3 JAN 2007 METHOD AND SYSTEM FOR FREE- SPACE | MAG NG DI SPLAY AND | NTERFACE
TECHNI CAL FIELD 5 This invention relates to augnented reality inDUt%QﬂhPﬁb
interfaces involving free-space imging displays, environnents, !
sinmulation, and interaction. BACKGROUND ART 10 Current technol ogies
attenpt to create the visual perception of a free- floating image through
the mani pul ati on of depth cues generated fromtwo- dinmensional data
empl oyi ng wel | - estimitton Dot SLORUAHSR rrbl Sk el TRl GRS P aNpC! Ude
stereoscopi c i maging via shutter or PRELER 0l asses, as we as aut o-
st ereoscopi ¢ technol ogi es conposed o enticular screens directing |ight
froma 15 conqgnymgﬂgALQﬁﬁQQay, or real-inmaging devices utilizing concave
mrror ariangements. of these technol ogi es suffer convergence and
accommodation |imfations. Fhis i 10N he disparity. between the
original two-dinensional Inage 8§§ rg%ﬁgéﬁéb gﬁéﬁﬁuvlﬁﬂ%%?g¥?%%ﬁ spati a
| ocation. Thegresul.t 1.8 rain and.fatigue due.to the difficulty
&St | 1r;éﬁogs{plag§/ %1?\}1{0 el%t?, ljs}rglulaé%ns lééﬁer\%ﬁl@

of focusing on an I nag 0es no Pe it is perceived

to occur. In @n@gickemgskye this visual limtation, the image and its
perceived | oc _ _ cide spatially. A well-established method
hher ont |y posseasaarat i etiss RGP G o 3 BT SulPrrliet v on: yet pri or
art nethods r ' f.idelity. 25 Projecti.gn onto non-solid
ﬁ%@gﬂ%‘%&fw@@%ﬁ%@gﬁ £ 3 e oyen & fai omi¥eber 620, 592,
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include stereoscopic imaging via shutter or polarized glasses, as well as auto-
stereoscopic technologies composed of lenticular screens directing light from a

15 conventional display, or realdimaging devices utilizing concave mirror
arrangements. All of these technologies suffer convergence and accommodation
limitations. This is a function of the disparity between the original two-dimensional
image generating data and the perceived spatial location. The result is user eyesirain
and fatigue due to the difficulty of focusing on an image that does not truly exist

20 where it is perceived to occur.

In order to resolve this visual limitation, the image and its perceived location
must coincide spatially. A well-established method solving this constraint is by
projection onto an invisible surface that inherently possesses a true spatially
perceived image location; yet prior‘art methods rendered poor image fidelity.

25 Projection onto non-solid soreens was first suggested in 1899 by Just, in patent
number 620,592, where an image was projected onto a simple water screen known
in the art as fog screen projections. Since then, general advancements to image

quality have been described depending solely on improving the laminar quality of



in the art as fog screen projections, Since then, general advancenents to
image quality have been described depending solely on inproving the jiyin07
| am nar quali%% of .JQ@ZOO?ti t he scr een Q%rectly corrq%?ting to i mage
quality. As s ﬁcr?eﬁl%&c? rCOPiing 'R N4E° S AL RER BTRE2H 5% the cri spness,
clarity, apd spatial .i e stability .solely based on_.the dynanc

properti eggofm%ﬁ%&z?ﬁeéga ! t%Frgnnqs%tc%ppysin@éﬁtﬁlwa@age‘q_g,hta S?Iéliygﬁﬁeg]el y
spatially unstable imge. Mnor _screen fluctuations further conpound i mage
di stortion. I?thgggﬂaa’é‘lgﬁ’rf’@ﬁ?eﬁ of {he £Hesm: E{’J‘%P’EHS’%@’ REPIEPO? tiefdveber r at i ons
anplified by th easilg,discernible screen detracting fromthe intended
obj ective of PEREYIBsRRC eep MgPEreendvp e enehTiEer compHndimagy ent i on al | ow

t he device to_be self-sustainable, and overcome prior art |imtations of

i mage st abi | i 4§fomAR Impershiqelily 1s fushersompipmeski Al imgaerhsgationnepplifiedr por at e
additional interactive.capabilities. One of the nmin disadvantages found in
prior art wasPhtthecasdy fligsremble perepn demsing o thedpterded ghiniva el frgspster i al .
These devi ces depended on either a refillable 40 storage tank for the
screen gepler afieagendvargeatents gythis fryveniopiafiew Hgdleviee todesdbiusthiorde i n or around
a large body of water such as a lake in order to operate. This limted the
operating ti riddyeredies iy g dmitpiogs ef isweeistehility pahfidality, Bunsoveaiewing a r oom
required refilling, or a pluqbin?.connection_for constant operation. The
resul t sever elngles ppdincegotasaddgenal isferasher @pitilitiespor t abi | i ty, and pl acenent
of the device caused by this 45 dependence. Furthernore, some fog screen
proj ecti on syst em®7€ A awin divdvaspepsdoTign erer arlormdkerelispcenrey - sat ur at i ng
the surrounding anbient air with particulates, such as hum dity or other
&j ected gasesUPPIhe! ¢HNE eaivrating matgrs] ofhegq dviceriderprdedey ditherareilable a danger ous
envi ronment, capable of short-circuiting electronics as well as producing
a potenti4l Hestseirkdonipeswien spicntiBe meRlepor the devide badig be pasdiéoned inch 50 as in

a room The dehum dification process disclosed both in Kataoka's U.S.
pat ent or around a large body of water such as a lake in order to operate. This limited the

operating time of the device in a closed environment such as in a room required
refilling, or a plumbing comnection for constant operation. The result severely
limited the ease of operation, portability, and placement of the device caused by this
45 dependence. Furthermore, sorme fog screen projection systems changed the
operating environment by over-saturating the surrounding ambient air with
particulates, such as humidity or other ejected gases. The constant stream of ejected
material created a dangerous environment, capable of short-circuiting electronics as
well as producing a potential health hazard of mold build-up in a closed space, such
50  asinaroom. The dehumidification process disclosed both in Kataoka’s U.S. patent
number 5,270,752 and Ismo Rakkolainen’s WAVE white paper, was not employed
to collect moisture for generating the projection surface screen but rather to increase

lammar performance as a separate detached aspirator. The present invention



nunber 5,270,752 and |sno Rakkol ai nen's WAVE white paper, was not enpl oyed
to collect noisture for generating the projection surface screen butj i/gt her
to increase |am nar perfornmance as a ,separate detached aspirator. The
present i nveRTPEY S@e%geﬂ&mama{;ma@ﬁﬁfwgn '58@%4 10 SEYF P2 Ssﬁé‘b‘ﬁa@beﬂs at e
extraction nmethod to serve as a self-sustained 55 particle cloud

manuf act df i nBArae clged mowietuipg erddelirgy £5Phore in prior art, while the
projection surface can be optimzed for _uniformty, thickness, and
pl anarity by i rrpr%\liﬁh?@qu%ﬁipﬁa?afﬁ@é’i‘ﬁ‘l‘bﬂlﬁﬁﬁﬁ’@éﬁml’cWéfa?erﬂ%’ép%?ﬂt‘m‘??giﬂr e of a
dynam c systenis natural tendency towards turbulence will ultinmately

af fect the ovefoanity,thinksiosy ard ety byimprpying eerar AprRaRes ISRl stability
such as 60 inmage fluttering. These slight changes caused by commobn
fluctuating aitvreebis fanmc sysine sorhieal teadsicy @Wg%rbulé@ﬁé}iﬂ{‘%‘ﬁ§mb’ound in nost

i ndoor and outdoor environnments induce an unstabl e screen, thereby

af fecting t heffichihgeverpif inmagingrelatiintor erippnesd andbinsap sratiaskbsity Uplgfe degr adat i on
and stability issues by relying on screen refinenents to prevent the
transiti of ofmdgafiriteringt Shasustighl cbenees favsed bigpmolea floctuing ar et nunber 65
5,270,752 included inprovenents to mnimze boundary |ayer friction between
the screen awibtisnerciondicntg! canditidng fouwmp inarresh iridagr g9d orideariePdrogenEur t ai ns,
thereby increasing the ejected distance of the screen size while

mai nt ai ni ng &dnesl aatinstelly scripontberevediseting b imaee. Phicnarsdieapisd 9§ and uni form
particul ate density for a stable inmage. Wiile a relatively | am nar screen
can be achi ethest imezndpzeadatmiangd st7giitratshesdudijing on sgjesRarECmeRs ¥ spatial |y
stable and clear image is limted by depending solely on inprovenents to
the screen. Dabinkshepranjieert df fgniortotugbusohilent Keagia spHps paient 188b&en with a
single first reflection surface, the virtual projection screen nmedium

i nvari abley efR7®HTIgncluded improvements to minimize boundary layer friction between the
screen and surrounding air by implementing protective air curtains, thereby
increasing the ejected distance of the screen size while maintaining a relatively
homogeneous laminar thin screen depth and uniform particulate density for a stable
image. While a relafively laminar screen can be achieved using existing

70 methodologies, generating a spatially stable and ¢lear image is limited by depending
solely on improvements to the screen.

Unlike projecting onto a conventional physical screen with a single first
reflection surface, the virtual projection screen medium invariably exhibits
thickness and consequently any projection imaged is visible throughout the depth of

75 the medium. As such, the image is viewed most clearly viewed when directly in
front, on-axis. This is due to the identical image alignment stacked through the
depth of the screen is directly behind each other and on-axis with respect to the

viewer. In order to generate a highly visible image on an invisible to near-invisible



t hi ckness and consequently any projection inmaged is visible throughout the
depth of 75 the medium As such, the inmage is viewed nost clearly viewsadil/

when directly_j ront.,.on-axis...This.is due to the.identical imge
al i gnment st aé%fgedl r%cfﬂuﬁrgﬂsg}ﬁl%{ghngem elgfllﬁln%?onttﬂéo%%efléaet%gf #f%ectly behind each

th d on-axis.with t.to.the vi Ln order t t

hi gl y i < bl Sor e A ERARA YL b s KT T el BofliR007 scr een
i hi gh, i.nt ity .illum nat.i . te f t he | 80
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bri ght est I t . wh ' d di tly inta the bright projecti
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density, invisible to near invisible screen. This invariably causes

Viewi ng di £ GurE BUS RAGONRHES FRYBeAH B R R EFRREIBOMbr | ght source. Whi l e
in a high particul ate cou_ni3 (high density) 85 particle cloud scenario, a

| ower i nt ensi PYEVIHR AFieBFornn Eifie A Sign@arighlate etk (fgh depe®) ecti vity of
the screen. This invariably causes the _screen to beconme visibly

di stracti i aBariids ploudscpragias 3 W inispeiillumigatiogcan pumsriis foniéhsat i on
systemto collect a greater anmpunt of airborne particul ates. Additional
advancenent s ff@%‘ﬁ?’i‘%@gth? FPTeaR: d hisARNSHRRLOFRUSRBMITESER B Bopomo PP 90 changi ng
envi ronnment al condi ti on? such as hum dity and anbient tenperature to

adj ust cl oud HERSHRSas RUGES SRIE 7 biviers ARC TAPTE PRV EH condspsaien SR &t s in or der
to mnimze totje visibility of the particle cloud screen. This invention

i nproves i nviletfiagrealr apoief ddpremedisyaitirage contrast in the mul ti source
enbodi ment by projecting nultiple beans intersecting at the desired
imaging | ocation tSHgEHRTy@eeBents desmbrhin tBis MYEERSPOPALGHEY HORIHH ze t he

i ndi vidual illum.nation source jntensities... Prior _art also created a

limted c PL ar SRFREDE ?}alrglaﬁfalt%po%lfwg? sych 35 hygpidity and amppent temperature to

adjust cloud density, microenvironment and projection parameters in order to

<

minimize the visibility of the particle cloud screen. This invention improves
invisibility of the screen and image contrast in the multisource embodiment by
projecting multiple beams intersecting at the desired imaging location to maximize
95  illumination intensity and minimize the individual illumination source intensities.
Prlior art also created a limited clear viewing zone of on or near on-axis. The
projection source fan angle generates an increasingly offaxis projection towards the
- edges of the image, where image fidelity deteriogates as the front surface of the
medium is imaging a slightly offset image throughout the depth of the medium with
100 respect to the viewers line of sight. Since the picture is imaged through the depth of
the screen, the viewer not only sees the intended front surface image asona
conventional screen, but all the unintended iltuminated particulates throughout the

depth of the screen, resulting in an undefined and blurry image. In this invention, a



proj ection source fan angl e generates an increasingly off-axis projection
towards the edges of the image, where inmage fidelity deteriorates as %A'NQZGBT
front surface of the npediumis imaging a slightly, offset jmage throughout
the depth of W@Oﬁf@aP’i?aﬁcvﬁfﬁﬂsfilecsfqvggbmm‘f%s PW’%@XIR‘/?{’&WE% iafh%“ si ght .
Since the picture is imaged through the depth of the screen, the viewer
not onl y!®eedbaHweinisssaays e hod therdsplg Ogﬁ’ﬁé%feeé}sﬂlﬁﬁb%ws fivent i onal
screen, but all _the unintended illuni nated particul ates throughout the
depth of t he sgbyligiag therimagp anf pynimipgmageidfiched and blurry image. In this
invention, a 4 3 JAN 2002 nultisource projection system provjdes

conti nuous on- axi $his inverHondeesat sudfer Fem any alghese paresgpEorEdEYEatBRSaxi s

t hroughout the depth of the screen, thereby visually stabilizing the inmage
and m ni mi zi by ncmgestipg usaleustaimphility ipaiels closd mdBdactHBE PESERer from any of
these aforementioned |limtations, by incorporating a self-sustainability
particl e cl os@nifemifdeneasingnagingeesssion signidsitcBamIgeRPAReR™ o i magi ng

proj ection, advances to the microenvironment 110 inproving inmage fidelity,
and i ncl ude adpiovingfradgeifideldy cotl inghide afslitisin] infermstive cERaBRLEBSURE OF | NVENTI ON
The present invention provides a nethod and apparatus for generating true
hi gh-fi del i t DISCLOSKIRFOFIINVENTION esol uti on free-space video or still
images with 115 interactive capabilities. The conposed video or still

i mages are cl ear, Thapescat inregtonviprevidesg raridand ppresdsdorgeae e itgi®e user i nput
interactive capabilities and can render discrete i mag{e_s, each viewed from
separ at e | oc&ighdiislityupokyebmuiatiey higheesphitien fiep-sphescadeoonstiliapagestvitthese
attributes are not possible with present augnmented reality devices,

exi st i ngliog igemren caprabilidet i Brsompased whto disiinazes e chiirskelvs¥Hlei n pri or
art. 120 The system conprises a self-generating neans for creating a

dynani c, viewing angle, possess additional user input interactive capabilities and can render

discrete images, each viewed from separate locations surrounding the imaging
location. All of these attributes are not possible with present augmented redity
devices, existing fog screen projections, current displays or disclosed in prior art.
120 The system comprises a self-generating means for creating a dynamic,
invisible or near invisible, non-solid particle cloud, by collecting and
subsequentially ejecting condensate present in the surrounding air, in a controlled
atomized fashion, into a laminar, semi-laminar or turbulent, particle cloud. A
projection system consisting of an image generating means and projection optics,
125 projects an image or images onto said particle cloud. The instant invention projects
still images or dynamic images, text or information data onto an invisible to near-
invisible particle cloud screen surface. The particle cloud exhibits reflective,
refractive and transmissive properties for imaginé purposes when a directed energy

source illuminates the particle cloud. A projection system comprising single or



invisible or near invisible, non-solid particle cloud, by collecting and
subsequentially ejecting condensate present in the surrounding air, }namign

controll g ot AT, LATNL e 10 ol AHABEAERHooh LA RS if LT DU ent,

particle I'on systemconsisting of an iImage generating

Teans and projegti on RLlCS, h88 LAl Sal SN HRYL: fhabRAES dnt 0 sai d

particle cloud. nVent1 on ‘proj ects mages or dynam c

i mages, text or i.nformation data qnto an_inyisihl Q. -1invisible
particle cIoﬁﬁﬁ@hﬁiﬁﬂmfﬂéFg%ﬁaﬁ%ﬂgqgg?GF%#%Xgﬁ%Eﬂﬁgégwgﬁgém}efIective,
refractive and transm ssive properties for | i ng .pur S when a directed
energy sour é%ah?llliﬂ € ﬁlsffe?ﬁ@cgﬁﬁ*ﬂ* %‘811 g?‘%ﬁgg%&aggﬁ%%g%t% ?egh system
conprising single or 5 3 JAN 2007 . 130 nulti.pl e proj egcti ces

