e'?‘f'o’rﬁapr01 ector 24
can be segpefoedidibodiflefSihe IdosmiBol R c8pdiRE in defl-thhedo tth.comPitey. B6H&Ver,25 IS at
an oblique angle to the screen; its light cone 24 is shown. Both of these

conf i gur ataMshEMPRAKBENS NRHAY aphigyg real f'wator prEsreal-tipeandsad Aeaseebiens 8t r uct i ng

the proj eGi®d ihiRIA.c., MapldE Medbd) attihdd cbﬁk‘?de%ﬁ;fﬂrﬁ#'foaﬁdp&?ﬁlgtl@hﬁlﬂges a video
canera i s used to capture the scene at a particular l[ocation for |nput

into the conputdys componggkis deshgred Bhedrqdyias aBIf cqmputey exfvege thatyglizes figer a vi ews

part of tRededuipttro it evitius Bbragbnent@nPsRYRNhe HENANRS £didvd digfayf@pgback, the
canera can operate at a wavelength that 1s not used by the video display.

To preventuse nted vi deo feedback, the canera can operate at a wavel ength
that is not usadoéamsltah@sovmg«a@mgmmlm ha\‘ertwmﬂ&’is ﬁl@$|?s$par{l|fh‘ﬂdlé§§19| ay will use
the visible Ilght spectrum I n this case, anmera nust photograph in a

non- vi si bldstegrRRet argtsobiectidrpmyatichrekergd, ‘%‘b‘etﬁh’éﬁcotnﬁéa@i“dl%s theipligat ay out put

i's not detl%?r@ﬂlonﬁ)ge-ﬁaﬁteﬁmgo It MuiebaOaRRds Srath R vwililbbBispagead in |ight
of the canmera's wavel ength. In the case of infrared, sources including

sunl i ght, h§repthsse ipsiangesce SIMPply aieat 1o prexapales.gad gre &Y no meansiexhpstivat e t he

scene. These | iigkHeSir&hrt, A8 RRIbhdeTRBOhEDYVOERTa lbgm@ééeerd,reanmeqa%&a s view
of spurious shadows.fromthese |jghts can be m ninized pl aci ng the |ight

source i n ' pPasieetle phieqth s 2o BspRleh Tom the sttie backeroprd, r%&’é‘ffssa%fvﬁ‘ﬁbt ®r nore
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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
determin.es 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



- ot her enmbodi nents need not achieve real-time or near-real-tinme and can

process object or video imges (i.e., display inmages) at tines

considerably prior to displaying the ipages. This conponent is designed to
be nodul ar; any conputer software that utilizes the video input fromthe
previ ous conponent and outputs the results to a video display can be used
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tuned to cRifyReckeiendglagsifiatiopisdpput-nEorisxamals sartalinepod etheranse sowdbehanges
in the i npidwid MBLEoutput video image in a random portion of the locations that were classified as

“object”. 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 duckliﬁgs 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



* An object of interest is presuned to differ in brightness fromthe
background. In order to find objects at each tinme step, the current video
input is subtracted fromthe nodel ingge of the background. If the
absolute value of this difference at a particular location is larger than
a particular threshold, then that location is classified as an object;
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thus can run any application.
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.



» The*out put of the processing software fromthe previous conponent is

di spl ayed visually. Possible displays include, but are not limted to
video projectors, televisions, plasma § displays, and | aser shows. The

di spl ayed i mage can be aligned with the video canera's input range so that
the video effects align with the |ocations of the people causing them
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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



* shadows can be detected and renoved by strobing the canera's |ight source.
By subtracting a canera input inmage with anbient |ight alone froma canera
input image with both the anbient light and the canmera's |light, the system
yields an image that captures the scene as if only the canera' s |ight were
bei ng used, thus elimnating the detectable shadows fromthe anbient
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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.



> locdtions, parallax effects will cause the canera's view of the projected

pattern to be distorted as objects nove through the canera' s view ng area.
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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



*input to the 3-D vision algorithm Alternatively, the second i mage could be
an i mage of the background al one, taken fromthe sanme canera. Wile many
different kinds of patterns can be useg, a high-resolution random dot
pattern has certain advantages for both 2-D and 3-D vision. Due to the
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pattern i syhiiighé Nsetliﬂ|“toﬁﬁin)g”ttl€b ite@QKrhe |gl@€1eﬂﬂ§6rre@bﬁtﬂ"to §18@lrkc@ion @ (of fiém pat t er n.
Thus, the (gl sngl ace ﬁ n caysed g &r}g presence of Jn object in the

vi ewi ng arEBCEERN "lﬁ’ 'ieﬁélea‘toﬁ)W ok theiitm isheinegoydied- pat t ern wi t hout t he
obj ect there. ﬁmoagmwnmr&@shamera&xbdugg‘e&wqﬁ rdféiencéiSipeelfiebBdicdiee t 0 det ect
di spl ace ts | t he ttern @ therefare otlyects Usi ng a regul ar
pattern Sl}E e%fs‘ epe gmpeflimes arg jjwsratiyermotfesirstvel Af hedveatione Fogemaleent

sections afithéupe tRairéferdd eﬁ%dnhﬁﬁt@hée@dameﬁ%@ﬁU&&térh&f@bﬁW®§6me&@§1$@rn to
often | ook, || ke ghe non- di spl aced pattern 5A- D show t he useful ness

of a randdlsYigvicaphs serieyeinT ‘Eaél‘?fai%E;b%lﬂ‘g%joé?ﬂa%gFﬁg“ere%CAméﬁéﬁ}é' d&epicture of

a person URElEin oRRF fBJroviidel déph Mdfbintafion Jsheelmrpsmnhaﬁc@esswmé Fbcesdifd APt ness to
t he backgrou detectiqgp difficult. In Fig. 5B, a random dot

Ki
pattern i sd'sp[}?/ 8[eérr‘t%f !én dhieg) tt%?l?éﬁlgﬁlﬁﬂ%e%‘?fﬁ??ﬁ& AR Prsed gdrfellowsdap t he

camera. Wwgn difiQl @ar&6on Bfeddputting thed@itio Hprotddics. PRht s@ﬁslars dr B&tedGs EAY N
reflected off of the person is_displaced, as shown in Fig. Il 5C By

t aki ng t hePedpgds gPéﬁ‘é@p{Se%'\ﬂéréhofﬂ’f@tqdﬁ‘ﬁ?j%ré carypepsersin plge ofifFamera. OMr | nage of
Fi g. 5D i Seteotoison@mtcMpiatdd hd@fn Jar se Lifee Wltm&b@rr@s@lt@f the person with a
strong signal. O her approacfhes can be used to |rrFrove obj ect det ection.

