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CROSS- REFERENCES TO RELATED APPLI CATI ONS [01] This application clains
priority woaaiiem9pendi ng U. S. Provisional Patent Applicatipom/Uushy17843

60/ 296, 189 filed June -5, 2001 entitled | NTERACTI VE VI DEO DI SPLAY SYSTEM

THAT USES VI DEO | NPU'mﬁm t ence, as if set

forth in full in thi WI%MS%?@Q@&ND OF THE

| NVENTI ON [ 021 The present invention relates in general to image processing
systens and nore specifically to a systemfor receiving and processing an

i mage of a human useCRUSSAREPERENCESPG REIATEDMAMPOEATONG ays. [03] | nmage

processing is used in many areas of analysis, education, comrerce and
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ot her data, aninmate qgbjects, create expressive forns, etc. [041 Detecting

the posi ¥ithis degamanhy Eralpuaosss.hunan body is referred to as "notion
capture.” Wth notion capture techni ques, mathematical descriptions of a
human perforner'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 |ater I\?IL%\?ack or simulation,
enhance anal ysis for medi BACKHRILIBD OFTHE IYXENTINN hough noti on capture
provi des ned R84 iAva : ' G pdgg g&% to be
conpl ex.loggnei‘ltlée Ihnl qll}g% r%ﬁ?ggslfl%hﬁ%g%}n a ?gr?ocieo %g%ggse%‘?gﬁ&seui ts with
hi gh- vi ssgecifichlly fxoa systenaforyeceiving andpmteéssing anGniage ofip humax hee toiskow

radi o-frequency or. other.. es of emtters, multiple sensors and

det ector@?erﬁé}{%-w&’élﬁ%fysg% nsive post-processing, etc. Techniques that
rely on giayp! finydeyiBbdsink Wiisch MRAIENT #b46 LaritlRis etialtivn NBnAGEL4RE € enough
to provide well-defined and precise notion capture. [ 061 Sone notion

capt ur e enpertainmeito (Ineadspestofiimagetprecessing irsdudes thumantcomputer mtedactiomslges t hat

are created . and di spl ayed a _conput er syste Far, exanpl an.actor my
stand i n&?%?%ﬂltngangoﬁsf ﬁ%db'é?mengscﬁo@@ﬂwp%%r tgl]tofldwﬂblfnasgggegm’h%ﬂ?’é%? . The
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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 later playback or simulation, enhance analysis for medical purposes, etc.

[05] = 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
types of 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.

[06] 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



di spl ay screen and render an approximation, or artistic interpretation, of
the path onto the display screen. The images with which the actor

i nt er act swoan/ibm9€. g., on the floor, wall or other surfaeel/soypmsatied
three-dinensionally in space, displayed on one or nore nonitors,
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i mges are affected by a_yser's actions |.n real-tinme. The disp can be
pr o] ect adgselie t‘%&’@‘%@e rﬁ??:y ’Eeﬁ]é\voﬁ‘iiﬁli’quqq OIE%IQPStsworgE&? FOHEPIEY R, @%ﬁ ects
that enmal grldoRiBIdd s haheifB $adlot ik 26 ToHeBibuRl OBfect Sorl T itervilidor uSer .
O the user can fect vi dgeo obj écts such as by kicking, pushing, noving,
def or mi iy captwesadhiangjng digbting ¢anditions and pbenfactragthet canmales @pdereapBeween

l'i ght usef%@t? di splay interactive images and |ight used to detect the user
i s minif Fjl'by using light of substantially different wavel engths. [10]
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 i mageBSIEF Y Qi THESNVENTION noti on anal ysi s.
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J The computer generates a display that respom?s t% tﬁe user’% position and movement. The

generated display can include objects or shapes that can be moved, modified, or otherwise
controlled by a user’s body movements.

[09] In apreferred 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.

[10] 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



within the display corresponds to their virtual presence, giving the
experience of physically touching and interacting with virtual objects.

[ 11] One wopeatooof the invention can use patterned illum mamiusa2/irsss ead of
a sinple, non- visible, uniform"floodlight." Wth patterned illum nation,
a pat t eeffiectss it display surfack epbeaaligned thefeser pathabtheir physical presengeoj ect ed.
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pushi ng o he 1ten) is a function of the brightness and_gradient,
respect {181 y Another meayitorpthigesthe paftesped illugiinationds o wsisdagHen flopheht bt i on

provi des - stem for. detecting.a | ect_ ad ratl i '
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el ect r onpgnRt HakR Bty tefleatifd inthe umveeh’s Redchtivafigguenay.dEhis diky dyé,cr paint
detecting a reflection of the first source of electromagnetic.energy from
an ‘obj ecan bamade iwisible te reduapnieye shas QSMmPER e aesthetics ARE FSPIY: ect ed
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wherein the first and,second vevel enguh. randes are dhfLereRl sud i

calculated in real time. As the gradient aura impinges upon a video image or item, the

brightness and gradient in the region of the impinged item is calculated. The strength and
direction of interaction (e.g., a pushing of the item) is a function of the brightness and
gradient, respectively, of the impinged region.

{15] Inone embodimeﬁt the invention provides a system for detecting an object and
generating a display in response, the system comprising a first source, for outputting
clectromagnetic 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 outputing
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.



