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(57) Abstract: Disclosed are systems and methods for redirecting light corresponding to a light field or holographic object such that
imagery generated by a light field or other display is perceived by a viewer without having to address the display itself.
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18 IHRRLAY

{HHM ] This disclosure geoerally relates to sy

fens configured for geserating bght coresponding
o 203, 3D, or holographic imagery and further configured to relay the generated holpgraphic

inagery fo destred locstions.

BArKGROUND
[0002] Many techuologies exiat today that we oflen unfortusately confused with hofogranys
imcheding lentioular printing, Popper's Ghost, glasses-froe storcoscopio displays, horizontal

-

parallax displays, headewounted VR and AR displays (HMID), and other such ilusions

pencealized as “fauxlography.” These tochoologios may exhibit some of the desired proportios of
a true holographic displsy, however, lack the abiliy o stimulate the human visual sengory
TospOnSe I any sufficiont way.

H003] Light field and bolographis display i thy resadt of o plurality of projections whare snergy
surfher loostions provide angular, color and intensity information propageted within a viewing
vidume, Unitke 2 steronscopio display, the viewsd position of the converged energy propagation
paths i space do not vary as the viewer moves arowmd the vigwing volume and any number of

viewers tray simultansously see propagated objects in mealoworld spave as IF o was trudy there,

SUMMARY

[B004] A cobodinsent of a holographse display system inclodes a st Ssplay, comprising o

light field ﬁiﬁt&h w:s:mﬁga;wfﬂd o project Heht along @ set of projected Helt paths o Torm at least a

reqecied depth protile relative t o disploy sereen plane;
and & miazy Aysont p&.ﬁaiﬂ:ﬁ{mmi 0 recedve Helt along the set of projected Hight paths from the

Heht Seld display and velay the recetvad lght along s set of mi&yeﬁ h%‘“‘ p“h such that _mﬁm.ﬁ

s firstrelayed dﬁf';ﬁh profile relative to o virtial sereen plane, the first

redaved depth profile betog different from the fing projected depth profile. The light field display
comprises 8 controller configured to recebve Tstructions for sceounting for the difference

botween the fiest projected depth profile and the frst relayed depth profile by operating the light
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feld display to output projected |

T

i such that the Srst relaved depth profile of the fest
holographic object is the depth profiie htended for i vivwer.

JOB0S] &nembodiment of o hole

syeinie display systen includes o fivst Qisplay, comprisin

Hahd frekd display configured to project light along g set of projected Hehe paths to forn at least a
firgt holographic surfhes, the set of projected Heht paths detormined aocoeding to o firgd fo

dimensional (4D} fanction defined by the light feld display, such that each projectad Hght path
hasg a set of posttional coordinates and angolar convdivates w3 Bt 4D coondinate system

defined with respect to 3 display soreen plase. The syatent also includes 8 relay system

positioned o receive Bght aloug the st of projected Hght paths fon the Bghs Seld Qsplay and
relay the recstved baht along 2 set of relaved Light patha such that points on the fiest holographis
surface are rebwved to relayed locations thereby foaning a fivst relaved holographic surfhes, the
set of relaved Hght paths having bovn determined sveovding 1o 8 seovad S0 function defined by
the relay system, such that each relayed Nght path has g set of pesitional coordivates and saogular
coordinates n @ second 48 coprdinate systom defined with respest to g virns! soreen plans. The
Hahe ficld display comprizes & controdier confipured o recsive mstructions for sceounting for the
ik

secoad 40 funetion by oporating the light Seld display o cutput projected bght acvording to the

first 40 function such that the positional conudinates and sngular coordinmes in the scoond 41

cosording e for cach of the set of relayved Hght patls allow the relaved bolographue surface

§

o he Prose cuted 108 viewsr a8 intended.

ondigured

1o ;‘mvmi Hght along & setof pnm sted lig

;

surfaoes oo fivst dopth order relative W o display soreen plang; » reliy Qestom posttionad @

recerve light along the set of projected Hight p;:&?h;»; from the ,E,ight i

g

recetved Hght dlong g set of relayed

first aned seoomd dep!’h erdhors pre reversed: and 8 correetive aptmt clement disposed i the setof

relaved light poaths, whervein each ol the set of relaved light paths hag g set of positional

cowndingtes and angular coordinates in a fourdimensional (4571 conrdinate wysten, and wherein

onfigured to reverse the polarity of the sagular coordinates of

f'z

the corrective optical element s

sach of the st sot of relayed light paths soch that the st and second relayed hologr

Fu
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surfaoes are pereetvable with a corree

depth order that Iy substantially the swoe as the fest
depth order.

I00T] Anembodiment of o hole

of Helit atong a sot of projected Bght paths to fonn at Toast Srstand second

comfigared to prog
holographic surihces s fivst deptl order relative to o disploy scrven plane; & correstive optical
slement disposed i the set of projected lght paths, wherely each of the fust set of projected Halt
paths has o set of positional coordingtes and angudar coondivtes it s Pur-dimensional (4B
cowndingte syateny, wid whereln the corrective optical element is configurad {0 reverse the
polanty of the angelae coordinates of esch of the st of projeoted Nt paths, the fiest and seeond
holographic swrfboes have an intermediate depth order that 1 reversed froan the first depth order;
and a refay systom positioved to recebve Hight slong the set of prodected light poaths from the

arrective optical clomsent and relay the recstved Haht alorg a set of relayed light paths such that
pei'nif@ o the first and seeomd holographic pbicots are relaved to relaved locations tharehy
forming st and sevond relaved holographic surfaces peromivable to & sceond dopth order
relstive oo virtual soreon plane, the Bet and second depth orders are the same.

TDOR] An embodiment of & holographic display systom includes o first display, comprising a

Hght ficld display configured to pryject light §§.§€m§ & fiest sot of projected lipht paths o fovm
toast fiest mmd second bolographiv surfaces having Hirst and seepwl dopth prodiles, rexpectively
refative oo display sorcen plane; and o St relay systom positioned o revetve Heht along the
first set of profected Heht paths from the bt fold display esd relay the recebved Bght slonga

first sof of relayed el paths

ok that potnts on the Brst and seeomd bolographic surfaces ae

refoyed to relayed locations ihem%}y forming At and second refaved bolographic sorfaces

having first and second refaved depth profiles, respective E}s; relative to g vintual sereen plane.

Y] Ane

et of & holographic ¢

hy Bysten

bV, ORI

fight Hehd display configured o project e slong ¢ Hrst set of projectad light pailys © fomr s

fenst g first h.(‘.i@{}gi‘ﬁ}}ﬁiﬁ surfuges imxfmg a first depth profile

jocted Heht paths fom the

Heht feld display and e ia.y the recetved Eigh't. akig & first set of relaved Hght pathe such that
points on the Gest holographie surfhee are relayed to relayved focations tharehy formiog o fust

refeved holographic surface having o fivst refaved depth profile relative to 2 virluad sceeen plang;

wod g second relay systam positioned 1 recedve light from the fivst refay syston along the fis
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set of relayed Heht paths and relay the recetved Belt slong @ seconst setof relaved hight paths

siich that points o the (st relayed bolographie surfsce are forther relaved to new relived

Incatio

w, thereby formung o second velaved holographie surfsce having v second relayed depth

profifes, respectively, redative to s new virtual seresn plane.

BRIER DESCRIPTION OF YHE DRAWINGS

{0010 Fig. LA Huatrates av embodiment of & system configurad 1o velay u holograpbie surfiee

projucted by o Hght field display using s bemn splitter aud an imags retroreflecior;

{0011 Fig. 18 dlusteates an eonbodinient of 8 systam configured to velay a bolographic surface
projected by o light feld display using & beam splitter and & plirality of rage retrorefloctons;
[0012] Fig. 24 Hustrates an embodiment of 2 cogrective optical elewment configurad to reverse
the podarity of UV angular coondinates in g ourslimensional (1) conndinate systom;

O3] Fig 28 dlustrates @ topedevel view of & waveguide placed over a mumber s‘}‘fLiiiliumi‘n&tim}
souree pixels m the LY plane;

O] Fig. 20 Hustrates @ side view of the embodiment shown in Pl 3B in the U plane with
a thin lons as the wavemnds

{GOTS] Fig. 3A tHustrates an embediment of ¢ belographic display systom similar o the systom

shown i Fig. 1AL in which the beam sphifter and mage retroraflestor have beon replaced by a
ST mﬂmx‘m;

[boLe] Fig 3

T r‘mﬂ?‘?‘i el By
Sysions;

HO1T] Fig 30 tllosinates ano

cstem having multiple
reday systems;

IOOIS] Fig, 44 Hhustvates 3 combined view of an entbodiment of g dibedral corper reflector armay

001 Fxg 48 iostedes 8 side view of sy erobodisent of tramsmissive reflector imaging o poust
sonres of Tghi

HO020] Frg, 40 iHusteates an conbodiment of g bologeaphic display system havy

COMPRISHE 3 CONERYE IO
{B021] Fig. 40 Hustrates avother embodiment of s holographic display systony having a relay

SYSTONT COMPRISIIE 4 CONCIVE WTOL
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having a volay

[0022] Fig 4 ilustrstes ancther srmbodinent of o holographic display systom
systeny congpristug a beany sphitter, ut loast one long, and s reflocton;

o
31348

8023} Fig, 4F Hustrates another embodivnent of a holegraphie display system hiving o relay
L 2 ~

systeny eonprisiug a leys sy
[0024] Fig. 34 Hustrates av embodiment of an ideal relay systeny;

[BORS] Fig. 58 fllustrates sn embodiment of kolographic display svstem having & relay aystem

configurad to reluy frst and secoud helographic swibces projected by a Iight field display using

& beam aplitter and an fmage retroveflector;

[0026] Fig. 3O tlusteates an conbodinent of 8 bolographie display syvstom haviy

configured to relay first aad scoond bolographic surfaoss prodected by o Ught ficld Saplay using

3 e é;;}iimr aiud & CoEREve o

YY) Fig. S iHasteatos an cmbodimnent of conceting the optical effect of the selay systeny
shown an Fig, 5C;
BT Fig. SE Hustrates an embodiment of @ holographic display systom having & nolay systom

configumed i rolay Arst and sevond holopraphic surfoes projected by o light fickd display using
# bewn spliter and 2 plurality of concave oo
{039 Fig. 6 tustratos an ambodiment of & helographic daplay system having & roday system

configured to relay first aad seoond holographic surfaoss prodected by o Ught ficld Heplay using

B3 Fig, 7 ilusinaies an embostiment of i holographic display systom having o fest rela
system configured o relay first and second holographic surfaces progected by o Hght field dmpﬁm

st robiy s thind surface projected by g second displays

{31} Fig RA tHastrates an ombodiment of & bolographie display systern heving @ second refay

~

system, & plarality of displays;

HI32] Fig 8B dhustrates an embodiment using the paraliag bamier in Fig 84 to perfiam
ooelusion hsﬁsﬁiiing;

in Fig, BA ;m\':ﬁﬁ ved hy 8 viewer at g different _;tms;iii,a‘m;

§:{}{}34§ F.ig;. REY ilfustentes an embodient showing an shstraction of the display system shown in

Figs, 38 and RE;

s
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OS] Fig, 8E illustrtes an embodiment of system of Figo 80 with o trsoesisstve roflector
hepving # conival surfeoe; and

[036] Fig, 8V iHustrates an cmbodiomes 2 Fig. BE witha

pyramidahaped transmissive rellector surfice.

}MET‘ARJE P BESCHIPYION OF THE BRAwIs

{037 Fig, 1A shows s embodinent of a hodopraphie display svsteen inchuding o et display
L comypeising o Hght feld display configured fo projoct light along & set of projected Hight
pothy 1036 wo form at least o frst bolographic surface 1016 having o et prvdected depth profile
refative 1o o display sorsen plane 1021 In an eobodiment, the et holographie surface 1S
may b any surfics in a hoelographic scone, such ax & portion of aa object, & face, & background
seene, ote. b an embodiment, the projected depth profile of the holographie surface FHS may

mehsde a dopth peresivabls by a viewer (e shownd observing the fist display 1001 glong s

normal axis (not shownd of the display 1001, The holographic display systom of Figo 1A also
mohudes & relay aystem W02A posttioned to roneivs Hght along the Bt set of projected light

gsmhs 1036 from the Haht Hold desplay 1001 and relay the moeived light slong a set of mhayad

gt paths  TO23A such that poings oo the fnst holographie surface 1016 are relayed o relaved

e
'?‘1

becations thereby forming & fimst releved bolographic surthos 1818 having o finst velaved depth

T

]

profiie rel

i

abbve oo vivtal soreen plane 1022, In an eovbrodiment, the virtuad soreen plane 122 &

oriented @ 8 nos-pevaliel angle relative © the display soreen plame R of the hpght field

T 5

dinplayitgl,  In an cobodiment, the virtual sereen plane |

smgle relative o the display soreen plane 1031 of the Light feld display 1061

Sy

HHIAR] In an ewmbodiosent, the depth profike of the holographic surface 1016 nwy include o depth

pvable by o viewer T30 ﬂhsgmm m the dive

pe

Hhastrated 0 Fig 1, the fst relpved fﬁﬁ;ﬂh profile of the relaved ﬁwiogm hie surfice 1018w

diffrent from the first projes 116 first

helographiv surface 1016 i projected s ay oifsoroem im%ngmph;c strfaee while the Srst relayed

holographiv sweface TR s perceivable by viewer 5 as wn vsoreen holographic surtbee

redative to the vivteal soreen ;\.Eé;_zm R

[0039] 1n an embodiment, the relay systorn A may relay holographice objeots projected by a

Hght fDeld display 1001 wing 8 beam &;}Eamr HH and an wmage retroveflector 1006A. I an

o
&
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erabodiment, the Hght feld display |

$ohsving e

plurality of hight source locations (not shownl, an imagiog relay T3 which sy or niay not be

prosert which acty o relay mages Som the display devives o an onergy surface 1005, and an

3 S

sreay of wavepuides 1004 which projeet each Hght source locatior on the energy surfhes HHES
e 2 unigue direction (oo in theee dinmeosiomal space. The enorgy surface TOUS may be o

sesnlesy svergy surfine that bas & coanbined rexoli

”;

tiony that 18 greater than the sarlhes of any

mdividual display device WL BExamples of light fedd dplay 1001 are dewortbed in

G445, US0IRNASESR], 20180372934,

Y

commandy-owned US, Pal App. Pob, N, US301%

and LLE, Pat. App. Ser. Moo 16063673, all of whivh are incorporated hersin by referencs foe all

purpose.  Profected lipht save 1036 may converge #f o locstion 111 oo the surfes of a
holographic olyect 1S, and then diverge as they approach the beam splitter 18], The heam

splitter 101 may be configured to include s polarizing boam splitter, a tnavsparsnt, aluminm.
coated layer, or at lesst one dichraic flter In an cmbodiment, the beam spltter 10U may e

onented at 8 45 degree angle relative 1 the dis

sy soreen phate 1021 and the retrorefloctoy
HIGGA, and the retrorefizctor 1008 iy onemted arthogonally relative to the displyy scrcen plang

10921, Some fraction of the meident hght alony the projocied Bt path 1036 roflects from the

beam splitter FOL toward the imags setrerefiector HO06A along o set of reflested lipht paths 137

¥

while much of the remaming Hght passes through the beam sphitter 1 indo ravs along a sst of

trananstted Hght paths HRBA, which may not contribuie to the formation of the relaved
holographic i}hﬁﬁcﬁ. 1018 in Fig 1AL In an embodiment, the retroreflector 10064 may contgin g
fine arrsy of ndividug! reflectors, such 3 comey reflectors. The sevroveflector 10084 sots Yo

reverse eaod ray of meident light in the opposite dirsction from the approach dirsction, with oo
sigmificant spaial offiet, Rays slong light paths 1037 noverse thewr direction upon reflecting from

the refroveflectar 10064, subs

anbiadly retracing their approsch sngle to the robroreflector 10064,

Hoht patins 102

b

A, converging af the locatiom 112 of the bolographic objeet 101N, Iy this way,

hedographivc object 1016 projectod divectly by the &

eht fiold display 1001 is relaved to form the
relaved holographic object 1HIR,

HHMB] FHG LA may hove an optionad optivs] eloment HMIA Tocated between the baam sphitier
101 and the wtvoreflector 10064, The relative placement of this optivral optical slement HEA

in stsiley fo the optionad optical eloment 1A that sppenes i FIG, 1B, This ophical odament