For exanple, a [egKial aayhpe el displavisisvieg eanbeased vih theprassat iBYFnHem-Fof f

peri odi calkymgie, a‘lth&lgh JReE8dViRONAE b QWBedi ehel varioRlehBbdie tings Our ces
(e.g., anbient light) is made easier. Once an object has been detected and

defined t W@“fﬂﬁ“é?“@f‘sp adeTehirs Af Wl prgssatation deqrcaﬁ?aerw ugedr & light-enaittingdiode degr ee
and di r ect(LBD) &tayl sthai@CED QOLID), Il@ﬁ-eﬁnh:hﬁ‘é:ﬁol)}%érI@L@’)délgdﬁloﬁ){%fétlc IhRaR item

Fig. 6A shows a human user interacting wth a video objec I'n Fig. 6A
obj ect 304thQ?SYB%é‘??CEPé‘tcéh‘{r@H‘eéﬁ’féP‘?yssyétﬁ'B\%‘ bermplavesine form One

represent ati on WBfwdi RQliQLINRLIdiMedsBhA oaotﬁémpws 8F displddk C&LRiptbye@FJiSe the
outline definition depicted.in Fig. Vi deo screen 302 di spl ays several

i mage it erfSAMRIGAHISLRN erjdmaine gee 55 °'t5‘ah°Pd S‘Fﬁh@“ BB iMmesed #itBid aan i nf | uence
i mage for geh@att®girinddg. IR0 thisdppfobdh, the enerated display can align 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, e.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 (e.g., a metal object) is highly reflective of such waves. It 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



«In Fig. 6B, the outline imge of the user's foot 320 and | ower | eg are used
to generate successively larger outline areas. The original outline area
320's region is assigned a large pixel; brightness value corresponding to
white. Each successive outline area, 3 2, 324, 326, 328, 330 is assigned a
progressively |l ower value so that a p0|nt farther away fromthe initial
outline (wWiéd &br é{aﬁﬂgle\/\& broc3aNEsyBtemANR dodin¥Blse ¥ bddtul-pNBbR cbRBiterddY poiunber of
outline areas can e .used. so, the size and increnents of outline areas
can vary, ca@loyedihragssinesystennygiizddesizys based uprastomerseNicRIEon CEHEY Alious

gradi ent, chib pplicallepeliSChRERAteak RS (m@spm:lh%{gumnmegzelamwtl ine areas
is referred to as the "influence inage". The influence image 1s conpared to

di fferent (FHade: mylEpsecesias aISY'tfihrOBE‘SOB%.'M type fdeBiesturs desisn geeethpdalosyr adi ent

areas, 32Gan B2&itaelrod 36 wilkSthé SredefOentipn.t he art, direction lines are
deternlned in the directiaon of the gradlent of th pi xel value field for

the inpi nged arld¥s theppepe ofhedispiontihiods éti‘éﬁfﬁqdegolﬁiyr@éb‘i ReNdehelaimEi t hin i tem
306. The direction lines can be conbined, e.g. by averaging, or a select
single line can be used. The processing also 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 ght ness of inpinged outline areas and the direction as conputed using
one or nore direction lines. The inpinged brightness corresponds to the
strength with 12 which the user is "touching”" the item The gradient
corresponds to the direction in (or from depending on the sign of the

cal culation) which the itemis being touched. Although the invention has
been di scussed with reference to specific enbodi nents thereof, these
enbodi nents are illustrative, not restrictive, of the invention. For
exanpl e, although the preferred enbodi nents use a canera as a detector,
different types of detection devices can be enployed. The canmera can be
digital or analog. A stereo canera could be wused in order to provide depth
information as well as position. In cases where processing and display are
not done in real tinme, filmand other types of nedia can be used and
followed up by a digital conversion before inputting the data to a
processor. Light sensors or detectors can be used. For exanple, an array
of photodetectors can be used in place of a canera. O her



- detéctors not contenplated herein can be used with suitable results. In
general, any type of display device can be used with the present invention.
For exanpl e, although video devices have been described in the various
enbodi ments and configurations, other types of visual presentation devices
can be used. Alight-emtting diode (LED) array, organic LED (OLED)

| i ght -em twHAG IpOLAMIED(ISEP) , el ectromagnetic, cathode ray, plasng,
mechani cal_or other display systemcan be enployed. Virtual reality,

t hr ee- di nensi orfamedpd Brﬁerctwﬁ'éebw 'rbﬂngﬁlrewpteaﬁ wilh acameTaytheimetied ~ exanyl e,
a user carnoMBasing Magi ng goggles or a hood so that they are imersed within
a generated surroundrn In this approach, the generated djsplay can align
with the user' éls‘"ﬁérpé‘@v‘ﬁ‘ﬂqddlrlf”’af‘attoﬁé‘? r“uemareah%hgﬁgedwr@reap@eananéugnent ed,

or enhanced, r&glnkhYroctRfg s r@w@ld@ﬁ.rbtthéraaje&haaavrral #HSBickbBuidit eract with an
i mge of a character The character can be conputer generated pl ayed by a
human actor, etc. The character can react to the user's actions and body
posi ti on. 2|nterﬁﬁEyMonllnﬁh&Qﬁt&Rﬁﬁaﬁbd lnan,mmnnm%r Phn&dm 88 ects, etc.
Mil tipl e systems can be interconnected via, e.g. digital network. For
exanpl e, PeH¢Brnet, Universal Serial Bus (USB), IEEE 1394 (Firewire), etc.
can be used. VVreIess systens, users in different geographic |ocations can
cooper at e, conpete or otherwi se interact wth each other through

gener at ed 3 magekhe syseyelcla@evheren ﬂrs;paf%eddHurﬁmt@nssrcérdemcf@arrrwd "tiled"

t oget her, fferRt herwi se conbined to produce congl onerate displays. Qher
types of illum nation, as opposed to light, can be used. For exanple, radar
signals, mcrowave or other electromagnetic waves can be used to advantage
in situatigns m§§s‘?en?~5‘fc,@zmnqctvhér@in%t;ﬁﬁéme(dqllgnmatﬁ)nrg?st)alllungpdt&Qﬂe)OU &t highly
reflective of such waves. is possible to adapt aspects of the systemto
other fornms of detection such as by using acoustic waves in air or water.
Al t hough cOMPUt £eH¥e Fd? MBreiRY &n BEER lrﬂaﬁ%géoagmreg vrlrﬁvaecameaatnéim%s?&ess the
obj ect image signals and to genérate display signals, any ot her type of
processi ngo8WEsie can be 13 used. For exanple, a processing systemthat
does not use algﬁgergﬁﬂﬁgqgg%emg@qpyter can be enployed. Processing
systens using desrgns based upon custom or sem -customcircuitry or chips,
appl i cati on spetingia@rqcpsingsyteattodefieathe ebigchgractdiom the bachigigpmyr anmabl e gat e
arrays (FPGAs), multiprocessor, asynchronous or any type of architecture

desi gn or nethodologX can be suitable for use with the present invention.
. 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.