[16] In another enbodi ment the invention provides a nmethod for detecting an
object in an imge captured with a canera, the nmethod conprising using a
pat t er nedwolokamiopat i on to illum nate a background differ @atrlysot/imsas t he
object; and using a processing systemto define the object apart fromthe

backgr oypgl [ &hothér chsydiaentab R provided aurttidddor detestingen objeveinwd for
conputing an interaction of an object wth a video item_ the method

conpri siimggacaphyed with@cesansss, thomatbpd compasiag uging dinsterned dllymigatign ©ct - using

a processor. t eterm.n Ol.: L he wi 1 i LEYI Ng an
"t er acongng ABREPHA IR ettt R 4 PRSP ERI G
THE DRA#NGBSedt bghrt Fogh the batigssuml. f i rst configuration of a preferred

enbodi ment using a co-| ocated projector ﬁgd ca%’é[:l% Fi g. .2, shaws an
over headlr ojlnenether apbadigentihe gyentiqnopypvides,a me o ‘étw&gaﬂrlﬁfe 1PBn
configurgtion: : ' : LQenRL:0] ' ' H9Re ol 22] Fi Q.
SA 11 st B Bischith s vidko iftnd 0¥Rcod LpALiRk By ApriaBidr b ALAT o

i |1 ust r giradiert foethl gbjeot) dsinp derocessod conletetmipat benndary Farthewideodemf 2  Fi g.
5Cillustrates a subject and ,ba&ggro nd un%teﬁrbo(rﬂlgladom dot pattern

i 11 umi nddengifying po intefapiion Bysing fhe tradient gpd @dting a subject froma
background using random dot pattern illumnation; [26] Fig. 6A shows a

human user interacting with a video object; and [27] Fig. 6B illustrates
an influence i nage. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 28] Sever al

configurations of the i [ ] IGWm general, the
present invention uses%ﬁﬁrﬁgﬁ%ﬁﬁmﬁgﬁgﬁﬁ u éﬁate a user, or
anot her @bj eqtig, TEfdWsid Siist édrdiplirafion 0F & proféreéd drhBddimehaiisingsa ewlocuiedi bl e to
humans. For exanple, infrared or ultraviolet |light can be used. A canera

t hat i s mejestor andkcangerdi ght at the wavel ength range of the first |ight
source | S t det ect u . i.S, 4 1.pated by the first |ight
sour ce. [i9ﬂoﬁﬁ§t§§h°(“’(§r3n&vﬁ reaﬁ@&%%g%lﬁg“ﬁ@% eI{r]’r) is used to process the
det ect edp@pj eFik. 3 SR Akdr-pj@Hoetaifzurativpes for display. A second |ight
source (e.]g., a Agroj ectqr, video screen, etc.) is used to display the
gener at @1l diBigl Aghovwsegtde-proiectinn faMlgsaiongr vi ewers. The di spl ayed i nages
are at I thg: ; 0094 HikRAAL84843 M nim ze

i nt erfe@%ﬁe%}gt}ﬂ&&%ﬁ?gg&%ﬁhg&éﬁect 8eﬁé;§ct| on.1 Typi cally, the visible
spectrunp3p FigesB ilusttateph yckgnamidnmdestandom dot pattern illumination;

[24] Fig. 5C illustrates a subject and background under random dot pattern illumination;

[25] Fig. 5D shows a result of detecting a subject from a background using random dot
pattern illumination,;
[26] Fig. 6A shows a human user interacting with a video object; and

[27] Fig. 6B illustrates an influence image.

DETAILED DESCRIPTION OF THE INVENTION
[28] 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

4



[291 In a preferred enbodi nent, the display surrounds the user such that
the user's virtual presence is aligned with the user's physical presence.
Thus, theweoioztiombs scene on the display has a physical | oeatriusaz/asesind t he
user, and the user's novenent within the display will cause identical

MOV eMe Nty EmizEnteferende with fiRSaftied’s Objevt debdction. MBypitallyy die wisibiespedtam is
exanple, the user can inpinge on a virtual object's physical |ocation and
know t hatsed to display thedmages.t heir virtual representation to touch the

vi rtual | e in th [ . f iy .
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lighting, effects fo le at .clubs.or, ts, jint ti dvertjsi
di Spl ay<YirteHgPeRercafoR iy KHoR thmyir el bisct & m SompUSE RSSOt ABE Wl s et of
passers "qguchi”s%’tgl efo%ﬁihgbeinftpgisﬁwiﬁédt&h@oegnét%eaa%&%;ieal CORBGEHith dh Bbjst,

restaurants, oppl ng” na , sports venues, retail stores, |obbies and
par ks, smichesagersen,sydarimageituni Rathentheinption of toneking oreans tatihe ghiect’ e her
applications ar ossible . and are w thin.the s e _of i tion. [31]
e 5 o BT g sl B R e i o PSR Fch s TUAR, o

co- | ocat gy dfaaHeatsdRshorir #5hPH: thé BerfekAled imagds.per son 1 is illum nated by
an infrared (or other non-visible ight) lamp 2. The image of the person

i s phot oig0hphPisplayedimages pnitens ¢y inglufle pbjsein-RattsTs) hapes rany viwabpadienl, Thi s

signal is.transmtted real.-1i . EA)C t he

obi oot b g ol it alfin ah B SR} ety IR S RETRGE

The ef f egffecksSfor bedpé i dlitRbreverts|inferactive advettibiig displpys; tharadtersBhé virtuaj ect or

projects the resulting i mage onto_a screen 8 gr so o{.her surface. The

vi deo ef ehjects fhat rerelio dhesppBsraentoofpassarEbR pisEastive {a,mgeggf lgli“i“ﬁ’eg:ér Bﬂﬁl"al i gned