]
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ng sloment usesd fogethsr with a polarization beao sphiter 101, 1

£

iy be o polarization coutrolin
the display 1001 produces (mi‘fg‘ R pﬁim‘iiﬁ&ii{ﬁ‘a state, then o polariaig bean sphitter 10 may be

srvaniged 1o diroet shnost ali g

maoat of the light ravs H39A which nway pass vertioally trongh the beawr splitter and not

confiituie o wnaging the bholographic olect IR, Using a pobuizivg beam sphitter 101, the
Hght ravs 137 are heearly polarized as ﬂmy apprroach the optisal clement 10414, and are

civoudardy polarized after possing through the optical eloment 1A, which may oclude a

.

quarter wave retarder. Ulpon reflection from the wtroreflector 164, mogt of the light o rays

1025

& way be cironlly polivized in the opposiiz direction, and for this opposite cirenlar

polariestion, the rotumn pass through the quaner wave retardsr will result o these hight rave

convertad foa Hoear polarization that 8 rotated W degrees velative o the Beht leaving the beam
Hgh

o thy Hoht that was refected By the boam splittor 181, so it will pass straight through the beam

=

splitter 101 o seys plong the reflected lighe paths 1037, This light bas the opposite polarization
spitter 101 sather thar being deflocind, and contnbute to thy imaging of holographic {}bieci
LR, In shork » quarisr wave plate optical eloment 18414 placed betwean the bearm splitter 11
mnd the setroreflector 1008A may sssist n cowverting the majority of light reflected from the

boam spditter 11 from one Binowr polavhaation to the opposiie hincar polarization, so thet this i

ia passed by the beam sphittey 101 with optimal efficisny in gonersting o Solographic mage, and

e

Nmdted wasted Haht

Faf the dnchlont

¢ 10U prodoces unpolanized Nght, sbout Iy

i gh? 1036 on the beam sphitter will be dirvcted © lght vays along the sot of reBecied Liglt paths
#osed of rsmsmitted el paths HERA, mythe vorbival divecHon. This vesudts 8 oss of light ravs

HI3B&, In an omshoalimont, as shown in Fig. i.}{i_,., the holographic dlsptm svatem of Fig, 1A may

splitter 10, swmmetie s distance bt s‘ffffﬁj%}f}gefﬂmi in orientation fo retrovefloptor HHGAL FIG,

18 shows @ systom owhich redavs bolographic surfices projecied by & hight feld display 100

using & holographic relay systesn 1E2R comprizsed of & boam sphitter 101 and two mage

retrore{lectons 1O08A and 10068, where sach retrovetlecior reflocts rayvs of incident Hght in the
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direction reverse of their neident direction. T contrast o FIG, TA, tn which the Bight rays aleng

the travsmuitied paths 103A e lost, the light s along the transesitted pothy 1039R are
retroveflected from retrorefloctor 10068 1 the samie seay o rys slong the reflocied pathe 1037
sre retrovellected from retroreflecior 1D08&.  Light mys along smenvtied pathy F039R and
reflectsdd pathe 1037 are retroreflected and converge ot the beary splitter 101, and combine o
oo light ravs along the set of relayed pathe HIZSR, which foous af polmt 112, contributing to
§

X

the firet relaved holpgraphiv swefhee R In sn embodiment, the additions! retroreflector
HGER wd the beam splitter 1 are aligned soch that projected Heht that was iransonitied
through the beam splitter 101 fovwards the additions! retroreflector o voflocted from the
achditionsd mtrovefloctor 1HO6E and further reflocted by the boam splittery 101 slong an additionsd

sovesn 1022, amd the sot of the

sed of relaved Hele paths II23H towards the vivtosl di

refaved Mght mys HO2SA from et miroreflecior 1O08A. and the atldittonal set of relaved Sl
rays 2B fom the addivonal retroveflector HHOGE substantially overlap, Ax divcussed in
regard 1o the optional optical slemont 10314 shown m FIG. 1A, the optical eloment 1B may
mohude 8 guarter wave relarder which may resull i @ majostty of Hght rays slong the ransmitted
paths HEGE retuming to the beam splitter 1 with the opposite Hinear polarizstion, such that the
muagority of these ekt ravs will be divected by the beam splitter 1 toward the fermation of the
holographic surfsce HHE, rather than "ms&:h through the beam spliter B and towards the
display 1801, The optional optical cloment 14 1E may contain polarization controlling cloments,

diffrsctive slemonts, refraotive cloments, foo

sing or defocusing cloments, or any other optival

clements,

[O042] Reforving now to Fige 1A and 1B, s an eobodiment, the vortical distance B between
points such s location 111 on the dircetly projected sieface 1006 may be the same as the
horteomtal distanve DY between podndy sgeh as oostion V12, which cormesponds 1o Toeatian 1,

onr the refaved holographic surfhoe TS, The refay systons 1024 or 102 nuy be configurad

redoy s plurality of ho sy seroen phane 1031,

gpdtie surfaces distribuled sroond dig

the petof-soreen surfgce 1016 on the side B of the soreen plane 1021, and swrfaces that ane

projected wwescrven on the side 1011 of the stresy ;ﬁms 1821, In thy ple shown inFigures
A and 1B, the swisce WIS & projecied g3 wn offssoresy Emif);gmg}higt surfbes. These
holographiv swefaces muy be relaved froms screen plane 1021 {0 wirmal plane HEZZ se that

surfhoes 116 which are outobsorcen for the sceeen pline 1021 appeas behind the virtus] plane

2
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2 with respect g vigwer 1O, and dmilardy, so fhat surfices St are in-soreen for the hight

field Eiiﬁ§?§&ii}<‘ I, projected on the side HHT of soreen plane 1021, appear in fromt of the virtusl

sorosat plane 1022 with respect to g viewey HEME  For this reason, the depih of helograptee

surfios 1016 flps polarity - the location 11 of the cubofsoress holographic surface M6 that

s furthest sweay fromy the display soreen plane 1021 18 relayed to lovation U113 of the x‘eizﬁy&d

holographic sarfhes 1018 that s furthest from the vigwar 1030 To sceount for this reversal of

<

dopil, and o proseat the ohservier 1050 with the same view and ssose depth prodile of the relaved

holographic surface 1018 that sn observey of direatly projected out-ofscrsen holographic obje

1016 would see without the use of relay systemy HIZH, one approach is to reverse the ;ﬁﬂ&:ﬁt}" of

the LW lipht Beld conrdinates, which are the two angulsr coordinates i the 45 hight field

)

function with coordinates (X, ¥, ULV, sting profected Haht raps 1036 into projected light

ach of which bave the opposite simm This ecopverts cub-oftsorsen holographic

iy

aee FO1S inf invsorcen holographie projected swrface HHS with & reversed depih,

o i

ek will bo relaved tnte relayed bolographic surfiee 1028, Relaved holographic surfice 1028
1 on-ebanreen relative o the virtusl display plane 1033, and will sppear 1o observer 103 1o
heve the same depth profile relative to the vistea! seroen plane 1822 as projecied olyect 1016 has
refative o the display soreen plane 1821 Projested holographie surfos 1OBS will appear o b

s

depthreversed refative fo the display servon plane 2L In sunumary, (o projest & holographie
surfsce HI20 for observer 1030 of the virtwal sorcen plane 1022, the intended prjected
hodographic surfce 1016 wath the intended depth profile may be rondered Ror the Qisplay soreen

2L, and thew vach of the UWY angular Ught feld coordinaies may be flipped to pradace g

¢t the virtwal soreon plane 1022, The 41 Nght

el U8, Pab App. Pob, MNag, U8

FIRARSGS], USHHRAMTIES, and US Pail App. Sor. Neoo 180836735, which s

incorporated berein by reforence and will nod be repeated here

[O043] Inan ombodinment, each of the set of projected Bght paths 1036 has o set of positional

cowndingtes wd angudar coordinates o g four-dinseosional (4D) coordinate systom defined with
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respoct fo the display sereen plane, and egeh of the set of releved hight paths T84, 10258 has »

set of positional coordinastes and sipuier comdingtes iy o fardinensional (4DY coordinate

system defined with respect t the virtual display plane. As deseribed above, holographic sarfice

T4 may be rendered so that the Heht foraaing the surface of object 1014 will be refayed as the

D

mtended disteihution for the relaved surfaes 1030 which may be directly viewsd by obsarver

53, Oue way o render holographic surlhes 1814 ix to Sest vonder holographic object 1018, the

iteaded olyect to by shown i absence of relday svstoms HIZA or 1028, and they woversed in

polarity s TV angalar cooedinates, Thix reversal of LMY coondinates may result i holographic

obfect 1014 being prodected lostead of object 1018, which may be reboved to the inteoded

oations of the bologrephic oljesy W30 The UGBV polarily reverssl may be done with a

correstive optie element, sy summarized below iy relbronce to FIGL 34, o using an adiusimens

i the 4D light feld coordinates, as summarized below i roferenpe to PR 28 and 20,

4] Fig 24 shows an ersbodiment of & Sorvective optical olement which so o roverse the
podarity of ERNY snpnlar Hght feld coordinates, Twe substantially idention! vows of lonses 281,
€

30T are placwd side-byeside. The rovws of lenses 301 snd 202 has u foon! length § and are

ariented paratle! tr one another, with a spae ing of twice the foeal Teagth £ 3o that thely foeul

planes overfap at victual plase 203, swd so that leonses on oppostie sides of virtuat plane 303, such

as 213 angd 214, share 8 commog optical axis 204, Tneoming paratlel Hght roes 211 are netdes

k=

on fons 213 with an hnetdest sagle to the optical axas 204 of 8w the U-2 plans, and § i the V&
plane, The Hght raws 21 e focused by lons 213 outo the foeal plane 203, and then diverge

terwprdd Tons 214, which rofinets the royy into parallel mays 218, Parallel vy AT Teave 20 with

bt

the reversad polarity angles of -8 with rospest to the optical axis 38 in the UL gﬂwﬂ and -

$oywith vospect to the optical axis 3 in the V& plane, vosulting in 8 divection that hes been

roversed relative to the incident divection of parallel rays 311 This rebay systom sy be placed
shove the soreon plene 1021 W the progected hight paths 1036 or in the relaved Halt patleTO23A,
HISSE in Figs. TA and 1B in order o roverse the polanty of LRV goordinmes for progecisd

holographio sorlaces or relayed hologrephio sorfices, rospectively,

11
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3] Tooan embodiment, TN migy inelude g contrallor 1990, 4 shows an

Figs. 1A and 1B, configured o recpive imﬁ‘mi_imﬁ for ;ﬁs;f:a:.masnsiii,mg for the difference betwesy the

first pregected depth profile and the

i

T fo output projected Bigin

X

suel that the {iest relayad tisrgﬂh pmizais: of the {isg mm‘ymi
holographic object is the depih profile imtended for @ viewer 1030 Fig 2B shows u topeleved
view of o owavegnide 331 of the hight Seld dusplay HHH placed over 2 number of Wlanation
sempree piveds 222 i the UWV plone, ncdadiog o row of pixels ot Wadb, o colivnn of pixels gt Us

sond individual pixeds 223 and 334 o oao embodiment, the wavegaide 221 allows lght frony the

£

£

pixeds 222 o be projectad alwg the set of projecied Heht paths 1036 where sach projected Hght

path 1036 has et of positional coprdinates (X0 Y) and anguler cpordinates (LYY in 8 R
¥ ! K & E

dimesional (407 coordinate system. Tiy order to reverse the polarity of the UWW coordingtes, and

croate helographic objest 1014 fHom s hight field renderad for holographic aohject 1016 in Flis,
P& and 18, oue would exehange the polarity of the U and 'V coordinates @ showy i the

y that & pixel 234 with U and Y conndinates wonld swap places with a pixel 223

with 1 and -V coondimsles. AR other pixely would swap posttions as indiosted, with the

exveption: of LLY = A0, which stays in place.

HHG] Fig. 30 shows o side view of the canbodiment shoswn fn Fig. 38 in the U2 plane with a

thin loax ax the w&v&g&idﬁ ITL. The twe pixcly lovated ot the minimum aad maximum U

4 The rosull is that the §j§§:§i§3z§$.§i§of anid color

3z,

3
]

i, and the spvameny U

of projected mays from the pm,i». at the mismoem L X

wap places,

which s sundlar o the

HHMT] Flgs, 3A shows an cmbodboent of g bologrephic s

configuration shown i Figso 18, oxoept that the roday system HR2A shown i Fig

commprisad of the boars splitter HI sl smage revroreflector 1064 has boen replaced by & rolay

system which iy comprised of @ stoghe ramsmissive reflector 307 positionad 1o recetee Haht along

the sot of projected light paths 1036 and divect the received hght along the set of relayved light
paths 1028, In au omibodiment, the travsoussive seflector 381 internally reflests 8 ;}::w’a‘iam of the

recetved fight among a pluradiny of tverosl reflective surfoces {shown as 401, 402 n Fig 44,

A

desoribed bobra) of the travemisabve reflector 33 and owiput Heht along the set of reluyed hight

€

pauths HIM towards the virdos! sorcen plane IR moa fest divex

fomt A oxample of the
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fravsnd

wive reflector 301 may boe g dihedral comaer reflector armay (DCRAY, which 1 an gytival

€

ri.mﬁ.ggmg clnent conposad of & plurstity of dibedral corner refloctirs, which muay be reatived as

twor thin favers of closely-spaced parallel mirver planes, oriented so the planes are orth

o another as shosen i Fig 440 Another sxample i 8 comer reflector ouoro mirror sy
Projected Haht vays MIZ6 may converge af a location 111 on the surfhee of a hologeaptic sarliwe
1316, and then diverge as they approach thy transmissive weflector 301, The transmissive

reflector 381 internally reflocts the diverging svs 136 such that they exit the other side of 301

as tays along the relayed paths 1026 and converge af locatiom 112 of relayed holographic surfhce

101K, Thix may be scoomplished within the transeissive roflector 301 through & sequence of
two reflections o shown i Fig, 44 In tds way, bolographiv surface 1036 projected divectly by

the Hglit Held daplay HH i3 refayed o form relaved holographic surfice 10IR,

(048] Fig. A shows an nssemblad view of an smbediment of the detadled structum of 5 DURA
401, as well as the path of o lght ray that passes through the DORA 4L, s an smbodimaent, the
DCRA s constructad of two layors 406 and M7 of closelyv-spaced reflective phuses that s
paralicl bt offhct in & st Himension amd the divection of the reflective planes 401 1 laver 06
are ovicnied orthogonally 1o the divcetion of the reflective planes 402 In lawey 407 10 sy ssoond
dimenston. Refleotive surfaces 481 and $02 may be mivorsd surfices. An tncident Gght ray H

reflocts soe of s coorgy inlo reflected B

~

bt ray 414 as o passes through the extomal surfhes

H049] Fig 4B shows o side view of an ombodsment of fransodsatve reflector 421, which may e

s DURA, tlocated o distanee T3 foun fransm

unaging a point souree of light

431 The transmissive roflector 431 Is aligned paralled o the X-Y plane. Bach of the ravs of i

423 from the point sowrce 433 bas #s X and Y momentum components vsod by transmissive
reflector 421, a0 that the §e,, i orays 324 that exit 431 comverge at inwage point 425, 2 distanes 1
from ansmissive reflector 421 A portion of the Hebd rays 423 weflect off of the oxteruld

surfioes 430 of the travsmissive reflector 431, cresting veflected Hght rays 433,
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HS0] Tumdng now o Fige 38 and 3, 1 i posadble to use 2 configurtion with nuee than ooe

reday o relay holographio surfsces. B o holopraphie surfhee s relayed fwice, then the depth
revirsil of the holographie object that may vecor with the fust relay may be undone with the
second relay, This is genorally true for holographie surfaces that sre relaved by an oven anmbey

af held

opraphic relays. FIG 38 shows o Hgle Seld display sestonn comprised of ab least o first

Hght feld display HOLA, and tvo rolay systems 130 and 190 whiok topether relay at logst a Tirsd

projected hodographie surface © o Bagd velay location, B the embodinwest showy iy Fig, 3B,
holographie sorfices 1214 aud 1224 are projected sround the ight Seld display screen plang