7. The system of claim 6, further comprising
using a processor to determined a brightness of an area derived from the object; and
identifying an interaction by using the brightness of the area and the boundary.

8. The system of claim 6, wherein the interaction is a person pushing the item.

9. The system of claim 6, wherein the interaction is a person touching the item.

10. The system of claim 6, wherein the interaction is a person deforming the item.



+ Thus, the scope of the invention is to be determ ned solely by the appended
claims. 14 WHAT IS CLAIMED IS: 1. A nethod for detecting an object in an

i mge captured with a camera, the met hiod conprising using a patterned
illumnation to illum nate a background and not the object; and wusing a
processing systemto define the object apart fromthe background. 2. The

syst em of lql ai ni‘hl:’sys\fm&ec'fleﬁm%h@haahrtlferlﬂglqctioln1 ﬂé?ﬂ)‘)'nﬁnwg@ﬁél#ﬁgﬁerﬁ random dot

pattern. 3. The systemof claim1l, wherelin the patter um nati on
i ncludes a checkerboard pattern. 4. The systemof claim1l, wherein the

patterned jpl I urg %@Ieh%r@éte%ﬂ r%*;“"”’ A %@@@Mﬁgﬁ%ﬂ@t in re§pont X fﬁg?eﬁ]ogor

detecting an obj I'n an |1 mage ctaptu aner a
conpri si ngouwgiisieg a patt er ned background; and usi ng a processing systemto

define the obj eacﬁrst%glﬁ'[:é £dr ogftﬁhtttlngel ﬁfb‘ﬁg?%@gnerﬁf in‘a R@Qgeggmraﬁ; rrputl ng an

interaction of an objedt w a Vi tem e met nprising using a
processor to detdsieatonter deteptinglpremeflerion of e fajseues ofglingnagngicsoeggor to
determ ne ¢ %u&ﬁ@ fy for the video item and identifying an interaction by
usi ng the gradient 'and the boundary. 7. The systemof claim®6, further
conpri si ng usi m@r%eﬁﬁpmabéw thodatestas foriusiog the dbteéterhiefletion tifgengratanea deri ved
fromthe qQpj fa?tsr @ identifying an interaction by using the brightness of
the area and the oundary. 8. The systemof claim®6, wherein the

i nteraction is asegmdsenmcepfes hutngtln&deqtnpmﬁgnetleene?rgyeltswbmmleogthramgﬁ

wherei n t Aol GE AGLRAuAS ahe AR ISR OHGHY sl %ﬁl‘r]?gdi%%ag'sljg;mle syst em of

claim®6, erein e Inter ctlonlsap ( em 15 11.
The syst emtsteicthafirest 81d satvad siavelength ramgeepradiffeomtiasd a per son mani pul ating the

item 12. A Sya%&%%htfp{?{fop&tt&ﬁd ngqgn obj ect and generating an output in
response, the system conpris r%

13. 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
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 the influence
image interacts with said at least one virtual item; and

a second source (7), for outputing electromagnetic energy at a second wavelength
range, wherein the second source generates a visible display in response to said display signal,

wherein the first and second wavelength ranges are different.

14. The system of claim 13, wherein generating a display signal wherein the influence

image of said object interacts with said at least one virtual item comprises:



*a first source, for outputting el ectromagnetic energy in a first wavel ength
range; a detector for detecting are refl ection of the first source of
el ectromagnetic 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 el ectromagnetic energy at a second wavel ength range,
wherein the semfé@:irfgcauﬁ.ﬁsinﬁ@&af@fttﬁesviaua\m&hlahﬁ]edﬁfﬁkhmmh%;re8p0nse to the
di splay signal, wherein the first and second wavel ength ranges are
di f f erent ;34nd audi o out put for outputting audio. 13. A system for
detecting an objefeihg {He intd@dibn 3PHe HRMEIR AT oh hel VERRPHSE frem Meiletidd ( 302)
wherein said object interacts with at | east one virtual item (306)
di spl ayed 'BAMgHPALdi spl ay, the systemconprising: a first source (2), for
out puting el ectromagnetic energy in a first wavel ength range toward a
| ocation conprising said object (1); a detector (3) for detecting a
reflectionof tHEssystesef daitrlder & whpsinthedaisisd imegedh e ghiectiy yrauiliied
| ocation; jRag AeRSHRCt. (5) coupled to the detector and provided for
i npl ementing a process for: detecting an image of the object in said
detected reflection; determning an influence image of the object (322,
324, 326, 1328, ﬂ]%g}sten’{‘@tein@oﬁgl&inﬁl?»'t@BL WhtleR tﬂmg%oﬁrpgé%lig%t{hgtgkﬁm around
the detected image of the” object and wherein the region is conprised of
pi xel s havi HY visitlaipgerumh aech@s gxfiiareg ligkthangd wheesin the saeprdreuge petputebight rage;  and
gener at i nghA iGh 8l vabiséf@lalm.i ncl uding at | east one virtual item wherein
the influence image interacts with said at |east one virtual item and a
second source (7), for outputing el ectromagnetic energy at a second
wavel engt 7 r angg o e EiIdImt MeoSIBCHRMGeiS Hloh ctQ‘EHQEﬁ;@ﬁﬁg%chd'éé Phémdll Splay in
response to said display signal, wherein the first and second wavel ength
ranges ar éisgfiapd whergin thejsecongtjgeureq(d) iaphudss aidgp projegtor gieb pefon prgieadneat i ng a
di splay siignal oWheh®ict (& b@_adﬁténvmﬁ@objécmggzg%héah%egmfa%gkzz!)&trrpp%&%?tS with
said at |east one virtual ‘itemconpriSes: 16 detecting an inplingenent of
the virtudnepfem on the influence inage;

a projection-from-above system;
a rear-projection system; and

a front-projection system.

18. The system of claims 13 to 17, 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.

19. The system of any one of claims 13 to 18, wherein the influence image (322, 324,
326, 328, 330) of the object comprises features for calculating a strength and a direction of the

influence of the object on the virtual item.

20. The system of claim 19 wherein the influence image comprises any number of

successively larger outline areas.