(11U nate the pafPeRgte FRURFREE R GrTEiE ki SOpRE e

particul ates or elenents of the ﬁﬁrticLe cl oud ggi.aﬁlangg %gg]mhere t he
control | 8§ f sloudmagaresipels Saiprdhy peetpqtightysafar fean g sirsipie

t hr ee-di nensi onal spatially addressable fqu-s¥$ceilJéﬁEé¥%$P£ where the
i mage is conPBEEaOVERIH B RIOTATIon Op et 1o Lo MRS AL P Ry spati al |y

System and | Fe- e T rTeERH (19) e PG ar RS Ao L REbTBE Rt or mat i on or
i mage to be updated and interacted with in real-tine. This input/output
(170 1 nt or 1 S ovtioaE Fonbyat “aroPayH e Compiear PR Ipt do. |
g S oo le L ot B Al SpEcs, om0
fhe e, 140 This bnenLion Bl o e s erelysugEN SR AR Y, Pt or
o e RS F B P B0 S a1
penetrabl & fin(%errace’}fiirgz Lgni—s%rlll% ﬁ%g %ggclrn%% érac%esn%tigsec;[f %?rplaé%ha){lgiv%}% dis%rf'aqr
space to be physically penetrable for efficient concurrent use between physical and
“virtual’ activities in multi-tasking scenarios including collaborative environments
145  for military planning, conferencing, and video gaming, as well as presentation
displays for advertising and point-of-sales presentations.
The invention comprises significant improvements over existing non-
physical screens to-display clear images, independent of the purelaminar screen
found in the prior art, by functioning with non-laminar, semi-laminar and turbulent
150  particle clouds. Novel advancements to the microenvironment deployment method
by means of a multiple staée equalization chamber and baffles generate an even
laminar airflow reducing pressure gradients and boundary layer friction between the

particle cloud and the surrounding air. Furthermore, the electronic environmental

management control (EMC) attenmates particle cloud density by controlling the



“virtual' activities in multi-tasking scenarios including collaborative
environments 145 for nmilitary planning, conferencing, and video gam Ag/Aiasy
wel | as presentation , displays for_advertising.and. point-.aof-sales
present a3 on¥nouRHRf WWE‘H@?@WW@%P@ gereddp @W‘f’i%g%‘f”‘ﬂ? P?)‘Vglﬁﬁﬁ?fl‘i over

exi sting non- physjical screens to di _sgl ay clear irra@gez%.i ?le endent of the
pur el am nar FEERRLY, thSTERY CRHTRGHEL BYFBIC tReer-IyiPIq SoEep- isn“g’ th

non-| am nar, sem -|am nar and turbul ent 15Q parti.cle clouds,. Novel

advancement sbalace ofdheegicderiorddsatignd BRpIBoRIHeSR RSOt BYSIHEShs of a

mul tiple stage equalization chanber and baffles, ?ener ate an even | am nar
ai rfl ow r edul pderpriasd tewsfeye Baiclond yaasiteoghysielia oajeorloy of & £$761Y bet ween t he
particle cloud and the surrounding air. Furthernmore, the electronic

envi r onnent alo gewrsriagbrght imassnturtber AdEvieymentsite hordes §rparadirgdiecttiétoud density
by controlling the 6 3 JAN 2007 155 anount of particul ates generated and
ej ect ed 10 coyspanopiovn viging angle ipiatidne nberent it neier art sush eeflelering her eby
ensuring an invisible to near-invisible screen. This delicate balance of
the parti cl ecaped by dlererior yithindhd dotegnd Frathemrors, iedpedntion’ needf-eontainsdssi bl e i n
the prior art and therefore the cloud was either highly visible or too | ow
of a densi t yandisef-gmtabring wystgmbs ¢aghitle piraefucingaconiant geperupéalebhit s to both an
i nproved projection 160 systeminprove view ng angle |imtations inherent
with prior apartioksbh comdehding meistursdroncthe setpubiing k. BardwedovingHien t he screen.
Furthernore, the invention's self-contained and self-sustaining systemis
capabl e of piveidmds enprate sdersndantly withewd pifesting the genergd aparptizes by condensi ng
.nmoi sture fromthe surrounding air, thereby allowing the systemto operate
i ndependent | grvisprmbvotit Fuathérors, thy invsetienesperatengaice g2 @9 tehvi r onnent .
Furthernore, the invention incorporates interactive capabilities, absent
in prior artabsentinprior art.

The multiple projection source of this invention has the capacity to produce
multi-imaging; were discrete images projected from various sources can each be
viewed from different locations. This allows a separate image to be generated and

170 viewed independently from the fiont and rear of the display, for use as example in
video-gaming scenarios, where opposing players observe their separate “points of
view” while still being able to observe their opponent through the image. In
addition, the multisource projection redundancy mitigates occlusion from occurring,
such as in the prior art, where a person standing between the projection source and

175  the screen, blocks the image from being displayed.

By projecting from solely one side, the display can also serve as a one-way |
privacy display where the image is visible from one side and mostly transparent
from the other side, something not possible with conventional displays such as

television, plasma or computer CRT’s and 1.CD monitors. Varying the projected



The multiple projection source of this invention has the capacity to
produce nulti-inmaging; were discrete i nmages projected from variousi soMilies
can each be viewed fromdifferent | ocaéliﬁtgns. This allows a separate inmage
to be gdifer allwainatinp intresityaadiend dradl CAUBHRFPPPEHIHE2ES ont and rear of the
di splay, for use as exanple in video-gam ng scenarj os, where opposing
pl ayers obsefaperaraney ndeppeiivat Bimetigingtrosyble Wih gstngsPEYSti 1| being able to
observe their opponent through the image. In addition, the nultisource
proj ecti on risaherawrs yinps e ipage is netedniped WithnGmPBEKAT fHN§OMPEHER as in the
prior art, where a person standing between the projection SOLirc and 175
the screen, finbdlesphyisisalispisg stoheaitretoneriipraptiag)et hempags s r@ee fly from
solely one side, the display can also serve as a one-way privacy display
wher e t he i rakjeg drsnuniesous|seotheten that ercgiodénisaddo ardaitplapet FaspaFente  from t he
ot her side, sonething not possible with conventional displays such as
t el evi sitem, dihasivas of the tmee tersuGRTtislydandgen D theodimessians of/de Y9G t he
projected 7 3 JAN 7007 180 illum nation intensity and cloud density can
further att emetitethesagersinge the imagspana nenptraine top alsistog] englopuin®iel & not
possible with existing displays. Furthernore, since the imge is not
cont ai ned wi doivengiofl pATPsir €RIT. Boxdispdayrepn s ke en vabyinmhgeoneltigthaphysi cal
screen, such as in a conventional display; the inage is capable of taking
on numner ous ggeombtarpeesld detd sarfecnater|thamiatflatiplaes, such paeylHIEaHES Furt her nor e,
the 185 di nensions of the inage are substantially larger than the
di nensi ons ofurvet eurdwes. Feor these pattich glondh &yppsrdgriive oneseres e dPHEEFEOVs not
constrained to a physical enclosure such as a convention LCD or CRT. The
di spl ay igan ahwpenshwifer aniaafopilnkstagessifertthe proigpligdes, generating particle
cloud surfaces other than a flat plane, such as cylindrical or curved
surfaces. For thegpliggpts fot bisstbodognaresidqampingyvancs thecbiplaved Mpge opt i cs
al | ow

is non-physical and therefore unobtrusive. Imaged information can be displayed in

the center of a Toom, where people or objects can move through the image, for use
in teleconferencing, or can be employed as a ‘virtual’ heads-up display in a medical
195  operating theater, without interfering with surgery. The system of this Imvention not
only frees up space where a conventional display might be placed, buf due to its
variable opacity and multi-viewing capability, allows the device to be centered
around multiple parties, to freely view, discuss and interact collaboratively with the
image and each other. The device can be hung from the ceiling, placed on walls, on
200  the floor, concealed within furniture such as a desk, and project images from all
directions, aliowing .the image can be retracted when not in use. A scaled down
version allows portable devices such as PDA’s and cell phones to have ‘virtual’

large displays and interactive interface in a physically small enclosure.



190 conpensate for variable focal distances for the projection.

Appl i cations fo; this technol ogy are w dg-rangi ng, Si ncg th;a di spl ayeghn 29%7
i mge isS_.nonsphysic erefore_unobtrusive. Imaged information can be
di spl ayed20| n B‘?‘i’%ﬁé%ﬁggﬁg dFeb]%AWﬂ%(gﬁ peopl e or objects can nove

t hrough the igagﬁ, fog use .in teleconferencing, or can be enployed as a
“virtual ' head®: Up aficepraty of the peipgampanentsgnd proessersiohtednvantioar , wi t hout
interfering wth_ surgery. The systemof this invention not only frees up
space where %%%Witmpcﬂip@@ﬂﬁ? Hfiagmior Hebadl lansernalogons teuaingle its

vari abl e opacity .and nulti-view ng capability, allows the device to be
centered ar oAl FiPEbPAEIGHAY | es, to freely view, discuss and interact

col laboratively with the inmage and each other. The device can be hung from
the ceiling, Piatewvsihaniar snsumilpadnative intdnsity of cedimreiadtion ssirtehi n furni t ure

such as a desk, and project inmages fromall directions, allow ng the inage
can be rél'? ackigaddaiHesiraige thejone-pidel imAgisg atopwdtictosmbodisemsi on al | ows portabl e
devi ces such as PDA' s and cell phones to have “virtual' |arge displays and

i nteractive iYigetrilewraien thy dpHyiled edncyrrarrat fevesedlimsgimgeprojget®nJ AN 2007 205
BRI EF DESCRI PTI ON OF DRAWNGS Fig. 1 is a schematic of the main conponents
and processesetffodiati nvention; Fig. 2 shows the optical properties of a
prior art ball |ens, analogous to a single spherical cloud particul ate,
Fig. 3 shows TiEcgcpbrsiptenthgdhalsidpd depmptnabaging pmiceitsicmpodifnieach proj ecti on
source; 210 Fig. 3a illustrates the one-sided imaging projection

enbodi ment ; Fig.4 Ppstias thetlpcatiesd opties! popgrtiss dfedingrbud petitulge inreever sed

i magi ng projection enbodinent; Fig. 3c illustrates the dual -sided separate
| magi ng pFoj evdlignmresmpneritine arangement;

Fig. § illustrates the optical multisource principle at a larger scale than presented in
Fig. 4;
Fig. 6 represents the imaging clarity level of a single projection source;
Fig. 7 represents the imaging clarity level from a multisource projection;
220  Fig. 8 illustrates the multiple projection source of Fig. 7;
Fig. 9 is a sectional side view of the components of the invention;
Fig, 9a is close-up of baffle venting for generating microenvironment of the
invention;
Fig. Ob is a schematic of the environmental n'aanagement control process;
225 Fig. 10 illusirates a plan view of multisource projection:
Fig. 11 is an alternate plan view of a single side remote multisource projection;
Fig. 12 is an alternate plan view of a dual side individual multisource projection,

Fig. 13 iltustrates a side view of the detection system of Fig. 9

Fig. 14 is an axonometric view of the detection system of Fig. 13; and.



Fig. 4 illustrates the localized optical properties of a single cl ouq
particulate in a 215 nultisource projection arrangenent; Fig. 5 5 JAN 2007
illustrates the optical nultisource principle at a |arger scale than
present ed? n Fi Eﬂllwafcis@m@ml@ﬁf seatred inee fipmficrigieetioasytemiisglel  of a
single projectjon source; Fig. 7 represents the imaging clarity level from
a mul ti sourceCIE]FGfaé&Iﬁ‘il%;andQ%%i@@ihek (sglegtiohust rates the nultiple projection
source of Fig. 7; Fig. 9 is a sectional side view of the conponents of the
i nvention: FiBESHMOLEAOREA NGH A ENYENGIONr generati ng

m croenvironnent of the invention; Fig. 9b is a schematic of the

envi ronnment al mandge hesin elegantsrod fovprtipo essilust2R8 inkhgFig 1 Dschérhaiist fa¢ es a pl an
view of nultisource projection; Fig. 11 is an alternate plan view of a
singl e side risptoreledun ceirgioppadheinontot éxtmgts mbisgre fiéhn ihs sarvalihgsinat e pl an
view of a dual side individual nultisource projection; Fig. 13 illustrates
a side viedw dEtthreuglet ket puomp systiemdeficeRi g utilingftold-stdté chBpaRBntaXononet ri ¢
view of the detection systemof Fig. 13; and. 9 3 JAN 2007 230 Fig. 15

i | lustrates anclessdhpinecloftria(TEGpmudiBes, bomgessérbasad dhimnd@fietibn Oftem)sst em
single click (translation), and double click (selection). BEST MODE FOR
CARRY! NG OUT of biiEer nABNGf @bitifp e thoasil diffteatiEintssitaf if sovésatdtion baitdm | | ust r at ed
inthe Fig. 1 schematic. The best node for carrying out the invention
extracts noi gensnbsefranrdlegionufataciivaidagicailh canXBTivor2) fbhreugkinaniieat punp
extraction device (1), utilizing solid-state conmponents such as

t her noel ect r itca {cPEEie lnmdiot, esch as ovip tlegsaiclendsd d5)dEhiuxiraitdd cwaddnene sy st ens

240 is stored in a storage vessel (2), which can include an external connection (34), for
additional refilling or for operation without extraction device (1). The condensate is
sent to a particle cloud manufacturing system (3), described further in the
document, which alters the condensate by mechanical, acoustical, electrical or
chemical means, or a combination of one or more means, into microscopic particle

245 cloud material (5). Particle cloud delivery device (4) ejects the microscopic particle
cloud material locally re-humidifying the surrounding air (21), creating an invisible
to qear-invisible particle cloud screen (5), contained within a controlled
microenvironment (37). EMC system (18) comprising controller (3 5) and sensor
(36) adjusts screen (5) density (number of particulates per defined volume), velocity

250 and other parameters of particle cloud (5). External ambient conditions such as
temperature, humidity, and ambient lighting are read by sensors (36), and sent to
controller (35), which interpret the data and instruct particle cloud manufacturing
system (3) to adjust the parameters, ensuring an effective invisible o near-invisible

screen for imaging.
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or other nmeans of creating a thermal differential resulting in condeg§$ﬂjﬁm
buil d-up for subsequent collection. Extraction device (1) can be divorce

fromthe m8in unitsSighds HeERRY A at OGRhAI hrcSHUEN FEROWED, L PAeL i Cl e cl oud
(5). The extracted condensate 240 is stored in a storage vessel (2), which

can incl ude aBorgit&!od8ihe:ORRD 8GO Pask Bfdugh oPfionaAUEH ShRl (3kgkd | 11 ng or for
operation w thout extraction device (1).” The condensate is° sent to a

particle cloug paamEast tsg],it@@ecaaém@m&mg vﬁ%ﬁ@la?.es’to&mﬁt@aadm

. 3t he .
docunent, which alters e condensate by nechani cal, acoustlcgf, el ectrical

or  Sher cal | sEaid B onSPOPLARL KRR Ay ARLE! QILCNIRANA, LALO M 07 0SCODI

particle 245 cloud nateri arti efrvery device (4) ejects

(Rt 05co Bt e Ly U TS A AT kL KBRS,
05 sergen LSk g8 ALNGH ALAIL S CAINERLL P SRR RO (7). B
Genei Ly {nrog: e B Ll 5 BB AL A LBl MBL HSHBLL Y 250,20 o her
ermer it DML PSR LALLI0S GEURSERRRLD: (50, o
. Mol ach o ARl Bty LIE LTRSS B! 19,7
e SR, B 5 SRR R AR e,
(581, LoaehnSE BRI s Rl tta, MIAATESTLIB R PLTE S0t

o oat| The LR EL RIS AR, S8R iREHIBY filofol,Ne Source of

content. The processing un
comprising telecentric projection optics, may include adaptive anamorphic optics

for focusing onto non-linear screens, such as curved surface screens. Components
(38,6,7,8,9,10) may also be replaced by a video projector in a simplified

