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IMMERSIVE DISPLAY SY5T

FIELIY QF PHE INYEMN TN

Tl presen! oventiou sl oan onoesive disply
swslem, Mors purlsularly, the pressul wvention elates L an
mmmersive displuoy system thal foecrporales an oplical cor-
reluter LFor nggeioy sucroudioge Leglurs withio su envio-
meut and determiniog the melative position of a wser's heac
wilbin the envirooment as ky display mmagery on o visual
display relative o e position ol e wser™s beud within e
display cnvironment.

BACKCGROUNT OT TIE INVENTION

Simulalion systems are knewn which allempl o provid
a user with a mealistic simulation of being inoa predefined
covitommenl, such as, foeexample. on o goll course or in e
cockpil ol an airplons, This 3 accomplished by providioy
the user with appropriate visnal cnes, or images. Tor greancst
clleel images are provided v the user so s Woprovide Jor
sulsstartially all visually perceplible sensory mput I he
uscr. Thesc systems anc uscful for providing the nser with the
siruulated sxperience ol being o another sovivonment,

Eruwn sysietos previde Locoa display devive whivh os
rwpical by suppnmed byoa user invery close proxoning 1 the
USST™% eis 5 0% L demingle the visual mpul recsived by e
user's eyes, [noorder o provide Duroarealistiv Musien of
hoing i a dilferenl enwiromment. knean swstems have
provided Tor mtapes or seenes shown on the display deviee
w2 b cliangeesd, oo modilied by a conuected oase peneralor
m weeoedanee with changes  Lhe position o ©user's bead.
A oam exomple. g user could expericnee standing on o goll
crmirss ready o tee-nffs As the user mainkons a froward heacl
pomilion, the wser w4, Ty oxample, prosenled with an image
or stenes ol o Jaireay leading up oo green on the goll
crmrsc. As the nser mens hisdher head, the position of the
wseT's head changes with relalion o the envinsmmenl and
thus e cotmecisd wnage genersor chingess the imayes
prerented 0 rhe uasr oo the display 0 give the nacr the
Qlwsibsnn ol wrnioe: st head vebile slandiog al the fee, For
eaample. the iser e e preseuted witl imases ol Dellow
polfers sancding ro hisher ket or nght.

[m order ko provide the wwr atlbh 1 reslisie viswal
Pereplion. koown syslems Lave used accelenonelers 1o
measure Lhe changees in auser's bead maotion we caleulale the

pawition of he wae™s head, These svsbemts suller fown
mgweuracies due W the dril o bead lovaion estioales
Altbouph these nacoiracics can be pactially compensatee
ler by miroduetng o high-pass luncticn ol the head position
csmmate aned Riasng any dreitt roward a sapcady Amate “head-
wpright forward facing® conditinn, such compeasation s
wselul only i the wser™s head pesilion makes shorl devia-
rions from A foosararad facing headds up soncition. Othersise,
in sitmations such as wheee a user is not scated or s
[reze-ruamiing, eroors are mirodoees] which canool be sasily
crivipensaten for
SUNMARY O LTI INVENLLON

‘Lhe presentl wventun provides Lo vn womersive display
sERIEM Weh menrporates an aptical cornclator for imaging
wosnrroniling euvipoumem woallew Lor Jdelennioiog e
lovatun amd angle of o user's bead relatve v alures aud
ohjeels i the swrowding cnvirommenl. There is also pro-
wited w display deneivs: Lor disploying Tmagery relative bt
lotaon and suele of the users bead o the suyioonment in
respomse Lo pastlion owlpulsignal penetaled by the oplicel
comelalor.
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The methsod of 1hs present ovenlion poovides [ur sensr-
aling a posilion signal by oplical vovrclaton Pelween siemals
1l reprysenil Imagus el an envirenment, S sliive posilion
relating 1o g wwer s delormiue] Dased opon the posilion
signal. Tmagery i generaled for display in acoordanee with
lhs deennined relative positien, 4l s displaved Lot view-
mg by the nser.