21. The system of claim 20, wherein each successively larger outline areas is assigned a
progressively lower value so that an outline area farther away from the object outline is

assigned a lower-value.



and deriving the interaction of the influence inmage on the virtual item
fromthe detected inpingenent. 15. Thﬁ,systen1of claim 13 or 14, wherein
the detected inmage of the object is an outline image of the object. 16.
The system of any of clainms 13 to 15, 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
17. The systen1of claing 13 to 16, wherein the object (1; 11; 22; 304)
nol udes #2humskhe SYER OLgRITBARIOH vhign deirfhgncsdmpescompyises AdPastIS a vi deo

proj ect or m?&fbuaﬁ.eﬁfeatmrpein%%wwh chiTRESSI @s@eww@&@s.(e@ loaékvaﬁfélsacent to
t he obj ect wherein the surface is part of "~ one of

proj ect i ortb# repInaBBE 2wy fremth e%Jeﬁwllflﬁﬂ&ﬂs‘ééﬁed@dowgﬂlém and a
front-projection system 18. The systemof clainms 13 to 17, wherein the

first source includes a pattern (B) of illumnation, such as a random dot
pattern; fadrt hebhecriinm pisinaf eleims S0 o2, yhereinahs signatinef thoiafleeseqofghe

i1 uni nat i gbfectditie Astud et i deal@ floIht vARE hisbOstedivRtie phiHE LEhe f O
generating the Pattern of illumnation. 19. The system of any one of

clai ms 13 PeFesBeNIpgravHing Aray oif Yhighiee virelgem(impipge. gpdwhergp ghe dgpgion 330)  of

t he obj ector@RMPiei&SoriRAbjeEEsH thoVirt& it istdetiit@d ﬁoﬁttﬁ@g}%.m 3hde Gaiblisr ection of
the influence of the object on the virtual item . The system of claim

19 wher ei ristos@te it fesrrodnts ?Fé@eesue@ﬁﬁp\f%le@eram*ymﬁamn wlrlch he vigwaldieye| v | ar ger
outline ariggfmge2l. The system of claim 20, wherein each successively larger
outline areas is assigned a progressively |ower value so that an outline
area farther away fromthe object outline is assigned a | ower-value. 17

22. The sygtempfe s%té?h'l BEclaf 28 Wiérkin WOGHIRs stBaﬁed @ftlln HeRGRtsloAgBupdPr i ses at
| east one |larger outline area the points of which continuously assigned a

progr essi Aty on wish theairtpel ke impinge, and pbiessin thegradient obthayalpes@rn avhragashj ect
out i ne i S,2SSbgHRfht f thONET of MR iHBge item.

25. The system of claim 23 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.

26. The system of any of claims 20 to 25, 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.

27. The system of any of claims 13 to 26 , 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.

28. The system of claim 27, wherein generating an adaptive model of said background
includes computing a weighted average of a current detected reflection and previously
detected reflections, and wherein separating the object from the background includes

subtracting said weighted average from the current detected reflection.

29. The system of claim 13, wherein said process further comprises:



v 23. 'The system of any of clainms 20 to 22, wherein the strength of the.
i nfluence of the object on the virtuq& itemis deduced fromthe val ues
associated with the points of the successively larger outline areas on
which the virtual iteminpinge, and wherein the direction of the influence
of the object on the virtual itemis deduced fromthe gradient of the
val ues associ glgkeld thidetddRiniiYl Pr il of HEInAUGEERBIY iy | arger outline areas
on which the virtual item inpinge. 24. The system of claim 23 wherein the
val ues associ ataguosgpsfar ysh throgradient gf defeming ift¢ragtien befverngheoepiesh{38Mh ande
virtual itemiaRi fgecosnd wherein the gradient of the values are averaged
over every point In &he area of the inmage item 25. The system of claim 23
wherein the values associated with a subset of the points of the outline
areas on Wi ch agy¥inf smAimgﬁﬁmzbm@he?aﬁsaa@mum@ﬁ,%amdw@mgaaﬁlgsﬁ%ioof the
val ues are averaged over every point of the subset of points. 26. The
syst em of %®ifgt-of clainms 20 to 25, wherein the duration of contract between
the virtual itemand the influence inmage is considered for determ ning the
influence of the object on the virtual item 27. The system of any of
clai ns 13 }tlo 26The sytest ef lpimHa, yhesiesasbprogess gnmppisesewbiregrpatienect i ng  t he
i mage of tiignAMAE) Q¥n 3ERRLATI NG the object froma background of the
detected reflection, wherein separating the object fromthe background
i nvol ves generating an adaptive nodel of said background by anal yzi ng
changes over tim,Qf, gt ected reflection. 28. The systemof claim 27,
wherei n generating an adaptive nodel of said background includes conputing
a wei ght ed averasjeckefboardcnafterant det ected refl ecti on and previously '
detected refl egti i hiseparating the object fromthe background
i ncl udes subtﬁggﬁﬁﬁﬁ“fgﬁﬁm§§?§h§gd average fromthe current detected
reflection. 29.usiae pegsismasystenciogieimeltBe objtvre apartfrognihe baskgroasks f ur t her
conprises: 18 a process for determning a gradient of the influence inmage
; and a process for using the gradient to determ ne interaction between the
obj ect (332) arikhe spstdniofalaim28] wheramthe 30BYss f@Osing He geadenetmdeternghai ns 13 to
29, wherei; i N I; ' - ' ..Saj ' 31. The
system of BrarEEhEe gh%ﬁ?a‘%‘%9’}#3‘?2@%%%&?&)2%@&;&??5 g BFE cd

to determine a boundary for the virtual item; and

identifying an interaction by using the gradient and the boundary.

33. The system of claim 32, 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.

34, The system of claim 32 or 33 , 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.

35. A method 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
method comprising:

using light at a first wavelength to illuminate a location comprising said object;



“illumnation (B) such as one of randomdot pattern; a checkerboard
pattern; to illum nate a background; a using a processing systemto
define the object apart fromthe background. 32. The system of claim 29,
wherein the process for using the gradient to determne interaction
bet ween the object (304) and said virtual item (306) conprises: using a

processor to dghghhieaa)RapeEae Yo helighthea Mist Waldlenith & detc@ivhehst@BA bf Yi Ng an
interaction by using.the gradient and the boundary. 33. The system of

clai m 32, ek e siQlopatiSess further conprises: using a processor to
determi ne a brighgResseRbr @NcoapldtodRs tavReh b hRPehR a pRc@Gtor: and i denti fying
an interaction by using the brlq%r%t ness of the area and the boundary. 34.
The system of ceSFines igpeeptthe é&léﬁﬂdéﬁ%@tqdr{f%ﬁﬁa@ﬁi on is one of- a person
pushing the itQﬁienﬁinﬁ@raﬁQﬂ]u’é@é@xﬂig&%ﬂﬂé%gje&ﬁmz, 32478263918, 990)OWRErdIg tHehe 1 tem
and a person manipulating the item and further COIT&)I’I si ng additional
features SOCYFNeRIMaBnG UL serionaseund thediess Hdhebircy320)a8d whergiathiod f or

det ecti ng r@flowRjcEGprised of A4 ha @ aGBRE fidl difiBighithes BRRARHEHR dSlbG&Y ifMed; 302)
wherein said object interacts wth at |east one virtual item (306%

di spl ayed B sai d display, the method conprising: using light at a first
wavel engt h t o idehdtfingatdisphy lsREALADNiRARRAI Shd@rtS it WAeRMisaiddHuehk&l N9 a
canera (3). responsive to the light at a first wavel ength to detect a
ref | ect i orim@se ofdhe Qpiget igisracts ity said ableashenstvighs! it1%iaAd a processor (5) coupl ed

to the canera t@inigmf?ilteh@'@_&tcoﬂi WAVRRRSH, diffdrent ﬁfa_ﬁlts@i@tdrﬁ@aaaedgﬂ%egfeﬁéradeQe obj ect
in said detected reflection; determning an influence i nage of the object

(322, 324,displged ymge framsyid digplay @gtplt he i nfl uence i mage includes a region
around the inmage of the object (320) and wherein the region is conprised

of pixels having a value that distinguishes themfromthe detected inage;
and 36. e method of claim 35, 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.