TO2TA and welayed o Roal relped locations 1230 aned 1220 sroond & virtuad display plave
IR, with no depth reversel, Adse shown i FEROL 3B i an optiongd second Hghe Held display
TOOTE, which may project an image surfaee 12340 In plage of the second Hght Beld display
1008, the surfece 1234 wmay be the srface of s ored-world objet, the fmage of which will be
combined with hodographio suefaoes 1214 and 1224 by the hea splitter 10T and refaved by the
patr of relay swstors 130 and 180 o bnage posttion 133G, with ne depth reversal. The
holographiv surfaces and the wnage of the swealoworld obdect sre corabined snd relfayed together o
g onew refaved location, ﬁi‘iimﬂng the helographic surfbess and the resbowordd object o b
dispshaed topether free of & pluvsical display plase,

B051] In FIG. 3B, both relay systoms THY and 140 wobude transmmissive roflectors 3014 and

B, me_;pm:rifwg‘i}:; Bt eithor o of thess mlm couhd alse be s:f(:s_s:ﬂ.;nﬁised of & bowm splitter aud

S roire
formed with light dlong a set of prgected "l'j Told display
LA, and some fraction of ‘iigﬁsﬁ slong the set of projected bghw pwﬁ« are transmitied straght
through the heam splitter 10 The beam splitter nway b any beam ;x:p‘iiimf diselosed w the
prosent disclesure. Frojoted Hght slong the sot of progootad Tight paths 1314 and 1324 are
redoved by fest veday svstomy 130 sloug o first set of relavod Hght pathe 13IB and 1338 which
form depthereversed st and second refayed holographic surfiees 1218 and 1228 aroond first
virtoal screen plane HI22A, respectively, Light along the Sest sot of relayed Ught paths 1318
sind V3R ave relaved by the seoond relay svstony 140 along a second set of relayved hight pathis

1210 and 12

PRI gud 1320, which foun third and fousth related holographic surfaces Ot

deptlereversed, ground g now virtual soreen plane 102380 Relayed holographic objeets 1210

14
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o HH22R as the depth profile

JO082] Image surface 1234 &y either the swrfaee of & realoworld object, or & holographic surfice

projected by the optional second Hght Sebd display HEHEB with # depth profile with rexpoot 1o the

sereen plane HIZLE of the light field displey 10018 A porlion of Heht along input paths 133Y
froms surfce 1334 are reflected by the bewmn splitter 10T into projected Heht paths 1334, while
the other portion passes throwgh the beam splitier 101 along o seb of transesitied paths 1332, The
transmisaive reflector 3RLA of relay systorn 130 has reflective surfaces 438, and some of the
meident Hght along the projectad pathy 1334 eflecty indo Haht paths I43A (and this is e for
tight glong the projected paths 1314 andd 1324, but thiz is not shown iy FRE 38 A portion of

Heht along projected paths 1334 Som the objest 1334 are relaved by first re

:wystamy 130 o
refaved Heht paths 1338 of o first sot of relayved Heht paths 1318, 1328, and 1R3B. The hal
paths 1338 form depthaeversed image 1238, Some of the lght slong the relayed Hght poaths

1338 weflect from the surface of ransmissive velflector 3018 of relay

stemt L along reflevted

paths 1438 (this is also tru for incidanst Neht elong relaved lght paths 1B and 1328, but these
mflections from the surfiee of vansmssive roflector 30IR wre ma shown Fige 380 The other
portion of light slong the relaved hght paths 1338 are relayved 2 sccond tioe by secomn ';;};eEa;\,f

"“k

system 190 fo rolaved Dahd paths 1330 of a sevomd set of oy Ea}%a‘i Light paths 1210, 1320, and
3

wed, which &

1

3 The relaved Haht paths 133C form relaved sarfice 1230 not deptherov

age of & rogdowiordd oot 12348, or & welayed }mingr:aphu; surface 1234,

profile to obwerver 1050 as the sowee projected

hologrsphic swrfisee 1234 has with respect to display soreen plame HIZER. The

plane relaved frore dispday sereen plane 10218 w5 virtual scroen plane 10220

TOET wall see either two redeved bologmphic surfisces 1210 and 1320, and & holographic image
b [ ES 5

1330 of readowoorld surfiice 1234, or three relaved holographic objeots 121, §

In the condioration shown i FIG 3B, by wang the hean splitter 101 weith the second el Seld

display 100IB in plece, the bolographic content from two light Seld displavs may be

suprvimposed o the same space around secomd virtual sereen MI22B, wathont depth reverssl,

stlowing e an increase in the depth range for displaving holographic objects that exceeds the

depih range of cither of the fndividus] light field displaes HHHA or HWRIE, Nuote that each

X

display HHHA and 1001R may prodece bolographic objects v a hologespbie object wobane in

i5
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Eborhimnl of corresponding display seroen planes 10218 and W, respectively, These

holographie objeot volumes sre relaved to vivtual sorcen plase 10228 corregpondivg to display

-

seroet HOREA and virtual sorecn plase 10220 corresponding to display sereom HEZEB. The

amont of

soparation between viruel screen plutes MIZZH and 10220 i dependent on the
difforence o & firet distance betwoen dgplay H01A from the transmdssive reflector 3014, and 8

sevonid distance between display I0DIB and the transmissive reflector 301AL H these distasees

are the same, then the vivhual soreen planes TH32E and 102207 will overlap. Alsr pode that stace
the proximity of sither hight fadd display IO0LA o ID0B from the beam splitter 101 may be

of volines i the notehborhood of the vivhad soreen @

adiusted, the redaved holographic obje

10230 and 10

20 may contain cither one lerge or twe sivaller but separated reglons for dplay
of holographic objects that i3 wmable for & ghiven application.  In the event that the relaved
holographic nhjset volwmes overlap, then 8 combined relayad holographie shject voluree farger
than the holographic ohisot volume of cuher of the mdividudd Jdisplays may b achieved.
Simutharby, i 2 repboworld surfce 1234 ix weed i oplace of o holographic surfiwce 1234, the

relative positioning of relaved holographic elyjests 1210 and 1220 with the hologn

G I
123C from the realoworkd oldect 1334 may be adjusted and customized to any appdication. Note
that this discussion about variable separation between soreen planes 10228 and 1022C can alse
he applicd to the case wher ouly oo relay s used, suoh oaa LMY

HHO83] FIG. 3C shows the aame configurstion shown n FIG. 38, but the hight that reflents from

the second rmsoassive reflector 3B of the second relay ovstom 140 glong the set of reflocted

paths IR, 42B, amd 438 are shown being recepvad by g second observer 1031, The

numbering w FIG, 35 applies to FMG. M0,

Light slong the st seb of relayed bt paths 1318

and I32B from digthoreversed solioved holographivc ohjects 121R and 122B are reflected into

fod Heht paths 1418 and 2B, respectively, and mgy, b conbodiment, pass through a

gorreeiive optivsl sloment placed gt plane 137, The correchive ophice! cloment may be similar fo

Beiing fo reverse the polarity of the angular light Seld coordipates w and

resudting wthe secomd observer 1031 perceiving the relaved hologmphic surfaces 10 and

Dowith the same depth peofile redative to plane 13T a8 the depth profile of the source
projected surfaces 1214 and 1224 redative to display plane 1021 of Lghe fiold display 10014,

respoctively. In a stnular way, the oigoct 1334, which may be o holographic surface progected

by display HMMB, or 5 the swfee of 3 realworld object, produces myvs of Hght which are

i&
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refoyed by velay system 130 along relayed Bl paths 1338 which form deptheroversed inage

1238, and wve reflected by the surfhoe 430 of wranumissive reflector 3018 fnio Heht along the

reflocied patls B3R, The oplioral correeiive opticd olemens placed o 137 just dexgrsﬂmt S RAY

slors reverse the depth so that sevond obwerver 1051 nwwy see redaved image 1230 with the same

s,

depth profile as the depth profile of surface 12340 In this way observers TS and 03T will

ﬁ'

S
the sare hedographic tnages in the same locations,

[O0S4] As proviously deseribed, o first obsorver 108 sees dopth-carredt redayed holographic

fmages 131G, 12207, and 1230, then the corresponding Haht slong paths 41B, 428, sud 1438

approaching plane 137 on Hy way to second observer 1031 will be of depthoreversed images

1218, 1338, and 1238, Jostead of placiog corrsctive optics at plase 137, 1 s possible to instead
use 8 thind velay systern {not shonwn} to toverse the depths of these deptheroversed mages 1218,
228, and 1238, Ope drawback @ thiy methid s the faer that with an sddiional relay (ot
shovwn) now the sccond obssrver 1051 (focated in 3 different position o receive Nt from the
achditions! welay, oot shosend of the relaved images will not soe those relaved fowges at the same

focations as holographis images 12310, 122C, and 1330 perveived by the Rest observer 1053

[ISS] B ix possibe fo use other focusing optios! slements, defocuning opticnd slements,

mirrored surfhess, o suy combination of these to relyy 8 holographic obieet volun areund 8

light el di

2. 4 shows an smbodinwat which uses o vurved nxeroy 3 3 foonalag

tay plane, Bt

eloment i plsce of 8 retrowefloctor to relay 8 holographie obiset volume sithout depth seversal.
Py, S0 shows gn orbograplie viow of & iriangulye surfsce bomg ironged psing 8 holographae
relay systems 460 comprised of both & beam splitter 462 and a consave mirme 432, where the

srfaoe i oom the optical axis 4330 v an cobodiment, the concave murvor 453 rany be spheviesd,

parsholic, or some other shape, The begn splitter 462 may be ame beam spditiey desoribied hevein
i TN - RS

The tricegular sarthoe 461 s pleced sm g vertion! axis 454 whick s orthogons! o the hovtzoaad

J

4".;

optivad sxds 9530 The conter of (he curvetwe of the miveor €, 81 431, s distanes D sway from

the bogra splitter, The point O 4871 s also the ssme distaree DY away fron the bos splitier, an

tied

the vertical optical axis 454, A portion of light leaving the poind O 431 glong s set of payje

e
Hght paths 465 wall reflect from the beam splivier 462 tato E‘ighi‘ rvs along a set ot reflecied hight

paths 466 moident on the miveor 4532, The coneve ndrvor 452 ansd the beaw sphitfor 468 s

<

shigned such thal & portiony of Bight 466 reflected frow the beany splittor 362 fonvards the concave
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X

i bhosn spiliter

soirrer 482 s refleciad and Boowsad Trom e concave mimar 452 |

467 along 3 sed of relaved Holt pathe 467 that extend alone o soturn direction subetantially

& S £ ¥ = o

apposite o the set of reflected light paths 466, Light glong the relaved paths 467 nay e relavad
i

2 holographic surface projected by a LF display 463, Similarly, Heht rays along projected pathy

o

thronagh point U 451 tosvands the viriual screen plane 369, Surfhoe 461 could be o read surfaos, o

AT fronn surthee 461 will reflect from the bearn spliiter 462 into reflected Hele patha 472, which

47

73 wall pass through the beamn

reflect fronn the coneave mirror 453, and somwe of the retam Heht 4

spiitter 462 and along relaved hight paths 474 which conpvorge to comtribude o forming an relaved

mage 457 of the surfhes 401 viewed by obsetver 43¢0 The s‘?g}ti@mi optical Tayer 484 may

emventy, diffractive optics, reftactive optizs, or the

¥
H
H

retarder which may comvert Enealy polarized hght inte sroslarly podanized Nehiy and vicewversa,

ke, In one enthodiment, as desoribed sbove for FIG, 3A, optical fayer 464 & @ quarior wive

€8 polarization bowm splitter 462 ix waed, the Halt leaving the bean splitter $62 on the reflocted

A

¥

Hght paths 472 13 Unearly podavized ina A state, Rays along the reflevted Light paths 472 may
be converted from the st state of lnewr polasizstion © & ciroular polarization which i
convirted to the opposite circular polarization upon reflection by the mitrer 432, and further
convertad o g second state of Inear polavization onthogonat 1 the st state by the quarter wave

rotarder 964, The rexult s that ravs 477 approaching the polarization bearn splitter 462 wall have

the opposite Hinear 'g_z{}i.m‘.imaiﬁm} as comparad o mmys slong the reflooted Bight path 472 leaving the

polarization beam splitter 463, and these raps will pass through the beam splitter 463,

corstribuing © e ioaging of the relaved tmage 457 viewed by viower 480, rather then being

",’I«,

deflected. In the confi = hotographic surfhoes projected by the LF

ai:gpiax 463 groumnd the display serven plane 68, which may be the same sy the desplay surface

Fihe LF display 483, wre relaved to be swound the virtual soreen plane 469, viewahle by an

pheyver 434,

[0036] In an embanlimsent, surfacey i the vicisity of point C° 44 ave relayed into the vicingy of

point O 431 Asethe jecty that are closer o the beam
splitter 462 than g_'.*{fsi;s}ii £ 441 are imag»:ﬁ o a §M}:§.§i§;ﬁ1&§, {nrthey man the point C 4531 from the
beam splitter, with pagniBeation, and objects that are further fivan the beamy splitier 467 than
point € 441 gre maged 10 8 position closer than the pont € 431 Bom the beam splitter, with

nunifieations. This meass that the depth cedering for holograp

shieots produced i the vicinity

i8
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of point €7 441 iy respocted when they are relayed o point U 451 The magnification or

mindfoation af‘s‘}@:’gix t5 0 the vicinity of point OF 441 mey be reduced by incscasing the radius of

b smal

Vor mraking the depth range of the projecterd holographic ohi

sebwonst pﬂim 7 441 redative o the rading of curestire of the mrer 453 While the example
Hlustrated i FIG, 4B shows o spherioal oalrvoe, B s possible to e diffeeent configurations of
mirvors fo perfonm imagiog, nclading perabolicshaped concave numors, and oven convex

AR EEy

s which may be spherical or parabotie for projection of rages with convergense poiniy
bebind the mivror {10 the right of the mirror 433 i FIGL 403, on the other side of the nuirror from
the viewer 45301

ST In sone cmbodimends, the focosing fnction of the mirver 457 shown i PR SO may be
replaced with one or meee optical elonients such ag lonses, miros, or some combination of these
clomonts. o one cobodiment, shown i Fig 48, the relay systern $64 mayv be replaced by a
relay systom 470 conywised of & boam splitter, oo or wore lemiex including lens M and
aptional lens 448, aod @ reflector 442 on the opposite side of the one or ouee fens from the beam
spltitey 463, The reflector may be urthogonal 1o the optical axis 433, The opticed axes of the wog
or more lonses may e subsiantially abigned with optical axds 433, In thix case, the bl rays
from helographic object 461 reflecting from the boam sphitter 462 and wowand the refiestor 442
would sach pass theough the one oy more fong, and the one o more lens would provide a
focusing function.  ln one crobodiment, s plansr reflector is wsed, and the focal planc of at least
ane lens 444 or lorg 345 s locsted ot the fooal point of the plangr reflector 443 In a Suffirent

smbodiment, the reflector 442 1 curved. In another crobodiment, the one ar more looses 444,

i_m}ss]; In another embodiment, the entire relay systom 468 may be replaced with a relay fhomed

s ok ovstem S8, comprisedd

of ome or more lonses which relay holographio surfice 437 around the soreen plane 468 of Helt

field disphay 483 o rolaved hologeaphio surface 438, roplaces religy system 480, The ong oy

more lenses noluding lens 446 and optional leos 347 may have a oomnon optical axds Bt may

1

be substantially

wned with 2 novmal 0 the display surface 488, slong optical axis 484, The

one or e feoses may poriorm a fHousing function sdach optically relgys the region sround the
dispday screen plane 468 1o a virtug] soreen plane 435 pear the optica! axis but on the by side of

the one or more lenses frons the Hele fold display 463, Opical systems with lenses may afsw

15
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contain focus points, and magnification or minification of holographic objects projected by the

Hghd frekd display 463 in the vicindty of the display screen plane 468, nuuch the same o desoribed

shove Tor the configumBion shown in Fig. 40,
S FH: 4D & an ovthogonal view of a holographie sorfive 488 buing refayed o holographic

o~

surface 489 psing o relay systsn comprised of & corved concave nuiroy 382 and 2

beamn splitter 483, where the holographic eurfive s offeet from the optical axis 483, The paing
481 18 2 focal point of the nuitvor which may be spherical, parabolic, or some other shape, Ax
drawn, the surfhce 488 3 8 holographic serface projeciad from a Eighi fickd display 497, bat the
fmaging described here aleo works i the surfioe 488 i 2 read sorface. Light paths 490C and
$92C gre projected af Giffevent angles from the Heht feld display 497, and converge o T
another vertox of the surface S88, These Hght along projecizd poaths 480C and 4920 reflect from
the bowm splitter 483 (with some loss doe to passing divectly theough the boam splitter, which is
not shownd to bocome light ravs slong reflected Hoht paths 480 and 49210, which then sflect

ofl the surface of the mirror 483 to beoome Ul rays on relaved paths S90E and 4928, which

pass through the beam splitter {with some loss, which 15 mot shoown} argd converge sgatn at oo