270 embodiment. Anamorphic optics and digital keystone correction are also employed
to compensate for off-axis projection onto non-parallel surfaces,

In the preferred multisource embodiment, a single projection source (9)
includes a multi-delivery optical path (2(5), comprising a series of lenses, prisms,
beamsplitters, mirrors, as well as other optical elements required to split the

275 generated image to “phantom” source locations surrounding the perimeter of the
device and redirect the projection beam onto particle cloud (5). In an alternate
multi-image generation embodiment, multiple images are generated on either a
single image generator, such as one projection unit or a plurality of them (1 9), and

are directed, using a single optical delivery path (10), or multiple delivery paths

11



260 these signals, interprets themand sends instructions to graphics bhoard
(7), which generates video signal (8), which is sent to an inmage lﬁi]%l

generati ng r%ﬂg nfufi- dehv%%‘t‘xb@ eofele] glfuﬁﬁé 1dd rQlombhdGomt ﬁx%ﬂ:@nonT tibdTBge

gener at or (9) nprises di spl ayi ng st or video data for

proj ection, &%ﬁ?%{asgﬁn&né 'w%Hchmﬁl{M%ﬁeaalrt 0l SRIAn thI( m&hgital |ight

processi ng unit ani ¢ emtting dio s) 265 or a

| aser based gmge@Jo hbaghi g&%l Bl la%cwgausw@ Lffmg%ecw uni nati on

source used enera ge delivery

optics (10), nha%etn@agez%l LM GOBGC%S%cgr |30 0ORLLGS: (TR g ude

adapti ve anannrp I°c 0 ocusi non- eens, such as

d f 8 0 I db
curven surfage 5L BSTRHRIS0L L35S Lo BBl TR 0150 B2 0 ™
digital k t t ff-
o Lok SRR RS SRt RN eGP B, o
nmbodi t s - del
e o rwzmmcﬁ%% i T ers,

' t he I lit the 275
ggggfgfed i d@gﬁﬁgﬁgﬁfgﬁgl g g%tﬁpﬁgﬁ %ﬂ% P%Eﬁﬂ%?ﬁg ;he pgrineter of
the device and r dlre e proj.ectian bea font? Faﬂt'0| mérOUd (5). In an
al ternate nﬁWFW“&Hﬁ@% ﬁ@ﬁ §FP5hM’WB%H?ﬁ@H(’SHWE¥ S?gnvﬁﬁ s’are generat ed

th | e. i t h t
e ey o tﬁﬁk@%ﬂ?f%%@ﬁ%%%%‘lmﬁige%%%’r%&n?@fﬁﬁd I Ghi 1 cal el i very
th (10 | t t 0
ol 1 - aebPvePyrbstieRe e I P SPREgHBI TR or of ecti on.
t | {. noi t f
b o ans o pugRErags ?%lseaﬁf&s“@é%%%ﬂwg o iy s cag Trom

of f-axi s prohemﬁb

Lnd

ﬁgow

In the interactive embodiment, coexisting spatially w.;vith image (11) s an
input detectable space (39), allowing the image to serve as an input/output (I/O)

295  device. Physical intrusion within the input detectable space (39) of particle cloud
(5),suchasa use_r’s finger, a stylus or another foreign object, is recognized as an
input instruction (14). The input is registered when an illumination source (16),
comprised of a specific wavelength, such as infrared (IR) source, is directed
towards the detectable space highlighting the intrusion. Illumination comprises

300  means to reflect light off a physical object within a defined detectable region by
utilizing a laser line stripe, IR LED’s, a conventional Jamp or can include the same
illumination source from the image projection illuminating the detectable space. In
its preferred embodiment, reflected light scattered off the user’s finger or other

input means (14} is captured by optical sensor (15). Optical sensor or detector (15)
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i ncluding i mage trapezoi dal keystone correction for one or nore axis (i.e.
4 point keystoning). In all instances, the directed projection illur

i
particle o] 85 ere.free-s i mge 1 pears.to be floating
PR or ot echt vatiat BinalbealBEhinld £50 R, LRIl paRRERG S "0 o1)
M croenviron 37) functi.ons ta.increase boundary |ayer performance
bet ween t he p@ré?gsg%sg oud” %a&t%ﬁ%é’?g%?‘gﬁfsenéﬂrc?pg (‘j’if%‘/@t‘ﬁ%gl ®creating a
protective ai&atacurrent of simlar ejection velocity to that of particle
cloud (5). Thi's"m croenvironnment (37), and particle cloud (5) 290

characteristics ¢ be continuously optim zed to conpensate for changing
envi r onnent al concaﬁ%?%%ﬂg), lsicwaglrgﬁzﬁ%?rﬂlgﬁ?ﬁ’?‘?ﬁ‘géméq Y APHEEERt 3 FRed di scussed
in further det ajfirl@ﬁ' bg:l ow. .In the i nt_g{rracti ve enpodi nment, coexisting

spatial l'y wi t% OPHEIFE! FREyVIyTespanse;sHp e piheillupiadon 99ye (19| owi ng t he
i mge to_serve af %g jngg;/out put (1/0). 295 device. Physical intrusion
within t R& i nffrelenst sdenby enpypes trsoific Sandyidth seapes wiligng bigypassuch as a
user's finger, a stylus or another foreign object, is recognized as an

i nput i nst r udtiieBTPETaNdingtipg of hﬁh@lﬁ%tbﬁwgéheéregememﬁp% ‘?alng‘ﬁﬂﬁfhrﬂfti on source
(16), <conprised of a specific wavelength, such as infrared (IR) source, is
directed t ovAt HESY Eoorsed rapimized pipgisinngrargrrund grierfseensgand usi on.

[I'lum nation conprjses 300 neans to reflect |ight off a physical object
within a defi" gﬁ’a@ﬁ@wgﬁ?@c’?@ég}r’%ﬂﬁ& Thereperippta g sRageagisee e HEuEet i pe, IR
LED s, a con\zelnti opal, lanp or can include the same illum nation source
from the i madePdPelEmBAteY ot ASTGSPRICE Hendatlerorabrerrdiste. In its
preferred erT‘%odi nent, reflected |ight scattered off the user's finger or
other i Mut SHEEROTIIRFISViEDE BB IGFROIIER) sigbikig R fapBie usatpt i cal  sensor
or detector é‘?l{gl% tf JAN 2007 305 may_ i nclude a charge-coupl ed device
(CCD), conpl ck 9 qe_ﬂe&m@glg PPy §1H functions as a mouse cursor,

analogous fo a virtual touch-screen. The highlighted sensor captured coordinates
are sent to controller (17), that read and interpret the highlighted input data using
'é:iob recognition or gesture recoguition software at processing unit (6), or controller

320 (17). Tracking software coupled for example with mouse emulation software
instructs the operating system or application running on processing unit (6) to
update the image, accordingly in the GUI. Other detection system variations
comprise the use of ultrasonic detection, proximity based detection or radar based
detection, all capable of sensing positional and trans:lational information.

325 In its preferred embodiment, this invention operates solely on a power
source independent of a water source by producing its own particle cloud material.
By passing the surrounding air through a heat pump, air is cooled and drops below
its dew point where condensate can be removed and collected for the cloud

material. One method well known in the arts comprises a dehumidification process

13



(CMOS) sensor or a simlar type of detector or sensor capable of capturing
i mge data. Sensor (15) is capable of filtering unwanted "noise' by 3 JAN 2007
operating at.a | i.%ted or optimzed sensitivity response simlar to or
equal t o the TITHITA HoomPERSeE BIRPES cqolam) throagh aneipireingeoll forf dropeingiye enpl oyi ng a
speci fic bandw dth sensor, utilizing band-pass filters or a conbination of
both. Light B&yRSEfuEREDe P@E@éﬁé@ﬂqﬂéﬁﬁm@swﬂ@wmrﬁo ofndenshehibethsor i s
ignored or mnimzed, dimnishing background interference and recognizing
only i ntenti GA¥lenfes pipels heat) Anothes Versdpniinglades thanse pheerinhdisdiddige i nt r usi on

is lit by the illum nation source corresponds to an anal ogous two or three
315 di nensi of&ltier BeanodHesuchiana sendvivhof o ceraviic Watewith arswehofls in a
graphic user interface (GJ) where the intrusion input (14) functions as a
nouse cur sor SmabhRanygolptiunide Bialey { eablet oubdstweay which pihechi ghl i ght ed sensor
captured coordinates are sent to controller (17), that read and interpret
t he hi ghi¥ ghtesdlenspen thetapabusillaged &l tbbcalésidgridthéronrgtongedidsr e r ecogni ti on
software at processing unit (6), or controller 320 (17). Tracking software
coupl ed for exmspreclunals froputhe amiightats soch sofittoged e oxivgsi ssuedisist he operating
system or application running on processing unit (6) to wupdate the inage,
accordi ngl y PtHetgpees@omangiattere sdptraotel gmes ysliqeivs bari@ahii@nsnd sanpri se t he use
of ultrasonic detection, proximty based detection or radar based

det ection, aFasulsgpatsitiee thimgkgipitngenporittd @nddnsandotd anstatAmeaal | nf or mati on.
325 In its preferred enbodinent, this invention operates solely on a power
sour ce i ndep@fdledinchficszlegmecdemgelamemy bynvprsodismbngs i bisployad ipaset i cl e cl oud
material. By passing the surrounding air through a heat punp, air is '
‘cool ed @AY dedidechbelpginconsisinglefitwp elertodehenévicizddensadtecleanlykeinr enoved and
collected for the cloud naterial. One nmethod well known in the arts

conpri ses a Weklywel fidelecitoity preoudsed1@xygen passing over one electrode and

hydrogen over the other generates electricity to ran the device, water for the cloud
material and heat as a by-product.
The particle cloud composition consists of a vast number of individual
345 condensate spheres held together by surface tension with a mean diameter in the
one to ten micron region, too small to be visible individuaily by a viewer, yet large
enough to provide an illuminated cloud for imaging. The focus and controlled
illumination intensity onto the overall cloud, allow the individual spheres to act as
lenses, transmitting and focusing light at highest intensity on-axis, whereby the
350 viewer positioned directly in front of both screen and projection source views the
image at its brightest and clearest. In the multisource embodiment, the directing of
light from multiple sources onto the particle cloud ensures that a clear image is
viewable from all around, providing continuous on-axis viewing. The on-axis

imaging transmissivity of the cloud screen coupled with the multisource projection
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3 JAN 2007 330 by which a conpressor propels coolant through an evaporator
coil for dropping the tenperature of the coils or fins and all ows noiEskitirléd/
in the air to condense while_the co,ndenser.‘eé&edlts heat . Another variation
i ncl udedss hengisen dgar nageyPeesdles okl 1Igy e SROEOTPEIG PBPHEES 19 es, such as,
a sandwi ch of two ceramc plates with an array of spall. Bisnuth Telluride
(Bi 2Te3) " colpirasion Gwﬁleﬁmtwgé]ﬁ?t W@%medsﬁte@Bﬁﬂ’gﬁﬁgﬁrW&%%at can be
collected on the cold side. Qther variations include eixtgactt)i ng el ements
fromthe anbidfiple sources fatheramaxifnize Blyaynabon #kipgaigndeqdmage pealid® DYt her gases,
t o manufacture supercool ed gases or |iquids by expangion, and as a result,
create the thelinng thgapn obillyainaiien o pech PERFEAHSEMECS Be$8Fi al . Anot her
met hod i ncl udes el ectrochem cal energy conversion, such as js enployed in
fuel 340 celparticodovdliveging loeation du ihigwas hewdmenadionfdpeLerdld¥ ched around an
electrolyte in which water and electricity are produced. Oxygen passing
over onesel emttickdoentminfiyidedepenuronvterded prafapastheyondetfcPddB PE & ricity to
run the device, water for the cloud material and heat as a by-product. The
particle cl outbretapepiity dithedighbveat §refth dhesarsen adraeicdsOUENE vi dual 345
condensat e spheres held together by surface tension with a _nean dianeter in
the one.to gienremwhaersofice beioohratitentias pmiht intendpdbpartide piped. i Hetlddual |y by a
viewer, yet large enough to provide an illum nated cloud for imaging. The
focus and comtitisdukeegrojéctibufvirthertidoimitas thensdiviguad prcoectpesyiEr al | cl oud, al | ow
the individual spheres to act as |enses, transnmtting and focusing |ight
at hi ghest i Intémsiktaflowinedbs Sewankreyiewyliredis o888is Wikaeibepadrpddsted directiy in
front of both screen and projection source views the inmage at its
bri ght ests anditich saglebsigh intasittheonetonissoes: eefoerbBdha¥r 21t he directing of
light fromnultiple sources onto the particle cloud ensures that a clear
image is Vi ewablimaf alteratel dbadioenid the prigvle glond metsHel RSEE%N- axi s vi ewi ng.
The on-axis

fluorescence emissive additives or doped solutions, creating an up or down

fluorescence conversion with a specific excitation source, utilizing a2 non-visible
illumination source fo generate a visible image. Soluble nondoxic additives

370  injected into the cloud stream at any point in the process can include for example
Rhodamine, or tracer dyes such as Xanthane, each with specific absorption spectra

| excited by a cathode, laser, visible, (ultra-violet) UV or IR stimulation source. A

tri-mixture of red, green and blue visibly emissive dyes, each excited-by speoific
wavelength, generate a visible full spectra image. These additives have low

375  absorption delay times and fluorescence lifetime in the nanosecond to microsecpnd
region, preventing a blurry image from the dynamically moving screen and
generating a high fluorescence yield for satisfactory imaging luminosity. An
integrated or separate aspirator module collects the additives from the air and

prevents these additive dyes from scattering into the surrounding air.
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i magi ng transm ssivity of the cloud screen coupled with the nultisource
projection 14 3 JAN 1001 355 insure a clear inmage, regardl ess of thej JAN 2007
viewer's position and conpensates for any gherration caused by turbul ent
br eakdovit0 of t he Te porTdrt epicstas é“c’f%qnﬁbﬂ"lei%éfﬁ‘tu“f}%"ﬂéo P?l‘?f’lth"&?ﬁg’lretcﬁ)l e ‘sour ces
further maximze illum nation at_the intended image |ocation hy |ocalizing
the sum of i piedefinerbiiagmby mesms eht lenpiaicaet Hehd @Hlﬂ‘%ée@tof PEEHE ¥ he same
particle cloud imaging location. In this way, the jllumnatiqn falloff
beyond the 380 visaet willirender odigereis imaesi ﬁ?‘ﬁ’éﬂy’d‘ﬁlﬁﬁﬁl&ﬁnﬁ@é‘ﬂ’&iéaa@a?faces beyond,
as found in prior art where the majority of the I_ight went  through the
screen and crlewt subemistifiymhted by a5 intengits leyal belosiivhee Bl BHACHCRARSr t han on
the intended particle cloud. Simlarly, multisource_ projection further
mini m zes t heeflesigh vicauakthip eajhephdrapradounesatiaesdifest ightapsif ng t he vi ewer
to viewdirectly on-axis w thout being inundated 365 with a_single high
i nt ensi t3gs pr aiddtduilipartsbuplsess agsasfsoul dnilets paréorpingdhe dptar oplicahn al t er nat e
enbodi ment, the particle cloud material can include fluorescence em ssive
addi ti ves or cldepedstsebilentonkr inmpaatandglanthegout toceriprm Fsjajeisdiéence
conversion with a specific excitation source, utilizing a non-visible
i |l um nat i onisingcestdno  Fenerateisdiodies pipladned mtias. 280t ubl e non-t oxi ¢
additives 370 injected into the cloud streamat any point in the process
can include for &mapletaRhidapiovef aondividad sloud paticdgienalszkaift hane, each
w th specific absorption spectra excited by a cathode, |aser, visible,
(ul tra-vi ol ethy opfitabefradive ploperties dfarball bus, adere R istthq dignsteupt iegraty ed, green
and blue visibly em ssive dyes, each excited-by specific wavel ength,
gener at esva Vet sphdreibf the prrtitulate fomnenatuTiyde saidefietisngion. RER/BCIBRE 375
absorption delay tinmes and fluorescence lifetime in the nanosecond to
ni crosecond ligledillows alongyantiingdat tsentiop (Dnisgéfipetedea hentdy$PAficcal | y novi ng
screen and