37. The method of any of claims 35 to 36, wherein multiple cameras are used and

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

38. The method of any of claims 35 to 37, wherein a plasma screen is used to generate
the displayed image, wherein the displayed image includes advertising or wherein the

displayed image is part of a video game.

39. The method of any of claims 35 to 38, further comprising:
strobing the light at a first wavelength.

40. The method of any of claims 35 to 39, further comprising:
interconnecting multiple systems so that information about image detection and displays can

be transferred between the systems.

41. The method of claim 40, further comprising:



v generating a display signal including at | east one virtual item wherein
said influence inmage of the object interacts with said at |east one
virtual item and using light at a second wavel ength, different fromsaid
first wavelength, to generate a displayed imge fromsaid display signal.
36. The nethod of claim 35, wherein the object is a human user (304) and

wherein  gghefiRtiaRgertddgnBinsba c‘?éa%in%l@d’i@léé@ﬁmg%oqg j ré’&iﬂ{?&s.pr oj ector

such as for projecting inmges on a surtace ace to the object
(1; 22), wherein the surface (23) is part of one of- a

projectionpfro : k- J; I : .
front-proj gcti gﬁr}]]@g{;g?g%y%‘%%%ﬁgﬁah\g{cf%ﬁﬁ%h&@%sgyozltdg@r%gggdErgag§8f wher ei n
mul tipl e dhmisimas ugar én QYildirstamage opmerisssn at | east two caneras are used to

produce a sterQinehb&fkined B&kebilfd;ARE hod of any of claims 35 to 37, wherein
a plasma screen IS used to ggneréte t he di splayed i mage, wherein the

di spl ayed i magdaisinge pregessing gxstant toslefiny the imaeelidhnhuniae usetiapgst fagrethei nage i s
part of awidepngane. 39. The method of any of clainms 35 to 38 , further
conprising: strobing the light at a first wavel ength. 40. The nethod of
any of clainms 35 to 39, further conprising: interconnecting multiple

> 2 . . CariorC ting o
systems saqst haty syaifeﬁarfﬂmekéeﬁng%%}ezf (TB4IR) GRf ﬁ%&a&g fn?g: gﬁhﬁsﬁ%@‘% u(gt o e

transferred between the systens.” 41. The ne . ),

conpri si ngvhem sajgxibipgt intgeacts mathf lsast ek Vindad iterat 306 hdisdayed emsaid disdayntiee

di spl ay frsQ&Iﬁg@nﬁfsingpre di splays. 42. The nethod of any clains 35 to 41,
wherein the process for detecting said i mage of the human user in said
first image condirstsewece @yiforgumupiag tlestrratgivtic kuprgwind;firsimadvelsrigtigrasgepr ocessi ng

system t o defi ReLdhs B,qusqn idtdd n user apart fromthe background.
43. A systtemrf or ccltet ecct ng ggsfﬁl obj ec 5,“(31; 304) and generating in response a

di spl ay (302) adaeetei @) adeecivg ecdflettivner thetfigst gpurde cdelettemsignaticenargy t ual item
(306) di splavadh 9asql d display, the system conprising:

a processor (35) 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

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

a second source (7), for outputing electromagnetic energy at a second wavelength

range, wherein the second source generates a visible display in response to said display signal

wherein the first and second wavelength ranges are different.

44, The system of claim 43, wherein generating the displays signal comprises:
generating a virtual item;
detecting an impingement of the virtual item on the influence image;

and
deriving the interaction of the influence image on the virtual item from the detected

impingement.



~a first source (2), for outputting electronmagnetic energy in a first

wavel ength range toward a | ocation cqurising said object (1); a detector
(3) for detecting a reflection of the Tirst source of el ectromagnetic
energy fromsaid |ocation; a processor (5) coupled to the detector and
provi ded for inplenenting a process for: detecting an imge of the object
in said defsect ethels@hdn@6fdIfM;43 SLEL WHERINBe dfectedfihMRRE teloBRAGs & outilie ODj ect
(322, 324, 326, 328, 330), wherein the influence inage includes a region
around t hémagadehiceecage of the object, the region being conprised of
pi xel s havi ng val ues that distinguish themfromthe detected image, and the
region form ng around the detected image a pixel value transition that
provi des f48r calhegysiam plgny af elaigs 42 toxhre Whergin theclrptspures outpiés light thetdned of t he

obj ect on igthelBAd spctMint, ki las ifh@F 1i3MJarANRFeA thé Gcdndlbiiel Bdtpsil GoR!
including at | east one virtual item wherein the influence 1nmage interacts
with said thatigteaysiblsseectime yal item and a second source (7), for outputing
el ectromagneti c energy at a second wavel ength range, wherein the second

source generates a visible displag in response to said display signal
wher ei n t He- f i ride sy efcyabicloiny &b et wheraindhesobieete(1dl] I R&r38fxincludes a The
system of pahh Reftahd WRELHESIE s@SAELREE ) indiRied ﬁgé@ﬁfaeé%rg;{ﬂﬂl asqGIPr1 ses.

S
generating a virtual item detecting an inplngement o e virtual itemon

t he i nf| udnQectingipages onsirides B33 adiagsat th feebiget (il oi?).otheteinethe sifrfacee@ee i nage
on the vir g ofichebp from the detected inpingenent. 21 45. The system of
claim43 or 44, wherein the detected inmage of the object is an outline

i mge of the olfjRsectiondronmahevasysiemin of any of claims 43 to 45, wherein the
first source outPiRojbdiBhtystefdtnd S NOt in the visible spectrum such as
infrared |ight, and wherei'n the second source outputs light that is the
vi si bl e spect r FrffongProjeftien sy§temem of any of clains 43 to 46, 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 inmages on a
surface (&3. 23)Thgdysrreaficlains the 4byiesein the firg squrcevinedydss mpatteen Bdef ace (23)

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.

49. The system of any one of claims 43 to 48, wherein the influence image (322, 324,

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

50. The system of claim 49, wherein the influence image (322, 324, 326, 328, 330) of the

object comprises more than one outline area.

51. The system of any of claim 49 or 50, wherein each successively larger outline areas is
assigned a progressively lower value so that an outline area farther away from the object

outline is assigned a lower value.