MMher systems, methods, Tedlures, md advanteees of the
pleseul wveotion wil be or becowe appareo! Woons wilk
slill iy Lhe an upew cramivatien of e lolesang drwinss
and delatled deseripiion, 11 s inwended that oll suel addi-
ticnal systema, mothneds, feamecs, awl advantages he
ineluded wilbin this description, be within he sceps ol Lhe
presenl mvenlion, and B oprolceted by e oo pan ying
claims.

BLRIEE DESCRIFIION OF THE DRAWINGS

The irwention can be hetter wnderstond with reference n
the following drawings, The compenents in the drawines ane
nil eessarily o seale, wmphasis inslead heimg placed upan
clearly illustrating rhe prineiples of the present. invcntion.
Mloreeser, 10 lhe drawines, like relerenee numorals desig-
nale worrespousding parts 1hoowsatcoul the several visws,

PTG tllustrales the prosenl invenlion:

FIG 2 dlustroles s presenl oreentien norespaeot oo
soyiroumenl;

PTG 3 tllustrales an oplical cotee
Pt 4 ilmsrranss ana ternative emboadument of fe present
wwCnting;

aleTs

F1G 5 llustrates an mterior surlaes: havine o distine
aurface characteristic; aned

F1G 615 o Do chart 1lusteatioge e methed el e present
invenlion,

LHELCALL L DESCRIPTION

With relerenee o FIG L, (he presen! nvootion posvides
an immersne display systen i wheeh an envinooment 2400
i proseidied. Cljects and feslures in the covivenmienl 2000 are
ol Dy at Lt oo oL oplicad coroclaturs 300 Qs e
the postien and angle of awser’s head relative te suround-
ing objecls and features inoonviremment 200k

Covironment 2000 may e anvy atabe cowirowmant that
praviles opiical vomtrosl whem magsd Ay o exampls, the
mterior of a hnme crmldd be the envirnnment 200, In this
asey s veilimgr, Hoor, walls, lomitere md olher conbenls
and [eatores in the Lome voold be Dngeed by 1be oplical
worrelators 3l determine the position and angle of @ user's
head celalive Lo surrimding ehjecls, stougtures and [ealores
i environmenl 200, As a lurher exanple. eoviconme o 200
cim he delioed by the swrounding fealures and swoelures,
including buildinus. trees, the sky, ground and other Teatures
thist might exist emtednars, T slwoet, crelronmeet 2000 maw b
delined by almost any slatie covirommenlt in which a user of
lbie premenl wyeuliun may be located: luaeing the eoviran-
menr 200 b nprical oorelators 300 desenbed elnw with
rolvremes Lo an covirommenl de fmed by o enelosare T TL
will be peruguiced thal the Dolhswiny descriplion s also [ulls
applicalaz o the combodd iment af the invention shosen o PG,
Ltbt Tk soech arenwbosng [1will alse T reooenizs] that
whien the lnvenlion s usesd oau eovironneol bl ks ao
enclesure, and e ehjects, stuelures and Tealures ol the
sovivommenl van Oilvre subsiaotindly o distanes: Iom the
user, e upmival correlators M should acduiluoally wclode 3
g linder Lo cnnble the delecled displacemienl ol Lthe
imagy 1o be ranslaed i an angular Jispliceiment,
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L, 2 estrates anclber embodinen ol the present
myeution in which an coclosure delines hs boundary of an
sivivonmsnt 20, In this cmbodiment, s eoclosure 100 15
el 1o deline e eovironment 2000 Eoclosure 100 bas an
mibcrior surface TUF arca that s prelferably patlermed. or
texiursl, Allermalively, so imyov my be projectsd ontko e
interior surface THL The pattern, texmre or image pretora by
by w bizgh conrast, Allboush the enclosure L) may be of
any mhape or siee, @ preferred einbddiment has a hemisphenc
nr globe ke shape and the nser's head s preforably Tncated
Al OF Nedr s cenler.

with refarence o G 1, 116 2 and 11 3, the present
myvention provides a display unil e thal ineorporales oplical
comelators 3 thal delermite the posilion and angle ol 4
uacr’s head relativs o surremnding objects and feanmres in
coviromment 200k Thsplay unil 10 also neludes visoal dis-
nlax 20

