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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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HOLOGRA Cc OsW1crI RCY* fOR iIC *I tf Ds Av 

TECHNICAL f'uAu 

[001This dislouregenerallyratesto systemsconfigured for eneratinglight corresponding 

to 2D, 3D, or hoqgraphic mageryand further conaigured torelay the generated holographic 

unagery todesiredlocatios.  

AaaROUNI) 

[00021 Many technologiesexst today that are often unfortunately confused withh holograms 

inclding lentihu prnting Peppers Ghost, gases-reestereoscopic disphiys, horizontal 

parallax displaysheadounted VR and AR displays (HMD) and other suchiusions 

generalized as "fauxography ThetecMologies may exhibit some of the desired properties of 

a true holographic dispay however,. lack the ability to stimulate the humnanvisual sensory 

response iany sm'ucnt way, 

1000 Light ield and holographic display is the result of a purality of projections wheeenergy 

surface locations provide angular, color 'and intensity inforaton propagad within a viewncg 

voltume. Uike a stereopic display the viewed position ofthe onverged energy propgaion 

paths in space do not vary as thevieer oves around the viewing voune and any nub-er of 

viewers maly see popagated objects in reawrispesifitwas dy there.  

SU-,-MM.AgR 

[00041 An enboinent ofa holographic display system. includes a first display, Comprising a 

lighted display configured project light long aset of project'd ight pats to fomm tl east a 

first holographic sure having a 6st procddepth parole relative tdiplaytcrenplane; 

and a relay system positioned torecevlightalong the setofprojeted ghtpaths firomn the 

light fielddisplay and relay the received ih along a set of reaye light patSsuc dthat pont 

on thefirst holographicsurce are relayed to relaedocations thereby.forning a first relayed 

holographic surface having t ist relayed depth profdierelative to a virtual screenplane, the first 

riayed depth profile being different frothef rst projecddepthprofle. The eight field display 

composes a controller configured to receiveinstrucions for accounting for the difference 

between the first projected depth profile and the first relayed depth profile by operating the light 
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ie !d disphayto outputprojected ght such thatthe firstrdayed depthprofile ofthefi strelayed 

holgraphic object is the depth prohfleintended for aviewer 

10051 Anebodient of a holographic display system. includes a fis displaycomprisinga 

light held display configured. to project light along a setof projectedlight paths to frin. at least a 

firstholographic surface, the set of projected lighi paths determined according to a first four

dimensonal (4D) function defnedby the ight feld display, such that eachprtjected lightpath 

has a set ofposionaalc oordin andangu ordinatesin a fst 4D coordinate system 

defined with respect to a display screen plane. The system alsoincludes a relaysystem 

positioned to receive ght alg the set of projected light paths front the light field display and 

relay the.reccived light among a set ofrelayed light paths such that points onthe first hologrphic 

surface arerelayedtoreayelocationsthcrebytfrngairst relayedholographic surface the 

set of rehyed light paths having been determned according toa second 41) action denied by 

the relaysystem, such that each relayed light path has a set of positional coordinates and angular 

coordinatesin a second 41) coordinate system dehned with respe to a virtual screen plane The 

lightefied display comprises a controller configured to receiveinstctionsfor accounting rthe 

second 4D function by operating the light field display to output projected light according to the 

first 4 function such that the positional coondinates andangular coordinatesin the second 4D 

coordinate systemoreach of the set ofrelayed light paths allow threlayedholoraphicsurface 

to presented to a viewer as intenocde 

[006 An embodiment ofa holographic dispysystemincludesalightfielddisplayconfigured 

to projecight along a setof pnjected lightpaths to form at least first andsecondholographic 

surfaces in a first depth order relative to a display screen plane; a relay system positioned to 

receiveightalong the set of project light paths from height eldisplay and relay the 

receivedlightalong a set of rlareyd lht paths such that points on the first and second 

holographic surfaces are relayedto ryed locations thereby frning first and secondreyed 

holographic surfacesperceivable in a second depth order reactive to virtual screenplane, the 

first and second depth orders arereversedand a corrective optie decent disposed inthe set of 

relayedl ght paths, wherein each of the set of played light paths has a set of positional 

coordinate.s and angular coordinates in af dimensional coordite system, andwherein 

thecorrective opalelement is configured toreverse the polarity ofthe angularcoordinatesof 

each of the firstset of relayed light paths such that te first and second relayedholographic
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surfhces are pereivabwth a corrected depth order that is substanlythe sameas thenrst 

depth order.  