52. The system of claim 49 or 50 wherein the influence image comprises at least one
larger outline area the pixels of which are continuously assigned a progressively lower value

so that a pixel farther away from the object outline is assigned a lower value.



“is part of one of a projection-fromabove system a rear-projection
system and a front-projection system,48. The systemof clains 43 to 47,
wherein the first source includes a pa%%ern (B) of illumnation, such as a
random dot pattern; further conprising neans for generating the pattern of
illumnation such as infrared light-emtting diode cluster for generating
the pattersy ofTHelsydith BRdny @NelaiftR 49 TN, SHELRLREladiPh dHeQiRforeai N5 43 to 48,
wherein the influence image . (322, 324, 326, 328, 330) of the object

conpri ses 'BRGCHARAIEPIISE d%taeﬁféggsiheélrifﬂp%m@eéﬂn Bedirsetien afragadient of therpigelsy st em
of clai m%lqewm@asrbfu.hﬁngmeht&mnkmmeﬁ&%a At the3ual B8, 330) of the
obj ect conprises nore than one outline area % The system of any of claim
49 or 50, wherein each successively larger outline areas is assigned a

progressivaly Iﬂmpstaﬁb%y%ecmmm 50 WhbreehAdeBRe bAtht BLerYBYnE r Om t he
object outline is assigned a |ower val ue. 52. The systemof claim49 or 50

wher ei n t H¥schn thereteali 'tﬁ'ﬁg%a ¥Agh dedugedsfrom thg yplugsrpssociated yidth therixelstf area t he

pi xel s of Whbilnedkds 6RWhichURUF I iRSSinpiRds.a progressively |ower value so
that a pixel farther away fromthe object outline is assigned a | ower

value. 22 53. The systemof any of clainms 49 to 52, wherein calculating a

direction gf the syiﬂér@f)%&b@aalﬁﬁ@pw %%h%ﬁl@ﬁmaﬁ\]e'}gd Erla@enqlorfﬁﬁtpb@@ ald N€S InN
the direction of a gradient of th i xel values for areas of i npi ngement

bet ween tk?é‘era&qdlq}(éfr?ééeaﬂﬁé%etéﬁ&‘et% saff thepailing pregn ongyhichthevigyad item of any of
claims 49 ih@ingd, Wherein the degree of the influence of the object on the
virtual itemis a strength deduced fromthe val ues associated with the

pi xel s of the outline areas on which the virtual iteminpinges. 55. The

system of @ny OfheGlRInTBT M oPElaintd:50 1S, whaemﬁe a(@dtaaﬁoﬁmngﬁagw@&tth&f the
pixels are averaged over at |east a subset of ggxe s of the outline

areas on \Wiiteahitermand the influgnce freage lﬁqem#g@fo%tewm@gg inByanes ofdhgobigct ¢l ai ns
50 to 55, es Gimitig duration of contract between the virtual item and
the influence inmage is considered for determining the influence of the
object on the virtual item

57. The system of any of claims 43 to 56, 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.

58. The system of claim 57, wherein generating an adaptive model of said background
includes computing a weighted average of a current detected reflection and previously
detected reflections, and wherein separating the object from the background includes

subtracting said weighted average from the current detected reflection.

59. The system of claim 43, wherein said process further comprises:
a process for determining a gradient of the influence image; and
a process for using the gradient to determine interaction between to object (304) and

said virtual item (306).

60. The system of claims 43 to 59, wherein said virtual item includes a rendering of said

object.



~57. 'The systemof any of clainms 43 to 56, wherein the processor is provided
for detecting the inage of the object,by separating the object froma
background of the detected reflection,“” wherein separating the object from
t he background invol ves generating an adaptive nodel of said background by
anal yzi ng changes over tine of the detected reflection. 58. The system of

claim 57, giher efiR QRACHAUAIMU3 APhAIRRLA N8R priods: Sdigth hagkar ound i ncl udes
conputing a wei ghted average of a current detected reflection and

previ ous| yllugiaetarBYsuckay @€ of.ons, and wherein separating the object from

t he background J BelwAaRs paiHPLiACt i ng sai d weighted average fromthe current
detected reflection. 59. The system of claim43, wherein said process
further conpri sedeckeshopd pattess tg Yuminatearbarkeravgd:andr adi ent of the infl uence

i mage; and a pr@ﬁ%(%?r 9§sin§§§/sﬁ9n &%ﬁwtﬁgbtﬁg& apaft f?ﬁ-‘nj} Ak Blc'ggrohm eraction

bet ween to obj ect Oi) an said virtual item (306). . The system of

clainms 43 to 59, wherein said virtual itemincludes a rendering of said

obj ect. 2%, 61.ThERG&Y st MY, whedin 43, wherein said process conprises:
using a patterned “illum nation éB) such as one of a random dot pattern,

and a checker bohe progsat foepsing thogiedieniie drieraing ijerewtion detmgen tnabiess (399) a
processi ngmﬁxaa CiuliGee qﬁoda%oélﬂ%egmaﬁga gl%gég&r td 5e‘?€ﬁn§nﬁ% bgerﬁigg,rfg}mg- 62. The
I mb59, e ces or t

system of clair erei'nt pro usi ng e gradirent to determ ne
i nteract i ofrtysbitepeendt he obj ect (304) and said virtual item (306)

conpri ses: usi qger@if;}?ﬁ%’aéﬁ%ﬁ&i&n%g%ﬁh [HToRRjed AAURARLNdaRRT the virtual item

and identifying an’interaction by Ing the gradient and the boundary. 63.

The system of claim 62 wherein said process further conprises: using a

processor g0 defiRlde ofeiihi @RiHIR Ssalll prtfdssalfift: Shdréed from the object; and
identifying an interaction by using the brightness of the area and the

boundary. B#gaPrEesgp deferfinad byighingss oban g8a dantved Eom thetebjerthendr acti on i s one
of . a Pergom RSN ifGral it vl LS iR bREKRQN of RUGEA B thd WouhdaRT

64. The system of claim 62 or 63, 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.

65. A method 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
method comprising:

using light at a first wavelength to illuminate a location comprising said object;

using a camera (3) responsive to the light at a first wavelength to detect a reflection of
said light from said location;

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 detected image of the object (320), 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



*a person deformng the item and a person manipulating the item and
further conprising additional featuresy,such as audio output for outputting
audio. 65. A nethod for detecting an object (I; 304) and generating in
response a display (302) wherein said object interacts with at |east one
virtual item (306) displayed on said display, the nethod conprising: .using
light at a&akilatdg MRyRE e dirckGonl ftHeMhMAh& oF tHeQBREI PNt RATRNir&hNgmsai d
object; using a canera (3) responsive to the light at a first wavelength to
detect a rP8flection of said light fromsaid |ocation; using a processor