[Tt 3 shewrs opteeal corcelator 30 that incerporates an
mmaer 32 god an oplical system 33 Jor Jocusing gl on o
imager 32, Imager 32 & preferahly o cnmplementarsy metal-
oxide -semicoodnetar (CRIOS)Y photo imager. Tlewewver,
other imaging devices such s @ charge-coupled device
(COIR, an amarphous sihcnn phorn &ensoe arcay neoany
other phote dinde array or pheto raosistor arcay may alse be
Uz,

Liglt [rorn iweerer surlaee LLD Is conceniraes] oo
imager 32 ke onptical system 34 hmager 32 repeunvchy
wolerales Jn by sigusl 63, o suapstiol sizoal, that
represenls the portiog ol the inferior sufaoe 1100l enclosurs
100 that is cwrenlly being meovitored. or imaged by imaer
32, b rabe wlwebtvh s i ing sigusl 63 iz peeraled, qud
the churatirm ef the cxposuie re prescmted by cach imstance of
the imarime sipnal con be delermined dynamically o opli-
iz ons or both ol the oovipalion seeuraey and 1he siznal-
ma-nnige ratin of the imaging sipnal. The imaging signal 63
s devered woa navioalion cngine T and may be steced inla
mermory 73,

MNavigation cngine 70 gencrates pnaticnal signal 66 and
outputs i e image peacratee TL Imape penerator 71 sub-
sedquenlly sencrales au outpul seeoal 85 Dar display ou visval
chsplay 20, g ivon the nelanve position and angle nfthe ussrs
hesd wldive 1 the vovironment 2000 a3 represenicd by
mesilinal slpnal 66, In g prelered enbodioenn, display unil
0 is equipped with thres optical cornelarrs 30, Lach of the
a aplival eormelalors tlividually imoares inlecior surlaee 1140
ar! providss an averased or best-ol-many eumput 6 davi-
wilion enwine Fib.

[1 should he nobed thal navigalion engine T, ad memary
T8, cun e eonlisured oy oo imegeal purt ol displyy vmt 1O
Further, nawigation cagine Y eonld be amplemented as, fior
cxample, bul nol Hmiled o, 3 dedicaled digital signal
procesaor (125, an application specific ntepratesd cinenit
[ASITY or a combinaticn of Jogic gates. Pestwmnal signals
weneraled by imamr 32 can be ranslermed o navigaiion
engine T wia either a cable interface or a wareless trans-
mussion svstom. The wircless transmission system could be,
[or exampls, uplical or radio Deguency Porther, posiional
signal 66 can be prosacdesd nomage genaramr 71 wia an
mierface 72, Interlace 72 wan be, for example, cithor g calble
ilerface or a4 wireless tansmission sysien, Pxamples of
wireless imterface sysiems are an aptical rransm itlerrecever
seglems or radio Jregueney ramsmillerveceiver,

A Lor visuwl display 20, il will b recopnized that viseal
display 20 way be unplemented oo variely of display
means, meludineg, Tor cxample, eathode ray wwbe Bguid
crystal digplay or bolographic display,
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lu 1G4, whacts dlostrates aonber aspect of the pressnt
wwenting, there s prosided an ronni-direetinnal treadmill
300 thar allows, a wser apparently &0 walle i any direction
without actually leaving the envincoment 2000 As the uscr
walks, image pooerater T1oreccives an it sipnal from
ammi-direclional readmill 300 The iopul signal 15 wsed e
determine the imagery W be generaled by imaze generalor
FL Lor displuy oo viswal display 200 The inpul siswou] Lo
ammi-direclional readniil] MM could represent e speed or
dirceron of the cmni-dircetiomal rreadmill 3H), whe e specd
wnd direelion ol the omnt-direeiionul  weadmill MH are
inllueneed by the movemnent o feobsteps ol a wser on the
amni-dorectional teeacimn L 300 Uhis inpat comld he nscd tn
previde mobiom mlermabion veluled o the wser, sweh oax
relative spesd aud direclivpal nfonoation. Lo e anase
penerater 710 In e, image generator 71 can adjust e
shunpe the dmapery Jispliyed oo visual <display 200 o
aveurdanve with e inpul siznal Ieom oui-ciectional 300,
linr cxampde, if the signal from amni-coeetional treadmill
AN [odivates e vaer s spueed s Lueeising, e senersiog
TL could, [or exampls, cause tuagery o be displayed oo
wvisual display 200 Tasler o give the user o vicw consislenl
with walkinr Lasier or unoime within the seene displayved oo
wistlal chisplay 20 Matico infirmation could alermatively ke
provided by a pedomicler wstead o the omm-direclional
trzadmill J00, Tlis vy ol generaing molien inlsrmalion
wrnld veepire thar the wser's maximum excursion froom the
vinler of the eoeloswre TO0 e linndled ko a distances that i
zmall compared with the rading nf the snclosore 106,