AX

vertex o the image 499, helping foom the image 489, Light ravy slong paths $9 10 and 4930 ame

it field display 497, and sonverge o form pae verfex of

prcdeste
the surface $88. These light rayvs along 491 and $93C raflect from the beam \g‘mmr 485 fwith

some Joss due to passing dircotly theough the beam

tor Dwith
ping form the
ﬁm_md
paths 4RI and 483D fmm the bewrn splitter, and pass through the foeal poiat 487 of the curved

TRIrTer 4‘%2 mmmg e PRy ﬁism_g Mucﬁ grsm:i:ss 492F angd 493K which are paralel to the optical

i’mm the curved nure 482, so thedr refleciad v ah‘mg ;\awd paths A90E and 481E,

reapectivedy, pass through the focal point 481 of the curved mirear $82, In the configmation

o

shorwn iy FIG 4D, hologeaphic surfices projected by the LF display 897 around the soresn plaoe
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which may be the sooe as the display surdhce of the LF display 497, we velayed o be

e
projected mround the vivtusd sereen plane 469, viewnble by an observer 43401

HO6U] To an ewmbodinent, lght rays along profected paths 4900 and 4910 0 Fl 4D are
projected o 8 novmal to the serface of the Hebe feld display 497, at & single aogle, o
equivaiontly, & sihgle value of Hght eld angular coordinate, which wo mssign o bewsl {n s i

§

the plane of the drawing - the orthogonal angular lght feld coordinate v is not discussed in

refergnce to Fig 413, but similar conuneniz apply to v as welllh, These savy vy veflected by the

,G o

boam spltter 485 into rays along reflected paths 4900 and 4910, which then reflect fom the

mirror e tavs along the relaved paths 490EF and 4918, These two light mys, visthls w the

450, make different augles 8, and 8; with 3 novmal 496 to o Hoe 495 purallel with the

vt soresn plane 496, and thas conteibute twvo difforent vadues of Rght feld sngolar comdinate

phe o

@ 1o the imaging of the releved holograplic sorfbce 989 I other words, despite both ram

3 single value of light feld angelar conrdinate vl s projecied by the bgle Beld duplay

$97, they heave difforsat values of w b the relyad bolographic sarfece 489, and das o value {or
sqpvalontly angle} iy dependsatt I past o the posttion of the object relative e the focad poind
45871 of the numor. Also, the bwo ravy slong projected pathe 4920 st 4930, proectad ot Bight

fiold angalar coordinates (ud and o wd) Fom the Beht Geld dsplay 497, refleet from g e

spiitter and the mirvor systom e bocome Boht ravs slony velaved paths 482E
E ) Py o .A

paralied to cach other and parale] 10 o pormad 496 1o the vivtual soroen plane 489, so fad they
have the mune Hght field coordinate well o Uus virtuad sereen plane 469, a8 viewed by the

ahserver, I other words, the angular lght Seld coorduuttes of the holographie surface 488 are

reprrmged by the holograghic relay systam $60 comywised of the bearn sphitter 488 and surved

myirrer 482 5 forming the melaved holographic surfuce 489, Teo opvrset for thiy, the angular fight

field cocudinates loay

- the soreen plane 498 of

&

3 dispday 497 may be arrsaged i
comipensated uanney o achieve the desired angudar ight fiold comdimates feaving the relayed

virtaal sorgen plase 469, Another perhaps nnwanted offoct s that the normal to the Hght field

W anealer coordivate el often defines an axiy of

o

display surfaoe 498, usamii}-" the Hght fu

symuneiry for projested rays trom the light fivld display surface 498, The light ravs produced a8

T
2

w={ fron the hgh feld s:iis;:aiay 4497 de wiry from the Light feld display

o

surfsce 49, may be relaved o the vivtual sercen plane 469 with significent values of v {Le. angls

§ with the vormal 498 0 the virdne! screen plose 6% may vaey), espeoisily i the selayved

23
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m»‘

that Ez:ﬂiag‘aphia .Ss'ui‘.fﬁ.i?ﬂzﬁ such a3 485 may zcia}m to _gms;i fows S8 which are as close a8 possible

to the optical axis 48310 some evbodiments, the feovsing Nunction of te nureor 482 shown in
FIG, 413 nwy e replaced with soe or more optical clementy such a3 lonses, misrors, oF same

ombisation of these eloments. I one sabodinad, the mirror $83 may be replaced by the lon

444 ayd reflecior 443 showat o Fig, 4F as digcussed above with respect to Fig. 4€,  In another
erahodiment, the entive relay systom 4680 may be replaced with & relay formed of one or more

fenses such as the lons relay syston 484 shown I Fig 4F as disoussed above with rospest o Fig
4,

161} PS4 shows an orthogonal vigw of s hght field display and @ idea! bolographic object

relay system 183 which relays two holographic shjccts projectad on either side of 8

display soreen plane 1021 #t a first location and wicwed 1o 8 Gt ohserver BMS, 0 two melayed
hedogmphic surfioss on etther side of & viensal display sercen HIZ2 #t & secongd Jocation and
viewed by a second observer 1030, The bght ficld display 0 may ouiput Ueht along o set of

prodested light paths that meludes Hight rays slong projected Hale paths 10302 that help fam

E=

supfaor HHSE in fromt 1010 of hght feld dsplay screen plane T2, and DHght raws along

prodected Hight paths 1038 thay help forer ohject 10164 behind 1T the soreon plane W2

o3

X

i.,.»igm pths 1035 are traced paths for the hight rays 1

cinate at the hght Seld dispday

which in this example B collocated with the display sereen plane. Under idesd
cirenmstances, e relayed hologmaphie objects TOITA and HITH on cither shde of virtual soreen
plane 1822 appear w0 observer 1050 axactly as direetly projected bolographic objeets 1AZ and
10162 appear b observer 104K in absenve of any relay system (030 1o other wonds, e LF

chaplay 1001 pod the relay swstem 103 shoold be configured so that hight ravs along relaved mih\

reach observer TS0 i the saree way fthat the commponding light rayys along pn:z;um* {mh\

[

HOAGE and 1030F which form the dissetdy projected holographio sorfhces 18137 and 10167,

reapectivedy, resch ohserver HMB in the absence of any relay syvstem 3, FromPigs, 1A, 1B and

3A, and the discosston below, 8 will be clear that {0 generate the relaved bolographic obfests

IA and 102RA using & practical boplemsentation of & relay system 103, the location, depth
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profile, and magnification of projected olye

thelr locations shown in FIGL 84, and the }ight fleld mxguﬁqr coordinates may have o be

rearranged for sach of these projestod bodographic source olgects 10182 and 1016E.

[6R] Fig. 5B shows sy embodiment of g holographic display evatem shviliy to the holographic
display aystom of Fig, 1A, The holographic display systen of Fig. 3B fochades & fivet display
100, which may be o Rght feld display configored to project Light along a sof of projected lght

paths HIB0A and 10364 1o foeny at Teast Hest and second holographio sarfaces 101348 and 1164

barving first and second depth profiles relative to o display soresy plane 121, reapectively. The

¥

holographiv display system alse inclodes a relay svstem 1B positionsd fo receive Habt slong the

set of projected bgh paths 10304 and 10364 froay the gl fold display HHEH and welay e

recetved Hebt along & set of relaved Hghe paths HI32A and TO2RA such that pobys on the firgt

arnd second projected holographne surfhoes 10134 and UHEA wre relaved to relayed locations
that form st and seovnd relyved holographic surfioes 18ITA and 10084, having first and

sepoad relaved depth prodiles selative to 8 virteal screen plane 1022, respectively,

{63] FIG. 38 shows a holographic relay systom 1S comprised of & boam sphitter 1003 and an

image retrorstlector 10084, The ight fleld display 1001 may be similar t the fight field display

10T disenysed shove resprct to Flos, 1A B, 34 and 3A. The light ficld display 1001 projecis
put-oiacrsen holographic swrlace HEOA on the viower side D of the soreon plane 121, and

mesoreen holographic surfaoe 10134 on the display side 1011 of the sereen plane 2L han

mwmmm“ the light Geld dsplae 1007 say outpat lght slong s st of projected Bght pgth& tut

&

g proqeciod lght pathe 10364 that help oom surfice 18164, and §

§ pm:hs FOOGA tha hazip form f-serean surfoe TOIAA (paihs 1Y
it pathy 10304

st 1O36A has a set of postional coordinates i\ XY amd mgs;im goordinates (V) in g S

2l (4D courdinate system dfefined by the beht field disploe. These Haht raws may

o us they appraach the bemo splitter JIOS. Some fraction of this incident Hght i reflectad

Iy the beam splitter 1003 towand the mage
paths that nchude paths HITA from the incidens Bight 1364 and gmhx I LA from the inoldest

Hght HE0A, while the remaining light 1034 pot reflected by the beary splitter passes through the

boma spitter along @ set of fravsmitted light paths 1034 and may be lost, not coutributing o

G

inaging of relaved Bolographie sowlbess HHTA and 1GITR, The reirore

coter TEMGA may
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confain g Hoe aray of indbndeal refectors, such as corer reflociors, The vetroreflector THG6&

soby fo reverse each oy of nondent el pathe HGETA, WGALA I substantially the opposite

ol offset.  Light reve along

divection from the approsch direction, with ne significant spat

redlectod Haht paths 10374 reverse thelr divection ppon reflecting fuen the beam splitter 1005,
subsistially retrace thelr approach angle 1o retrorefloctor 10064, aad sonwe fraction of theiy
ttensiiios pass throngh the beamn spliiter 10X along relaved bght paths HRBA, converging af
the location I0IRA of o holographic surfbee. Tn this way, bologeaphic surfhes 10188 prvdectad
diveotly by the lHght Seld display T i refaved o form redeved bolographic sarfios HIIRAL
Stmilarky, rays along lght pothy HI3 1A reverse thetr divection upon bifting the beam splitter
1003, retrace their approsch paths to retrorefiector 1000A, and sonwe fraction of their intonsitics

pass ihrough the beam splitter alowg relaved Hele pathe 10324, comverging and forming

holograpbic surface 1017A. 1o this way, holographic surfaes HHEA projected divectly by the

oy

Haht ficld display HHH is wolayed to form holographic surfsce IITA. The welaved light paths
TOIRA and 1032A make up @ set of relayved light paths that originated froaw the set of projested

gt pathe from the display 1001 @ the beam splitter 1S and then through the sot of reflectad

e
'?‘1

tight paths froan the boam splitter TOOS 1o the roporeflector 1006, In an embodinent, sach of
the set of relayed hight paths has @ sot of positiondd coordinates (XY amd angnlar conrdinates
(LYY i a fourdimensional (4D) covrdinate system as dofined by the wlay system 1. Ine

sereen surface HMSA, which s projected st 8 groctor depth than suteofeorsen sarface TO18A by

the Hele Feld display 1001, w relayed @ sarface 10174, which is now closer to the viewer 1030

s,

C helographie

than surfee 101

he helogrgdac

g

seo HIMA and the beam sphitter

f{:iﬁ% L\j

holographie surfsce 10T8A and the bown splitter 1005 Sunilacdy, the vertical distenee DI

hetween holographic surfisce T013A and the beam splitter 1003 i sulwtantally the same as the

horizonts! distance D2 between the relaved surfhce HHTA and the beam splitter 1005, As
discnssed in vegard o the optional optival element 10414 shown 1 FIG, 1R, the optical elonmat
A 13 also an options! optical eloment, This HMIA may be o quadter wave retarder which
may resull g wjority of Hght ravs along paths 1E3LA oy TO3TA retuming o the beans splifte

1t

5 owith a hinesr polarizaiion opposie

from that of the Haht ravs lopving e beam splitter

24
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TO0E, whercupon the majority of these Tight rpes will be directed towand 1R viewer T8, rather

than detlocted by the bears splitter 1005 and towards the display 1001 Also, the Haht ray sloug

path 10424 of the projected light paths 10364 from holographic sm HISA, s projectad

frons the Ughe fleld display normad o the display sorecn plane 2T, and usually i sasigned 1o

the anguiar Haht feld covvdinate value (e v (), O This Hght rey produces Hight ray slong

redavied path FO42B, which helps form relayed holographic surface HHRAL For observer 1054,

the Hght ray 1IR3 projected nornaat 0 the virnssl deplay plase 1022, s will be perceived
s A vy with Heht fleld anpalar covrdinatedu, v 1= {0, 0) tos obssever 1050, To triher generalive,

the optical relay systery 103 preserves the Dighd ray at ight field coordinate (o, ) = {0, ) o stay

at that value, ever aftor bong relaved, despiie the nmmmﬁ rearrangenwnt of light Seld angular

eoordingtes that is shown i FIGL I8 o reverse depth with the retroreflector configuration shown

i FIG, 3B Alernagively, & corrontive optival slenont niwy be included in the holographic
display system of P 3B to roverse depth. In an obodiment, g cormestive optical aloment 20

shown in Fig. 2A may be i:‘\}'?{“s{}d m the set of mhnd Haht paths 10284 and 1H32A, and the
corpective optical cloment 20 is configured ® roverse the polarity of the anguler coordinates

{LLYY of sach of the set of relaved lght paths sueh that g viewsr peresiving the first and second

relaved holographio surfaces 10174, HHEA through thy covrective optics! clement 30 wonld
perceive the a coorsctod depth order that i3 the same ay the depth order of the Hest snd second

b

hodographic surfeeex 10134, 10104, In an cmbodinment, the corsctive optical cloment 28 may

be disprsed 1 the virtual display plane, 1o another embodinent, # correutive optical eloment 20

mmay be disposed in the set of progeete

¢ paths 10308, HG6A and optivally preceding the

X

relay svsteny 104, amd the corrective optical element 20 may be configurad 1o reverse the polity

of the angular coonlimates (WY of sach of the sel of progected bght paths 10304, 10564 swch
that the St and second holographic sarfhees TOISA and 1016A have g pro-corrected depth

order,  In an ombodiment, the corrective optival elomsent 20 may be disposed i the Ssplay

sereen plage

[B064] FIG, 30 shows a hight Deld display 1001 and # reloy swsteny 105 shotlar o the relay
systeny 460 discussed above with respect to Figs 40 and 40 In an ombodiment, the hofographie

obiect volume selay 108 33 comprised of & beam splitter used to redivest diverging Hght from

holographie surfaces onte a concave reflective sivror TOUTA which refovuses thes diverging Helnt

o
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fofe relayed holograplie swriaces, Retrovefloctor 10088 in FIG, 5B has been m@iamﬁi with &

‘.»\

v an anhodinent,

comemve reflecthve mivrow TOOTA dn Bl ST In the setup shown ia FIG,

the myireoy may be s sphevical sfrror with am

path fength betwesn the display sereen piam ML and the suﬁ'}mﬁ of the mirror, akin o the
mirror conter of corvature U7 441 n FIG 4D befag located &t or near the soresn plane 468 in
FIG. 4C. The same holopraphie swrffees 1018A and IS ave projected by the Bebt feld
disply THIT ay shown in FIG. 58 along o sot of profected Hght paths 1A, 103640 The set of
projected Haht pathe 10304 and 10284 muny be cousiderad as deternuined according w g fo
four-dinwenniona! (4D) fuwction defined by the light feld display 1001, such that sach prigectad
Haht path bas @ sot of positional coordinates {X,Y) and saguler coordinates (UL VY o w fiest 402
eoordingte xystent defined with respect 1o 8 displey sorcen plane 1021 Light from holographic
surface IMSA reflects from the beam splitter 1003 indto Haht rays slong reflected Lkt paths
FI3LA, rather than being directed bachwards slong their same path as they were with the

retroreflvctor HNIGA in FIG. 3B, theee rays are reflocted along relayed paths 10338 e converge
B s shigh

than the source hedographie surtzos 10154, due to runification performed by the voncave mir