(30), and is focused at a distance EFL (effective focal length) at point (31), on-axis

(E), from the center of the particulate (P), at maximum intensity on axis (31). This
process is repeated on adjacent particulates throughout the depth of the clond and
395  continues on-axis until finally reaching viewer position (110).
On-axis illumination intensitjr is determined by source intensity, densty
(particulate size and count) and the depth of the cloud which is represented in polar
diagram Fig. 3, Wherc maximum intensity and clarﬁ}.( is in front, on-axis at zero-
degrees (128) and lowest behind at 180 degrees, (129). These imaging
400  characteristics occur when illumination intensity is below saturation illumination
levels of the particle cloud, that produces omni-directional specular scattering into
unintended adjacent particles within the cloud which unnecessarily receive
undesired illumination. Therefore, the floating image can be viewed clearly from

the front of the screen from a rear-projection arrangement and appear invisible, to
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generating a high fluorescence yield for satisfactory inmaging |umnosity.
An integrated or separate aspirator nodule collects the additives fno&g#@m

air and prevents, these ‘additi dyes from scattering j surr.ouSn
air. 15 ‘93 AWDTWS%%PW%&E%P\%} *”t"‘?'/“’ilgeaﬁtaiP&’ﬁi‘°a¥r°“%“év?ye‘°[elﬁe§h'ﬁ%’3éf°g‘gen utilized
to selectively direct a ! predefjned inmage b ns of.a | reen so
that a parti Woenayiewsrion belgd; ¢ ﬁhy Pﬁmd‘?sf‘?g QWPW%S‘? Prfjjregtna g{%&gﬁgi screte
image. Simlarly, when this inventjon's e&ﬁr“ cl.e .cl ou% creen is
i 11 uni nat ed BireEsadimagedot dapendsnt (9al BRENHEYBE TR IR F@f‘facti on and
reflection occur within each sphere, producing scattered diffused |ight
rays, the 388lqwies ¢ach seprrafpamencie & apaeie BIP%JS"PE?F&FFH ensl ets perform ng
the simlar optical characteristics of |enticular iFHgi n% 2&% all ow the
< ¥sKEd bt

cloud to performEsg & ilusieiecthie are-sidedRgnsgon Fabemeni is further
explained in Figs. 2- 7. Fig. 2 illustrates the optic gf an .i ndi vi dual
cl oud pa#ipi cabsatves praitalivgass 148 ornghelingfione surgecr P%‘ie?aé biPBHE ties of a
ball lens, where Dis the dianeter of the near 390 perfect sPhere of the
particul ate potictedlondfl§shMigrebgt lamtipmd 84 kemrat epserveHeAse nto M HYFs ght £ ol | ows
al ong path (E), and at resolution (d), is diffracted as i enﬁe{ls sphere
(30), and i sahecisaeblatevarsel imrgh e @Fﬂbo‘(“%maéétﬁv@“l‘gdlf%ifzctf"{eﬁ‘fﬁ? 9 at poi nt
(31), on-axis (E), fromthe center of the particulate (Pl nlgg maxi num
i ntensity onsidesi(389,536) ontpippigicle slopé B8<) where btk wewers Mratgdi{e8dt bar ti cul at es
t hroughout the depth of the cloud and 395 continues on-axis until finally
reachi ng vi ewsrvigodnageon”( R@EF?IO@QU@%PTSSOPTGP%?H@H%EF‘Sﬁca}nﬁ?\?ﬁ%?‘fey is
determ ned by source intensity, densit (particul ate sjze and count) and
the dept#isof imdge se thatifr kamoke o cpebir e régefi"fﬁ-r@éi fé?mb?ﬂié‘a?sé’ﬁlt ig. 3, where
maxi numintensity and clarity is in front, on-axis at zgrlg.- 3degr ees (128)
and | owest bévigagameoregepnd syihatay ong 3idg fhe ImpgeEOUGREFPYREFSC: F1e- o°

shows a dual viewing embodiment where projection source or sources (190) project

image “A”, while projection source or sources (191), project a discrete image “B”,

both onto particle cloud (192). A viewer located at (193) observes image “B” while

420  observer (194) observes image “A”.

Fig 4 illustrates multisource projection at angle theta, (6) between
projection sources (122,123) and the particulate (195) providing an on-axis to near
on-axis image irrespective of the viewer’s location, thereby ensuring a clear image.
For a viewer positioned at (121), projected images following path (145) from

425  projection source (123) are clearly visible, while simultaneously projected image
rays (144,145) originating from projection source (122) being projected at angle
theta, generate a sum of the intensity of each source. Discrete stereoscopic images

can be projected at angle theta allowing for simulated three-dimensional imaging,

17



400 characteristics occur when illumnation intensity is bel ow saturation
illumnation levels of the particle cloud, that produces omi-directional

specul ar scattering into ynintended adj j ShoMehiing t he cl GuthN 7007
whi ch unnec®&baetitinge Feléfiipe o Wff’ég‘?a?cégmbﬁ%ﬁﬁsﬁagﬁ %értf ée'(fl%'hheer Store, the

floating i mage can be viewed clearly from t X Qf hrg@ﬂﬁgreenfromé
rear-pr@pecﬂq%@vieaﬁh%\lf@é?‘%iﬁ?e%ﬁﬂgaéﬁﬂ o3f °P§’%’1§fge‘,s%{t%t 16‘% JAN 2007 405
near invisible, frombehind (129) seryij a ki wORe-way screen. The
cl oud, when ouly Eialgsifef GERITFERD ﬁ‘a‘,’f"et%‘@?“é%!?qu"&sﬂe Sgreeg 1éafe/n(ﬁe % surface to
project an alternate or reversed inmage for .i ndepe l, i mage vi ew ng
fromfront or beFigrfdllusteres di9ygralkJeH él?ea‘fl%wﬁrﬁgpd“gsg@g& ggyﬁvoost visible from

the opposite end Fig. 3a illustrates the one-sided proj i nmbodi ment
wher e vi ewelim{geS ither idpnticadpsdsords P’ﬁ?ieﬁieégf’ﬁ“c?ﬁpeirar:?‘éﬁoelmgl&agﬁs'g?%gfi ng from
source or sources (182) towards particle . cloud (18 e at | ocation
(184) cannotaydb4®r fen theaggectian sqyce 424 hpyminates pﬁ@é\@ £ ]%Rr%g/ |(1\s/!{|!5)rf)i$yg{rc}r1 ever sed

imge. Fig 3b shows image "A" being projected from -S| (185, 186)

onto pastsi cItmnmiitsmbsf(qu?fx)lighﬂm%ﬂsﬁb‘?’hd%"%\ﬁé‘r‘“%’e‘lvﬁcsa?ygg&tg? %@H%%i%) can vi ew

image "A". Projection source or sources at e si de n verse the 415

i mage so t hatpafaty orédeatipdl émagsfromerpiepien FYEP (ﬁ%égﬂ‘)&ﬁgﬁ%ﬁﬁy &%} from both

sides or the imge can correspond so that on one si.de 1 i e woul d be
bR VG & 2 e

reversed. FiilpmiBges mitpsclenddl4). Veediongre *XWheT & jéction source
or sources (190) project image "A", while projection source or sources
(191), proj eteted dioshe proisciioness B both onto particle cloud (192). A
viewer |ocated at (193) observes inage "B:" \é)/ﬂi l e 40290ﬁ%]t]) EI NG, (194)
‘observes i mage " Aig 6 Fiptesents fh grguian eladty flloff ol 8 S8l PRPGPEE T on at angl e
theta, (9) between rojection sources (122,123), and th icul ate (195
provi di glg)) arCMnsiaxciOQPQim;tm‘éiéIF the maximum mtef(lsl’fy 2id Gty e AR St (199)
| degrees (196). The combination of the individual microscopic particulates act as an
entire lens array, focusing the majority of light in front of the projection source and
on-axis producing this illumination pattern. These inherent optical properties of a
particle sphere as well as the particle cloud as a whole insure offaxis illumination

445  intensity fall-off as a controllable means of directing multiple ight paths proj eoting

similar or discrete images that can be viewed from specific locations (on or near omr

4

axis to in front of the projection source).

Fig. 7 shows an example of a multisource projection with three sources,
although ann'™ number of sources are possible. The three sources are (Pa), on-axis
450  at (O)\, and source (Pb) with clarity threshold at (OT). The angular threshold angle is

the midpoint between Pa and on-axis (0) at (126), as well as the midpoint between

on-axis (0), and Pb at (127).
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on-axis image irrespective of the viewer's |ocation, thereby ensuring a
clear image. For a viewer positioned at (121), projected i mages fol |l ow n@ .
path (145) from 425 projection source (123) are_clearl ¥ Vi s%bl e, whiled JA 1607
si mul t aneousl y pFigj &ustaadpn vegel theigyestipn degorbed in the CRaTtRL igng P8¥% proj ecti on
source (122) being projected at angle theta, generate a sum of the
intensity offacsionnso@nhen-aps suret® (&) end 9prers e IChNMDe proj ected at
angle theta allowing for sinulated three-di nensional i ing 17 when

di st ancessLi sigace i iwitbrdepth 56X When aiswer (5DUPeks apaEdndendidwlien the ri ght
and 3 JAN 7001 430 left eye of the user and the falloff of each projection
source i s gpedectionsugle (29 ilbmtateihymetimumasd pleareigpirasddmnagdiit ce i s
viewable to the desired left or right eye. Fig. 5 illustrates the overall
vi ew wher e tiimvey seeweirthis ocpiicdenngsbival tépth (A61) is paighd to B¢ YREMSEHENt i cal or

di screte, projected fromseparate source |ocations. Light ray (149), from
t he proj ect i(0§8)sBlien éie(vieey mbves tmioreiion §1 9 a1thd ivlage G beer sh43r85 1S whi ch 435
transmts nost of its light on-axis (147) directed to viewer's eye (148).
Sinilarly, ailusiepadae-ods projecion saircd @b)gehcts hmimpeasjpedectionis §8uiete” ( 125)
followng light ray (27) illumnnates particle cloud (146), viewed on-axis
(28), whaen ttheughoews dpitell87)(28y paitiste cibind EG0P dSimiledy. ehide BeBFect i on axi s
(28). Fig. 6 represents the angular clarity falloff of a single projection
source in amd#d9arGaid @stichrlad¢rsd) aatehanilodatett hepesition fhd; ifsti@AgT ty and
clarity image on-axis at zero degrees (196). The conbi nation of the

i ndi vi dual micredscigipies pan ol (24)e Thaviewasloeated & any ¢ighaseprsitigRi &y, f ocusi ng
the majority of light in front of the projection source and on-axis
produci ng t hih setiveérmilinatviesingpanitlieneousiy eswatiferiesesrmpet by 4Py Bher ti es of a
particle sphere as well as the particle cloud as a whole insure off axis

i 11 umi nat i orof$&fecking snsdes fromadhich deflighbrags ortly whvabilly dreans of directing
multiple light paths projecting simlar or discrete images that can be

vi ewed fgsom sapeainéduslylpodatddamsce(is direntedriearrdpparticle cloud (150).

Fig. 9 describes in detail the operation of the preferred embodiment of the
invention. Surrounding air (156) is drawn into the device (32), by fan or blower
(40). This air is passed though a heat exchanger (33,41), comian'sing a cold surface
such as a thermoelectric cold plate, evaporator fin or coil (33), which can be
470  incorporated or separated as an aspirator (48) located above the particle cloud,
" serving as a collector. This air subsequentially passes over the hot side of a TEC
module heat sink or condenser coil (41), where heat generated is exhausted into the
\ surrounding air (49), or passes through fans (59,60,) and below to fan (56) so that
the exhausted air is of similar temperature. Condensate forming on cold plate, coil |
475  or fin (33), drips via gravity or forced air and is collected into pan (42), passes
through one-way check valve (50), into storage vessel (43). Alternatively, vessel

(43) may allow the device to operate independently, without the use of a heat
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axis to in front of the projection source). Fig. 7 shows an exanple of a
mul tisource projection with three sources, although an nth nunber of -,%WW

bl th t (0),"
sources a0¢ B3l SrTye RS AR B R, (O
th d t bet th d t
et veenon. SHRSLTOf BB e B R Rl e

i nventi on descri bed in the ch urce é 2001 Pa, shown as

oo T
(22) . onfi gxo&mﬁe&@r%veﬁtlnagese§é§3>?@w@%m% GREESPLG) JoPTE ont o 455
f 23) th th Wh 15 t t | | d
$25 2 ths pf%“?lbfm R O Db Een (LT (A 68 Bt il bad 61 bar o6

illumnated image, the _viewer sees at this Iocatl on because pi xel depth
(151) is par a‘l’l}véllmo%l Yehamififiettiongrogs ¢vellkeesy M {f¥h the viewer noves to

| ocation (154), the inmage the he or she sees.is illumnated by on-axis
proj ecti on sourCM’QQZ‘WP@PWWSP%&&%’tﬁjaé’é&hiﬁﬁwe’f %“'H}aﬁﬁﬁ%ﬂmﬁﬁé t hr oughout
the depth (197) of the particle cloud (150). Simlarly, as t Vi ewer
moves ar oundIisERERE HElQY Banainsye %@C%%Oﬁtb%;%‘ia@ﬁata%afba%SPItﬁia T(155), the
i mge viewed originates from source, (24) he viewer |ocated at any of
these pd$fti 6‘?%“’&%Conﬁtﬁntlﬂ’éff&%ﬁnml}‘mﬁé“g\ﬁvéwaﬁg’n§h‘erﬁ9Ptteé??@8%F§1 1E¢Re entire

i mge conposed by a plurality roj ection sources _from which the | i ght
rays of eachOos@ghEsEaln ysoaﬁrstafeé”l?&p WW%&&%W%%@&W%W bothee

directed towards particle cloud (150 Fig describes_in detail the

oper ati on of AAdfeaprEPEElgd ernderirné 136?131510%55’ thaheting epd Slgﬁsr‘?f&undl ng air
(156) is drawn _into the device %132 %/fan or. bl ower (1 This air is
passed t houghFa mpdte, ‘i—‘é%i‘?&F@éf‘te e 51k to cellgrpmpisiuebe eldsidettace  such as
a thernoelectric cold plate, evaporator fin or cojl t%33%_‘& which can be 470
i ncor por at eddBY heehpRrtag otber de- nede B timedre heday colenpl O w3 VERE particl e

¢l oud, 490 (43) allows the device to run for a duration while condensate is formed and
collected. The stored condensate travels beyond check valve (51), controlling the
appropriate quantity via sensor or switch (55) and enters nebulizing expansion
chamber (52) for use in the particle cloud manufacturing process.
In the preferred embodiment, expansion chamber (52) employs electro-

495  mechanical atomizing to vibrate a piezoelectric disk or transducer (53), oscillating
ultrasonically and nebulizing the condensate, generating a fine cloud mist of
microscopic particulates for subsequent deployment. Alternate cloud mist
generating techniques can be employed, inciuding thermal foggers, thermal cooling
using cryogenics, spray or atomizing nozzles, or additional means of producing a

500  fine mist. The design of the chamber prevents larger particles from leaving
expansion chamber (52), while allowing the mist to form within expansion chamber

(52). A level sensor (59), such as a mechanical float switch or optical sensor,
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serving as a collector. This air subsequentially passes over the hot side
of a TEC nodul e heat sink or condenser coil (41), where heat generatedniig/

exhausted into the surrounding.ajir (49)., ar _pas hrqugh fans (59, 60;) -
and bel ow t OOHIBHINEBEpecEly unfbllF"egf”Ff méa%??&%fglf @H“@Ffré?@’ fé?epg}%m | ar tenperature.
Condensate formng on_cold plate, coil 475 or fi 33 dri.ps via gravity
or forced ajRarawntg mroditippegEdeqd-n erb"&?ﬁ‘(*i?‘)r,facf)é{sl%érgps)’ t4¥kigh one- way check
val ve (50), into storage vessel (43). A ternatiyvel vessel (43) may all ow
the devisee tepeopdesaby m%@wé&awéqfwd GPEHBL D THE TR IEROR hoat 10 3 JAN
2007 exchanger, with opening (44) or other attachnment, to.fill wth water
or connect to extianeabloppi(ib) wiscts Al gamberS bh Myt VLR BYSt nechani cal
switch controls the heat 480 exchanger, preventing vessel (43) from

over f | owi ng. g«@ontsd s sobulicatyd), ang Hrppiirg!st Tﬂ‘?‘%‘éﬁséﬁctﬁ?gﬁ@“g}b%eﬂe nt through

pi pes (46) and (47) can be enployed in a conventional dehumdification
process wel | nderloi)iaha vélesitideternibsd i the heighe adEddenceafies R4S cal as it is a
hi gh power denmandi ng process Increasing airflow and nmaxi m zi ng surface
area of the evab@RaiFortheamneregmedntiThranfcomprisggganssd et PIYE8aAsPant operati on
and m nim zing overload on the heat exchanger, TEC s_or conpressor. In a
sol i d- stsat e [rE@ne fivddivitdptat the Gippf eazgls (ST 4B ciRsICF Ve HBYERYC and evapor at or
(33) and condenser (41) is replaced by the hot and cold sides of a TEC
nodul e, W t hmappowplifats sheet sehak guyes o eYindetal fHTEBuS BIF t he col d si de
and draw heat on the other side. Due to the tine | ag before condensate
formation, vessebustggudedprtiglelclnd pesibilifes | RagidorlPudi>F GPMEISYTF ati on whil e
.condensate is forned and collected. The stored conde,nsaciﬂe travel s beyond
Jcheck valve IBidar, seoitanviar prigrovlsat o epiavaecat a5 demertel A s8fsor or
switch (55) and enters nebulizing expansion chanber (52) for use in the
particl e cl ofedimeging.-act uri ng process.