1G5 sboves su dolerior surlace 1100 0l eoclusurs IO
which has a distinct sueface charactsristic, or pattern. In this
cxamnple. the putlein s cepresented by alpha-nwnerie char-
aalers Lo sase explagutivmg as The ulphba-nuoeric sharmclsns
are more castly distinguishable Tor purposes of discussion.
Honwever, suel alphanumene ebarnelers eould o lael be
nsed as a0 effective snface partenn for inferine surface 100z
contempliled by the prescul vention.

Wath reforence oo LG 8, thens a8 shown a first, nr
relersuvs suupshol (REF) 31 o seeond, o eompacison
arapstiel (CMP) 420 aud an ares ol componality 45, Lach
suapshel, REF 41 and CMP 42 represenis a predeiermined
aren, Lo example, an urey 300 mme300 mm,

Thuring the wse of display unil 100 an envicenmcent 200,
nager 32 abtaing a fise snapshnt {image) nf the inferinr
surface 100 of cnclosuee T as a referonce snapshot (RET).
This Telerenos-snapshol dala (REF) s stored anw memory
IS After a fimed amemat of tone, a second anapshat of the
mterivr anrface THY nf enclnsine Tk 15 obrained by the
imazer 32 us vowparison (CMP) soapstun 42, Data mepue-
zenfing ChEP 42 05 then cammpared hy navigatinn engine 70
wilh dala representing REF 31, which is sloredd in muemory
T8 Mure purtioolidy, ChIE duts v munbemalically cooss-
correlated with RLEI image data stored in msmory 75 50 as
1o dedermine the ollsel, o both the X and Y diveclion,
Lelwesn the st {REL) soapstusl 41 and 1he secoud (8PS
snapshel 420 Muny comelation mothods ane known e Lhose
ol erdinary skill mothe art ol image correlalion, Cross
corrclation calenlations may be earvied onr in accondance
wilh cqualicn 1, for example, as follows:

L-]

SRR

Loy ¥ = .
o[y =t =t e
A L IERE

where r,,, umd &, , respeciveely reprosent pael valoes ol the
REF und CMP snapshols al point qmn booand { amd

rpresent the ollscl betwecn REF and CMI? snapshols The
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i valuss ars padkled with emes oorepions of o, .
whure lhore is no overlap,

1 grea ol the inlenior surlace Lol vnelosucs: 100 1hat
s the suljest of eoch soapstio! s teplvally sulslantially lews
than the overall siee (arca) of Lthe interior surlace LHD of
coclosues: D00, As the display unil 10 mowves, so does e
imager 32 in relation o the interine sartace THEat cnclosire
1 Thus, lhe seene vicwed (imaged) by imager 32 also
chunyges.