Ferk

and form holographic surfacse 1OETR, The relaved holograpliie surfiee 1 y symalier

corresponding 1 the optical path length hotween holographie surfaee 10134 and the miror. In
an cmbodimont, the mur WOTA & & spherical mirror, and the path length between the

wface ID15A and the mivror THITA i sliphtly larger than the radius of survature of

holographis
the surface of mircor TOOTA. Similarly, hight froms hedographic surfisee 10164 reflects froms the

beam splitter 1003 i ravs along reflected paths TO3TA, but rather then being divected

hackwards along thelr same path as they were with the retooreflector 10068 10 FIGL S5H, these

2y

3 B o converge and form bolographic surfice IIRRL

rays are reflected along relayed paths HR2

The relayed hologrphic sirfhee T01EB i shightly larger than the searce hniswr o surfges

HIOA, due to magnifcation perfoomed by the coneave mrirror corresponding ¥ the ophica? path

fovseth between holographic srface 10154 and the mdreee. I an cmbodiment, the mbmyr 35 8

spherical oo, and the path fength between the holographie o4 and the mirver

I
s i vonserved by the relayr the souce

surfnce HI6A s gm;nﬁ:ed to be in front of the sorecy plane 1021, and s relayed sarfhce D18B

w0 projected dn front of virteal soreon plane 1022, The sovvew surface HHIA s projected

28
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¢ bohind the vishaad

031, and sty eolayved surfaes TO1TTH i also praje

sereen plape WIZT, further Som the viewer in sach case. Thus, the deptl reversal that sccnes with

the retre B bas been svoid s using the ndrror HRITAL Fivally, becagse an

erated by the concave mirvor 100TA i3 .ﬂippﬁd, the relayed holographio sphere 18R

i prusfected ¥o g position beneath the relayed bolographie box 101TR, i opposite order s the

poaition of these surfaces that appears in FIG. SB. The set of relaved Hght paths H2RB, 10338
may be cousiderad sy having been dedermined according 1o 8 seoond 40 function defined by the

reday systony 103, such that sach redaved light path has a zet of positionsd coordimtes (X, aud

angober covdinetes LUV I second 4D covrdinate system defived with respect (o 8 virtoal

(22, The mapnification, minification, and position changes of the relaved surfaces

y
5

sereen plase B

il

TOLTER and 10178 are all the effeot of the application of the secoud 41 fuvotioes in the second 4D
eoordinats system,

{065] 1o order o generate the relaved holographic surfices shown in FHE 5B 1o a vicwer 1
s corsctions may be mads to the holographic surfaces projocisd by the displyy shown in
FIG. 3O In an embodimen, the Baht Seld display 0T may nclude 8 coatraller 1 configured
o pereive insinections e accounting for the sconnd S function by oporating the Heht ficld
display 18w output projected light sccording to the first 40 function such that the positional
conrdinaies aod anpular coordinates in the seoomd 4D coordinate systom B cach of the set of
relaved Light paths 1028 and 1017C allow the reliyed hedographic surfaces 10180 and 101
tor b pnsm*mﬁ s viewer as oustemded. FIG, 3D shows the posstion and nmg\miﬁs:;simﬂ of the

v PO o orelay

Ho i:egm_gahiﬁ surfisce

HMSA In FIG. 3O would have 1o he \;.E‘{)-i&,“:” sted to the position of holoemphic suefes HHEC
oy ] gray

FiG 5, amd made slightly smaller o compersate for the magniBcation that resulis fom the

surfice betng g olosey distanes to e ourror. Hologephio surface 10164 i FHG SO woudd have
o be progectesd inte the posstion of holograghic swrfsee 10160 10 FIG. 8D, and magnitied

veater distance from he mirmorn,
The positions of imﬁagmpine surfaees MHSO amd 10160 are m:fhui oft swapped, relative to

HESA and 18184 i FIG. §

gon of e foge that occurs with

~

reflection due w the mivvor. The resulf 1 that helograpic sorface 1015C i3 wdaved nto HHTC,
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i precisely the sove place as TOITA tu FHG 3B, and holograpbio saefhace 10160 i relaved into
IRC, W pm:issw:ﬁ v the same plece s HHIEA 1w FRGE SR

EA

§i;}{}{§rﬁ_§ In FRG 3D, the groap of light ras along projected Hght paths W36C which fem the

{ holographic sphere suvfhee 10160 map to the group of light sovs along relay Heht paths

QIR that Torm the relaved holograpdio savface HHEBC, Ty o stonbar way, in PG SB, the group

of light ravs along projected Gehe paths 1038A from the holopraphic sphere swribee 18184 map

tr the growp of Heht rays along relayed Nght paths TO2EA that form the refaved holographic
sirfaoe [OIRAL Upes olose spection of FIG. 3B, the middle roe 10428 projected noomal fo the
sereeny plane NIZT (or displey surfacr 1021) @ FIG. 58, offey sssocinted with » Ughr fedd
sty coordinate {w, v = 0, B maps © the middle ray 10428 which s novmal o the vivual
sereen plane 1022 viewed by wiswer HISDL In other wonds, for the setroreflector configuration

shown m FIG. S8, the Ught ray produced st (e, v {0, §) 18 preserved, despite the ot that the

angular coordinates w and v have to be m-‘a‘s‘pgrat‘:d. ax shown dn FIG. 2B 10 correct the reversal o
depth. However, i the curved novvor relay configuration shown i FIG. 31, where no roversal of

dopth ocours, the contor Dght ray T4 m the group of mrojected bight rave 10380 projectad

pormadd o the scmon iﬁﬁﬁs} 121 of lhehs Geld display J0T, often assoviated with o Haht field
angilar coordinate {w = {0, O3, maps o the middle ray HBZD whuch may not be voomal o

the virtual soreen pi_’mﬁ 1022 viowed by vigwer 1050, This is the same behavior that is shown in

FIG. 4B, whers Ught ravs 4900 and 4910 prodected normal 1o the display surfioe 497 produes
Rl ravs S90F and 491E, rospectively, which goreraty songlos 8 sad 8y that vary with respect to

1 pant an the location the rays mterssct the

e

the normal o the vivtual sercen plane 468, depewdin

hodographic surface 488, The result s that the viewer will not see the vorvect light fisld

fudurniationy frowy the Hght ey BMADL I the exanple that o specudar highdight oo projected by

the iighy field dwsplay W wm FIGL 30 clong light rey slong the projected hight path 10420, thig

e e

specular hiphlight will appesr on ovapped oy aloag the velaved Light path HMITY ot an sagle

the normal of victual screen plane 1022, To corect for thiy, the color and totensity infoomation
that i3 projected o (e, v {0, 01 my slong prajerted puth 10420 i absence of relay svstom

Hit shoudd mstend be progected on Hght my along the progested path 10430 of the velay sydem

106 is w place so that this mformation will appear on mapped ray slong the relaved path 3D,
Y 5 & | .

which is the Qesovd = 00, 03 vay relatiee o the virtual soreen plane 1032 andd the ohserver ISR,

in iher words, some remappng of lght field coprdisatos may be made on the bght field display

P
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%

1001 (o addition to the magnification adjastments previoasly deseribed) in order to properly
reday & holographic surlace using 8 relay optical configuration with 2 curved mirrar HTAL

[BU67] L

o chmmnstanes where the LF display 1001 produces unpodarized Bl and an

$n

alarized 30% beam &Ni‘t er TOOS s used, shour hall the Hghy fom helographic surfhoes

o {iest pass theough the beam aplitter HIOS, and another hall of

the Eig.m is lost upon the second pass thiough the bemm splitter 1003, resulting v ao nwsee than

w of the Heght froen (he holographio surfaces being refaved. I s polarteed bemy splitter 1003

jxed Hght from the holographic serfaces 10180 aud

is used, thon it s poasible that haifof wepols

1160 s st wpon the fiest reflection from the beam splitter HHIS, bt the reoaining Ny

directad toward the mirror HHITA will be i a known first state of lnear polariestion. Wih &

guarter wave rebirder weed fin the optioual optical clement HMIA, the Hght retuming from the

muireer pray be mostly i s hmven sevond state of Heear polariation, orthogonal (o the first staty,
and mostly be transmoitted through the polarized bown splitter 1005, contributing o the relaved

holographic swrfwes 0 and TIRC, Under these ciroumatances, botween 235 and 30% of
the Habht from the holographic surfacss WS and 161880 may be relaved to holographic surfices
ITPC and LOUEC, 1 the Hght Nold display HEHY produses polarized Huht, this efficiency can be

morvassd substantially with the use of & polanzed beam sphitter HEX and 8 quarter wave relarder

TO41A,

{B068] In FiGr. 5Dy hadfl of the Ewm froos Helt peths 10360 or 10300 from the hologrgplae

ws through the boeans splitter

i i possible o oald

ather side of the beam *«pmm 1003, and ort

Setency for Habt rmnsmisdon front projected § ﬁlogmp}m surfaces o relayved holographic

.......... B

25, This configerstion s silar o concept 1o the seoond reproveflector 1006R which
appoars in FIGL IR Light rays slong the projected paths 11360 from holographic surfice 160
either 18 reflected by the beam sphitfey into reflected hight paths 1374 divected towand the mirror

b B0

TOTA, or passes through the boany splitter into transnisted hight pa A durpeted toward

28
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the mirror HO7B. Light paths 10370 directed toward muirror 10074 reflent into Heht patly

which are spain incident on the beom splivter 1003, and 2 Daction of this Heht iy tassmitted

thromeh fo reloved paths 10280 (elule the remaining frachion of this Heht incwdont on the beam

splitier OGS, not shown, s divected downward back tawaed the Hight field display 1001), Light

pothy 10424 divected toward mdvror OTH roflect fnte Hght paths 18428, which are i
the bean splister HHS, and a fraction of this Neht i reflected futo paths HIIBC, combining with
the pathy of Hght reflected by mirer HETA (while the reraiving Baction of this Hght, s
showe, s tranmniited teough the boam splitter 103 and divscted back toward the light field
display 1001}, The

holographic surface 1T, but these Hahe paths ave sot shown i PR S In an embodiment,

s rakaved into

s is teue for Hght fom bolographic surfhee 10150, be

the concave nrirroes HHITA and 108TH and the bestn sphrter TS are aligned such that the lght

slong puths 10280 meflccted fom miroes A and DT substantialby overlap.

{0069] Uinder the sircumstanee where the LF display 1007 proaduces unpolarized Light, and an
unpolartzed 3% beam spliter HOS i used, almost ol the Bl from bolographic surfaces
FOESC and 1S i3 dircotad to cither mirnr HHITA or 1007B. Upon returniog, at most half of
the lght reflected from cach oadoror miay Be tronsmnitied through the boam sphitter 03 toward
the display, and not contribute o imaging of relaved bolographic surfaces HEISE o 1HITC, This
gives an apper Lt of 0% of efficiency for Ught from bolographic surfaces J013C and 16T

o be rodaved o holographio surfaces HOITU and 1D18C, Howevr, using & polatzation beam
spdifter a8 well g g quarker wave refander s the ophional opticgd eloments HHEIA and 10418, as

s of FIGL LA asowell as FIGL 30, aosubs

Jescrthed e the Jdisouss

result, sinee most of the bght divectest toward cach wirror has a apx,mﬁn Hrenr podariation which
may be rdated by 90 degrees on its return teip haek toward the beam spiitter, resalting In most of

the el of b dhifferent reflected polariations being recombined as @ i directed o fhe relaved

b mumpﬁm sarfaces J0ITC and HHRC,

Hom of the ouirrors 10074 and HOTE shown in

Figs, 5 5%, THPRORS, OF 30R1

A

C-SE maay he npiu_\d with one o more optical dlenents such gs den
combination of ihese chanents. It one snbodimend, the nuirrors HNTA snd THTE may sach be
regednced by the fons $4d and reflecior 447 showen v Fig. 4F as discossed above with respot fo

Fig, 40, In another smbodiment, the entive relay svstoms 108 and 106 of Frgs. 3050 e be
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replaced with o relay ormed of one or more lonses such as the Jons relay syt 480 shown an

Fig. 4F as discussed above with respect o Fig. 40

BT The relay 108 of the configuration shown in Fige ST may be wsed o one or e of the
redays 0 2 holographio relay systons conyprised of tvo relays, 33 shown w Figs, 38, In Fig 38,
hoth of the relays 130 and 140 may be replaced with velay systoms 16, but in Fig, 30, only relay
tto be transmitted dx fwve

130 may be replaced by relay 106, sinee relay 140 regures Hgh

difforent divections. In another smbodiment, twe substontially identical relavs 106 are usad in

the hodographic refay syatens condiguration shown in Fig. 3B, and the offvcts of the minification,
magnification, and resrvanging of Hght Seld angalsr covndivates {u, v) for the fiest rolay 130

described above i meference t Fig. S1 are ot least partially reversed by the second reday 140

~

[072] Fig. & shows an enrbodiment of 8 system which relays holographiv surfces projectad by

N

play 1061 using a transmaissive veflector 15, An cvample of elament 1S s a

# Huht Held dis

hedrad cormer reflector armay (DURAL which i an optisg! bosging eloment s:amagms\x:»;‘i of &
plurality of dibodral corner refloctors, which can o roalived as 2 two thin lavers of closelye
spaced parallel mivror planes, orientod so the planes sre ovthogonal to one another as shown in
Frz 44, Another example 18 8 comar reflsotor micre mivror avay, The light Beld display WY
The Nghe field

display 1 projseis out-ofsoreen bolographic surfaee 1A on the viower side 1810 of the

raay e similar to the gl Geld display 1007 dispussed sbove respect to Fi

¥ i

serepn plane 1R, and in.screen holographic serface 18154 on the di&gﬁa}r side MM of the
sereen plame 1021, The trowedsgdve roflector FHES b positioned 1o recetve Hght alomg the setof

progected light paths HI304A, 10368 and direct the recotved fight along the set of relayed gt

paths 10328, 1028

Y. In an ombodiment, csch of the set of projected Bght paths 130, HIMA

has 1 set of positionad coordinates E\*x} agud m@ﬁm coordinaies (LLVY in g fourcdimensiongd

(410 coondingte

embodiment, the tapsmissive reflector TS memaily reflocts ¢ portion of the recaved light

srenrg w plurality of intermd reflective surfaces 401, 402 of the trangmissive reflector 1103 and

panipaad light Wlong the set of relaved Nghe paths 10328 1028A fowieds » virtual sereen plane

g

=

16822 i g Sest divection, Inoan embodiment, each lght path o the set of reliyed

bt paths

3T A, [UEEA hes 8 wnitue seb of positiasal coordinates £X.Y) and angudir coondingtes (U Vin
B} . = AR

’F“i"‘i

 fraredimensional (4D coondinate systen defined with respect to the virtual sereen plane IR

Farther, in ao ombodiment, an extomal surfice 430 of the trasayssive seflector 1105 reflecty &
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x o

secand porHon of the repebved Hight wlong g set of reflected Habt paths FEMY, 1136 30 a secand

direction opposite the frst

directione  In an ewmbodinent, the set of reflocted lght paths 1134,

PR30 and the set of relayed light ptwa H32A, TOZ8A are sebstantially wligned such that the 8

snd second relaved holographic zurfnces 1HSA, WHEA wy perpotved from the fiest and second

ghirections to have the same depth profile

i

e b the vighaal sores plae HRZ

IT3] In an cnbodiment, projected Heht s along the project Habt paths 10364 thet converge

ars the surfice of holopraphic surface 1016, and projected Halt s slong the projected Hight

paths 1O that cowverge at esorsen holographio surface WHEA (See the may trace hines 1033),
all diverge as they approach the tnamissive reflector VIS, Some fraction of ineident Hght raps
slong the projected Habt paths 10384 veflect from the external surface 430 of 1HES into rays

aleag roflected Heht paths 1136, The other portion of the incident Hght mvs along the pasjected

Hght paths TH36A pass through the transmissive reflector 1103, undorgomg reflections, and axit

ay Heht rays slong relaved Hght paths 1028, which converge to form the relayved holographic

supface TOI8A. Sianlaly, some fraction of noident lght raws along the projest hght paths
HI3GA reflent from the extemal surfacs 430 of wsnisstve weflector 1103 o Heht rayvs slong

reflected Yigh paths 1130, while the other portion of ncident hght pos slong the protect bl

paths 30A wre reflocted within 1108 and coerge a8 comverging liahe rays along relaved light
paths 10324, forming relaved holographie surfhes 1017A. Notioe that propeated surface HHSA,
which was Rether from the viower than projected surface FEHA, after being relayved as relyved

surfaoe TOITA 13 now closer 0 the viewer afler the dographie scens has been redgyed. The

vertical distence between holographic surfave 10168 and the boge sphitter DT s substantially

the same as the horbrontsd dustance betwoen the relaved hoelographie surfice HHEA and the beam

splittey 1103, Sutlardy, the verticsd distance D2 betweoen bologrgptoe surfuce 1018 and the

hears splitter 1103 i substantially the same sy the Al distance between the relayed
surfsce TOTTA and the beam splitter 1105, An observer HISO will see holographie surfee