515 Fans (59 and 60) draw ambient air, or expelled air from the heat exchanger,
through vents (61 and 88), comprising baffles, or vents, to produce a laminar
protective air microenvironment (62, 63) enveloping cloud screen (58). For laminar
particle cloud screen (58), this microenvironment tmproves boundary layer
performance by decreasing boundary Jayer friction and improving the laminar

520  quality of screen (58) for imaging.

1t is important to note that in the priori art, a “Reynolds Number” was the?
determining factor for image quality and maximum size in the past, but because this
invention integrates multisource projection, the reliance on laminar quality is
diminished. A “Reynolds Number” (R) determines whether the stream is laminar or

525  mot. Viscosity is (u), velocity (V), density (p) and thickness of the stream (D)
determine the transition point between laminar and turbulent flow, which was the

limiting factor in the prior art. Furthermore, the EMC continuously modifies the
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In the preferred enbodi ment, expansi on chanber (52) enploys el ectro- 495
mechani cal atomizing to vibrate a piezoelectric disk or transducer (53)JAN 2007

osci 1 ati ng _ LidasRnlealhy pafd: AERULELNGIAS (PORAENIRYS. ger ati ng a.

fine cloud mst o mcrosco pI Cc partl cu ates bsequent pI oynent .

Al ternate claqyd, s Elou@?é?x@%)a# ool O%Sﬂ%l%utﬁg vﬁf%ﬁml?@f tﬁgabﬁy%ﬂe cﬁaﬂ%&l Ud' ng

t hermal fogger the enics m zi ng

nozzl es, s 6}8’ gélrtlblg @I%I.\d H&Waf?ec Fa{r? qg%%eqqscg 1 Qtﬁe cﬂ)%d %dstheret:gt‘.ﬁh%em gn of

t he chanber vents [arger rom expansi on anber (52),
while all OWI [ 4. N, ExXpansi.on (52) A | evel
.sensor (55), Enve%caleﬁg%lﬁ ﬁ?@gﬁccf’f gé\ﬁ‘af(ngowegﬁlilaég? sensor, 20
3JANZDO7 i nt ains a specific fluid eveI wi t hi n expansi on chanber (52) to
keep the particulate production I ted. Wien the fluid surface (54)
drops, valve (51) 505 opens, ther eby int ZI<§1riit)ni ng a predefined depth for
optim zed nebulization. Fan or bl ower I“nj ects air into chanber (52),

mxing with the ener.a bullzer the r/mst m xture
is ejected thr oug]ﬁﬁeceén‘%E partﬁ% vAl C?Ir%}]ﬂl cfm{a'flje&g %64} ao%ats '} rPéH“ by the

h h fi 5 I 57
can’compr 1 5e PR PaBrEatgebteR ikt rivo&uan%%n%es%aﬁ: ethaaﬁ%%fff%fﬂﬁzét “the
I f I t | ff t
shapes, ”Eﬁih%@%@v‘% G140 PREPE Bup il PRl BB QPrell oL

t ruded ty lit P
extruied par ol S ROSSLALL L %G%Lﬁ%agw@y?}@ﬁé&gg&vfﬁé’yﬁ;f Col e
cl oud screen r&‘r‘mfﬁggnré}gfie‘g‘};)ﬁéﬁlg Fr(%c?t%n% mre %‘?%I ent or

expel led air aI‘rr om exc
conpri sing b%‘r]; f(ieg%é 1s%'i)er\z{ ng 4 - Sthe densH{/ OP e gload 18 %‘cr)gmniazously monitored for its

invisibility by onboard envirommental diagnostics management control EMC (66),

540  which monitors ambient parameters including but not limited to, humidity,
temperature and ambient luminosity, which factors are collected by a plurality of
sensors (65). Sensors (65) can comprise for example, a photodiode or photo-sensor,
temperature, baromeiric as well as other climactic sensors to collect dat. Sensor
information is interpreted by diagnostics management control (66), which adjusts

545  the density of screen (58) by optimizing theintensity of particle cloud
manufacturing at (53), and the luminosity of projection from source (69) with
respect to ambient humidity and ambient luminosity to control invisibility of the
cloud screen (58). A photo-emitter placed on one side of the particle cloud and
photo-detector on the opposite side, can be employed to calculate the visibility of

550  the clond by monitoring the amount of light passing from emitter to detector

thereby maximizing the invisibility of the cloud.
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protective air mcroenvironnent (62, 63) envel oping cloud screen (58). For
| am nar particle cloud screen (58), this m croenvironnent inproves- 3 JAN 7007

Y o TS| anfle B0 M i85A5 9 AWAAREKL WA el 1| On &

i nproving the | anmi nar qgual i creen Imagi ng. It

et or m ni ng. PRGEGP LG REb DA BT oo ar Ga iR, SR TP
amnar qual P P RBES Ree R oD AL RonBepe 5 Bepleiid.c Wnet her
AR AL e A A AR e A
L7 1, S M AT Mo L R S

m croenvironnent and particle_cloud e, ection velocity tq 'conpensate for a
change in paP‘iSF‘BW@qE&Iegﬁﬂmﬁér?éP&} IPGFORIERS fo RTEY5P ﬁ’i‘drcﬁlﬁeét PHRRA sibility of the
cloud. The change 530 in particle, cloud density affects directly the

vi scosity of ﬂF%hGP‘EfGHfO%%H‘gtaﬁséF‘@fy&@'t he ejection velocities nust change
accordingly to maximze the lamnar flow PVD R=- r art) The

E%m Ar . ; Af\lgé‘fg” %
ej ected particl e HFBHaIRGSHIEH{el WD 145 StpBgReieRFe AY 45 &t r ai ght path -

producing the particle cloud surfac r vol > for i i ng. and, eventual |y
di sper ségﬁ shaogen bF@S’jen%EﬁEFCilaénﬂnW ?}gféga%?f Ir'liﬁ@idﬁ Ctbgﬁ%&%@“ﬁ&fﬂi cul at es
of screen at (58) return _to device _g84}2 )&gwcreate a continuous | oop system
The parti cl e RFFUEIHENE 1z Boposhrematia pr robeioppac. sakarentReg cdEiifte (84) not

Jdmpacting the poisture_|level i.n the room where .
P 9 visible or 1érwis(f:;ble i?lumination, ultimately tow\alt\lﬁ‘gis cloud screen (58). Light

directed from illumination source (69) towards an image generating meaﬁs (70),
passes through focusing optics (71), producing light rays (76) directed to an

565  external location as a “phantom” delivery source location (77). Phantom source (77)
may employ one or more optical elements including a mirror or prism (83) to
redirect or steer the projection (79,80) towards particle cloud (58).

Collimating optics such as a parabolic mirror, lenses, prisms or other optical

elements may be employed at anamorphic o(;nrrection optics (77 or 78) for

570  compensating projection for off-axis keystoning in one or more axis. Furthermoze,
electronic keysione correction may be employed to control generator (71).
Anamorphic correction optics (78) may also include beam-splitting means for
directing the light source passing through the image generator to various sources
such as source (77) positioned at a location around the perimeter of cloud (58) and

575  collimate the beam until reaching source (77). Beam splitting can employ plate,

cube beam-splitters or rotating scanning mirrors with electronic shutters or optical
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the device is operating. The density of the cloud is continuously nonitored
for its invisibility by onboard environnental diagnostics nanagenen? AN 7007

cont 1ol ENC ( Sflpei34Riaty 60 IBILAKS: ABDLERLPALHIBEPLBDGLUT o but ot

limted to, hum'dity, tenperature a ent 0Si ich factors

are col | ected Pg%ecﬁmphééﬁgl(%@?ére%{%e&e??&@a%ssa s(n%‘rl’% ar %%?a ér@gﬁggl San..conprise

for exanple, a photodi ode sensor, aronetric as wel |l
"torpretod by rasAeRr R AR GOt iaRP AR IR R < 545 1 he
mant act oPfng a1 s ek WA LR 0B WRhRR bkl bR o €80r ce (00)
Povi'sibi oy SeRes SNt B L b e L TAPRL B cd o one si de
el oyed t o, chiebI Al DR TR Ty or 550t he ol opd by moni tor i ng the
Vi i bi 1ty of | PR Yo SR sy e G et Ean [ nternal
comput o1 ( 67) EBTeGR BA DR aE s sFR( D R aLRe e g Bker nal
mge. dat B0t nde T2t BT Shm e e G B R T B HBARG OOt g
Potat ng i rrore o aabmaTe riedrtalinitn, (a3 Bt BETBRAR SR o produce: and
e e R e e B R e o0,

bul b, Xenon- 2 | A Bhefle dR B IR el e BlanbE B3 SR PRRILOT O 591 ve

object intrusion penetrates the planar light source (131, 132) parallel to the image,

590  this illumination reflects off the intrusion and is captured by optical sensor (86).
Detected information is sent via signal (135) to computerl (67) running current
software or operating system (OS) to update the image generator (70) according to
the input information. The device may also include user audio feedback for
recognizing the selection or interactién with the non-solid image thercby providing

595  the necessary user haptic feedback

In the preferred embodiment of the invention the detection system utilizes
optical, machine vision means to capture physical intrusion within the detectable .
perimeter of the image, but may employ other detection methods. These include for
example acoustic based detection methods such as ultrasonic detectors, illumination
600  based methods such as IR detectors, to locate and position physical objects, such as

a hand or finger, for real-time tracking purposes. The area in which the image is
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energy consisting of a nonochromatic or polychromatic, coherent,
non-coherent, visible or invisible illumnation, ultimtely towards Ec!lﬁti\UZﬂGY
Gencrat i ng meane (7o) paceme e ush AL B Ry ARy
el ivery sourob | eatton ¢ o Rt e LA B RS SRR ne o o e
o of octi on_( 76-80) Tt cuar aa ot PRfa8 e B b ATkl il ey pires. cuch as

a par abol i gosM R thd ERSES, slygt%{'nst{?”éeﬁé' sl Dgr.#%%%%yaw%g%%%ﬁgga y be

enpl oyed at ananor phic cor tion opticCs (1 npensati ng

proj ection for j i in one or > axis. Furthernore,

el ectronic keyg? %d;lg}elq}c@olr%? lé%?‘%“?#%%%@“&%%%? c{eﬁem&%’lﬂt?%ffm@%ﬁ’éﬁat or (71).

Ananor phi c cor ' ] 7 may al so include beamsplitting neans for
Fﬁﬁa&x‘e@ @mgtpchfnglﬁ tqqe Q%%%Ct?%?yéﬁﬁﬁlﬁelfeﬁ an F?‘rﬁ@é’a‘]d@ﬁé{g

directing the Iight source passi 5886k to vari ous

of cloud (58) and et Enibhebd S W5 e e Fr R gnabtRER (77) . Boam.
mnors wth o Sotreirehf g SR ERT Moo Sricroper s
Pr oj ect Pon beant {10 rd 0 B SRR sl Sulimegelopto Ranryer phant om
ont o sai d ol oute B0 RS VP e B bt g Rt e a5 B 82) ¢ r avel i ng
Gopth of 11l ds Snabo it BLERSeb e vl h i dear Go bopnd ocus. The
detection sys ttﬁé@i&ﬁﬁ@ﬁécﬁ%ﬁl, bdch YTLRRLE ai gronggrgigfrgrgg %I\'IIR%i iﬂ{u%%rtiaitigrg and
subsequentially composed into a beam by collimating the illumination. The beam
615 generated by a iltumination source (72), is sent to one or a plurality of line
generating means such as employing a line generating cylindrical lens or rotating
mirror means to produce a single or dual illuminated plane of light (73,74) '
coexisting spatially parallel to or on top of the image on cloud (58). This interactive
process is described more clearly below.
620 Fig. 9a describes the microenvironment generation process in order to
deliver a high degree of uniformity to the laminar airflow stream protecting the
cloud, thereby improving image quality dramatically over existing protective air
curtains. A multistage venting or baffling arrangement of one or more chambers or
baffles, vents or meshes, of varying sizes and shapes, diminishes micro-variant

625  changes in temperature and velocity between the microenvironment and cloud,

thereby minimizing friction and cloud breakdown, thereby improving image quality
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illum nation beam (130) producing a single (131) or dual stripe plane of
l'i ght 585 (131,132), in which an intrusion is captured by optical sehgak 7007

(86) contained. in.the con fmVi SI ON .. i ndary

(195, 99 " or ey &F odiE afy mBg: phOEaE R Qb dRAR BMYNATY  be

enpl oyed to generate t separ at l,anes or__the Vi .Ge rate

u'[r}) | i éli ng ex@?‘ﬁ&%?ﬂfx\é\%’gg%ﬁ)’gﬁ%g t%‘togqhira??fl S %\Aﬁf’e"r‘i’q‘%“%g‘gi%ﬁ“’sgg}‘%c aqi nt rusi on
enetrates the pl.anar |i ght rce (131, 13 | el. t e J: e, 590
thi's i1l un n‘é?%"'g‘hﬁ&@’f?fé’z b () )Ulﬁ’m‘&adi("ﬁ ‘1?%%68?2112’%1 %{2?@ ‘glghpsﬁ%ﬁté@k‘ rf%p??m cal
sensor (86).., Detected. infornmatjon is se i i gnal 35) to conputer
(67) rtjﬁﬁzl? E}g‘é)&‘ﬂ?‘?déﬁtf’ ;ﬂl’fﬁst ??a%“%@rg?%dyt@?f%% ?‘?@%’e]aggaypdaten}t)hfa i mage
ener at or )) according to e i nput i r i on. e .device may al so
igncl ude userdléFﬁH?be‘F@EEi‘géﬁaﬁe f28¢) np %@ﬁi(ﬁoﬁg&?ﬁg@glgﬁfe‘ig? PORSE | ntgr action
wth the non-solijd inmage thereb rovi di 95 t nhecessary user haptic
f eedback In wgbﬁ&wg@aﬂeéhﬁ&agw@m@%ﬁ Qr}ﬁ@lgg?ﬂ?éﬁwg’ﬁwtﬁremﬁe{ecti on s;F/)st em
utilizes optical, nmachine vision nmeans to capture physi ak i nt rusi on
within the d@ﬁ“éﬁ‘ﬁ@ﬂl"étheﬁ@wﬂé%e&"at@fht?ﬁ’é’d}‘?ﬁféé'?mﬁ’iﬁ“ 8 ﬁﬁ 8 ot her

detecti on nethods. -These include. for exanp] cousgi C b@g}% det ection

met hods sucheieiop prfcesd (42 3 sndivieshan or ?%(ﬁ%\ﬁia@nco BB B met hods such

as IR detectors, to locate and posjition physical objects ch as a hand
or finge®s flaminparley W@rqtﬁn&}w&(m'p%%‘&mw&%@ mﬁfﬁ CIR/H@S féﬂ“‘iﬂﬁe i mage is

24 3JAN2007 _bej ng composed | s nitored fqr any forei hysi.cal i ntrusion
such as a fi %%qu%‘ﬁ lledairzis r(zog?ﬁ%"rts RS @%ﬂd rﬁ%fré’gfo“?%@ ﬂ%fé‘%go% ur gi cal
knife. The detectabl e space corresponds di i,a%fté%i ttg an over.l rili d area of
the image, dPPOVPRENG REMRRHELVCBEIFEABOY Gicl o P FR IR I Sy st em to
serve as an |I/Q interface that can be1 rm%ieﬁijl a%hgd t hr oargh the use of a
conput er. ToUAIHfiHPERCE 1t EPREPIESNLXTIPDY eRter PECRda n it s
microenvironment, the two airflows pass through 4 final equalization chamber (206)
640  to further stabilize, before being ejected into the air (205). Further equalization can
be achieved by offsetting baffles, so that adjacent cells share airflow, minimizing
airflow velocity gradients. Exterior ejection baffle or vents (207) are thin in
thickness and depth in order to prevent condensate buildup, allowing for extended
use.
645 Fig. 9b illustrates the main processes involved in maintaining a high fidelity
image suspended in free-space, by minimizing cloud visibility and reducing
fluttering due to particle cloud turbulence. Environmental sensors (209) monitor
surrounding air (208). Sensors include, but are not limited fo ambient temperature
sensors (210), such as solid-state thermo-resistors, to gauge temperatures.