(5) coupl ed tO_g%matmgmﬁsalamghmcm@ta; Ra® bRCE&G! ftéh whedBlsg@tdMenan | mage
of the object in said detected reflection; determ ning an influence inmage

of the objiBage of thepbjegtinteragts pyith 33ig at leashyne wghal sk aphe i nf | uence i mage

includes a regi@m?agwﬂ&is&m wele@mififemgﬂomfsgmmtwbm&‘tgm&%?g@aerat& he region
bei ng conpri sed OW&PI,XM s.having val ues that distinguish themfromthe

det ect ed iMagFdTOmMAY dighky Sie88k on forni ng around the detected i mage a pi xel

value transition that provides for 24 calculating a degree and a direction
of the influence of the object on at least a virtual item and generating
a di spl ay %i gnd)} SYSKBIQBPHY%t | east one virtual item wherein said influence

i mage of the obyjdmbralspi@h asckablotb bibvRRiifaRt of H3BfecOne Virtual item and
using light at a_second wavel ength, different fromsaid first wavel ength,
to generate i rrefiPlay SHIETS aReRbiR 18 pRndsr vadegiapges g0 AswiAse:8hd conpri si ng: a

canera system QRRsRBbEcIuPle@iot¥ieilR shilRafSs RbmaMd CRhEE tystem Ml SRIpRY SYSt em
operable to render video inages onto a surface; and a processor coupled to

recei ve sdfiye rairhdjeria wamsaidprecsser epewp st dsterrdneastpratiandg dirggtiopef saj d

di splay sysb@tonteivdePihO 666 ahd ARQLRIAL 8f thOvides @lapisne a strength and a
direction of interaction between the object and at |east one of the video

i mages. 67. A systemin accordance with C aim66, wherein said processor is

further opgrablesk@m il 8iBFdahd8yitNCIAR d6U RRGSEIn BB IR0 s fuRfdr bPG IR €91 0N
around an obj ect ‘image derived fromthe object, and wherein said strength

and sai d detcaeipe ghinBrenceimsge they ineludes p eeeipsrarqpad af phjeat irdeg derived from the

object, and wherein said strength and said direction of interactions are derived from said

influence image.

68. A system in accordance with Claim 67, 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.

69. A system in accordance with Claim 68, 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.

70. A system in accordance with Claim 67, 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.

71. A system in accordance with Claim 66, wherein said interaction is the object pushing

the at least one video image.



*infl'uence i mage. 68. A systemin accordance with Caim67, wherein said
processor is further operable to det eﬁn' ne a gradient of the influence

i mge and to derive said direction of Tnteraction based on said gradient.
69. A systemin accordance with C aim 68, wherein said processor is further
operable to determne a brightness of the influence inage and to derive

said strength of atswih@%&ncmmlam%,%bt‘éin%mm,&@&%ﬁis thOobjddt RUSGM | N
accordance with aim 67, wherein said processor is further operable to
det er m ne the Hrisagtana&ideo Bagt-he i nfl uence i mage and to derive said strength
of interaction based on said brightness. 71. A systemin accordance with
Claim 66, wherein said interaction is the object pushing the at |east one
vi deo i magl: 257 syptem in agqpedanen With Glaishet atersingpid interpetiomisge oligrér ei n sai d

i nteracti o fdrSi hﬁeé@magq,;,e{,igwima%g the at |east one video imge. 73. A
systemin accordance with C aim®66, wherein said interaction is the object

deform ng the at | east one video inmage. 74. A systemin accordance with

G ai m 66, wher e @ys&?ﬂ  abdrBhaslkPMainS6d Me@t?ijs_ﬁﬁgtintergaﬁhﬁ’sqh@&ﬂjéw the at |east
one video image. 75. A systemin accordance with Caim66, wherein said

processor MPUALNGEe aplsest gty \ddeodmaggener at e an adapti ve nodel of a _
background to said object by analyzing changes over tinme in franes of the
i mges from said canera system_ 76. A systemin accordance with Caim 75,
wher ei n sal’d prdessuin areprdanee widy Claedt bhereingaid grasessentivfustherdperiablet | mages
based on ' | g 1d ' r . em 77.
A syst om S R O g 1 R RS Ah iR o )

oper abl e tfirmegehbe fpageshon stidieamdrywsiedel of sai d background by identifying
pi xels in said franes having substantially constant brightness over tine.
78. The system as described in Claim77 wherein said processor is further
operabl e t¥- geheérsneingegosdagerapith Glainhid afhergin ssidipepepaeridg fugtherdpprpble sput i ng
medi an Valé&ﬁératg\éﬁa vﬂibé@na&@srbaseﬁ%(!aig'aaa%tﬁe model and said images from said camera

system.

77. A system as described in Claim 75 wherein said processor is further operable to
generate said adaptive model of said background by identifying pixels in said frames having

substantially constant brightness over time.

78. The system as described in Claim 77 wherein said processor is further operable to
generate said adaptive model of said background by computing median values over time for

said pixels.

79. The system as described in Claim 75 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.

80. The system as described in Claim 75 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.

81. The system as described in Claim 75 wherein said processor is further operable to

generate said adaptive model of said background by incorporating into said adaptive model of



©79. 'The system as described in Caim75 wherein said processor is further
operable to generate said adaptive nogel of said background by conputing
medi an val ues over tinme for pixels insaid frames. 80. The system as
described in Claim75 wherein said processor is further operable to
generate said adaptive nodel of said background by incorporating into said
adapti ve rgamdeaci@found shailgdias kil BiREoERIANG 8&ul BuesdLithnRAGK HERMP Aridcdaag occur
over time. 81. The system as described in Claim?75 wherein said processor

i s furthersagdeskemuadt o generate said adaptive nodel of said background by
incorporating into said adaptive nodel of 26 said background changes in
sai d background that occur due to changes in lighting affectin said
backgr oundB?- 82. Theisestary as dessribed ddainy 'ﬁe‘g‘eif%" @idpraseysr iwther ppesdhiedo pr ocessor
i's furtherganskall Sdablive HERESBLA badigfbuAd Pl kMR ARRALI iRkoSRindsRGkgiound by
creating a nodel image fromsaid inmages Trom said canera system that

cl assi fi esfry5n s wmerp yetpy thapelassifierrniyels Hssaidimadelimpes asgitbriheregspundipack gr ound.
83. The symtghoad. described in Gaim75 wherein said processor is further
operable to Tgenerate said adaptive nodel of said background by
incorporating into said adaptive nodel of said background information
relating t@ at 1iRagdeRaP@5drbdint laifPt SAviRdi £ Glid frb@hsof RFurkePBleRfit to _
substantially stationary for a period of time. 84. The system as descri bed
in O ai m 7 saf adaptyaamestebefeaid dackgeound by eerrespiétzdnip said adaphearaedst ef sai d
adaptive r@a@QJacl%frou%&'ilﬁorhﬁﬁ&gxreBHffgjtoQYl_eEsQErBwtibrpr Bid W8 dat¥Rhinge of &
current frame of said images fromsaid canera systemwth said adaptive
nmodel of s#byentiphestaioayndor agsriodféimey st em as described in C ai m 84 wherein
said processor is further operable to tune said weighted average to change
a rate at which said nodel of said background adapts to changes in said

i mges froif sai thesasien as deyestbedrin @aim 7Phwherpis seifpesesgarseiuithes @pérablSioai m 75
wherein sgj vl h : : i isplay item
Byl St ma R R R ode b b RRA AT Pl AED GBI SR HEF) 2t and
sai d backgnugertdramg pf saithimaggsdfraansaitscas ey sterp oV ith saidhdapryeggodshefrseidn sai d

di stingui shingom@nprises conparing a current frame of said i mges from
said canmera systemwi th said adaptive nodel