10007) An embodimentofa holographic.disp system. includes a Iight field display display 

conigured to proetcightalong a set of projectediight aths toform at least first and second 

holographic surfacesin a first depit orderrelative to a display screenolane a correctiveoptical 

element disposedin these of projected lightpathswherein each of the first setof projeted ight 

paths has a set of positional coordinatesand angular coordinates in afurimensional (4D) 

coordiate systetag and wherein the corrective optical eleent is configured toreverse the 

polarity ofthe angular coordinates of each of the set of pro ejected light paths, thefirst and second 

holographic surfaces have an inteediatedepth order that is reversedfrom the first depth order; 

and a reysystemposoedtoreceive * longthe set of projectedlight paths from the 

correctiveopticlelementandrelay the meivedlightaong a set:of relayedlight paths such that 

points on the fist and second holographic ohects are relayed to reyedlocations thereby 

foming rfit and second reayed holographic surfaces perceivable in a second depth order 

reative to a virtual screen plane, the Hrt and second depth orders are thesame 

[00081 An embodiment of aholographie dsplay system includes a first display, comprising a 

lightfelddisplay configured to project eight along a first set of projected light pathsto form at 

least firstand second holographic surfaces havingfirt and second depth prfilesrespectively 

relatve to a display screen plane; and a first relay system posioned to rlee light along the 

.rst set of projected light paths from the light eld display and relay th rcived light along 

firstset ofrelayed ght paths such thint points n the rst and second hognphic suraces are 

reayed to reayed oatioans thereby farming first and secondrlayed hologphic surfaces 

ving first and second relay depth profNles ,respectivLy, relative to ital screen .pane.  

{1 9]1An embodiment of a holographic disply system includesairdisplay.comprisinga 

light led display conguredto project eight alonga first set of projectedlight paths to form at 

leassta fisholographicrfaceshavinga Erst depth pfireavet a dispoa y iascreen plane;a 

first rely system poisoned to receive igtakng the first set of projetlight paths frmmthe 

light field display and relay the eeied light along a first set of relayed light paths such that 

points on the rst holographicsurace are'relayed to rekyed locations therebyfM.inga first 

relayed holographic surface having a frst relayed depth profile relative to a virtual screenplane 

and a second relysystem posioned to receive light from the first relay ssten alon the first.  
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set of relayed light paMs and relay the received light along a second set of relayed light paths 

such that points on the nsktayed Iolographic sure are further relayed to new relayed 

loalions thereby fng second relayed holographic srface having a second relayed depth 

profiles. respectvely, relatve to a new virtual screen plane, 

HRRE DRsiirN, (Uor m D AMINs 

[00101 Fige IA illustrates an embodiment of a systemconfigured to relay a holographic sree 

prjeced by a lightield display using a beam sptter and anmagereorketor; 

[00111 Fige IB illustrates an embodiment of a system conIgured to relay a holographic surface 

projected by a litfield disply using a beam spliter and a plurality of 

[00121 Fig. 2A illustratesan embodiment of a corrective optical elmnen configured to reverse 

the polarity of UN angular coordinatesin a 4udimen sionai(4D)cordinate system 

[00131 Fig,2B illustrates a top-level view of awaveguide placed overa.number of illunination 

source pixels in the Vplane; 

I0014] Fig2C illustrates a side view of the embodiment shownin Fig.21 in the U-Zplane with 

a thin lns as the waveguide; 