with the ) Wl r ' ' anf i i on of
SPRBLSR0N ol bl sifopB BRI RRVRRAA, REA] 86k ABLEENMEMIR,

t he systeém npon es t orenenti oned system Conponent 10
i s shownvides! girae systents, and inferhetive, infoumatidrabdisplaps. 8Other eppisations asegodsibiht
source within 10, can al soﬁ m)grﬁted horizontally and then redirected
downwar dadATe f/1 SEIPE 9 %eﬂ”é’ %vi ng on the ground 11 can have the

vi deo s{)gg al F%' ?Jﬁ&&%’ﬁ@ﬂ&ﬂo}e’&ﬁoﬂéﬁ&?ﬁnﬁh@éﬂﬂe ivemtidi2usid$ & cPscanid S Own

shadow o ures a. mnimal ‘anbunt of e i mage when the projector is
di r ect | ycamera hdpiroj &tanOL0 Figl 600parseCT isidominarsidy an @dared; (95 othsr romdvisiblhow
two. mor eliglllts farn?p Srfie {r]rflalg%%rf%é p%?ssonfig{)hgtggraﬁﬁeﬁya anaigﬁ'af%rd%)? 681 norl-Hisible

light) camera 3. This signal is transmitted real-time 4 to computer 5. The computer performs

the object detection algorithm, and generates the video effect in real time. The effect is
transmitted 6 real-time to video projector 7. The projector projects the resulting image onto a
screen 8§ or some other surface. The video effect is then displayed 9 on the screen, in real
time, and aiigned with the person.

[32] Fig. 2 shows an overhead projection configuration of the system. Component 10
includes the aforementioned system. Component 10 is shown mounted vertically here, but
the camera, projector, and light source within 10 can also be mounted horizontally and then
redirected downwards with a mirror. A person moving on the ground 11 can have the video
signal projected onto the ground around them 12. The person’s own shadow obscures a

minimal amount of the image when the projector is directly overhead.



both figures, canera 20 captures objects such as a person 22 in front of a
screen 23. The angle viewed by the canera is shown at 21. In Fig. 3

proj ect orwd2i1800pd aced behind the screen. The cast |ight PCrarsoprmsiect or 24
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i nstances of ‘each part will be descri bed here; ese |nstances are sinply

nmeant t withe vaifompl lghtingrag oppesed jo s pattemed dknamgmrv@scqss@h belewt Ha 2 j r st
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video input from the previous component and outputs the results to a video display can be

used here.

[37] Most instances of this component will have two parts: the first part handles the
detection of mobile objects from static background, while the second part utilizes the object
information to generate a video output. Numerous instances of each part will be described
here; these instances are simply meant to be examples, and are by no means exhaustive.
[38] In the first part, the live image from the video camera is processed real-time in or&er
to separate mobile obj ects (e.g. people) from the static background, regardless of what the
background is. The processing can be done as follows:

[39] First, 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.



WO 02/ 100094 PCT/ US02/ 17843 [40] Any object that does not nove over a |long
period of time is presuned to be background; therefore, the systemis able
t o event mablog/1emapt to changing |ighting or background cecditusonns4s3 A nodel
i mge of the background can be generated by nunmerous nethods, each of

whi ch epap nasylobfect thatiods marmevewest adong@pgioddf timens présamedéo bet hod, the

| ast several input franmes (or a subset ther eof tare exam’rl{lﬂ%?lﬁto generate a

model  obackgeoungsthresferanthe skstern &y ablefagygatualiy adapt i chageing 8%t he nedi an,
det ect i [i . CcOoNn t]ﬁa({& - ket hyFrfum | engt h
of ti neg%\lfg?ou\?ﬁi%§ﬂ(?{tlﬁ§£i %pu lflrn%r b%@%ﬁ&%ﬁﬁhﬁggﬁ?‘é@e e?ﬁte?ei theéE?g% e atg
whi ch t firethsadadack bf whithtexakires tednputdimsestaver i samge of timet freonewpeathod; thage.

411 | th t hod, the back d del . i ted at h ti ‘st
(or ror 16 saerabisiah Rgpps (o o Bagh g Do B gmied SEQPges IOk B rent © "
fram aﬂ&r%zﬁnaa&ﬁg:rr ‘ﬁ’xf@?%h M@%n% Egtliglritﬂfg tRE SRS détbdiigPeliBds ditdn¥Bhoht  Of

the curre rrahe Is relative imthis calculation; thus, changes
in the brghtnbscégethertiuasticsg Thd lenigthyofitine avé¢ravich thetinput Heameas geskepanungs

nodel . This wei ght can be.tuned,t.o _chan the.rat t whi e_backgr ound
nodel ag‘?jtﬁ’f‘%m?% Hﬁtr?(j‘ég"?‘fq]? tﬁ%@opﬂ&ﬁhﬁw&r_ou{lﬂ ?api%%o%ﬁa%%e[%q%h& lﬂ?‘g[r egt i s
presumeguigp differ in brightness fromthe background. In order to find

obj ects at” each tine step, the current video input is subtracted fromthe
nmodel  [413ge Iménather metbadyteripaskernotind modghis gengrated af eashdime Hers(o¥mIEer ence at

i | ionis | ' | h
ocat i offeguerBadtpulue sl (ARG S Bl fun {LAEIIR Bodrily, 1!
backgr oyfdel frdrlthd Provics Gtk . (THeaveifiet cfiye @urregt fram fiateldtivielysnidiien this