85. The system as described in Claim 84 wherein said processor is further operable to
tune said weighted average to change a rate at which said model of said background adapts to

changes in said images from said camera system.

86. The system as described in Claim 75 wherein said processor is further operable to
generate said display item by distinguishing between foreground that corresponds to said

object and said background.

87. The system as described in Claim 86 wherein said distinguishing comprises
comparing a current frame of said images from said camera system with said adaptive model

of said background.

88. The system as described in Claim 87 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.



*of said background. 88. The system as described in O aim87 wherein said
di stinguishing further conprises detejmning if differences between
correspondi ng pixels in said current ffranme of said imges from said canera
system and sai d adapti ve nodel of said background are greater than a
threshold to determ ne | ocation of said object. 27 89. The system as
descri bed gon Clae By st MRERibEY S mCBIRIRISHRE @20 SSFpris¥dwoCaneras to
provide a stereo inmage, and wherein said processor is further operable to
conput e  FAPEMRS WYY idsAsiaieadmage pry ‘g'ﬂf‘éff‘@&a"? Pragrasca iUty Qrssablefo gomeie h dat a
t o gener at®RphAh biRE6h sdf sterdSinthgb RO LQUAMR-def dathSY et 8RNkl nRBAQF dance with
Cl aim 66, wherein said canera system conprises a |ight source that is
strobed. 9%idbackgtespdm in accordance with O aim 90, wherein said processor
is further operable to process said inmges fromsaid canmera system based
on said strobed |ight source. 92. A systemjn accordance with Cl ai m 66,
wherein sald prbessggp a?°§rqaﬂﬁetvﬁé‘r(:‘6'ﬂégéawh@e'ﬁ‘éa'dG@P%ﬁysﬁmlqoglmlf'eﬁgllé‘ﬁenomenon
due to soupgesthefis kit@bd. ot her than said camera systemlight source. 93. A
systemin accordance with Caim92, wherein said |ighting phenomenon
conprises shadows. 94. A systemin accordance with Caim75, wherein at
least a payti om Gfstefih dcPHah@GHth AR, AR&eiWshill pRRaLsSoriemld QPtishle R°- A
systemin accordance with Caim66, wherein said processor is further
oper abl e thsoceetiddmagsa framspifd serpera pstepobed aprsaidstiedred dight sogce. A system i n
accordance with Caim66, wherein said video i mages conprise an
advertisenent. 97. A systemin accordance with Cl aim66, wherein said
processor s f u¥ Bt ippesordance with Clyieridy whereig saifl srokesyoriis rthdrgpéralje ton
ani mat ed GRAELABALERFASiHefomeiBn ddd @ﬁh&%ﬂ@@&%&ﬁ%& R Wi s R 7, wherein
said processor is further operable to change said animateed characteristic
of said dis8fFay item responsive to said interaction. 99. A system
conprising: a canera systemfor providing i mages of an object within a
field of view
9 A system in accordance with Claim 92, wherein said lighting phenomenon comprises

shadows.

94, A system in accordance with Claim 75, wherein at least a portion of said surface

coincides with said background.

95. A system in accordance with Claim 66, wherein said processor is further operable to

detect said object and positions thereof.

96. A system in accordance with Claim 66, wherein said video images comprise an

advertisement.

97. A system in accordance with Claim 66, wherein said processor is further operable to

generate a display item having an animated characteristic.

98. A system in accordance with Claim 97, wherein said processor is further operable to

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

99. A system comprising:

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



© 28 ‘a projector for projecting video i mages onto a surface wherein said

vi deo i mages conpri se adverti senent ia conprising display itens and
wherein a portion of said surface |ies within said field of view and
wherein said surface is a floor; and a processor coupled to receive said

i mges fromsaid canera system and coupled to drive said projector, said
processor oper alfr§edét 1665r86ting dddo MUELIntANELRASH Kdr&N Said BBEEREgessal d
processor further operable to generate a display item having an ani nated
char act er i*8PPEseAEtsERBRtENSdiacamriyinpdigtlaygifensand herain [a @ortign dagg
strengt h apgdwihih el oM@ oPlicRAnd Wh&EERGH SHacORLWREH anfi d Obj ect and said

di splay item and wherein said processor is also operable to change said
ani mat ed char actREPGessef eoupled oArepivgisaiglimgees framhspif caraspaitiem, ansl coppled to

I nteracti Qfive 9 rofdctoy, $4i€ Hl‘o@e%er%ﬁérﬁﬁgtd d3eeld s@?d%ﬁ%an%@s‘it%‘n&h%@bﬁi sdif 0cessor
is further opera%le to determne an influence 1nmage that includes a region
around an PspseEset furtheigaerafde foasterate @ displaw iterp hjvarg an agimptagieberadierissaind st r engt h
and said djfeRGt samwpreéesggms%aﬁtsn% ﬁ)rb&ﬁa’pﬁ’teQ%{réd]\éﬁQnﬁ uRBsRbE ihPhldiance i mage.

101. A systemin _accordance wth Caim 100, wherein said processor is
further opsMEst &riq epiechridspididisplay itgpaad whereippaig pcesparliydseceperiablaée and to

derive saifafbe k88 hAiRBe@EndRIRAERI AN IRASERem AedBhL QLthRRktion 02. A system
in accordance with Claim 100, wherein sald processor is further operable to

determine a brightness of the influence image and to derive said strength
of interacihon PAsRM asPLtiedin®@ |l BNNRESH said Pdcesbor VaHRTopdatiCHOr dance wi th

Cl aim 99, wherein said processor is further operable to generate an
adapti ve rfsieningan nflierektage et ingjudesi deeinsy asaund Yy obier inyage defiveH dinnebe over
time in fJbﬁQ@%&Lh&é?@séiMﬁﬁh b5 PR e ich AR RacBi¥ S b8 Perived from said

influence image.

101. A system in accordance with Claim 100, 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.

102. A system in accordance with Claim 100, 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.

103. A system in accordance with Claim 99, 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.