100151 Fig 3A illstratesan embodent ofaholographic displaysystem sinilarto the system 

shown in Fig.Ain which thebeamspluter and image retroreflector have been replaced by a 

transmissive reflector; 

[00161 Fig.3$ illustrates an embodiment of a hokgraphie displayssten having multiple relay 

systens; 

[0017]1Fig.3C:illustrates ante moietof ahologrpi iplysse avn ugp 
relaysystems: 

[00181 Fig 4A illustrates a combined view ofan embodimentoadihedra! comerrefletoray 

(ICRA); 

[00191 Fig 41 illustrates a side viewof an embodment of rsmissivtreectrimaging a point 

source flight; 

[00201 Fig.4C illustrates anembodiment ofa holographicdisplaysystemhavinga raysystem 

comprising a concave mirror; 

[00211 Fig. 4)iustrates anothembodiment of a holographic display systemhaving a relay 

system comprising a conave mirror 

4
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[00221 Fig.4E illustrates another embodiment ofa holographi dispy system having arey 

system coilprising a beam splitter at least one lensand a reflector; 

[00231 Fig.4f illustates another embodirent of a holographic display system having a relay 

system comprising a lens system:; 

[00241 Fig. SA ilustratesran embodiment of an idealrelaysystem; 

[0025] Fig 5B illusteanembodient ofholographic display system having a relaysystem 

configured to relay t and second holographic surcesprojectedby a lighted display using 

a bam splitter and an aageretreflector; 

[00261 Fig. 5C illustrates anenbodiment of a hologaphiedisplay system having arelay system 

contgured to relay first andsecond holographic surfaces projected by a light ield display using 

a beamsplitter a concave mirror; 

[00271 Fig, SD illustrates an embodiment of correcting the optical effect ofther eay systen 

shown in FigSC; 

[00281 Fig, SE illustrates an embodiment of a holographic display system having a relay system 

conned to relay first and second holographic surices pijected bya light field display using.  

a bean splitter and a pluaity of concave mirrors; 

IM29] Fig.6 lustrates an enribodiment of a holographic display system having arelaysystem 

conngured to rey first and second holographic surfaces projected by a light ield display using 

a transmissive refector; 

[00301Fig7illustrates anembodiment of a holographic display system having a first relay 

systemconfigured to rely first and secondholographic surfacesprojected byalightfield display 

and relay a third surface projected by a second display; 

100311 Figi 8A illustrates an emhodiment of a holographic disphly system having a second relay 

system plurality of displays; 

[032Fig.8 illustrates an embodimentusing the parallax barrier in Fig; 8A to perform 

occlusion handling; 

[1033] Fig8C illustrates an. embodiment of a holographic pay systennsimilar to that shown 

in Fig.8A perceived by a viewerata differentposition 

14H34] Fig. D ilustrates an embodimentowingan abstraction of the display system shown in 

Figs, 8A andS B;
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100351 Pig E ilustratesanenmbdiment of system of Fig.D withatransissivereflector 

havingaconicalsurae; and 

10016 Fig 8F ilustrates an embodiment of system sinlar toht shwvnin FgEwitha 

pyranid-shapedtransmisieyrefetorsurece 

Drsmrtirn Dscaorro(mr RyN 

[00371 Fig IA shows an embodiment of a holographic display systemincudingafirst display 