TO17A floating in space shghtly i front of holographic surfave THISAL An observey 1380 will

see the reflected holographic surfsce T0I8A percotved © be ot the comsergence point of set of

refloctad Lkt poths 1136, and will se the reflected holographie surfses 1OI3A percstved fo b

#t the convergence point of set of reflected Bebit pathe TR Hovwever, 3F the holographiv source

surfioes TOLES and 10164 are vendered pricr to being displayed tn order fo schieve the corrent

depth ordering of reloved holograpbic surfhces THTA and 10IRA ag olwerved by viewsr 10350,
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winich means the depth of sorfa

ey i reversed sbowt the screen plane 131 and the Hgle feld
snsutar cocvdingtes UsV are reversed as shonwn iy FiGs, 2R and 20, and discussed in refersace
O '

e Frg 1A aned 3R above, then the UWY coondimates will be revorsed

for the surfces reflectad

frons the surfice of ransmissi

TR
£

reflector 1105 and observed af 13500 In otber words, the depthy

-

may sot appear correetly for holographico surfice HUTA or THIRA for an observer 1358 viewing

e

3iad

Nght rays FIMD or HI36, respectivedy. To covset foe this, 18 38 possibie to place a correction
optizal ehanent similar fo that shows o Fig 28 av the plase HIET in order o performy 1AW
cowsrdingte coversal for the set of the reflected Light paths 1130, 1138 In another embadinent,
with a diffeceont Heht (eld rendering of holographic surfaces 10134 or 10184 with no comrection
optica! cloment ot plane LERT, the observer 1330 may porestve the helographiv surfeces 101748

and TOIBA with the covrect depth ordering, sud & corrective optival element similar to that shown

in Flg. 38 may be placed st the virtual display plave T2 ax discussed abov with respect 1o Fig

38w sllow observer 1050 to alse view the helograpliic surfices MITA and 1BI8A with the
correet depth ordering, In other words, it the correetion optival clemsent Bie that shown i FIG,
IA 38 used to allow both observers 1M and 1350 10 see the .§‘§&‘§§Qg§‘it§'}§‘s o osnrfcos BHTA and
TOIRA with the eorrent depth, thoy can be placed st plang HEEY or FE37, depending on whather
the light fiold readering of holographic surfacss from the Heht Deld display 100 containg stops
which reverse the depth around the screen plane I and reverse the polarily of the UWY
coondinates ss shown in Fig 2R

[0074] Figs. 7 ilhusirates o holographio svstem that is the same @ the hofographic svstem of Figs.

SH with the

Iditiom of another display 1201 opposiie the first display 1001 and sandwiching the
reluy systern 108, and ihe namerieal lbdmw fromn Fig, 3B applies fo Fig. 7. The relay system
HOR ds comprised of & boan sphitter 1208 and o retrovedlector FOO6AL I 1300 &0 a hight field

display, then the Helt Deld displey 1301 mey be configured as the hight Scld display 1001

chincussed abive with respect o Fige 1A, with one or more display surfioes 1282, conbioning ¢

plurglity of Ei_ghzf soures Incations, an mt_mg I,‘{tiiiy P03 which may or may wed be present

wavegiides 13 which pmj;f:s:,{: wach iigm serce foeation on the soe

surface into a particular

divection in three dimensional gpace. The energy surface 13035 may be o seamdess ensrgy surface
that has & combined resolution that i greater than any individual envisaive dispday device 1302,

white plane 1221 & the soreey plane of 1281 I 1307 s 8 taditional 313 display, then relavs

=]
St
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H

1203 andior wavegnides 1204 may be absent. Display P2 may display 0 2D mmage {pot

shown} or 2 holographic surfacs 12130 The ravs slong an sdditionsd set of projected hight pathe

1231 lenving the display 1201 reflect off of the surfaee of the beam splitter 1208, fornd

Bin

diverging ray oy along s additiona] set of relay

&3

wed Hght pathe 1233, which can be ray traced
hack throogh imagivary paths 1234 1o revend & convergence point at s perceived holographic

surfios 1214, The veetical distance D3 betwesn the disphoved sucthos 1213 and the heam aplitter

ix subatantially equal w the horizostal distancs between the beam splitter and the prrceived
surfos 1204, Ao observer 1050 will sex holographic surthees 10174, 1BA, and digplayed

surfioe 12314 which may ov may not be holographic depending o whathe

ay 130T s 0 highyt
fod desplay. Using 2 20 dsplay ss 13010 10 s possible o ovente 3 uniform backgronnd imaging
plane that can be placed at sy reasovabde dizlavce fom the observer 1M depending on the
Histanoe between display 1201 and beam splitter 1285, A parallax slenventi 207 can be placed in
the path of daplay 1200 st ddstance 1210 from the seresa plane of 1201 in order to block some oy
sl of the Baln from displey 1201, and can taky the form of a porticn of & Hostd crystdd dﬁisgiay
without & backlizht, 8 travsparent display, & real physioad surface, or the ke, The paralis

harrier 1207 can be wsed 1o Block o portions of the surface 1214 in the ovent that vhs}i‘-mg_raghic

5

surfzce HHTA or holographie surfaes 10188 cocludes 1284, and both images are mat desived to
he displayed ot the saee doe. I the parallax bardor 1207 1 a8 portion of an LOEY paned
confaming e o Mo polarizers and w Higuld covstal {LCY tayer, the boam splitter can be &

podarization beam splitter that s selected 1o reflect 100% of the polarized hght paasing through

Ry fi%imi\i;:ifi}u. & ‘;mzr;:ziim arrier PI0R can be placed above Hght Geld display 1001 at &

distanee 131

ol o some of the light from display 1, and o take the form
of a porion of & i’iqmd erystal dé:isgﬁ:ﬁy without & bm:kiéght? a immgmmm sHs pﬁm\ & real physical

surfaoe, e,

tﬁ::«'::mfepia, the second d;iﬁ;pi;:sy 1301 and parallax oloments 1207 and 1208 discussed above may be
fnplonwaited fowork with o relay swstem that Jochades at Rheast one comcave wieror as deseribed

i Figs, 040 and Figs, SO-3E,
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{OTS] Shown in Fig. B4 iy 3 holographie system that 13 the sime o the koelographic svati

of Fig, & with the addition of another display 13 oppostie the Bt display TGO and

sandwiching the relay system 109, and the sumbening labelhng from Figs. 6 gpplies fo Figs. 84

I display 1201 s o Uaht feld display, then the Heht field display 1201 may e configored ag the

Hoht feld display (201 discussed above with respaot to Fias, 7. Display 1201 may display a 3D

image (vod shownt or a hologrsphie suefaes 1213, The rve along an additional set of projested

Heht paths 1231 feaving the display may partisly reflect of of the surfiee of the trans

reflector 1303, forndog diverglug ray group along av addittonal set of relaved Hght paths 1332

Rays 1331 muy also pass Soough the tansmissive reflector 13 wlergoing reflections, and

§

exil as baht ravs along a sof of ensoibied Hahs paths 1333, whach converge to form the mlaved

o

o

holographic surfhce 1384 The vertical distance D3 between the displaved surfices 1213 and

13035 may be substantially cgual to the horronsal distanes betwoon surfaee 1305 and the selapad

holographic surfice 13140 An observer T8 will seo holomaphie surfaces T17A, HHBA, and

displaved surfece 1314 which may or may sot be holographie depending on whether 1200 ds a

Huht feld display, Using a 2D display ax 1200, # ix possible to croate & unifnm background

imaging plane that can be placed 8t any reasonable distance from the observer 1054 depending
on the distance hebwoen display 1307 and wansmissive refloctor 13030 4 paraliax sloment 1207
can be plaved in the path of display 1201 ab distanes 1310 frowm the sorcen plane of 1204 in order
to block some or all of the light from dsplay 1201, and can take the frm of @ portion of a Hguid
orystid diaplay withooet & backlight, » wansparent display, » real physical surfisee, or the ke, The

pamliax olanend 1207 can be ased to blook out porfions of the surfaee 1314 i the event thad

hodagraphic surfsce 1H1TA or holographie surfaice TO0I8A occludes 1214, and both inwges are

ot desired o be dsplaved af the same Hmes Stonlarly, & paraliax cloment 1208 can be phaced

shove Haght feld display U fance 1211 in order to block il or some of the Belt from

cisplay 1001, and can take the fom of a portion of 8 Hgeld orysial Stspls

transpavent display, 8 real physival swrface, et The paratlax clements 1207
b pecessary 0 aveld occluston probloms iF 1201 & o Helt 8eld display, sinee coordinated

renderiog of both of the Heht Seld diaplavs can be used fo avord ocolusion. Nomully, sothing

will be placed on ntermadiate plane 137 v the virtuabsoreen plane 1337, Howover, comvective
optical aloment 20 from Flg. 34 or siostler configurations that roverse the polarity of the sngulase
473 Halit fiadd coordinates ULV muy be placed at plape FIA7 and podt plane 1337, oo plane 1337
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s nod plane 137, ov at baoth doeati

s, o ot pone. Also, comective optics

srd 1137 may both be moved oloser ov Yurther sway from the baesnvdssive reflector 1308,

il

Ancther option v © bhave correetive opties 30 fom Fig 28 o similar configomstions whach

reverse the polaeity of B W covnrdinates placed just above the screen plane 1021 of the light field

display 1001, Finally, systom 138 can be built using o mireor 1 place of transmisgive reflector

PG5, which may result in two ndepondent wviows at observer TEME on the foff of 1308 and an

Whes

obssrver located on the dght of 130F faot shown), where each observer would only be able o see

holographic surfaoss from a single display. TV ia to be appreciated the varfouny embodiments in

above discnssions with respect o Figo 84 may be maplomentad in part or in whale in other

smbodiments of the hologeaphic display syvatoms of the prosent disclosure, melude these I Figs.
SU-40% and Figs, SC3E. For exa

nple, the additional display 1201 and paratlax elements 1267

ard LR08 discussed ghove may be anplomented to woark with @ relay systom that includes at least

3

Qe soncave nurrer as dosortbed in Figs, SO andd Fig

{076] Fig. 3B shows an ombodiment usiog the parallax barrer s Fig 84 porform peclusion

hamdiing, The labels of Fig. BA apply in this drawing. A portion 1387 of parsllax barvier 1207
may b activated fo Bock Hght 1361 from ooe side of projeciad surfhee 12130 Only the

orthogongd rays 1362 from the surfses 1213 are shown, and they partiaily reflect from the

trananrissive seflector 1305 mto rays 1364 that roach the observer HIL

pariially froosmited by 1305 and oxit io vaoes 1383, which Rrm the projectcd holograpdae
surfice 1366, Substantislly e Blockad iigﬁﬁ. vays 1381 from the portion of the surfes 1213 are

image 1366,

HHITT] Figo 8C shows an entbodiment of system siodler 1o the shown i Fig, 84, with

X

substantially all the rows of baht that would reach an obssrver 1250 on the right of fananizsive

retlector T3S, bt omitting some of the hght revs that would reach an observer on the et of

1305 {oow shown) The labels of Fig. 3A apply to this drawing. Observer 1350 will percedve

-

the holographic sarfhce HHBA theough the diverging vays 1337 refl

b ofromy 1303, and

holographic surfhoe HITA through the diverging ravy 1331 reflocted from 1308, 11 the display

oS

10F 5 o holographic display, then holographic sueface 1313 will be refayed to holographic

A&
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surface 1314, and the observer 1350 will see 1314 in the fveground, and boloerapioe surfsces

IHETA and 1OTEA n the backgrousd. I the display 1280 i » 210 display, they obaerver 13538

will see g Rt foreground mage, and bolographic sorfhees THITA and 101KA i the heckground.

Ag discussed for Fig 84, 0 1201 i3 2 Hght fuld display, occlusion hendling nay be dove by
Ty

eoordinating the two Helt flelds 1001 and 12301, or by using the peraliax barriers 1207 andior

IR, W 1201 i3 a 2D display, then ovclusion bandling may be dove using the parallax barriers

[078] Fig, 3D iflugivates an smbodinment showing ao abstraction of the display syatem shown in

Flas. 84 and 88, Display 11 projects holographic surfacs ISA which 5 relaved by

gy

o~

rasaniasive reflector into surface HMRA which an observer 1050 sees in front of 1305, DHaplay
1207 projects holographie surfaee 1283 which tv velayad by 130% into surfaee 1314 which an

ohsrver 1050 sees behind tausmissive reflector 1305, An cmbodinment comprising partially oy

fully enclosed transmissive refloctor surfton 1308 may allow observers from all angles o see
hedographic surfacss I an extonsded viewing volime,

sive reflentor 1603 having

{079 Fig. OF ix an ombodiment of systom of P 80 with a transmis
at loast 8 partiaBly enclosed tansmisstve weflector surfice.  In an ombodiment, the refloctor

surisce may have @ conical geometry configursd to allow ohservors from all angles o see

ctor 1603 may be a

hﬁi'ﬂ:ﬁéﬁi&iﬁii\? surfices v an oxtended ummz volome, Trananis

Fig 44, Another

projected by light feld display 1201, and i relaved by the trosmissive cone-shaped reflector o