650  Similarly, relative humidity sensor (211) and ambient luminosity sensor (212), such

as a photo-detector gather additional data (211), such as binary, resistive, voltage or
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preferred enbodi nent, the detection systemrelies on an optical detector
(86), operating at a narrow band within the invisible spectrum mi gifkNzililig

captured armhien ackgr Light ill um kng undesi ckground :
obj ects that C‘éfireéltt?ﬁ '11636%%ﬁgﬂéfsésg“qtt%cﬁt%ﬂédgg%an%rfs}n%%é@%ﬁglr%ati ng detection
system wavel ength furthernore, . does not interfere wth the inmaging and

r emai ns unno?‘fﬂr EATCTOYHE W fRRPY therRarels sesgt ag“&f ‘&ﬁ%ﬁ’n"ﬁ%’n 253 1i zes a narrow
bandwi dth illum nati on source gzﬁ t%e ond ctéfh i.Si blie.sp ctrum such as
infrared (1 RfOBROSHBH i"fﬁ‘f‘ercé’FBﬂ’ Q= ]ilqunﬁﬂﬁlinh ﬁg & pd© atévﬁﬁgaen Géhtial |y
conposed into, a _be by col limating the illum,.nati nl The beam 615

gener at e’ by S’ﬁ“@l@%&h‘iﬁ'ﬁ‘ﬁﬁs%@@?@ég’(‘?Eﬁr?m?fgrsé’é pf“g‘cf)ﬁ]é’f"gr a plurality of

| ine generating nmeans _such as enp] oying a |jne geperat cylindrical |ens
or rotating mirrofnAeRssatEuseatick %P“g%l“léc%?‘g&fgﬁﬁltyi(#]i%gm’ nated pl ane of
light (73,74) coexisting spatially parallel to, or tﬁg to]g( O& t he i mage on
cloud (58). ¥entellingls amqunied pagsicdplaseenprated 8% senlsles o FePy Va448°Y" bel ow. 620
Fig. 9a describes the m croenvironnment generation process in order to

del i ver a hi grerlprtbeulgnsonisiafoprser-t iy, Hle g @4 can V%‘YV%W%W eam
protecting the cloud, thereby inproving inmage quality dramatically over

exi sting proveaingd patipulatesgseapingdhe oxpprsian chrHbE é‘ﬁt’?‘i’iﬁmglﬂ‘gg%ﬁ fling
arrangenment of one or nore chanbers or baffles, vents or neshes, of

varyi ng %Pzesmayn ofpraadatesd? i ficsikedntarirecling 421 an$ines sk FHaRLS i n
tenperature and vel ocity between the m croenvi r,onme*n,%l nd._cl oud, thereby
mi ni mi zi ng f PFEETIERS AerEPdds StrgtlpPreBREeAhto the sy #55 '%B"W}’g’ge qual ity

25 3 JAN 1001 drastically over existing art. The surroundi ng anbient air
Jor exhaust edﬁa‘i*ar“o(‘sfmfyfﬂrgéhﬁRaﬁ@“ﬁ@éie“%‘%gﬁﬁﬁ@@ﬁmtﬁgglé@éﬂﬂﬁ? 153F neans to nove
this air, such as by an_axjal, .tangential_ fan or bl ower f%gga housed
within an en&aBseraTermyalfhapgedy prfigle clepg ejection veloeity (218) an

microenvironment ejection velocity (219). Signal (228) controls this ejection
665  velocity by varying fan speed, such as by utilizing pulse width modulation to alter
exit velocities of particle cloud (221) and microenvironment (220).

Augmenting these detectors, or operating as a separate unit, a cloud
visibility detector (224) comprising an illumination source (222), such as a photo
emitter or laser and corresponding photo detector (223), such as a Cadmium sulfide

670  photocell. Both detector (223) and illumination source (222), each disposed at
opposite ends of the particle cloud are arranged so as to gather a known quantity of
light from the illumination source (222) passing through the particle cloud (221)
which is received by the opposite detector. The loss in signal strength to the light
reflected off particle cloud (221) and not received by detector (223) corresponds to

675  the density and therefore visibility of the cloud. This signal (225) can be sent to

controller (214) to regulate density and velocity modifying visibility of cloud (221).
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630 is mxed into a first stage equalizing chanber (201) to bal ance air
speed and direction within air space (202) in enclosure (200). Subseguaktily

the air passe .t rou a l.inea aral.l el baff of length
and cel | IOdi an@f”élf“’ eré‘@f}@ﬁ Fﬂc{\lg W"Ebﬁ@elﬁéf}’r‘f&eﬁﬁm@éeﬂ@%@otﬂ ac‘%"gepr oducg a
lam nar airflow,i V\/nch he on r f 233 nj ection
orifice end (Pf\g&;jl{;?raéfl SéHLPlteﬁiéféﬁ”l fﬁéﬂaﬁép I ché?rﬁ ?13(‘ P%’F Aicle €t

m croenvi ronnent (235 Si mul t aneousl t he_ par | am nar

ej ection, t hl‘%’?“\}%églr%gﬁz’%%gztf’éhedg Woé]’%lé’cl : E:ﬁlé"“él(gﬂbugf‘étﬁc@ al t owar ds

t he exterior §205 into the | am nar airfl ow m croenvi ronment (235). Since
there ar &3 nvitFi @b ys sestiperurale(? D dnvwsting {2 niefpireckitidel oci ty

bet ween the cloud and mi croenvironnment, the two airflows pass through a
final equali za%quéaﬁwéﬁ&@dé}aném%yeloce%(%lé) T the sste vy 4B iR PEEIOUHES or e bei ng
ejected into the air (205). Further equalization can be achieved by

of fsetting bafepqribed mg 0@Shat adj acent cells share airflow, mnim zing
airflow velocity gradients. Exterior ejection baffle or vents (207) are
thin in thi cknes&igah@ishossile tpmw@waéﬁhemltpwwmnbe@ﬁv@@%ﬁl@@%mqndup,
allowing for extended wuse. 645 Fig. 9b illustrates the main processes

i nvol ved in rvdicrr ¢ mingreicdiog PO} P@eqpitl?fy(91:9¥’sé@‘é1%ﬁu@ééﬁﬁéﬁﬂaﬁ0f e-space, by
mnimzing cloud visibility and reducing fluttering due to particle cloud
t ur bul ené®. ErAR PEHRBht ElacsIAkYon ofigDYPs Hienilmaging supReUEE) gsiEing (208) .
Sensors include, but are not limted to anbient tenperature sensors (210),
such as sol i ®fshighdrapesptarproiesiondioidCrysiel Yiaplgs (W @pBitiellngd. 650 Sinilarly,
relative hum dity sensor (211) and anmbient |um nosity sensor (212), such
Jas a phot o- dékreetone GaPhert goefharipbremengancd mephory, dirgefediosardpi nary,
resistive, voltage or 26 3 JAN 2007 current values. Data (mll) is sent to
control | er (Zzedimagementics (3¢ togrrds bewn srbifing mechanism (92). In a solid-

embodiment, these optical elements comprise a series of prisms, and,.or beam

690  splitters to gradually divide the original beam into numerous beams, well
understood in the art. In the case of an infinite number of beam splitting
capabilities, the original beam is directed towards a single or multi-faceted rotating
scanner (104) redirecting the beam towards a plurality of sources such as
(101,102,103). A photo interrupter (105), such as an optical chopper or electronic

695  shutter, is necessary to create consecutive image segments, in a fashion similar o a
conventional reel-to-reel movie projector moving through its frames. Further
anamorphic optical assemblies (106, 107} correct for off-axis projection, either as
part of the main imaging unit (93) or at individual sources (101, 102, 103). The
anamorphic optics and keystone correction in all embodiments insure that the

700  projection beams (229,230,231) directed at, and illuminating particle cloud (232)

28



hardware circuitry to gather the separate sensor value information to
create a conposite sum val ue corresponding to the anount of absol utiel i 1007

rel ative chang i l. (228). for, future.use in nodifyipg paraneters

of the particl %eg oaulg:él%glﬁ é’%ﬂ%%é%ﬁ? at ?ag%%rg%eg@nggqpﬁ ’!@Féan&el‘ uf act uri ng

density (216) trolling the amunt of rticul ates generated by

regul ating theaég%%?ce a{/eof)‘f‘uasacgaté}%e Sa%‘gfofg}?f‘ OPBErgﬂS Clﬁ’}‘%.&é nic atonmzer.

cscapi ng i he expandibh STARBAT RGP L HEH 1 FT AP HENBE0 rBtnt of

particul ates (2r1.7%t e{'l cted .i.pto the cI{QIud (221). .Since the anount of

particul ates €] g 5’83 Op&’icf Qé Ve Pyt P‘Bﬁ?ﬂm"’tl’b“r‘ﬁh@‘*?\/i@%ﬁswmés defi ned

mtor ) al 18 o OHGrT i R bl B dinietae BEue (FSemehangEnt mebs M par | cl o

cl oud ejection vel.oci tgﬁf}%wg and mcroenvironment ejection velocity

(219). Signal {BPBj8 S5 pETre sl &g pwipcliet Fum igeging vpi(99)ng f an

speed, such as g utiljzi pul se width nodulation to alter exit

vel ocities of 3 %F?&?“élsk?fgghe peampplitieng Phie e pRItEGNIETIES, FRB)PISmEgENt i ng

these detectors, or, operating as a separate unit, a cloud visibility

det ect or (224)°" EHHBPE SFFRYS: ahs 1 IeRvom 556w e Rigplpmesoppes$7, 8y wisrea phot o

emtter or |asger. and. corresc?ondi ng. phot o detector (223), such as a Cadm um

sul fide 670 pﬁlgf-‘tll’)‘@%ﬂs?"%%sﬁ orEe elethil 0025 Lhdrandopiralesiafbird enbodbwante (222),

each di spg;rs?ed t o&pos_ite ends of the %)arti cle cloud are arranged so as to

gather a k ovw’ive}‘&{?a?ﬁ HQgedon spureid 36 g 8- 140 Ld i inasersiptestiir ce (222)

-passi ng throu%h.the %art]i C‘L cl oud r§L1221) which is received by the opposite
g ﬁ‘* 9 63/

Hetector. ThePl¥€Lns pixs &h Premgther wepationefier eptics candrelcaplaved 6 f particl e
cloud (221) an

d not recei.ved Q{ det ector (223) corresponds to 675 the
density and t REPEF SPECPFYPHORiQ§cbioUie cl oud. This signal (225) can be

sent to controller, (214) to regu_l ate density and velocity nodifying
visibility of cl Ou’éhe wghon system Is isolated for clearer explanation in Figs. 13 through

15. In the preferred embodiment of the invention, Fig. 13 shows the isolated

715 detection system shown in Fig. 9 and means to capture user inpui, using an optical
detector, sensor or camera such as CCD or CMOS detector (159), using lens or
bandwidth filters (160). Capture means (159) captures solely reflected illumination.
within the image boundary within defined image range (162,164), of particle cloud
(163).

720 An illumination source (167), with a spectral output similar to the
frequency response of the detector, such as an IR laser projecting a beam through a
line generator and collimator (166), reflect off beam splitter (176) towards mirror
(165) and mirror (108), into two separate IR light planes (109 and 177). Line
generating techniques, well known in the art to create a plane of light, such as those

725  employing rotating mirrors or cylindrical lenses, such as Ohmori’s patent
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3 JAN 7007 Simlarly, another nethod includes, an airborne particul ate
counter (226) to acquire particulate air sanple data within the parti glg&~N 2007

| oud (221) t ' ’ j t .nQ. § > d it
ol oud (221) 9o es ST LAReA! Ll o5 P PRLLERRETAR A0 le density
Lo oot ol ot AR LN 00: A el Bt RRARLRGLOLD
[ I d ' hod Fi 0_sh t h j f t
MUl 1 - sour ce. GBBATHEHEE B RO R0 LT B A rer B AR STOPELE on (90)
d opti 91,9 105, 106, 1Q7)., t t.h 68 ' it (93).°
?Raggpplrgjse((:t Edgtﬁc%%r:(?%)ngkdé’é’&?’;' OI)CIW%&F‘??@%%WEE‘EE%I t@@‘@%“@h%l%?: ng(of)a
hi gh f t ' jguid Crystal D spl LCD), Digital Light
T o ot SRR S 6 Uk bR el o o
Il [ i 91) t. d littin hani 92), |
ol i catate CHBOARHEHUPHEA St FEar DLREEE Soctnpr . SobdE of
prisnms, and; or beam 69%Sp| itters to gr‘adual |y divide the original- beam

i nto nuner ous PHEEHEE REalpne tyiee &Y 1@pig SeCCPSIon e dgkble chigk 14541 S SEUB  an

infinite nunbf)r of beamsplitting capabilities, the original beamis
directed towalPds a si ngle or nultifaceted rotating scanner (104)
redirecting the beamtowards a plurality of soqurces such as (101, 102, 103).