1001 comprisiga light field display conligured to pject ght'i along a set of projected light 

paths 1036 to Arn at least a first holographic surface 1016 having a first projected depth profile 

relative to a display screen plane .1021. In an embodiment the rst holographic surface 1016 

mnayhbe any surface in a holographicscene, such as a pronofanohjeetafaceabackgund 

scene etc In an embodNientthe projected depth profile of theholoraphcsurface 1016 may 

inchide a depth perceivable by a iewer (notshown) obsing the first display 1001 along a 

normal axis (not shown) of the display100. The olographicdsplay system of ig IA also 

includes relay system 102A positionedto receive light along the first set of projected light 

pahs 1036 from the light field display I0(11 and relay the received light along a set of relayed 

light paths 1025A such that points on the first holographic surface 1016 are relayed to relayed 

ocaions thereby forming a first relayed holographi surface 1018 haing a first relayed depth 

prfilerelative to a virtual scree plane 1022. In an embodimentthevirtual screenpe 1022 is 

orientedatanon-parallelangle relative to the display screen plane 1021 of tclightfeld 

disphya0001- In an embodiment the virtual screen.plane 1022isa oriented at a perpendi lar 

angle relaveto the displayscreen plane. 1021of thelight fielddisplay1001 

{0038] In an embodiment the depth prole of the hologphi surface 1016 ay include a depth 

erceivableby a viewer 1050 observnin the direction of hevirtualscreen p e 1022 As 

illustatedin Fig; L others, relayed depth Profile of the reledhographicsface 1018 is 

different fom the first proeted depth p oile ofthe ft holographic surface 1016 first 

holographic surface 1016 is projected as an screen holographicsrtfacewhile thefrstreayd 

holographic surface 1018 is perceivable by viewer105 as an insreen holographicsurface 

relative to the virtual screen place 1022 

00391 In an embodiment the relay system 102A may reay holographic objects pr..jcted. by a 

light field display 1001 using a beam splitter 101 and an image retroflector 1006A, In an
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entbodment thelight Hld display 1001 comprises one or nore display dices 10(12having a 

ilurality of fight source locations (not shownL an ang Mrelay 1003 whichmay oray y not be 

present which acts to reayimages from the display devices to an energy surface005 andan 

aray of wavegiudes 1004 which projecteach light sourcelocationnthe energy surtace1005 

into a unique direction (nv) inthree dimensional space The energysurface 1005 may he a 

sealeus energy surface thathas ambined resolonthat is greater than the surface of any 

individual display device1002 Examplesoflightfielddisplay 100i are described in 

commotly-ownedU.S Pat.App,.PubNos US20190064435U201803565912080372926 

and IS.Pat App, Ser No. 1063675 all of which areincorponted herein by reference r all 

purpose, PHocdlght rays 1036 may convert at a location. 1 on the surface of a 

holographicobet 1016, and then diverge as they approach the beam splitter 101, The bean 

splitter 101 may be confined to cA a polariing beam splitter tnsparent haumin un

coated layeror atleast onedichric fier, In an embodiment thebeam spiter 101 may be 

oriented at a 45 degree angle relative to the display screen plane 1021 and theretoreiketor 

I006A, and the retrorefector 1006 is oriented orthogonaly relative to the display screen plane 

1021, Somefraction of theincidentlight along the projected light path 1036 reecsfrom the 

beam splitter 101 toward the imageretroeector1006Aalong setofrefectedlightpaths1037, 

while much of the remaining ligh passes throuhthe beam splitter 101 into rays along a set of 

tansitted light paths 1039A bich maynt conribute to the formation of therelayed 

holographic object 1018 in igA i atem dmintthe retoreflector 1006A.may contain a 

fine array of individual reflectorssuchascomerrefetors. The rtroreletor 1006Aacts to 

reverse each ray of inidenl ght in the opposiedirect onfo the approachdirecnon, with no 

signicant spatial otsetRaysonglight. paths 107 reverse their direction upon reflectingfrom 

the retroretector 106Asubstantialy retracing their approach angle totheretrorefe1torI006A, 

and some fraction of their densities pass throughthe beam splitter 101 along the set ofrelayed 

light paths1025A converging atthelocation 112 of the holographi object018 Inthisway 

holographi object 1016 projeeddirectly by the fight field display 1001 isreayd to frm the 

relayed holographicobject1018 

{0440 FIG IA may have an optional optcal element 1041A located between the beam splitter 