¥

vigwable locabon 1304 Rimitlerdy, 18168 i projected by display HEH and relayed o viewsble

~~~~~~

surfsce 101B&, This configuration sllows an arrsngement of helographic swriboes to I

projected and relaved o locations on the ousside of the holographio cong as well s nside, o Rl

360 degrees around the Maplyy, Multiple observers like the one shows at 1050 we possible gt
multiple locatioms sround the display. In an exmbodiment, the conteal sarface of the transmissive

reflector 1605 may bave an apex 010 gligned with g conter of the display 1009 o 1201

5y
b
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Cochsion handling can be done by covrdinating the projechon of surfaces from both displiows
F301 and 1001, as discussad for Figs. B4 and BC. The transaussive reflector 1603 can be g cone
shape, as shown, & rogolar pevamid with four or more plaosar sides, custom shaped, sad may be

fulby or partially enclosed.

[BORB] In an embodivend, the trassmissive reflector may boe configured fo have an apex 1BHY

and 2 polygonal base 1815, For, example, fig. BF illostrates an embodivsent of systam singilar o

e

that shown v Fig RE with a pyramideshaped tavsnussive reflector swrface IR0S In an
erabodiment, the apex 1810 of the transmissive reflector 1803 may be aligned with a center of

-:i"i. ‘i {}{} M

R While vartous embodiments in sceordance with the privciples disclosed herein have been
deseribed above, it should be understood that they have boen prosented by way of oxampls only,
amd are nod Himdting,  Thuse the breadth ard scope of the invertionds) should not be hmtted by
any of the sbove-described exomplary embodiments, but shewdd b defined only i secordanes
with the claims and thelr cquivalonts msuing fom this discdosure, Purthonmers, the above
sdvantages and fomures are provided in desoribed ombodiments, bt shell net it the

application of such sued claims © processes and structures accomplishing sy or il of the

above adventages.

{82 I will be onderstonnd that the principel featores of this disclosere can be employed in

various ambodiments without deparbing foms the scope of the disclosure. Those skilled i the art

will oo

T

trg, or be able fo ascortiain pang wo wwre 1hap reuline oxperimeniation, TEnerous

eqguivalents o the specific procedures deseribed heroin Soch e cred to be

within the scope of this disclosure and ave coversd by the clams,

R3] Aadditionally, the soction headings horeln are provided for consistenwy wath the
suggestions onder 37 CFRLTT or otherwise o provide orpanivational cues, These headings
shall not ot or characterize the invention(s) set out in sy claies thal may ixsue from this
disclosure. Spectfically, and by way of example, although the beadings reder woa “Field of

fvention,” such claims should not be Hovited by the language under this heading to deseribe the
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so-calad techoical field Fosdhey, a doserniption of techaelogy in the “Backgroonmd of the

Ipvention™ ssotion 3 mot o be constred a8 an admisvion that techeodogy i prior art o oy

mvention{s} in ey disclosure, Netther is the “Susunany™ o be constderad & charsctenization of

the fsverition

=Y set feth in isseed claims, Farthermove, sy reference du this disclosie o

“lavention” in the shrgular shouki s be vsed to argee that theve is onby & single poing of novely
y this disclogire,  Muoltiple inventions way be sob forth according W the Himitations of the
nradtiple olabms tssuing from this disclospre, and sueh claims accordingly define the vverstion{s),
snd their equivalents, that are protocted thereby, In all insbaces, the scope of soch claims shal
be considered on their own meetiy in Heht of thiy disclosars, but should ot be constrained by the
headings set forth herein,

HOBA] The use of the word ™8™ or “an™ when used W conjunction: with the torm “comprising™ in

the clatony andior the spooifioation may e “ong” Bt R s alse cpusistent with the meaning of

Sone or o Yat least ane” and “one or more than one”  The use of the foom Yor™ n the

clatmy is nsed o mem “snddfor™ ualosy explicitly tndicsted o refor o altomatives onby or the
aleornatives are mutually exclusive, although the discloswrs supports & dofinition that refees ©
oy adtomatives and “endior” Theowghout this spplication. the erm Yabout™ is used to indicats

that @ vadue inclides the nhorent variation of eror Ry the device, the methad being emploved

W

deformine the value, or the variation that exists among the study subjects. To general, bt sulyest
to the preceding discussion, o value borgin that s modified by & word of spproamation such as

“ahoot™ or “subst TR ARS T I 12

adly™ mamy vary from the stated vadue by at least

13%,

[BO8S] A used i this specification and cldmixd, the words “vomprising”™ Gnd any form of

ER

comprising, such ay “congwize” and Poomprizes™), “having” fand any forn of having, such as

“have”™ and “hae™), Cwchading” Gend any form of ncluding sueh ag Cmcludes™ and Cimchnde™) or

DY

Fonntaini contsins” and “condain™} s inclusive o

Gl moy fomm of conteining, such oy
3 ¥ =

open-euded and do not exchude addiionsd, soreciied eloments or method steps,

[B086] Words of companison, messurement, and tming such as st the Sme” “equivaleny”

“during,” Cvomplete,” and the Bke shonld be woderstood o mean “sabstandialby st the time”
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“subsiantially  equivalent,” “substantially  during”  sabstantially complee” oo, whae

“substantially™ weans that sueh comparizsons, measuroments, and Hodogs are practicade o

secomplish the splicithy or expressly steted desied remglt,. Words relating o rolative position

of eloments such as “pear,” “proxiomte (0.7 and “adjacent (07 shall mean sufficiently close to
have 8 matedal effoct upon the rospeotive system clomest intersobions,  Uther words of

approxination sinstls & comBition that when so modiffed 35 woderstood to not

ST sk

necesaariy be absolute or perfect bat would be considersd close epough to those of ordinary skill
fothe art to wornant desigssbivg the conditton as boing present. The exient to which the
deseription may vary will depend on how great @ change can be institnted aoud 56l have one of
ordinary skilled @ the an wcognizs the modified foature @& sl baving the required

characteristios and capabilities of the unmadified feature.

o
oE
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£1. 4388

A holographue display systeny, comprisis

a first displey, comprising a light field display comfigured o project Hebt slong »

set of projocted Hight paths f foom st first bodographic surfhce haviog a first

protected depth profile relative fo o display screen plane; and

2 relay system positioned to receive light along the set of projecied light paths
fronn the Heht feld display and relay the recebved beht slong # get of relayed Keht paths
such that points on the first bolographic surfioe sreoretayed to relayed locations thereby
forming » first relayed bolographic surface having o first relaved depil profile relative to
& vivtuad sorsen plane, the first relaved depth profile being differant from the finst
protected depih profile;

wherein the Nl Seld display comprises ¢ contradler configurad o recaive
instructions for accounting for the Bifference botween the fiest projected depth profile and

byt oudput projected Rglo

the first relaved dopdh profile by operating the Haht Seld ¢

sueh that the first relayved depth protile of the first relaved hodographic objoct is the depth
profile intended for g viewer,

The bolographiz display systom of olaim 1, wherein the Yeht Sold display 15 configusd
o progect the st holographic surface as sn in-soreen holographic surfacs.

The bolographis display systom of olaim 1, whorein the i‘ig’&t field display s configursd
o progect the first holographic surfhce g an offsoreen holographic surfae

e Fug

The helographic display system of clam 1, wherein each of the set of projected light

£

ok i a Forre-dirsensiongd

SR

paths has & set of posttional coordinates and angular coonding
{410 coovdinate system, and the fnstraction received by the contrellor comprises a
roversal of the pedarity of the anguley coondinates of the Brst holographic surfaces in the
41 oovdinate systen.

The holographic display systom of elaim 1, wherein the sob of projected hght paths formoa

seeond bolographic surfhoe having g second projected depth profife relative o the display

seroen plane, and points on the seeond holographic surfhor are velayed by the relay
system o refaved Bocations that e 8 second relayed holographio surfhoe having a

second refayed depth prodile relative o the virtus] soreon plane,
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9,

" LAY Mng & vowrective

eloment d z;g:sﬁsmi m Ehs: st of i\“:iiél}-‘mi i.ighi: paths, wherein cack of the set of mie;.}‘ar:i Hght

a N

+% amd anguby covndinates iy a four-dimensiongd

paitis has 2 set of positional coovdinate
{410} covsrcinate systomy, and 8 depth ovder of the fivst aud second holographic surfaces
and 3 depth order of the st and sevcond relayed holographic surfaces ave reversed, mnd
forther wherelry the corrective optical element s configurad 1o reverse the polarity of the

~

angular epordinates of cach of the set of relaved light paths sach that & viewer percatving
the fiest and second relaved bolographic suefbces through the corrective optical element
wourld percetve the o corrected depth order that is the same a3 the depth order of the first
aned second holographie surfaces.

The bolographic display svstem of eladm &, wherein the corrective optical element is
locaied &t the virtuad display plane.

The holographiz display systom of claim &, whorein the comeotive optical sloment
comprises paraliel rows of lonses, cack lons having the same focal lemgeh, £ and the rows
o Jens are separaied by & distance thatie twivg the focal lenth, whersly the focud plane
of the row of loms overlap at & virtusl plane and lonses oppostie the focal plane shave the
same opbead axis.

The holographic display system of claim 4, further comprising 8 vormctive optical

cloment disposed in the sobof projected Heht paths and optically preceding the relay
Ryslamn;

wherein 2ach of the set of projected et paths has & sot of positional coordinates

and anguier coordingtes i 8 four-dimenstongd (413} coordingte systeny, and the eorrective

2}

& xpm i) edey

cared 1o reverse the polieisy of the angalar cocedinates of each of
the set of projected Higlt paths such that the firgt and second surfaces have ¢ pre-correcied

dispth onder; and

whergin the ey systern i positioned o recetve ght fom Be corrective pptical

cntent alony the set of projocted

&

£

tight paths, and the frst and second relayved sarfaces

are parceivable i a corvected depth crder relative 1o the wirtnal soreer plane, the

correcied deptl onder being reversed fram the pre-corrected depth orde.

HE The botogephic display svstem of olainy 8, wheredn the coretive optical eloment is

located o the display seresn plane,

K
2]
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11, The hologrephic disphay system of elabm 9, wherein the corrective opticgd eloment
comprises paraiiel rows of lenses, sack lons having the smene fcal length, 1 and the rows

of leos are separsted by o dists

sth, whereby the focal plane

of the e of leps overlap at & virtual plone and lenses opposiie the fhoal plane share the
wnme optioal axas.

12, The holographio display systerm of claim 1, wheretn the relay system comprises 3 beam
sphitter and & vefrovefloctor, the e splitter positioned o recetve Hght along he setof
profected lght pathe and reflect a portion of the recetved Dght fowards the retrorefloctor
along a set of reflected Heht paths.

13, The holographic display system of elaim 12, wherein the boam splitter s ovtented at g 45
degres angle refative to the display sereen plane and the retroreflector, and the
retrerefector s orieuted orthogonally relative 1o the display screen plans.

N

14, The bolographic display systom of olaim 12, whorein the beam splitter comprises 8

e

polartzing beam sphitter

N

15, The bolographic display systom of olaim 14, wherein the relay system further comprises a
guarter wave retarder disposed bofween the polarizing beam splitier and the
rotrorefioctos.

18

%

The hnhmm{;hw d@psm aystem of claim 12, wherein the beam splitter comprises a

fransparent, metaboosted 1o

17, The holographic ﬁispm\z swstom of elaimg 12, wherein the beam sphitfer comprises 8
dichrofe flter,

18, The holographic display sesten of elaim 12, wherein the retroveflector comprises a
Lornet reflonior DU MY arvay.

19, The holographic display sestont of olaim 12, wherein the retrovellector apd the heam

sphitter are sligoed sael that bght reflecied from the beao splitter towards the
et 3

refrsrefiector 13 reflected from the retrorefloctor slong the el of v

E

b parths that
extond along o return dirscbion oppostte of the set of reflected Hight paths.

20, The botographic display system of clainy 18, svhereln the gl reflected frowm the
retroreflecior s divected throngh the beans splitter and towards the virtnal sereen plane.

21, The bofogmphic display svstem of oladm 20, svherein each of the set of relaved light paths

has 2 wevigue set of positional coordinates and angular coordingtes i a furdimensional

K
(%]
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22

P
Lk

A0 conndingte systers, and the holographiv display system ferther comprises @

corrective aptical slegient focated ot the virtoal soreen plane, wherein the corrective

optical element i configured 1o reverse the polarity of the angular coondis
relaved Heht paths.

The bologeaphic display svstem of eladny 12, wlere iy the relay svstenm comprises an
additional retroveflector, md the besm splitter I3 configured to divect annther portion of
the received Haht twards the sdditionsd retrorefloctor along a set of ansmitied Hel

paths,

L The hologeaphic display systam of elabm 22, wherein the additional retroreflector and the

beam sphitter are aligned such that prodected Hght that was trasonitted throughk the beany

sphitter toowards the additional retroreflector is reflected from the additional retroreflector

and further reflected by the boam splittor along an additional sef of relayed hght paths

towards the virtual display seroen, and fusther wherein the set of the relayed light paths

and the addivonal sot of relayed Hale paths substantially overlap,

The holographiz display systom of olaim 1, wherein the virtua! scroen plane & oniohted &

a nereparaliel sngle relative to the display soreen plane of the light eld display.

8. The bolographic display svstom of olaim 1, wherein the virtual soreen plane s ononted &t

a perpendicular angle relative to the Bisplay screen plane of the Haht ekl display.
The holographiz display systom of claim 1, wherein the relay systom compriscs 8
ramsmissive reflector posttioned to recenve Haght along the sot of projected bght paths and

X

direct the receivid Helt along the sof of velayed hight paths.

7. The holographic display systom of claing 26, wherein the tramsemssive refloctor usemaily

reflects & portion of the recetved light among @ plurality of internad reflective surfaces of

the tramsmiasive reflector and cutputs Heht along the set of relgeed Bght paths fowards the
virtual sereen plane i e Hest divection.

The holographic display systene of olaimg 26, wherein the transmossive reflector mtemadly

reflects & frst portion of the recetved ght among o plorsdity of mtomad reflechive

surfsces of the transmissive reflector and vutput the fest portion of the received light
along the get of reloyed Helt paths owards the vivtual sereen plane in g firgt divection,

and wherein sy external surfree of the tranemissive reflector reflects a second portion of

K
o
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the received Helt slong s set of reflected light paths i a second direchion opposity the

Frest divection.

stem of elaim 2R, whoeredn the sof of refleoted U

*

29, The holographic display « hi paths and

the set of redaved Bt paths are substantially aligoed such thar the fiest relayed
holographic surlace i perceived frong the st and second divections to have the same
depth profile selative to the vivteal soresy plane.

30, The hologeaphic display system of olaing 2R, wwherein esch Hght path i the set of relaved

q

gt paths has 2 wigue set of positiona] coordinates and sugular coovdinates i a S

dimensions! (340} coordinate systom, and the holographie digplay systeny farther

comprises 8 correstive optical eloment posttioned in a location intosecting the sat of

redaved Haht paths or v & location intersecting they set of reflected Helt paths, wherein the

corretive opiical sloment s configured to reverse the polarity of the angular coosedings
o Hight paths passing theeothrowgh,

The holographic display system of claim 28, wherein cach Hale path in the st of relayed

£

{ight paths has a smiqm;‘- sot of positional coordinates and angular coordimates i a four-
dirvensional (41 coordinate syatem, and the holographic display svstom further

omprises first and second corrsettve optical slement posttioned m Hest and second

lncativas, respectively, the first location ivtersecting the set of relaved light paths snd the
sevond lovation intorsecting the sot of reflected Bght paths, and wherein the frst and

second corrective optical clements are sach configured o roverse the polarity of the

avguinr coordinates of lighs paths passing therothrough.

L
TR

32, The holographic display systom of clain 26, wherein the trarmsomssive reflecior comprises
i dihedral corper reflector amay comprising a plurality of dihedrd corner refloctors.

¥

33, The holographic display systene of eladm 32, wherein the dibedral comer reflector armay

comprises b lnyers of relective planes, the beo Tayers belag porallel bt offsel in o fing

dimension, and wherein, the direetion of the reflective planes 1 one lover oriented

anthogonally to the dircction of the reflective planeys iy the other layer 10 g seoond
dimension.
34, The holographic display system of claim 1, further comprising:
a second display disposed substantially orthogonalhy with respect to the first

dizplay: and
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a bearn sphitter configurad to reoeive Dight along the set of projected Hght paths

from the first display and an addittonal set of projectad Hght paths from the ssoond

display and direot the meceived i;gﬁm towards the rolay system,

35, The holographic display system of claim 3, wheran the second display conprises o Haht
field display configurad o projest an additional holographic surfice, points on the
additional hologeaphic surfioe are relayed by the relay systan to relaved points therely
forming an sdditional relaved holographic suribee having a depth profile relative toan
adeitional virteal sereen plass,

36, The hofogmphic display systom of elabm 35, avherein the virtuad screen plane

corresponding o the fiest {;kp,m amd the additonal vintual soreen plane comesponding to

the second display sre looated such that two distinet holographic volumes are created,

»
»

The holographic display svstem of chuim 33, whersin the virtaal sereen plans

R

corresponding to the Gt display and the additional virtual sereen plane correspoanding te

the second display are locsted such that one continuous holographic volisme is created,

the one coptinuous holographic velume belng hrger than individual holographic volsme

associated with oither vivhus! soroen planes.

5

A8, The holographiv display system of olaim 1, further comprising a sceond display opposits
the first display, the selay sysiem beiog disposed botween the Sirst and second displays,
wherin the relay systom is configunad o recetve light dlovg an additional set of

o nges:imi Light gmx‘ha from the second display sad relay the received Helt alongan

viphual soreen plane.

4}

Es

The holographic display systeorn of clgm 3%, finther comprising & pamallax element
focated i the set of projocted Hght paths frons either the first ov second displays, and
whoreln the parallax element i3 opomble to eeclude of Teast a portion of the holograplie