To perfiorm the cross-corclation calenlations cffcctivel v,
the details of the interior surfuce THE of coclosure T4
contaiued in the REL soapsbid strould have somme commnon-
ality (arca of commonality 451 writh details of the interiar
surlyen: 11000l coclusure T4 coootaimead 1o the seeond CBP
shpsbicel L olbisr wersly, e destanee travelsd by moeer 32
helween Lhe poant alwhich the REF snapshol 15 obluaned and
the potl 4 which the CWP suupsteal s obtioed sanoms D
s gl Ll the OMP spapsban tolally Lacks sommmoenalivy
will the REF snapshol. 11 Lhis condition ocews. the display
unit 10 will Teeome “kast™ o “oul ol owods™ o the
coviconment. Por tracking the eclative pesitien of display
umit 1 Juselion smoaclbly, the CRIDP snapshed of e
naviganon surface shomld inchide a1 least some prrnon of
the nawigatinn anrface details that alsnoappear in the first
REF smapshel imagie.

Ar mawement of the imager 32 pregresses, the overlap (ar
aren of commenalityd hetween the COWT and RTET snapshnts
decicascs, In fhe extreme cuse, 1he overlup (oey ol voru-
monality) berereen the CRE and R images decrsasss o
wero, w3 is exemplilicd in Kl 6 by REF snapsher 41 and
sugpsbol 48 1o this case, 1he pper 32 would Decuome “lost™
anel e unable ty properly report the relacive position of
display umit WL Howeower, 10 ths presenl imvenlion, as e
aresd ol commonality belween the CMEP sopapstiot aud e
RELT snapshol decrcases Lo oa prodelermined area, or per-
cenlage, of commooality {overlap), the CMP smapshol is
vopied Db sturaze mewory 78 ogwd (s becomes the wew
RLT soapshet. This procedues s called a re-refereocing
provedure or REREF. Immedialely. subsceguent o a REREF,
rhe %1 snapshot and REN snapshot arc the same, meaning
that there s complete or tetal oseelap {commooalite) for
ROy IRV R alll g

A alernarive tn the alwwe procedune irmalses ahtaining
a cwmmalative soapsbct of the cotice inteewe swtace LLIF of
errclosurs IO via talidoe a series ol suapshols of the Inlseor
sacface 110 nf enclosuce TO0 and stonng the data e
memcty T8 This stoed daa evroulsiively mepresents e
eriire inferior sucface 10 (cumuolalive sopapshoty, uroa
selectod porion theree!. Subsequently, s display wail T s
moved Quing uvse, womnparizon spapshols (CMPY am laken
ol e futerine surlree LL0 aud cormpaed with the cutnolotive
smapshot dita stored 10 memory 73, This allemative reguires
meregsed hardweare, specilically memory Lo secemmodale
the Tnercascd snapshnt data sizs. TTesever, it climinates the
possibility thal eross-cowrlalion caleulalions canmol he car-
rued ol whers the OMP suapsbol shaves oo commuonality of
cetinls with the KU snapshon fwhers the display woin 100 gets
Tesly, sane all details ol Lhe mener surface TH ol coclosure
100 ape slured i memory 75 Ioterior sucfave 1100 of
ernclosire 100 preferalsv has a croperanive Texmre, or par-
e, alung sl surbaee arsms 1wl will e monitecsd Dy Do per
32 ol oprival correlator 30 1 should be noted. boweeser, that
the imaped surlfaee of inerior sueface THE of eoclosurs T4
could alsy bive w raodun Tuxlore

LG, 6 s a Hoee chact lustratiog tee metod of the preseot
myinbien. A relerenee soapshol {REF) of inlerier surlace
110 ol enclosure: LOW ix obloined vis dogger 32 (20L0), e