A phot o i nter rupt &r&(1H659%s WA FS T IBheh a3 Hyppetoror ettt ¥ni ¢ 695
i ar (B SBOROBHEI ORI RUE O R SEAo -Gl TG SR OROGA PG hr ough it s
frames. Further _a rphic optical  assenbljes (106, 107), correct for
ot axi s proj BoviaRe i ek o8 beaapcte N e h s R PRAFRGUERCO8) or a
el o AR 003 T PASTPLRLS, PR 5, a0yt one

(229,230, 231) toddlerp%%c edclcaﬁgd. S%ﬂfgbelallnls ig;c?e ttci> Elgnepgaérﬁgljaﬁrllgemgaln(s),lilsgch(a%32)

rotating mirrors {179,180) create double detection beam planes (168,169). Finger
740  (119) intersects parallel detection beam planes (79 and 80), centered at location x, y,

z in three-dimensional space. Detector (173) captures the highlighted intersection

either as a two-axis coordinates, or by combining two separate detectors or sensors

provides a third axis for tracking positional information. This information is sent to

controller (174) and is interpreted by a processor or computer CPU (175) using an
745  operating system or software. Blob recognition software, coupled with mouse

emulation driven software well known in the art, translates the captured pixels as

addressable coordinates within a desktop environment or application, to allow the

user to navigate freely using a ﬁngér or stylus. Software such as those designed by

NaturalPoint, Xvision, Smoothware Design may be employed to interpret the

750  captured data to operate the software driven interface in a mouse style environment.
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28 3 JAN 7007 wused in a identical projection scenario, each project and
focus the same image from each source are focused at the sanme | ocati oh.Jbh200/
| ti-source

particle cloudsifd Fi9 recldn a top view of anpther

embodi nent wher e I%ﬁ})e’ge pr ofeg(%%qltgdr%%\gﬁ%&orﬁ dlogiéls OF 158 Cé?ge %T’é%%?’ggfoed fromthe
main unit (94) I 705 (95) directs light to beamre-directing
means (96). Beag%ﬁl?%%gp?%%%#%ga%ﬁeans (96) conprises a nethod to steer or

reflect incom ng pkyj i i magi.n it {95 and may consist of cube
beam splitters, pl g%l'e?'ﬁesaagn%?s% @{T‘]Efearlg, l?ﬁ%ﬁgé}gfef&é%‘é‘éaﬂﬁeéﬁﬁﬁwor scanni ng

mrrors. The Lect i I.S..sent hant om sources (97, 98, 99) where the
image is corrpgféa%bdt?o %ﬁ%’%&’&“@ﬁ %F%)b??ﬂﬁe‘a?mﬁﬁ(g]é‘ﬁrgiﬁ%fi‘?t%é%b%m%@ﬂ )d enbodi nent
710 where C L0l ection source (136,137,138, 139, 140,141) is a separate
unit proj & %Q@ﬁﬁn@ ot efti&%%.ngfifleIéi%ﬂdH%FaP\f}a?dlé}tqpaﬁel STPHEF3dpt i cs can be
enpl oyed to tra s,&er i mage.projectjon to each source. The detection system
is isolated for Lcrhfaenagrcé’Fe%%B‘ihg% POR GPHoAERcgsor (148D) eomvesenjed as1bL5).| Fhet he

preferred enbodi.ne of the inv ion, Fig. 13 shows the isolated 715
det ecti on sys?gnﬁ%rgﬁg’ﬁﬁrﬁsﬁe“%ﬁasgq “ﬁ%ﬁ"ﬁg te & uges Frut e poised 1O nphieh  usi ng an
optical det ector, sensor r‘Igr canera such as CCD or CMOXS detector (159),
usi ng | ens or " “PEAHERE IS¢ $9 vt apedimpiey oy 2 simify fskionssshies finasodl 7rapt ures sol el y
reflected illwumpatio i Lhin the inmnge boundary within defined inmage
range (162, 16%)1:‘?&8%%@1&6#8?@12?[‘“8% 1!3,&21(%:;5@ highleghygq doplleipressartiion sour ce
(167), w a_spect.r tput.simlar to the frequency response of the
det ect or, I76}saucﬁaﬁ)liziuéﬁe aWat*“f?g‘!#‘é‘g%rr MEY‘BF B iR g asyoniha irfargii the impdene gener at or
and col | i mat o% %65 reft ect off beamsplitter (176) towards mirror (165)
aand nirror (1087 |i;n§1%u5m{ © W88 pugfege. piovrs tyhescplodisuieat voioe afiescn®® . Li ne
virtual touch-screen interface. When the user requires selecting, the equivalent of
double clicking on a typical OS, the intrusion or finger must proceed further into the

image as if selecting it, similar to pushing a button.

765 INDUSTRIAL APPLICABILITY

The invention provides the apparatus and method to produce an image or
images projected on a non-solid particle cloud using condensate from the ambient
air and in addition the ability to modify an image by direct interaction with the
image. This can be utilized for entertainment as well as industrial use for architects,

770 product designers and model designers to produce the image and, if desired, make
modifications to the image by direct interaction with the image.

Having thus described the invention, I claim:
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generating techniques, well known in the art to create a plane of |ight,
such as those 725 enploying rotating mnors or cylindrical |enses, sufbhAR)/
Chnori's patent 29 3 JAN 1007 #5,012,485 can be enpl oyed at (108, 165).
Finger (111) intersects with beam (109)' reflecting |light back to detector
(159) for real-tinme capture. Simlarly, finger (112) intersecting both
beams (109 and®7), reflects two separate highlights captured by detector
(159). In_another enbodi nent each detectable |ight plane functions at a 730
di fferent™wavel ength. Sinmilarly, the invention can operate using a single
detectable 1ight plane and utilize dwell software, well-known in the art,
or create a <efEich i(bFYSisP opertng atfieagpach dispitagranprining e heat pumpindassuccessi on
to "double.click”, as in a conputer OS. Fig. 14 shows an axononetric view
of Fig. 13. I'?n{ipdusasnbignisdiihreg: thebdat panp, 78snsdo basten fidtnde (171) direct

| ight towards collimator (170), passing through a nmeans to split the beam
such as a bedifipifislintheheqtgpmpShennt trdxizact tondensateufoimiht iobicgeinr ce  can
conprise projection source illumnation (172) or collimated JR LED s

paral | el touRehp ey difeinsakdmesplto pashthaenddhmeditedn txpapdi@ne gener ati ng
means, such as rotating mrrors (179,180) create doubl e detection beam

pl anes (788, tEaber, meprsdp atpatre(ti@pdénatteinsbrerpapamahbeber thatr@st | on beam

pl anes (79 and 80), centered at location x, y, z in three-di nmensional
space. Det ecP®Hele dlond metgpalugiection herzlvinglahs tglefeetkhe partels elotd rameriaéi t her as a

t wo- axi s coordi nates, or by conmbining two separate detectors or sensors
provi des a t HitG @ aikiosoreaty @ parddkélnw! wovei, miconsto jaaf opanate]l lominai4i s i nf or mati on
-is sent to controller él7'4)' and is interpreted by a processor or conputer
JCPU (175) usfgmgnclosing 9pewrdtl Agudysperio genesaé eviamrmge oBhagesy ecogni ti on
software, coupled with nouse emulation driven software well known in the
art, trans| af"8ECiRanaptonraect i jredes opigages onto the particle cloud screen.

785
Claim 2. The system of Claim 1 further comprising detection means located
adjacent to the particle cloud screen and adapted to capture intrusion within or
adjacent to the projected image, means to read the location of each intrugion, means
to send the intrusion location information to a controller, means to modify the

790  image generator means in response to the intrusion location information.

; Claim 3. The system of Claim 1 or 2 in which the heat pump comprises a

compressor based reverse-cycle cooling dehumidification system.

795 Claim 4. The system of Claim 1 or 2 in which the heat pump comprises a

thermoelectric Peltier-junction based system.
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addressabl e coordinates wthin a desktop environnent or application, to
allow the wuser to navigate freely using a finger or stylus. Softwarke!suti/
as those designed t ural Point . .Xvisjon, Snoothware Design may.be )
enpl oyed to i(ﬁlﬁlg}%%fsl\sjﬂeg’%a@alp r&r‘%?ﬁfhlﬁggﬁatf"gn%ﬁ%?%}sgsat Ecglg?’f ware driven
interface in a nouse style environpent. 30 3 JAN 2007 Simlarly, gesture
recognition devﬁFEEe?%%%ﬁﬁﬁ?Pb 1¥¥ans can be enpl oyed to augment the input
interface. Fig. 15 is an exanple of a user input |light reflection captured
by the &&tection systemwhen finger (113) intersects at (114) first
detection beam (118). 755 The illumnation reflects off L&nger (113) and

i s captured Hylagptilbapysiandldrlaimise) faghenqmarrishg ad8ldngsseRthg pi xel s of
optical sensor_ (143) represented as (115). The center of the crescent

pi xel s (115) ©Bpstias pidfgeondgrsateyser i nput at point (116), which
representing the x and y coordinates. In a simlar fashion, when finger
(117) intersects both detection beans (118,120), the highlighted double
crescent is 760 captured by the detector. Mwving the user's finger on the
surface of tHdaipnhgle sygtere pEBlpng k prdurgendearrisingaeagie gewize 81l ows t he user
to navigate using a finger as a virtual touch-screen interface. \Wen the
user req@fy esoBdEngd inleg mickecwgrRRislestnd of indiyisiypl narticufatsk Wil 2 51828 t ypi cal
CS, the intrusion or finger nust proceed further into the inmage as if

sel ecting it dianeirioft too ¥ BigEMPng a button. 765 | NDUSTRI AL APPLI CABI LI TY The
i nvention provides the apparatus and nethod to produce an i mage or i nages
projected on a non-solid particle cloud using condensate fromthe anbi ent
air and in addition the ability to nodify an inmage by direct interaction
M th the i médem Srhibe sydem pEClan | P dirther cosrising Ficafeatload oWl | as

industrial use for architects, . o . ‘
condensate into a microscopic particle cloud of individual particulates with a mean

810  diameter greater than 10 microns.

Claim 9. The system of Claim 1 or 2, in which the atomization means comprises

electro-mechanical or ultrasonic means.

815  Claim 10. The system of Claim I or 2 further comprising fluorescence tracers or

dyes in the particle cloud.
Claim 11. The system of Claim 1 or 2, further comprising a co-linear ejection

nozzle to eject the particles into the air to create a co-linear gjected particle cloud.

820
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770 product designers and nodel designers to produce the imge and, if
desired, nake nodifications to the image by direct interaction w t 14el007

i mage. Havi ng.thu scri be he.invention, | claim 1 3 JAN 2002 dains
7755 ai 1 Gy B 45 Rl S Ab S b slseEoriofht o EeSREP 1 ng a heat
punp, nmeans to intr.oduc ient. air_ through the heat punp,..nmeans to
create a ther$PHFSPOUHRE @rtgﬁ‘?‘?gg‘lani?ﬁ’m@h‘é“h ! %?Jrﬁ‘fdest‘i’ifﬁ’hé”h?%%i}ﬁ ct
condensate frogmthe anbient air, using.the thermal differential, neans to
pass the condBREE® 1§ 8*15‘@@@%5‘%%?%8% e?‘%?é%‘%f%.tﬁ‘?fér, means to atomize the
condensate in the expansion chanber to create particle cloud materi al,

ej ection nozzle neans to eject the particle cloud material into the air to
create a particle cloud screen, neans to eject a parallel lamnar air

st ream effed oFIAE &b astercaflamd g 2. ipndird thesicgled ertitles sspetiihdge or i nages,
projection nmeans to project an imge or imges onto the particle cloud
screen. 785 lopwppsomni-lRpasgrdiradespartitlariid furt her conpri si ng detection
nmeans | ocated adjacent to the particle cloud screen and adapted to capture
intrusion within or adjacent to the projected i mage, neans to read the

| ocation of each intrusion, neans to send the intrusion | ocation

i nformati on t@aig ¥ohhe sisteayof Ghaiig A1 €00 yibérbfthe nagiclerdendicampiescy®her at or neans
in response to the intrusion location information. Caim3. The system of
Claim1 or 2 Wsiblpinepr opsibliosyisiglapsrticsriises a conpressor based
reverse-cycle cooling dehumdification system 795 Claim4. The system of
Claim1 &9 2 in which the heat punp conprises a

) Claim 15. The system of Claim 1 or 2,in which the particle cloud comprises a

medium to reflect, refract and transmit light or images from a projection source

directed at said particle cloud.

835  Claim 16. The system of Claim I or 2, in which the particle cloud comprises a
medium with a higher transmissive illumination coefficient than a reflective and

refractive illumination coefficient.

Claim 17. The system of Claim 1 or 2 in which the means to create the laminar
840  airflow comprises parallel linear baffles, vents, meshes or a combination theeof

with fans or blowers disposed at the opposite orifice end of the laminar airflow,

Claim 18. The system of Claim 17 in which the means to create the laminar airflow
comprises a series of stacked paraliel, linear baffles, vents, or meshes with the fan

845  or blower at one orifice end, and laminar airflow at the other orifice end.
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thernoel ectric Peltier-junction based system 32 3 JAN 2002 daimb5. The
systemof Claiml or 2 in which heat punp conprises a fuel bell or ¥gAmsgiio
use cool ed gases or liquids. 800 Claimé6. The systemof Caim1l or 2
further conprising a holding vessel for collection of the condensate.
Caim7. The systemof Claim1 or 2, further conprising nmeans_to atom ze

the 805 condEHemtl® Thetwpsten pf Claigs Hofrthersampitnes SRBUAr $RoS RAMAGUal
particulates with a nean dianeter of 1 to 10 microns. Claim@8. The system
of O aim1l opfassphessbpweenctbnbaiiies vaptsrenmeshes toaarents LwlecHy eqiglifitiehsat e into a
m croscopic particle cloud of individual particulates with a nean 810
di anet er gredhtagbet.han 10 microns. Caim9. The systemof Claiml or 2, in
whi ch the atom zation neans conprises electro-mechanical or ultrasonic
means. 8&b Cl aim 10. The systemof Caiml or 2 further conprising
fluorescence tracers or dyes in the particle cloud. Caim1ll. The system
of daim1l oflaiy 26.Ufkehestent offieims| o Airtbe<cbmpdsing wpae td PERiloHBZzl e to ej ect
the particles into the air to create a co-linear ejected particle cloud.
820 33 3 JANvigDDify ofGhapamid@clotidreresy.st em of C aim 11 conprising an ejection
nozzl e of a geonetry corresponding to the depth and width of the part icle
cl oud screen, where the third
Claim 21. The system of Claim 20 further comprising light emitting means and light

8ss  detecting means directed towards each other, with the particle cloud between the

J light emitting means and light detecting means to measure the light transmissivity

and reflectivity of the particle cloud screen.

Claim 22. The system of Claim 21 in which the light emitting means comprises a
860  light emiiting diode or laser and the light detecting means comprises a photo-

detector.

Claim 23. The system of Claim 20 further comprising an ambient particulate
counter to monitor the particulate count of the particle cloud screen.

865
Claim 24. The system of claim 20 further comprising means to monitor the ambient

humidity, ambient temperature and ambient luminosity.

Claim 25. The system of claim 20 in which responsive to the monitored data

870  environmental management control means regulates the ejection velocity of the
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dimension is the extruded particle cloud ejection distance. 825 C ai m 13.
The systemof Claim1 or 2, in which the ejected particles generatesaay 1
| ami nar, semi-lamnar or turbulent particle cloqud. Claim14. The systemo
daimil or Zarticke ol eheteriab thsaerticlelcloud mepfata R IMEsYY 45 2 CPRYVIYIE e, " near
invisible or visible particle cloud. 830 O aim15. The systemof Caiml or
2, in which théreofpamiiimize petticleglondmyrsitdes a nediumto reflect, refract and
transmt light or inages froma projection source directed at said
particle cloud. 835 Claim 16. The systemof Claiml or 2, in which the
particle cloud conprises a nediumw th a higher transmssive illum nation
coef fici ent Chianlé Thedkentdlvkimpfin wiafhrtheerivirentiantal riapeeement CBWERf i ci ent .
Claim17. The systemof Claiml1 or 2 in which the neans to create the
| ami nar g7840maink fdgaweceapioh sescifydyatilishe fanspsad cdnbf eas: vents, neshes or a
conbi nation thereof wth fans or bl owers di sposed at the opposite orifice
end of the lamnar airflow. Caim18. The systemof Caim17 in which the
nmeans to create the lamnar airflow conprises a series of stacked
paral |l el , |igeat2bahd dyesm ofendis,1 wr imebhbshewntde gehaatingnm@asoreateshl ower at
one orifice end, and lamnar airflow at the other orifice end, 34 3 JAN
7007 d ai m @i ofhdesisigem of Claim 18 further conprising a single air
space or plurality of air spaces between the baffles, vents, or neshes, to
create a velocity equalization chanber. 850 Claim20. The systemof Caim
1 or 2 further conprising neans to nonitor the

880  Claim 28. The system of Claim 27 further comprising utilizing polarized, random,

coherent, visible or invisible wavelengths of light combined with the image

generating means to create an image projector.

885  Claim 29. The system of Claim 27 in which said image-generating means comprises
2 liquid crystal display, digital light processing panel, organic light emitting diode,

optical modulation or a laser scanner.

Claim 30. The system of Claim 1 or 2 comprising a single projector means directed

890  and aligned towards the particle cloud screen for imaging.