obj ect/ background cl assification of an inmge (possibly in agﬂclii tion to
ot her dealaylatien;ithys,changssiinghe fral backetquad gr¢ saduallyassimiltpdapiodhe | nny¢ |
possi bly_i,n _real {1} Thi r + Rt AH of
Forms. Bl mbidls 2l agcARbP MRt LRERC L A1 AVHAH bE pRgRSIng,
exanpl emddel &daptpehaites tothk dnjueirasge. si npl e as producing a spotlight in the

h f the detected, objects, I d | nt
cont ol 1481 T ERICtgeitieiends pissnes o 0Pt B Rk tepooe BERemindo et s 1
addi ti OBrde??cPE{eugf/ Bhicbit % ERM1the 56, MdlrchPU o Bipuk RRMbiractPRoRIhSRieRs)

t enper ature, Input etc. as well as additional forms of output,
such as imagh of the baeckigramdy iIf the absolwe valug of this diffeirence aka partipulad locpftonvig) or

class of applications includes,.special effects that use th o it
oby oct | BEERGPYL A= TrataEh 0FE 5k foafion Sl Selep ptroryispdtis o
ot her shpRGSeE s hatkBfoundr awn in the output video image in a random portion

of the locations that were classified as "object". These shapes coul d then
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an image (possibly in addition to other data) as input, and outputs a video image based on this

input, possibly in real time. This program can take on an infinite number of forms, and is
thus as broadly defined as a computer application. For example, this component could be as
simple as producing a spotlight in the shape of the detected objects, or as complicated as a
paint program controlled through gestures made by people who are detected as objects. In
addition, applications could use other forms of input, such as sound, temperature, keyboard
input etc. as well as additional forms of output, such as audio, tactile, virtual reality, aromatic,
etc.

[44] One major class of applications includes special effects that use the
object/background classification as input. For example, stars, lines, or other shapes could be
drawn in the output 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
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them. Since some configurations of the video camera can detect objects in non-visible light,

the problem of the display interfering with the camera is avoided.

[53] There are numerous possible configurations for the different components. For
example, the camera and a video projector can be in the same location and pointed in the
same direction The camera and projector can then be pointed at a wall as shown in Fig. 1,
pointed at the ground, redirected with a mitror as shown in Fig. 2, or pointed at any other
surface. Alternatively, the projector could be placed behind the screen as shown in Fig. 3 so
that the display is identical to the one in Fig. 1, but the person is no longer in the way of the
projection, so they do not cast a shadow. The shadow could also be avoided by placing the
projector at an oblique angle to the screen as shown in Fig. 4. The video display could also
be a large-screen TV, plasma display, or video wall. While the aforementioned
configurations all have the video display lined up with the video input, this is not necessary;
the video display could be placed anywhere. The preceding list is not exhaustive; there are

numerous additional possible configurations.



nunmer ous addi tional possible configurations. 8 WO 02/100094 PCT/ US02/ 17843
[ 541 The overall system can be networked, allow ng vision information and
processi rgo iabdowmr e state information to be exchanged betPegdarsoyystens.
Thus an object detected in the vision signal of one systemcan affect the
processifpg sdahbwrerllishstamiande nsiedrked, allowingdiidiominfornsationrand atocedseng i n t he
di spl ay of one systemcould nove to other systens, If the displays af

mul ti pl sofyerestate Hifarmatiogria he cxehangad betkeqnystemse T hys AR o eg-%@qc@eﬁuaﬁgeer

di spl ay’vi§i&?ﬂg1{l£%foﬂyé§s¥£ﬁ BaPUHCE IR sl BEHHRark n Eikifide! RteS th hadifigy, vier e
a single’very®rarge system w objects and interaction$ nmoving

sean es < virted! itessindhs gisplay lof unelsysters codldmbvoreothenspstenps: dbtherdisplayh of he
vision systemis that, in ase% where there is .Béj’ggontr | I.abl e a%gbl ent

i | 1 umi ndbpliplesystems araalisged fogsther sptha ra 4 fipglg rgergisnlay, figp the

signifi -} ' ; | gq}esz syefea Qg onto

t he bacﬁrg@](&)a%é.gét%lgE?E%%gagﬁg)d%@g%g%qg@r@g%&%%%%h, t g@igﬁgﬁon system may
m st ake dbljeets dndintetrctionsmoTing seamisridiannessclispldyebaiedadesed and renoved by

strobin he canmera's |ight source.. By sybtragtin a ra input imge
wi t h an‘%ﬁ t Qr}engmﬁ?‘bﬂ@g SR tﬁ%ﬂé’lﬁé S}'#’f}_ﬂtls ﬁ%ﬁg‘g"%ﬁe? ﬁﬁ’g%’tt °iF ﬁé; ambi ent
l'i ght anﬁxc{,ﬂfolﬁﬁmiéntlinﬁhmaﬁbﬂge.  GhIEREY fthél Baréral SHERaBIb atea ERRL 4T €S t he
scene as | only the canmera's Iight were being used, thus elimnating the

det ect atdignifitzatipiffdrenrangledhanthigicamera; pljpets cass shadamigionfarthgbackesande Jf i n

det ecti objects with the | S t : ai ned
by usi n&ﬂffgtst'%q%ﬁv&fr? P ngggﬁﬁ%yﬁﬁgtsy%%gé’%nﬁﬁ%ﬁgg%?%&%eglﬁg% t coni ng
of usi NashadevisBahdeldeRtddi @ldtrembledbysiobing thy sdreerafsdight sogrut. By wibsiaoting i S
that if the colors, of objects bej n% vi ewed by the_ cangera arg ve simlar,
then t hea essjespingut Eagepath apbient light alope from eamqrs innuf pge WithBe ¥‘Beper at es