101 and the re roreetr 1W06A The relative placement ofthi.s optional optical element 1041A 

is similar to the optional optical element 1041A that appears in FIG, B This optical element
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mna~y be a plarizaon controlng ement used together with a pesplitter 100 If 

the display 1001 produces one polazation state,t a polarizingbeamsptter 101 may be 

amaged to dirt anosta the eight of thedisplay toward e retroreflector1006Aeliminating 

most of the eight rays 1039A Whch may pass through the beamspiuer and not 

contribute to imaging the bologaphic object 1018t Using a posing beam spider .101 ,the 

Ought rays 103 are linearly polarized as they approach the optcaelemnent 1041A, and are 

circdary polarized after passing through otheopical element 1041.which mayinclude a.  

quarter wave retarded, Upon reflecionfm the retrorefector1 A most of the hA on rays 

10251A may be circularly polaized in the oppositedirectionand for this opposite ircular 

polarization thereturnpass through the quaner wave retarder will resuh in these light rays 

convertedtoainar polarization that is rotated 90 degreesrelativeto theight. leavingthe beam 

splitter 101 onmys along thereflected lght paths 1037 This ight has the oppose polarization 

to the light that was reflected by the beam spitter1 & so it will pass straight ihugh the beam 

splitter 101 father than being deflected, and contribute to the imaging of holographic object 

101& In short a quarter waveplateoptical element 1041 A placed between thebean splitter 1.01.  

and the retroreilector 1006A may assist in converting the majority of ght reflected from the 

beam splitter 101 from onefinear polarization to the oppositelinearpoarizatiotxsothatthisight 

ispassedbythebeam splitter 101 withoptimaleficiency ingenratin ahologrphicimagerand 

limited wasted light 

{0041j In cases where the disphiy 1j001podces unpolized light,about half ofthe incident 

light1036 on thebeam splitterwill be direct to light raysaong the set of reed light paths 

1037 towardthe retrorefectior 1006A, and about half oftheincident ight Will e directed adong 

a seto transmitted light paths 103A,in the vertical direction. Thi results in a los flight rys 

1039A in an embodiment, as shown in fig. it the hologmphic dspy system of Fig IA may 

incldea ray sys1em02B that includes an additionetIreieecto n006B inan:smodiment 

the addibanal retrareflector t t16maye bdisposed opposite to thedisp y 10 in fron the beam 

spliter 101, symmetric indistance but orthogonal norientationtottorelector 10016A FIG, 

11 shows a system which relaysholographic surfaces pjected by a lght fielh display 1001 

using a holographic relay system 102B conised of a beam spltter 101 and twoimage 

retrorefectors 1006A and 1006B, where each retroreectorreflectsrays ofincident lightinthe 

S
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directon reverseof their incident direction in contrast to FIG. Ainwhich thel ightraysaomg 

the r iaths 1039.A are lost, the light rays along ther ansmitedpals 1039B 

retrorelected fm retrorWetrI106Binthesameway as rays along the reflected paths 1037 

areretroreflected from retrrefletor1006A. Igl rays along transmittedpaths 139Band 

reflected. paths 1037 are reteflected and convey at the beamnsplitter 101, andcombineto 

formlight rays long the set ofrrelayed paths1025B3 which focus at point 112 contributingto 

the first relayed hologaphic srface1018 In an embodimentthe additional retroreflector 

1006B and the beam splitter 101 area igned such that projected light that was transmitted 

through the beam splitter 101 towardsthe addional retroreflector is reflected fro the 

additional retroeflector 1006R and ftirher reflectedby the beamsplitter 101 along an additional 

set of relayed eight paths 105B towards the irtaldisplay screen1022, and the set ofthe 

relayed light ys 025A from fitretroreflector 106Aand the additional set of relayed light 

rays 10253 from the additional rtrorefcto r006 .substantially ovela.Asdiscussedin 

regard to the optional optial element 1041A shown in FIiI A the optic.a element 1041. may 

incduddeaarer whichmayrest ina majorityoflightraysakogthetransmitted 

pathsI1039Bretuning to the beam splitter 101 with the opposite linear poladationssuch thartthe 

nuaoritof these lght rays will be directed by the beam sputter 101 toward the formation of the 

holographicsurface 1018 rather than straightthrough the beam splinter 101 and towardsthe 

display 1001 The optional opticaelement 1(41B may contain porizaton controling elements 

difractve elements, refractivekeements;o fcesingor defacsing elements or any otheropca 

elements.  