-y

43

0

relersues suapshbul (RLELY s sored 1oty memory 75 (202),
Alur o Lixed poriod ol s bas clupsed (208 ), 3 compacison
snapahet {CWTY of ite o snface THE of cnclosure TN i
obained viz hoacer 32 {2080, Navipaon eogioe T calen-
Tales the relalive position and mele of the display aoil 10 via
cross enrclating refercnce snapshnt (K11 ) with comparisan
snapshel [OMIN (208), The pogilion sod angle of display
unil T i lben repecled w the conroller 71 in weeordane:
with the calenlarions of the stepr an 205 (200]. A derenming -
tom i made @ e whelber or oot the display unit 100 has
movid more than a prodetermined distanes (o1 o a poeinl
where CMP and BLEL spapsholts shore less 1han a prsdeler-
mined area o commonalily) sinee Lhe relerence soapslel
{RETY was altaimcd (207 T it s determined in the stepoat
207 bt thsr display wnil 10 b mosead oo thao o prodi:-
termvined digtance Capproaching ot of beunds™, the eom-
parisonn sapEhor (W I abtained in the suzpr an 200 is storcl
o memery 73 amd becomes the new REF snapshol (2083,
lurther, the proscot mwcotion providcs an immcrase
dlispilay syslern wlnch can be ussd 10 augmem esisting
weccleromoler based imrmersive display svsiemis sooas 1o
mere acenrately estahlish upsdmemn weith respect. o aravity
and (o disting kst Tetween head motion and the moesn ol
tbjeclssiruetures in the arca sumounding the user,

Tt slwulel e cmprhasized that the abesse-described cmbodi -
winly ol the priseol Inveation, parliolocly any “prelermed™
cmibndimenrs, are merely pnssible cxamples of implemen-
tanns, merely ser forh for a clear nnderstanding nf the
prineiples ol the imvention, Many vacizlions and modilea-
tinms may b macle o the ahosc-described conlsncliment(®) ot
lbie inventivm withoul departng sutstantally [eom the prin-
viples ol the myenticn. All sweh miodifications ad vanalioens
are inlersded o be fnclude! herein wathon the scope of The
preseul domvertion aosd protected Dy (e Tollowing claios

Whul is claired s

LA display sysleln comnprisiog:

o digplay mort comprising an optical coreelator coofipuecd
te uplically ioooilor o surface and peuerale au Doage
oulput sipnal in sccordancy therewith;

=

navigalion engine conligured L evaluale said image
oot siEnal and @ wiven relerenne suapshol g delsr-
mine the position el sad display woil, and o oolpul o
pesitional signal representative therenf,

e

visnitl display Ler displayie bgeery peuerdls:d based
upon said positional signal;
said nawvigarion cngine heing contfignred womatheman -
cully eross-oorrelale suld Image oulpul signal witly suid
referene snapshol o delevmiine an eflsel beiween said
imags autpntaiznal and said reference snapshot, and tn
oulpul said posilional signal o aveomested system; and

an amni-chrectiomal fieadmill far gencrating, an onfput
signal i acaordance wath the directionn anl speec nf a
wseT s Lootsteps om the readmill and Tor previding the
oulpul signal e said navigalion cogine.

2. A display svelewn woconling W claim 1 wlerzin sanl
AU COMPNSCs suUCmres within & cmvirnnment.

3 A display syelewn wevonding Wovlam 1 owlenedn saild
coviconmenl 15 delned by au eoclosure.

4. A display system aecordine w elaim 1, whersin said
eonneriud systern peoerales fmgery Lor disploy oo zaid
vistial Ulsplay i acoordance with sand posiluen cutpol sisoma
[rewm sasd oplical correlator and said maolion oulpul sienal
Lo sold metion deleelion meums,
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7
5 lhe visual desplay of <laim 1, Dertber comprisiog:
itcrface mcans for transmitiing said positional sigoal w
The conneuied sysiem.,

6. A wisnal display accarding to claim 1 wherein sai
oplica] correlalor comprises 4n imar,

7. A visual display acoocding vy claim &, wherein said
rprtical correlation means acklinnnally comprses an optical
seslem,

B A visval diplay accondm 1o ocladm 6 wherely sad
MIaEer comprscs a complementary miclal-cxids semicon-
ductor (CRMOBY pholo fmacer.

8

B visval desplay aceording W claun 1 whersin
wonmecled wysim eormprises 3 sinndation deviey

L0 A visuul display according ko claimn 5 wherein
interface means comprises @ wircless mlerlaee:.

1. A wismal display acearding o clain W wherein
wireless interface counprines an infrarecd-teanamitter.

12 A wisval display seconding & laim 1 wlerein
visual display comprises o holograpbic display devive.

sl

sud

macl

sl