I N nmonochr J1] kL d4 . | I -0 | ook
the. s ancAneg: ebs fefL BYEnB gt B otond pickSanTaBE naf BebyAOE PR A S
i mprove @iy #etcameed’ eliglitovere béing used, thes elitfiting dint détectatilevshagiowsioe thel or s
intermngled in close proximty is wused, it is highly unlikely that other
obj ects ¥mbientkight a sinilar | ook since at |east one color of the pattern
will o i £ &5 : YR8 BiGicd bylthe G &1 ned
obj ect, Oﬂggﬂch‘&%{sﬁgﬁayg&%wé&%gﬁdg géegyfovggkgr oung?gbtf ore \X/hi ch are the

obj ect s teotanaithycudiegipattdnas illohiimtips ot patterpesionatkingsr ont of t he patterned

r an i BTy S SO Gt i tettpleaTopiliBh um s sy e itk AP ©
backgr ougehaifitthé BalbrsdTRBRICE BiMd Hewed b theltamRih £¥ Feryliiiiles Heithsolgedts ght &

dar k checkered . .. .
can be very difficult to detect. If the camera operates in monochrome it is much more likely

[y

for the object and background to look the same.

[58] Using a patterned object to cover camera’s viewable area can improve object
detection. If a pattern that contains two or more colors intermingled in close proximity is
used, it is highly unlikely that other objects will have a similar look since at least one color of
the pattern will look different from the color of surrounding objects. If a patterned object,
such as a screen, is used as a background before which are the objects to be detected, then

Sbj ects that pass in front of the patterned screen are more easily detected by the vision
algorithm.

[59] For example, in an infrared vision application the patterned object could be a
background mat that appears white to the human eye, but contains a light & dark checkered
pattern that is invisible to the human eye but visible to the camera. By using a pattern that is
not in the visible light spectrum, the patterned mat will not interfere with the aesthetics of the

system. The display system (e.g., projection video) can project output images onto the mat,
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[62] A patterned light source is also useful for 3-D computer vision. 3-D computer vision
techniques such as the Marr-Poggio algorithm take as input two images of the same scene
taken from slightly different angles. The patterns on the images are matched up to determine
the amount of displacerrient, and hence the distance from the camera, at each point in the
image. The performance of this algorithm degrades when dealing with objects of uniform
color because uniform color makes it difficult to match up the corresponding sections in the
image pair. Thus, the patterned light source can improve the distance estimates of some 3D
computer vision algorithms.
[63] 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 one

camera. The second image could be an entirely undistorted version of the projected pattern,
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obtained which defines the image area (r)’? the person with a strong signal.

[66] Other approaches can be used to improve object detection. For example, a light
source can be “strobed” or turned on-and-off periodically so that detection of shadows due to
other light sources (e.g., ambient light) is made easier.

[67] Once an object has been detected and defined the preferred embodiment uses a
gradient aura to determine degree and direction of interaction of the object with a displayed
image item.

[68] Fig. 6A shows a human user interacting with a video object.

[69] InFig. 6A, object 304 has been detected and is shown in outline form. One
representation of the object within a computer’s processing can use the outline definition
depicted in Fig. 6A. Video screen 302 displays several image items, such as image 306 of a

ball.
[70] Fig. 6B illustrates an influence image for the region of 308 of Fig. 6A.

11



[681 Fig. 6A shows a human user interacting with a video object. [691 In
Fig. 6A, object 304 has been detected and is shown in outline form One
repr esentwnioonowd4 t he object within a conputer's processi RgTA®N2/USe3 t he
outline definition depicted in Fig. 6A. Video screen 302 displays several
i mage i {RI75, ISP 6BstheBatiheIRRgObS the ubetd foof Y2lard Igwet Bgidré ustita perrata

i nfluence image for the region of 308 of Fig 11 WD, 02/,100 94

PCT/ USO2necessively fayger optlingiageasg ghe pﬁamaml}ﬂl%afpﬁ%% s gesipn is assigheda g 320
and | o C I r The
o' gi napvish FeiRhSs VIR b ARREEE S il RS G e A o R o

val ue cgpse330dnakisigmeti@ pmgrbssxveﬁalblwesmluescsthaeapunﬂt farthen pway fiegthe 1 326,
328, 330 i.s assj ned a. %resswel wer._val ue so that @,@ﬂi nt farther

S O S e hie e Wil DR awpy P Pl o taAr angptunher & g adsl Ch o
Note thaf @Q%’ Al%"‘%ﬁé si2f attilchedfen®y &flﬁltlﬁ{érhreéé%aﬂifﬁﬂr ad\i&red! F'Gr é&aﬁﬁ)l@”td

i ncrenent’s out’l'ine areas can vary, as desired. "For exanpl e,
possi bl ds passibietoase awontinnous grdizii,aather than dlscretdmaanl'Ei@ro@ﬂlectmn&f@ll The
col | ectlo of all ?utl i.ne aheeas S referr,,ed to as the "influence inmge."