[001142 Referring nowto Fig. IA and IB, in an embodimentthe vertical dsttnc 1 hetwee.n 

points such. as loadon 11 on the direly projected surface 1016 maybe the. same as the 

horizontal distanceD 11between points such aslocation 2 hicorresponds to ioation11 

on the relayed holgraphic surface 101 KThe relay system 102 or 102B maly be configured to 

relay phralityof holoraphic surfaces istrbuted amnd dpiy screen pane 1021 finding 

the .out-of-screen surface 1016 on the side 1010 of the screen plane 1021 andsurfacsthatare 

projected in-screen on the side 1011 of the screen plane1021, In themexample shown.inFigures 

]A and IB the surface 1016 is projected as an fcreenholographic surface, These 

holographic surfaces may e relayed front screenplane 1:021 to virtual pkne 1022 so that 

surfaces 1016 which are out-of-screen for the screen plane 1021 appear behind the virtual plane 

9
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1022 with respect to aviewe050, and silarly so thatsrtes that arei-screentforthght 

field display 1001, projected on the side 10.11 of screenplane1021 appearing frontof the virtual 

screen plane1022 with mrspect to a viewer 1050 For this reason, the depth of hoographie 

srface 1016 lps polariyr -the location I of the ouo-scren. hoIographic surace 1016 that 

is furthest away fron the displayscre plane 1021 irelayedto location 11.2 of the reaytd 

holographic surace 1.01.8 that isfurthest from the viewer 100To account fr this reversal of 

depth, and to present the observer 1050 with the same viewandsae depth profile of the relayed 

holographic surface1016 that an observer of direcly projectedon-ofsreenholographic object 

1016 wouRd see without the use of'relay system102one approach is to reverse the polarityof 

the IV light field coordinateswhich are the two angular coordinates in the 4D lightfield 

function with coordinates (X YU V, Converng projected lght rays 1036 into projected ilit 

rays 1013 each of which have the opposite slope. This converts outoscreenholographic 

projected surface1016 into in-screen ho graphic rojeted surface014 with a reversed dept 

which wille lated into relayed holographic surface 1020 Relyedholographicsure 1020 

is out-ot-sreen relative to the virtual display plane 1.022 and will appear to observer 1050 to 

have the same deplh profile relative to the Virtual screen plane 1022 as projected object 1016 has 

dative to the display screen plane 1021 Projected hologapc surface 1014 will appear to be 

depth-reversede native to the display screen plane 1021 In sumnmrar to project a holographic 

surface 1020 for observer 1050 of the virtual screen plane theintendedprojected 

holographic surface 1016 with the intendeddepth profit may be rendered r the display screen 

1021, and then each of the U-V angular eight field coordinates e fippedtopoduce a 

depth-reversed surface 1014 whi appears onthe opposQe side of the display screen pine 1021 

from. holographic object 1016. but whichis relayedby rey syte 2A or 102 into relayed 

holographic object 1020 with the intended relayed holographisurface and the imended depth 

proie relative: to he irtual screen plane 102, The 4D iht field coordinatesytem for 

(XY..V) is described in in mmonlyonedUS. Pa App Pub .N.s. US019/0064435 

US.201i035659 US2018/03-2926 and US. Pat App Set No 16063,65 which are 

incorporatedhereinby reference and will not be repeated her 

100431 n an embodiment, each of the set of projected ht paths 106 has a set ofpositonal 

coordinates and angular coordinates in a four-dinensional (4D) coordiatesystem defined with 