Claim 31. The system of Claim 1 or 2 comprising a plurality of propetors ditected

towards the particle cloud screen for imaging.
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visibility of the particle cloud screen. Caim2l1l. The systemof O aim 20
further conmprising light emtting nmeans and |ight 855 detecting means 20
directed towards each other, with the particle cloud between the I%i'ght
emtting means and |ight detecting nmeans to measure the |ight
transmssivity and reflectivity of the particle cloud screen. Caim22.
The systemof Claim21 in which the light emtting nmeans conprises a 860
light emtting diode or laser and the |ight detecting nmeans conprises a
phot o- det ggt ofglaifhal Thedustedhts CRrgzeM of inGhadBakGrdjsbidReplusdiguri si ng an
anbi ent particulate counter to nonitor the particulate count of the
particle cloud  zef@elbonfere SHihB: SlotrohRGndN GBI kSktofd RhaFingQistdidsher
conprising means'to nonitor the anmbient humdity, ambient tenperature and
anbi ent | um ”O%B&ééﬁorgo%ﬁg&%orJQ&s.sySt em of claim20 in which responsive to
the nonitored data 70 environnmental managenent control neans regul ates
the ejection velocity of the 35 3JAN2007 particle cloud material, the
particle cloud manufacturing intensity, or a conbination thereof to

maxi m ze parti Lavi skhi Lity. Cajm. l.aim 25 in
V\:h: ch the envi ﬁéﬁ“&g’%t a Sk%%%ég%ﬁ g%ont r%f“m‘%‘?%"p}r@%rﬁ%rﬁgeg% gi]t;ngge aej ection
vel ocity by utili.zi f co - ; i t em of
Claim1 or ¥02 i Rmﬁ%}‘@’ﬁb?ﬁgﬁ%ﬁggpﬁ&%% TC%%E%EH@ @F £eH§t% é%lpr-{%fgsl%%%ﬁﬁl or video
i mge. 880 Caim28. The system of i . ! utilizin
ol ar i zed,  randBrE e B S efhdl OS] sEORRRLAURT (L1 EL T

corbi ned wi th tppo?ecﬁ%%m onto said particle cloud.

Claim 34. The system of Claim 30 in which said projector or projectors
905  comprise optical or electronic anamorphic keystone focal distance correction for

one or more axis.

Claim 35. The system of Claim 1 or 2 comprising a single projection means, means
to direct a projection beam towards a single or plurality of phantom sources, said
916  means to direct the projection beam comprising beam steering or reflecting means

surrounding the particle cloud that redirect the beam towards said particle cloud.

Claim 36. The system of Claim 35 comprising multiple projection beamrsplitting,
beam-steering, beani-beam chopping or a combination thereof to divide the

915  projection image into a plurality of projection beams.
Claim 37. The system of Claim 36 further comprising beam splitters, polka dot

splitters, band-pass filters, wedge prisms, prisms, static mirrors, rotating mirrors,

digital light processing, electronic or physical shutters, optical choppers, or a
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generating nmeans to create an image projector. 885 Caim29. The system of
Claim27 in which said i rage-generating neans conprises a liquid grgatﬁﬂl?

di splay, digital light processing panel, organic light emtting di d !
optical nodulation or a |aser scanner. Claim30. The systemof Caim1l or 2
conprising a single projector neans directed 890 and aligned towards the
particle cloud screen for imaging. Caim31l. The systemof Caim1l or 2
conprising a plurality of projectors directed towards the particle cloud
screen for sporaQiofmyinatié tBerddihb 200 e prdQ@Hobeaammid 2 plubkigy sfisbmmuiafed Cl ai m 30 in
whi ch said projector or plurality of projectors conprise optical or

el ectroni ¢ ananpkahd £olkRUStIPBar s eHdnEtit Sduedet hedundify hepirtigaclbad. one or
nore axis. Claim33. PThe system of C aim 30 conpfising optical means to
collimate a 900 projection beamtowards a phantom source, said optical
‘means conprising beam steering or reflecting neans surrounding the
particle cloud,cihibads. redish @Gk of BRim BF O] GhheM; PRtRojeRidnRAr ticl e

cloud. Claim34. The systemof Claim30 in which said projector or

projectors 909,6aNRE hisQetd Rhl & rofldi 8%k [RRiG) RNARPIRAIE neg¥sirne focal
di stance correction for one or nore axis. Caim35. The systemof Caiml

or 2 conprigsd n i -0 i : hject a projection
é)§§ gzlﬁdst(iy ggrlgf)s%%'n%lgﬁc&r d%&e&qlgﬁ%s o BADSartid1® cldhd

beam t owards a sing urality o ntom sources, said 910 neans to
direct the projection beam conprising beam steering or reflecting neans
surrounding the particle cloud that redirect the beamtowards said particle
cloud. daim36. The system of Claim 35 conprising multiple projection
beam splitting,

Claim 39. The system of Claim 2 further comprising a visible or invisible

ifllumination source directed at the particle cloud region for user input tracking.
930

Claim 40. The system of Claim 39, in which the fllumination source comprises a

halogen lamp, incandescent lamp, light emitting diode or laser.

Claim 41. The system of Claim 40 in which the illumination source produces light

935  in the infrared or near infrared spectrum.
Claim 42. The system of Claim 2 in which the means to detect physical intrusion
within the particle cloud comprises machine vision, optical capturing means
compiising optical detectors and sensors, video cameras, complementary metal-

940  oxide silicon sensors, or charged coupled devices.

Claim 43. The system of Claim 42 further comprising a band-pass filter.
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beam st eering, beam beam chopping or a conbination thereof to divide the
915 projection inmage into a plurality of projection beans. Caim37. The
system of Claim36 further conprising beamsplitters, polka dot spjitll @05,
band-pass filters, wedge prisns, prisns, static mrrors, rotating mnors,
digital light processing, electronic or physical shutters, optical

choppers, or a 37 3 JAN 2007 920 conbination thereof to split the
projection beaminto a plurality of beans ained towards a plurality of _
phant om r edi r e¢liiR@4S ThE §ESSHOIAMNYichEpAdig afpld itheimatieitbecticd ai m 38. The
system of Claim 30 conprising neans to project identical imges or.

di screte igmgegihe.om discrete or identical sources towards the particle

925 cloud to conmpose simlar or discrete inages on said particle cloud.
Claim39. The systemof Caim2 further conprising a visible or invisible
illumnation source directed at the particle cloud region for user input
tracking. 930.l.ai : &hgh L } @atlgh! UM nati on
source conpri sggngl 4@1h§f2%3§’§%ﬁ1 %%%lﬁﬁ@r??grﬁhgesc ng’ig% ghip}ré@ﬁ %Itlﬁngﬁm' tting diode
or | aser. Claigkgé-n£nﬁﬁ§ysten1of Claim40 in which the illum nation source
produces |i ght ? inthe infrared or near infrared spectrum d aim 42.
The systemof Claim2 in which the means to detect physical intrusion
within the particle cloud conprises machine vision, optical capturing neans

o S0 s g B2 RE L i 8n BAhBE ARG el AR I SATRERIEN 81 Y

metal 940 oOxide silicon sensors, or charged cou vices. Caim43. The

systemof O aimaz further SOy atd%ifoRandBasRaddd hétof, to¥8mpose a

single or plurality of detection planes.

Claim 47. The system of Claim 2 comprising a plurality of detectors to track user

955  input intrusion within the particle ¢cloud in two or three-dimensional space.

Claim 48. The system of Claim 42 further comprising means to communicate

illuminated, detected positional data to a confroller, processor or computer.
960  Claim 49. The system of Claim 42 farther comprising motion-tracking software to
interpret illuminated, detected positional data to navigate within software

application environments or graphic user environments.

Claim 50. The system of Claim 49 in which the tracking software comprises blob

065  recognition, crescent recognition or gesture recognition software.

Claim 51. The system of Claim 49 further comprising noise filtering software.

39



Pt

3 JAN 7007 O aim44. The systemof Caim39 conprising a single

illum nation detection 945 plane. Caim45. The systemof C aim 39 fzrtAﬂ%l[g
conprising a plurality of illum nation detection planes. 950 Claim 6J -
system of Claim44 or 45 further conprising cylindrical |enses,

collimating |l enses, rotating faceted mrrors, or a conbination thereof, to
conpose a single or plurality of detection planes. Claim47. The system of
Claim 2 conprising a plurality of detectors to track user 955 input
intrusion withjin the.particl |.o | N - fall 'gqn@H ke Space.

Cl ai m 48. The V’?tgém’[g‘ SEfeRt %Cj m?%rﬁﬁ@gw@n&%}n%g?ﬁ%hgﬁegﬁ%%t 0 comuni cat e

i |lum nated, detected positional data to a controller, processor or

conput er . 9860 B 'nﬁ?if@.%a"l%e system of C aim42 further conprising
notion-tracking software to interpret illumnated, detected positional
data to navigate within software application environnments or graphic user

environnments. Claim50. The systemof Cl.aim49 in J acki ng

sof tware conprdiaies>n| s SY%’B"{@%‘% | OPBRSE PERE &, g\ér}%é‘@%géf?? f%o:rll or gesture
recognition software. Clajm51. Th st.em_of ai m.49 [ LCONpPri sing
noi se filteri rAgnSHnAARGABS 1N ragorse K %‘W“eél%se %QPSIW%{ %‘fxﬁ%&#’%ﬁ d ai m 49

further conprising navigation utilizing, nouse 970 emul %Laiﬁggs&marrware. Caim
53. The syst erivdhe &atestom Wopled ik fraskmg sHsRE TP TPy HE RG] 6ct i on
generating neans in response to the illum nated detectio aposi ti onal data
regi st er ed7s byormpdgaiion seftwrre tocagPescPARTA RS TFEEIT AYFEDT TRRaF &Y unni ng nouse
enul ation software

controlling the projection software,

Claim 54. The system of Claim 2 comprising a computer running tracking software
projector content, for controlling the image projectors.

980

Claim 55. The system of Claim 1 or 2 further comprising an aspirator disposed at
the end of the particle cloud trajectory, to collect condensate and means to fransfer

the condensate to the eﬁ{pansion chamber for particle cloud manufacturing.

985 Claim 56. The system of Claim 55 further comprising a heat pump with the

aspirator.

Claim 57. A method for creating a free-space display comprising dehumidifying
air, capturing the humidity, atomizing the humidity to create particle cloud
090  material one to ten microns in diameter, ejecting the particle cloud material to create
a particle cloud, surrounding the particle cloud with a parallel laminar air stream

microenvironment of equal or similar velocity and trajectory to the particle cloud,
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L

975 or navigation software to direct the operating system or software
application controlling the projection software. Caim54. The sys {W
Claim 2 conprising a conputer running tracking software projector MNB !
for controlling the inage projectors. 980 C aimb55. The systemof Caiml
or 2 further conprising an aspirator disposed at the end of the particle
cloud trajectory, to collect condensate and neans to transfer the
condensate to the expansi on chanber for particle cloud nmanufacturing. 985

Cl ai m 56. The system of. ur. [ € | Sl ‘Wi th the
aspirator. d aﬁ%{?}e@ngi?lﬁ%%ord ? r]éca‘%l ﬁ%qgﬁg%érogé@s egggtggfeﬁ ay conpri sing
dehum di fyi ng ]al(? capturing the hum dity, atomzing the humdity to
create particl &%foud 990 naterial one to ten microns in dianeter,
ejecting the particle cloud material to create a particle cloud,

sur roundi nﬁf the particle cloud with a parallel lamnar air stream

m croenvi ronme%alof equal g%m m | ar ,vel ocity and g}sﬁlﬁector to the

particle cloud! %68@?Aﬁ° greating,an inferacirye Mge-Shage fol%%l 0z proj ecting
the image or images onto the particle. clou thodfor
creating an i nf&FHEHIXAE free- spé’&é’aﬂ}n's'rtﬂtg‘i/g‘t’@ﬂ%’la&nﬁﬁngﬁgﬁwém Ying air,
capturing the humdity, atom zing the humdity create artl Ie cloud
material one tGreﬂ'@ﬁa’i'ﬁfﬂéP@H%mﬁﬁﬁnﬂloa?r@tt%‘?mmé?“é&‘?lf‘@et%@e?}ﬁ‘ﬁtﬂ?&agm cl oud
material to create a particle cloqud, surroundjing the artlcl cloud with a
1000 paral | el Flgd ﬁ’é?"’“‘éh“i’ c1g4tF @ BFHIGH @P‘&%ﬁ%‘?‘”&ﬁ‘l‘i’%ﬁl pﬁ’f“"@d’ﬁflw %Similar

vel ocity and . . . . .
1000  parallel laminar air stream microenvironment of equal or similar velocity and

trajectory to the particle cloud, generating an image or images, projecting the image
or images onto the particle cloud, detecting an intrusion within or adjacent to the
free-space display by illuminating said intrusion, detecting said illumination
intrusion to create trackable data and using the trackable data to-computationally

1005 update the projection of the image.

Claim 59. The method of Claim 57 or 58 further comprising splitting the projected
image or images into a plurality of projection beams, redirecting the plurality of
projection beams and focusing said projection beams onto the particle cloud to

1010 create a free-space image

Claim 60. A method for creating an interactive fiee-space display comprising a
method to dehumidify air, capture the humidity and ejected it to re-
humidify the air in a method to create a surface or volumne particle cloud comprising
1015 of individual one to ten micron mean diameter particulates, 2 method to surround
the particle cloud with a microenvironment of equal or similar velocity, a projestion

1

means in which to illuminate said cloud using an ilfumination source, passing the
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trajectory to the particle cloud, generating an inmage or images, projecting
the inmage or imges onto the particle cloud, detecting an intrusi 02 J\ﬁuNtiﬁﬂin
or adjacent to the free-space display by illum nating said intrusion,”
detecting said illumnation intrusion to create trackable data and using
the trackable data to conputationally 1005 update the projection of the
image. Claim59. The nmethod of Claim57 or 58 further conprising splitting
the projected image or inmages into a plurality of projection beans,
redirecting the.plurality of rojection beans_and focusing sai'd projection
beams onto the P ang?“ec’%?’é'imc@tg drf@?ﬁ‘géli“@‘ﬁ?‘énﬁmfaﬁ&@%ﬁg@ PREYE C ai m 60.
A nethod for creating an interactive free-space display conprising a

met hod to dehunPEF{° Rt ProeERt Gpaset we arﬁ]ﬁ‘ia]éf?f’&r%]ﬁﬁ‘c’é‘jbé%f‘%&e?‘fs o re-

hum dify the air .in a pethqd to create a surface .or volune particle cloud
conpri si ng'“%#d15redect Pfaie%i%ﬁjﬁﬁm%ﬁ@ fpepsirgiriRProRaiPIEaRe HeTR REVEHOD®REAS cul at es,
a method to surround the particle cloud with a m croenvironnment of equal
or simlar vel ot e PQTIGPG]%E%WM?H SRS & MeAnsim redlnct: Trpdty anditiegnet 48 d cl oud
using an illum nation sqQurce, passing the 41 3 JAN 7007 illum nation onto,
reflecting or plaSERsEe ¢ AROIRGH Mees. fegelingermeant orglepebmistrasion ofdans to split
projected images into a plurality of projection beans, nmeans to 1020
redirect proj eciliveifalgbissevigioradiaent fythe Bpaspprediness hyondaorpapfaremeshs
projection nmeans onto the particle cloud which serves as a neans to
reflect, refractompPaFas t mgps ity illumingie said iptrepionapdimeans 19 deect spdce i nage,
including a nmeans to detect the intrusion of a physical object within or
adj acent t ¥t hellpniatiagn crler weguataiyackiiadstaaap e meansie arestrackablphe dithg a neans
to illumnate said intrusion and neans to detect said 1025 illum nation in
order to creat éstiatIegBMRuigderala prilate theraisctios meses. t r ackabl e the data

Claim 61. The method of Claim 57 or 58 comprising generating a differential
temperature drop of 10 degrees or more Celsius between the heat pump and ambient

1030 air to extract condensate from the ambient air.

Claim 62. The method of Claim 57 or 58, further comprising ejecting a laminar
airflow microenvironment surrounding one or more parallel sides of said particle
cloud screen to enhance boundary layer performance between the particle clond

1035  screen and ambient air.

Claim 63. The method of Claim 62 in which the laminar airflow microenvironment
velocity and trajectory is the same or similar in velocity and trajectory to that of the
particle cloud.

1040
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as input to conputationally update the projection neans. C aim61l. The

met hod of Claim57 or 58 conprising generating a differenti al tenper?t3&8%7
drop of 10 degrees or nore Cel sius between the heat punp and anbi ent f

air to extract condensate fromthe anbient air. Caim62. The nethod of
Claim57 or 58, further conprising ejecting a lamnar airflow

m cr oenvi ronnent surrounding one or nore parallel sides of said particle
cloud screen to enhance boundary |ayer performance between the particle

cloud 1035 scregp @@dn?métﬁwof@uﬁm c abé”zr@%hlcfﬂﬁ% JRLAuRhinfdal m 62 in

whi ch the laminar airflow m croenvironnent 00|ty and trajectory is the

sane or simlar he particle cloud.
T040 92 3 DA 25T GaSL ARG R ALK d g ?ﬁeégé‘ 4wt eh t he

detection illum nation coexists spatially and paraIIeI to the particle
cloud image region. 43
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