[ 721 Thé’uFH‘FIaEFéﬁ&Se"e SrEsgdo A8 theo MHBE 1285 f f erent inmge itens. In Fig. 6B,

bal | I t §M130qhe i RIcABE findHRAS cEthpstee t diBleRAB intdf iteBdd 1a/Fip. 33) bal\tem3dgnown
in the art direction lines are determned in the di rectlon of the

gr adi entimpingesiepqni stadientzirens 326328 mdr33@h e\s lﬁiﬂm‘g@m theaais diregtjog ling®ateh ows
three e | e cti.on.lin can be
conbi neX {%ﬂﬁleg 61 g}r&g%(a}' %tetﬁe ‘gﬁra én? SI ng]lu;'rlil)l%"}(ﬁiibgE ?ge}]ﬁng‘n% The

processipig 68 showd ¢hree tLamlo @ireéti‘tﬁl lh{eb Q\H&ﬁsiterﬁlmbj Mhe directidnijries gadbcby t he
itemis outline area 326.. O her apEr oaches are possible. t he

bri ght neembined, y2-abY avrraging B sglest nela Iag ean bevyed. EéﬁerwoqeﬁSm%@ S0 gg‘t‘é S of
the i naqg%ur 1 h?ést ﬂthﬂe ?}égsiﬁgm%ted ;)géﬂ?eae?x?is%x? dnéﬁalr§5’32§°'@ﬁh&’5p PR aPe CaN

i ncl ude con tiron to the brfghtness and
gr adi entposdi#ia1 FEFh@catrqﬂ@ rtiecbrighindss ek gradient cd lmxtver@@d Iovelse\@npmmbn thand an

t th ted bot h t ht
Ut 11 e B ShRPEC e PF O £sahwebal BOMNE A RS REORTH DI R IEEtd on
i nes. %tio%fe&ﬁgct% 'aqstst&eﬁsadaﬂfomé aimﬁghh&sg bl slaBRAGLH Wi th which the

user is ouching™ the item The gradient corresponds to the direction in
(or fror[i73] défherinteragtiombetivees iy nbjett, suvd as alpetioas dnshgn g oh thersraendim i s

¢ of o7 ondaRGted eroth I BHB IS & IR0 On e s So AP o flbutea

il lustr aism\g%ne RPoreairédtiohilifes. Phe infifingdaviiphimgs c&%s?mrtb ltee streaihhoidgh t he
preferred enbodinents use a camera as a_detector ferent types of

det ect i owhichitheivserss Etonchiag ?fhslitpe dTherzradienirroriespands b theidireetion Wronfiameg. A
stereo C&ggr{d"ilngcgﬁjéh% s?g% of the calculation) which the item is being ftouched.

[74] Although the invention has been discussed with reference to specific embodiments
thereof, these embodiments are illustrative, not restrictive, of the invention. For example,
although the preferred embodiments use a camera as a detector, different types of detection
devices can be employed. The camera can be digital or analog. A stereo camera could be
used in order to provide depth information as well as position. In cases where processing and
display are not done in real time, film and other types of media 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 example, an array of photodetectors can be used in place of a camera.

Other detectors not contemplated herein can be used with suitable results.

[75] In general, any type of display device can be used with the present invention. For

example, although video devices have been described in the various embodiments and
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used in order to provide depth information as well as position. In cases
where processing and display are not done in real time, filmand other
types of wedeaowan be used and followed up by a digital ecansoy1sm before
inputting the data to a processor. Light sensors or detectors can be used.

For ex 28BnS OFRY tfes Bf'@isﬁﬂ?ﬁ'@@ﬁt@ﬁm dévicdseanbedsédn plighecnitting diader a.
Ot her dete&tors not contenpl ate i

h b th t abl I'ts.
(751 | gDy, orgmyic LR (GLED) Sigbpmifing ayBih (B e PP AP R ont

var § oustrBBE e BaB e of B f%x%ﬂﬁsgiﬁmks%%ﬁ o BRI 2 Cont gur ati ons, |
ot her tymgs Virtual fdagity, Bires-diihéisional @iﬁ)lhareﬁ)esalﬁdtsplausem berernplgied. dreirt t i ng

di ode LED) array, organic LED (CLED), ttin ol LEP),
el ect r opxagIHe,iaQISCILCAN RAE IMAZINE 2P Wah%’é% r'i]ilag Jheyqire e q\ég%éﬁ %Y system

can be eé’f%gﬂgcggm ?ﬁlge kﬁ%‘%\pﬂr 'hfrlhl‘, geﬁé?ﬁt@@ dftbIH®tah @Ah with thé iRf’st ypes of

dlsplay§ e enplo a user can wear imaging goggles or
a hood ﬁ&cé i@hotflﬂﬁeyrsamunmgsmdemamaugmntghnecmaagedsmalmn@n%g In this

appr oac the generated di spl ay can a, n wt i of
t heir semb@ilmnwggy plow pdigerdod eﬁ‘ﬁb\‘f’é Hnagfror}@hﬁ%ﬁ?gg Tﬁggﬁﬁ{x&&%&%@
embodi g e%%}a ﬁglayé&f)y b Grubiah GERE letl Tﬂb MArdcfERegn macpocheiseser . The
character er generat ed, ‘pl ayed by a human actor, .etc. The

char act edstlcmaand betbtpdsmdnhdntmmtﬂoss cmaamlmsmn@l soayaniplatqnef objssiseptact | ons

| t , t
can be. Pler ShREE sudtor B B it gl PR €, 2 giffif neryjofic] Fdf bbbl ﬁifnif’s
Uni ver s @ eniedt i BhivEeal dedaBBus (‘[EﬁE 11381 1894 W@),,et@lmbe&ﬂ;ad bWuMsj
Wrel ess conmunication |inks such as defined hy 8 é ?db%% f rf
enpl oy edomBymicstionylinks such pe definedibyid2. 14864 PW‘Eﬁ FRRPE BRjnepwtple
Lﬁfgbbﬁ@fﬁ%ﬁg ﬁ%gﬁf@ﬁ%@t %gﬁe}ﬁc 1o%5t1091ts*& rdt 0 Bhfele, otbthBrviatRicpidper