surfsce formed along the set of projected Hebt paths of the respective display.
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41,

42

43

»

44

N

48,

%

47

The holographic displny ontem of ol 39, further comprising & parsdlas clabent

Iocated v eack of the set of projected Heht paths from the fivst sad second displays, and

wherein each parallas element 85 opemble to ooclude at lews g portion of the holeg

phie

surfaee formed along the msms:tz.év@ setof projected Nght paths,

The bologeaphic display system of eladn 3R, wherei the relay

q

7w

YSTONT COMPrises a

fravsnuissbve veflector wm;}mc» at heast @ partiafly enclosed trnosmissive reflector

suria

The holographic display systern of claim 42, wheran the partiaily encloesed tramsnussive
redloctor surfhce comprising an apex wnd & polygonal base, the apex being substantially
ahigned with a conter of the first or second displays.

The bolographic display svstem of elalm 42, wherein the partinlly enclosed transmissive
refloctor surface comprising & conival surfsce baving an spex, the apex belng
substantially aligned with & conter of the fiest or second displavs.

The holographic display system of claim 26, whersin the transmssive reflesior comprises
at loast a parbially enclosed transonissive reflector surfacs.

The holographic display system of claim 435, wherein the partislly enclosed transossive

reflevtor surface comprising an apoy and a polvgenal baxe, the apex being substantially
aligned with & conter of the fest display.

The bolographic display systom of claim 43, wherein the partially enclosed transmissive
reflector surfice comprising 8 conteal sarface having an spex, the apes being

th

substantialby aligned with & center of the first display.

A Emi@gr:ﬁghic diﬁpiﬁz&_y % wmn c:a.um}.risiﬂg:;
set of projected light ;mha o form af least & first hnﬁ:nm‘:;.;ﬁhm sarfaee, the se mg@mmmi
lght pathys deternaned aecording toa first fovr-dimengional (40} Ranction defined by the

ight Held display, such that each projected Hght path has asetof pﬁamnmi QMY

and sneelar comdinates in g Hest 413 coondinate westom defined with respe

sereen plane; and

2 seley systony positioned to recedve Nght slong the set of progectad Hight paths
fronm the light Seld display aad relay the recebved hght slong @ set of refayed light paths

such that points on the first botographic surfbee are relayed to relaved locations therely
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o
! o]

1 The holographie dés;ﬁ Y 3

. The holographie display s

. The holographio display syst

forming » finst relayed holographic surfhce, the set of relayved light patls haviog been

&

deternyined avcornding toa second 4D function defined by the relay systens, such that each

relaved fight path has

of positional coordingtes and angelar coordinates ¥ @ seoond

40 coeedinais sy

tern defined with respect fo & vivtuad soreen phae;

B

wherzin the light feld display comprises a controller configared to roceive
structions for accounting for the second 413 fuvction by operating the Hele feld display
o outpt projected Heht scoording o the first S35 functions such that the positional
coordivates and augular coordinates i the second 41 coordinate systens for sach of the

set of relaved Hght paths sBlow the vedaved holographio sarface to be presented to a

yiswer ax tnlended.

The holographic display aystem of claim 48, wherein the Ught Reld display ix configured
to projoct the frs holographic surface as an inescreen holographic surfaee,

The holographic display aystem of claim 48, wherein the Ught Reld display ix configured
to projoct the frxt bolographic surface as an offsereon holographic surfee.

The holographic display system of claim 48, wherein the set of projected Ught paths fonw
a second holographic surfhes having & secomd projected dopth prodile relativie o the
di&péﬁ&y soreen plane, and points on the second holographic surfsce are relaved by the

reday systom to relaved locations that form 8 sevond relaved bolographic surface having a

X

forn of clam 48, wharein the relay svstem comprises @ beam

sphitter and ¢ concave migrorn, the begm splitfer posttiomed o rocetve Helet glong the sebof
pooected hght paths ad roflect o first portion of the recerved Hght towands the conease
mivror along a set of reflected light }‘Eﬁﬁh&?«.

e of claim 32, wherein the beans splifter comprises &

polarizing bean splifter,

e ol claim 33, wherein the relay cvston further comprises a
guatter wave rotarder disposed between the polarizing beam splitter and the coneave

AT

33, The bodogeaphic display svstem of eladng 52, svherein the bemn sphitter comprises

fransparant, metabooated Taver
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36, The holographic display «

stens of eindm 52, whorein the beam splitter comiprizes 8

dhednie filter,

il

sstern of olndny 52, wherein the conewve mivror and the heam

7. The holographic display

sprlitter are aligued sonch that § ar tovwaeds the cohoave

- reflected from the beass splin
mirror ie reflectad and focused fronw the concave mirvor along the sot of relaved light
paths that extend along a returs direction substantially opposite to the set of reflected
{ight paths.

S8, The holographio display system of clatm 37, wheran the light reflectsd Som the coneave
mnirror is divected througd the beany splitter and towards the vistuad sereen plate,

39, The holpprephic display system of claim 32, wherein the relay systam comprises aa

¥

additional concsve prirror s the bemn sphitier i3 configared to direct g second portion of

the roveived light towands the sdditions] concave avror slong @ set of transautied Hght
paths.
o, The holopraphic display system of claim 39, wherein the additions] concave mirvor amd

the boam splter are shigned such that projected Hubt thet was transmitted through the

bemm sphitier owards the sdditiona! voncave w13 reflested from the additionsd

conesve warrey angd Rerther reflected by the boam spltiter slong an sdditionad set of
relaved Hght paths towards the virtual display sercen, and further wherein the set of relay
{ight paths and the sdditional set of relaved Nght paths substantially overlap.

61, The hologrephie ﬁ‘;sm;;\z systene of elaiva 48, wherein the relay system comprises af Jeast

ome levs positioned o recaive light along the set of progecied Hebt paths from the light
feld display snd relay the received Beht along the set of relay Beht paths towands the
wirtual scroen plane, and wheren the ot kst one leng is botwesn the displor soreen plane
and the virteal sereen plane

#3. The holographic display systern of claim 61, wherein the at least one lons has sn optical

axis substentinly aligned with @ normal of the light feld &

#3. The helographic digplay systern of claim 61, wharein the relay systom comprises St amd

sevond lonses having o common oplical axiy therethongh,

#

The holopraphic display systom of claim 48, wherein the relay ovstem comprises a beam

sphitter positioned to receive lght along the set of projected lght paths froe the hght

fledd display awnd refloct a fiest portion of the received Hedt toovards 2 refloctor alony a st
i 3 fe =

48
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74

w

89,
.

. The helographie display syl

of reflected Hadw paths, wherein the r

s svstony further comnprises ot least one lens

betwsen the boant splitter and the refloctor, the at least one ferw condigured o focus Helt

passing therethroagh,

The holopraphic display spston of claim 64, wherein the at foast one lens has an opticad
axis shigned orthogonaily with the reflacton

The holopraphic display systeor of claim 64, wherein the at Toast one lens haw a focal

plane located ot the surfhoe of the reflector,

7. The holographic display system of claim 64, wheran the velay system comprises first and

second Tonses bebween the beam sphitter sud the refloctor.
The holographic display aystem of claim 67, wherein the first snd second lenses havie s

coton oplical axis.

The holpgraphic display systent of claim 64, wherein the reflector 1s carved
The bolographiz display systom of claim 4%, wherein the viviua! sereen plane s onested

at 8 non-paralel angle relative to thy Sieplay sorsen plane of the lght field display.

The holographiz display sy ol claim 4, wherein the virtua! sereen plane 18 ononted
at & porpendicnisr angle relative to the display scroen plane of the lght Seld display.
The holographiz display systom of ¢laim 4%, further comprising a sccond display

opposite the fest display, the relay system boing disposed hetween the fiest amd second

i3, wherein the relay systom is configured o revsive Nght along an additional set of
projected light pathe from the second display and reday the received Helet slong an
additiomal set of relaved hight paths.

fornsing an sdditions] relayed surface mmf.%;{;g a depth [‘3‘1’3&!\9 relativi o the virtual soreen

plame

s of clam 73, frther comprising & pamallax element
focated i the set of projected Hght patks frons either the first ov second displays, and
wheretn the parallax elament s operable to occlude ot feast a portion of the holographic

surfsce formed along the set of projected Hebt paths of the respective display.
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78, The holographic diapley sestem of olabm 73, further comprising & parallox element
loated (o cach of the set of projected Halt g.mim from the first sod second displays, and

wherein osch parallios eloment is operable to oeclude at least 8 portion of the hodograplue

surfaee formed along the respective set of projected Nght paths
76, The bolographic diaplay syatem of olabny 4R, ssherein the second 413 fupotion contprises
at least oo of ;z‘.:.:‘_agatti.ﬁamio.m sinificstion, and position change of the Hest 40 function,

77, The hologeaphic disphor systom of elatn 4R, whereis the first 413 fanction exchanges

intensity and color lofonmation between Hght paths that have the same positional

coordingtes f the St 40 coordingte sy

T8, A bolographic display svstem, comprising:

& display, comprixing a ligh feld display configured to project Heht along a setof

projected Rght paths o form st least Hirst and second holographio surfaces moa st depth
veder velative to g display suveen plane

x

relay svstom positioned to roceive Hght along the sot of projected light paths

)

frooms the Haht Dokt display and solay the received Hght slong # set of relayed Haht paths

such that poinis on the Hrst and seoond holographic surfaces are relaved o relaved

{focations thoreby foroing fest and second relaved holographse surfsces percetvable in g
second depth ovder relative to & virual soreen plane, the Rrst and scoonsd depth orders are
reversed; and

a covrentive optival element disposed in the set of relayad light paths, wherein

gach of the et of relayed H

T paeths has g set of postlional coordingtes and sngular
coordingtes i1 & four-dinenstonad (D) coordingie systony, and wherein the competive
opival elomsent ix configured 1o reverse the polanity of the sngular coordinates of sach of
the first set of relaved Bght paths such that the first and second relayed holographic
surfaces are pereetvable with 8 corrected depth order that is substantially the same as the
first depth orden

T8, The holographic digplay systorm of clgm 78, wherein the correetive optical element is
focated ab the virtual display plane.

89, The holographic display system of claim 78, wherain the comrective t‘ﬁf‘t"‘ii clement

omprises paratiel rowes of lenses, cach lons having the same focad lengih, € and the rows

of lens are separated by o distance that 3 twice the focal length, swhereby the foeal plane

51
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81, A holographic display s

. The helographic display s

s

of the row of Tons v

yaf & virtesd plane and lenses opposite the focal plane shave the

same ophival axis.

SRV, COMIPTISInG:

o display, comprising s gt feld display configored to project Heht along a set of
progected light paths to Torm ot least fiest and seoond helographic surfsces jo o fust dopth

order telative fo s dsplay scroon plane;

b3

& orvreetive spticsl sloment disposed iy the set of projected Haht paths, wherein
ench of the fst set of projected Hebt paths bas a set of posttional coordinates and angular

coordinates w a Hhurdims

donal (4DY coordinate gystem, snd whoreln the correative
optival clement s configuped o roverse the polarity of the angular coondimates of cach of
the set of projected Hgh mﬂm the first and second holographic surfaces have an
ntermediate depth ovder that is roversed from the Tivst depth order; aml

& relay system positioned o revsdve Hght slong the set of projected light paths
from the correotive optical cloment and relay the roceived Hght along 8 set of relaved
{ight paths such that points on the first and sccond holographic obients are relaved

relaved locations thoreby forming frst and second relaved holographic surfces

parceivable in g sceond depth order relative to g virtual seroon plane, the et and secomd
depth orders are the sams.
The holographiz display systom of olaim 81, wherein the cometive optical sloment is

lovated ot the display sereen plane.

X

shaim 81, wherein the corrective optical dlement

tean of o

comprises paralled rows of lomes, each lens having the same foeal length, £ and the rows

of lems are separated by g distance that 1 twice the focad length, whereby the focal plane

of the row of fons overlap at & virtogd plane and o

e apposite the focal plane shere the
same opbes] e
A holographic display sestem, compeising:

s first display, conyprising g Hght Sold display configored to progect Hght along a

first sef of projocted light paths to form af Teast fivst and sevond bolographie surfaces

=)

having st and second depth profiles, respeetively relative 1o a display soreen plane; sad

2 first relay system positioned {0 recotve Heht along the Bt set of projecied Hght

paths from the lght Seld display and relay the received hight aimtg a fivat set of n
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ight paths such that points on the st and second holographic surfaces are relaved to

refaved locutiong theveby forming finst and second relaved hudographic surfaces haviug

fiest s secomd relaved depth prodiles, respeetively, relative © & virtual scroen plane,
85, A holographic display systeny, coamprising:

& fiest display, comprising a light field display confipurad fo project Neht along 8

first sut of projected Hehe paths to form &t least 8 fest holographio surfbees hurving a fingt

dopth profile relative to o display screen ';}ismﬁg

]

2 first refay sysiom posttionad o recebve ight along the Tiest set of projected light

paths frov the bghe field di.s:;ﬁa:y and reday the recetved Heht along a first set of relay
Pght paths such that poinis on the Hest holographic surfiee are relaved to melayed
focations thereby forosing » first relaved hedographic surface having o fivst relayed depth
profile rolative to a vivtual soreen pdane: and
& secomd refay svstem pusitioned o recerve Haht from the fest volay systom along
the first setof relaved Hght paths and melay the recetved {ipht along a sceond set of
rodayed lHght paths such that points on the first relaved hol vmap%m surface are further
relaved to now relaved locations, thereby fonming & second relayed holographie surfaes
Having w sevond relaved dupth profile, respectively, relative o s new virtual sorcen plane,
86, The holopraphic display systent of claim 83, wherein the neow virtusl sorcen plane and the

on plane are substantially paralich

§7. The .&mk)gmghiﬁ display gystem of elai RS, wherein the first depth profile of the fiss

holographic surfsce projoctesd by the fiest display is substantislly the same as the secowd

relaved depth profile of the second relayed holographie surface.

88, The holoeraphic display svastern of clann 85, further comprigine
A 3 3 - ~ " " A

a second display configured to project light for fomuing gn image surfc
& boan splitter configured to revsve projected Bight from both the st and second

thy tonwvards the fiost

e and direct 8 portion therood along & sef of projected light p

relay system
wherzin the first relay systom i3 configured to roceive projected Hight along the set
of progected Hght paths from the bean sphitier and relay 2 portion of the recebved lig

along the first set of relmved Nght paths thoeveby firosing the fest relayed im?mgmphis:

surfhes together with o relayed inuge serface
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wherein the second relay system i configmred to receive light from the fim

relaved systamn along the first st of relaved Bgbt paths and relay a portion of the received

light glong the seeomd set of relaved Bpht paths Sorming the second relaved holographie

surfhes together with a forther relayed invage sarface.
89, The hofogmphic display system of olabm RR, svherens the onage surface formed by the

profected Hght from the second display is 1 holographic surface,
1. The hofogmphic display system of olabm 8B, svhereny the onage surface formed by the
projectsd Hght from the second display i 8 non-hologmphic suehes.

91

The bolographic display syvstem of eladm RS, further comprising
& boavs splitter configured to receive Bght of a surfhce of @ real weorld olyest and

the projected light From the first daplay and dirveet 8 portion thereo! along 3 set of

projected Rght paths owands the St relay systeny
wherein the fiest rolay svstom i configured to rooeive projected Haht slong the set

of projectod Bght paths From the beam splitier smd relay 2 portion of the reveived iighiz
along the first sot of relayed Ruht paths thoreby forming the st relaved bolographic
surface ogether with g relayved image of the swrfhce of the real world object; and

wherein the secoad relay systom & sonfigored to reveive light from the st
relaved system along the finst set of relayved Baht paths and relay a portion of the reccived
ight along the seoond set of releved Hght paths forming the secoad relaved holographie
surfaee together with a further relaved fmage of the surface of the reabworld object.

9. The hmﬁgm.phé ¢ dés;ﬁ ay wysb

e oo clisim S:‘.& whisredn the second relay system divects

e

light pathy i s direction that is substanbaiby opposad of the di
relaved light paths,

93, The bolographic display system of elaim 92, further comprising & corrective optical

clement disposed i the set of reflocted light paths such thet g viewer peresiving light

slong the set of reflectad Nghi pathe woald perestve the secomd relaved dopth profiles of
the sevond refayed holographic surfhes

94, The helographic display systern of claim 83, whercin the first selay svsteny compeises a

¥

beans sphitter and a retrotlector,
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B3, The holographic display sestem of olaim 85, wherein the first relaye systom comprises a

fravanissive reflector,

96, The hologrephic display sestem of olaim 85, wherein the first relaye systom comprises a

beam sphitter and & cueved reflector,

97. The hologmphic display system of olabm RS, awherein the second relay system comprises

u

a hearn splitter and a retroflector.

98, The hologmphic display system of olabm RS, awherein the second relay svstem comprises

x

a iravsnnsaive refloctor
99, The hologmphic display system of olabm RS, awherein the second relay svstem comprises

& beam splitter and & curved reflector,

ML The holographic display svstom of olaim &5, wheeein the st and second relay

svstem bodh comprise 3 bea phli and 2 curved reflector, amd wherein the eurved
reflector of the first and second relay svslem have substantially the same ourved

geomelry and the same distance from the beam splitter,

1L The holographic display systom of claim G, whernsin magnification changes or
Hght field angular conrdinate changes roduced by the st relay systom are af feast
partially corrented by the second relay xvstom,

102, The holographic display system of claim 100, wherein the depth profile of the

first hologr “\p“m‘ surface af the dtspkﬁ sUreen

X

plane s substantinlly the same & the depth

55
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