S generate two or nore systens can be

"tiled" wieoQtRether BrowhRnviasd ifngt. Takgtpanemthddsy tveng moesystemsitapbays.
[78] Qiher types of illum nation, as opposed 0 Iég:a&,g can be used. For

exanpl e “tileddtogether, on athsrwise cpigd tQ)PméF‘FFe"rong Dussl 18 ¢ waves can be
used to, Va@ﬁ‘%@:ﬂ% ?Hlﬁtdﬁﬁlhﬁ%‘l? s€d ?d”'hg}{q SatbetRed ek @CixafPledradad NEL Al

obj ect) Ive waves is possible to adapt
aspects s;gfnalshmcﬁwﬁmﬂodmtetmtrofmgmmcovavdecachq wnd @J@(Waa@gbyn siBiaefsacoust i ¢

waves in air or, wate u e escri bed
to recewdtereaﬁaotp%é%é%te%r(% OB]IB ‘%"?‘?&g‘%ﬁgﬁg ved) tsgg%gﬁggsa?t egdl spl ay
si gnal s, a6 9 A6 t Ets OF (Y 95@ St dehes YSrhRIBf datctiéh sushied by eingexantite, a
proceSS|ng syste t does ndt use a general -purpose conputer can be

enpl oyedwavBsnrmswgelsystens usi ng desi gns based upon custom or sem -custom
cireurt r[);g]or 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
used. For example, a processing system that does not use a general-purpose computer can be
employed. Processing systems using designs based upon custom or semi-custom circuitry or
chips, application specific integrated circuits (ASICs), field-programmable gate arrays
(FPGAs), multiprocessor, asynchronous or any type of architecture design or methodology
can be suitable for use with the present invention.

[80] Thus, the scope of the invention is to be determined solely by the appended claims.
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chi ps, application specific integrated circuits (ASICs), field-progranmable
gate arrays (FPGAs), nultiprocessor, asynchronous or any type of
archi t ectwoa2de®pgn or net hodol ogy can. suitable for usePaiTtuso/hs4pr esent
invention. [80] Thus, the scope of the invention is to be determ ned solely
by the appended clains. 13 WO 02/100094 PCT/US02/ 17843 WHAT IS CLAI MED
IS 1. WBASISOLAIMERIS$Cti ng an obj ect and generating a display in
response, the systemconprising a first source, for outputing
el ectromagneti c ener gyAisystem for détestiigeinabidchand gerpeating aidisilay orrefponse,
detecting a reflection of the first source of electromagnetic energy from
an obj ethe:sysierp cOBPHSBE coupl ed to the detector for using the detected
reflection to gen y . S : puting
el ectromagnetic e%glfstégogar?e’gbé@lcﬁtﬁgveOgﬁg?ﬁﬁp%g%%ﬁ%mﬁ%g?ﬁa?% second
source ggperates a visible display in response to the display signal,
wherein the first and segcond wavel ength r e re dif ent. 2. .The system
of claim1, whereffctEHer %’P’ﬁec@%? E%ﬂﬁ'i‘ﬂlb‘%&ge fqgﬁP@ﬁQEg{egﬁ%?gneflﬁ t he
vi si bl e erein the second source outputs light that is in the
vi si bl eeﬁés? erg{)llrﬁt%%g?c‘f@rhe systemof claim2, wherein the first source
outputs infrared &pogieessor douplérbtoshe deseatorf foc hsingnthe defgrdedeieficeting to @erniate
source includes a video projector. 5. The systemof claim4, wherein the
vi deo pPOfSBH SI"Broj ects i mages from above the object. 6. The system of
claim4, wherein ab&oﬁ'ﬂd@&c&rfef@&F@ﬁngme&t@ﬁia@nbﬂwmgpma@cswwwm acent
to the object. 7. The systemof claim®6, wherein the surface js part of a
r ear - pr vingeswienein dhesseeond sourqthgengiatesanvigibledisplay B responsetofhe displaystengk i s
part of fropt-projecti €1 mof claim1l, wherein the
iwﬁ;ﬂeah@lg ﬁgstﬁrhﬁ,g coglg &a%lse%gfﬂ'raggesm AR :

obj ect

2. The system of claim 1, 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.
3. The system of claim 2, wherein the first source outputs infrared light.
4. The system of claim 1, wherein the second source includes a video
projector. '
5. The system of claim 4, wherein the video projector projects images

from above the object.

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.

8. 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.
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WO 02/ 100094 PCT/ US02/17843 10. The systemof claim 1, wherein the first
source includes a pattern of illumnation. 11. The system of claim 10,
wherei n tWe opavtes n i ncl udes a random dot pattern. 12. TireTaser/esudf cl aim
10, further conprising an infrared |ight-emtting diode clélster for
generating the patkler n Bie systemaficipim; lpwheremn thefastspurceineludes|anatiem of yr ¢ her
conpri Si'li% a.brocess for determning an influence i mage, wherein the

i nfl uend 58 “includes a region around an object image derived fromthe
object. 14. The system of claim 13, wherein the visible display includes an
item the systemflurt HElfe systeprofeiaim 14, phersirs thefpattemidtenddsra ragdam dotadi ent

of the influence inmage; and a process for- using the gradient to determ ne

i nt er actPRBfMbet ween the object and the item 15. The systemof claim1,

wherein the visiblg di splaysichGlfeifn ﬁ),ﬂﬁﬁi&@'%&mﬁsiﬁé a character. 16. A

met hod for obtaining an i mage of a human user ereln the human user is
adj acent to a di spiminfdrediightemitting diotit olusteo fpyrgesenatng e pgtiemgit at a first
wavel en%h to.llumnate the human user; using a canera responsive to the

light atlBMMafigR. wavel ength to detect the image of the human user; and

using light at a sggondryayelesieHdhimdi, hiekeRbmprieiet he first wavel ength, to
generate the displayed image. .17. The nmethod of claim 16, wherein nultiple

caneras are used. dpocaysdondstermining g influgnaerimaggevherainghe dlgnce ifgpge aner as
are used_t.0. produce a stereo fect, . of claim 16, wherein a
pl asma <BFiRdes alx;gg}j)geaaoqngl aéleoﬁ)éercg{%ag%t%g%%q g%;ﬁ:t?ggﬁj} ?rgge. 20. The method of
claim 16, wherein the dikpdyaieatof cigel3, nehérdidshe adibds display inchides Witem ,
02/ 100094 PCT/ US02/ 17843 _ .
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.
15.  The system of claim 1, wherein the visible display includes a

rendering 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 wévelength, 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 claim 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.
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21. The nethod of claim 16, wherein the displayed inage is part of a video
gane. 22. The nethod of claim 16, further conprising strobing the |ight at
a first vaoekangvh. 23. The nethod of claim 16, further c@®CEriISO/NT$43

i nterconnecting nultiple systens so that information about inmage detection
and di spl ays can pe tr Thshethcdhbfleblimedenwhaeirsths despiayed 4dmagdis padofiadridebd
claim23, further conprising using the transferred information to create a
single 848play fromtwo or nore displays. 25. A nethod for detecting an
obj ect in an i "y, caPtL gk dF i ABE fidther t&iBpAROd conpri sing using a
patterned illumnation to 1l lumnate a background and not the object; and
usi ng a processi ngtrehisg thmlight aied firsewavedenghlj.ect apart from t he background.

26. The system of _cl ai m 25, erein the tterned.illumnation includes a

random dot patter ﬁg- 27%?%@%}5@3&1%1%6%%@%%& n the patterned

i11um nation incl Hﬁ&goﬁ}elcﬁ ?ﬁiﬁﬁhﬁ@ﬁsl nﬂas’o_ttlﬁitrinfo%%atiaihﬁbcﬁl‘{ shege dtectibai m 25,
ed illu i

wherein the pattern nation al so | um nates the object. 29. A

met hod tnd didplapceanriy teansfeijed betwaendhe systems. capt ured with a canmera, the

met hod conpri sing,ysi ng,a_patterned o qund: using a processing
systemto define ?ﬁe og}l‘ggfe%é%g‘?f?&?l?l% Fﬁ@l%g%}%ﬁ*?%ﬁ%d_ 30. A nethod for
conmputing an i nt eggak it raisferreddRfotition thltraate/a siaglel disphy fromewowk hwde
conprising usi ng@a processor ‘'to deternmine a gradient for the object; using
a processor displgsernine a boundary for the video item and identifying an
interaction by usi,ag the i I : f
claim30, furt herbg'orrppf%\%ﬁ%glﬁliné%&gg%%%?g%géélﬂ%?%&gé?g%pnt‘?%g%véﬁ%ﬁ g tr%’ess of

an ar ea tglehbthed compizihfe obj ect; and identifying an interaction by using
t he brightness of the area and_ the bound

ary, .
using a patterned illumination to 111ur¥1mate a background and not the object;

and

using a processing system to define the obj ect 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.

130. 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.

31.  The system of claim 30, further comprising

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.
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16 WO 02/100094 PCT/US02/17843 32. The system of claim 30, wherein the
interaction is a person pushing the item 33. The system of claim 30,
wherei n tWwe menv@pacti on is a person touching the item 32CTMs®2/$3838% em of
claim 30, wherein the interaction is a person deformng the item 35. The

system of clai m 3§ WhepekyitdnlI6f ¢18ine BEGHAREN e intedaitivAls a ForsbIphshig e t he
item 36. A systemfor detéecting an object and generating an output in

responsiem. t he system conprising a first source, for outputing

el ectromagneti c egergy.n_ a, first, waygl . ' i@
detecting a refl egf'i onT $ SYStran f’f ?lg{m g@u‘?‘geg&gfthe{ﬁg%%tgﬁégﬁggﬁ él?{oélfﬁ%%y from
an obj egkiteph, Processor coupled to the detector for using the detected

reflection to generate a display signal; a second source, for ,outputing
el ectronagneti c edér gyThe S)éﬁt%éﬁﬁ@mgoe‘f’@’iﬁpﬁhe infgraciion i, & pesspn fiﬁfgnglé‘gond
source &gn@rat es a visible display in response to the display signal,
wher ei n Tirst and second wavel ength ranges are different; and audio
out put for outputing audio. 17

35.  The system of claim 30, wherein the interaction is a person

manipulating the item

36. A system for detecting an object and generating an output in response,
the system comprising

a first source, for outputing 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 outputing 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 outputing audio.
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