10
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respectto the display sren phane, and each of the et of relayed ightpa s 1025A, 025 has a 

set of positionalcoordinates and angular coordinates in. a four-dnensional (4D) coordinate 

system defined with respect to the virtual display plae As describe b hologamphic surface 

1014 mayberenderedsothtlightfoning the surface of object1014 willhbe relayedas the 

intended distribution for the relaye surfae. 1020 whichna bedirecly viewedby observer 

1050. One way torender holographic surface 1014is to renrholographicobject 1,16.the 

intended object to be shown in. absence of relay systems 102A r 10213 and. then reversed n 

polarity its LUN angular ordinates.Thiseversal of -V coordinates may result ni holgraphic 

object 1014 being projected instead of object 1016, whicb nay be relayed tothe intended 

lcaion of the holographi Object 1020, The U-A poarny reversal may be done Wh a 

corrective optic element as summarized below in referene to F 2A, or using an. adjustmnen 

in the4D lightfield coordinatesas suamnarized below in reference toIg 2. and 2C7 

[00-44 Fig. 2A shows an emodiment of a corrective optical element which acts to reverse the 

polarity of U-V angular light fild coordinates, Two substantially detical rowsoflenses .201, 

202 are placed side-by-side The rows of lenses 201 and 202 has aocal length f, and are 

oriented paraie to one another, with a spacing of twicethe focal iengh L, sothat their focal 

planes oveap atvirtialplane 203,and so that leses on opposite s of virtual plane 20 such 

as 21 and 214 share aconton optical axis 204. Incoming parallel light nays 2 1 aIre incident 

onens 213 wah an incident angle to the optical axis 204 of 0 intheUZ plane, and + in the V7 

plane ihe lght rays 211 are focused by lens 213 onto the alpane 203, and then re 

toward lns 14,whichrefracts the rays into parallel rays 212, Parallel rays 212 'eave 20with 

the reversed polarityangles of -0 with respect to the optial a A 204in the U-Z plane, and 

4with respect to the optical axis 204 in the V-Z plane, resuming in a direction that has been 

reversed rehtive to theincidentdirecona of parallel rays 21 This relay systent rnay be placed 

above the screenplane 121 in the projected lgh paths 1036 or in therelayed light paths1025A 

1025B in Fig. A and IB in order to reverse th polarity of U-V coordinates for projected 

holographic surfacees or rehyed holographic surfaces, respectively 
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[0145hi an embodiment the lightfield display1001mayin deacontroller 90, as showiin 

Figs.IA and1iBeconigured to receive instructionstfaraccounting forthetifferenebetween the 
Fqdephpr1febyndrnIthe ihie 

first pmected depthprofle and the first rehyed deph profile by operating the eight field display 
100 o output projected light such that the firstrea ed depth profile of the first relayed 

holographic ohct is the depth profile intended fbr a viewer 105 ig 2B shovs a toplevel 

view of awaveguide 221 of thei ght field display 1001 placed over a nnnber oihnnation 

source pixels 222 in the U-Nplane, including a roof pixelsatVO a cohun ofpixels atU1P 

and individual pixels 223 and 224 In an embodimenthe waveguide 221 allows lightfrom the 

peIs 222 to be projected along the set of projeced light paths1036 where eachpojectedtight 

pat 1036 has set of positional coordinates X. Y) and amgular coordinates (U\) in. a our

dinensional(4D) coordinate system.. In order toreverse the polariy of the UVcordrinatesand 

Create hologphic oect 1014 front a light field rendered f holographic object 1016 in NFIs 
IA and IB, one would exchange the polarity of the U and V coordinate as. shown in the 

diagram so that a pixel 224 with --- U and +V coordinates would swap places with a pixel221 

with +U and--coordinates Al other pixels would swappositions as indicated, withthe 

excepionoUV 0, which stays in place 

[00461 Fig 2 shows a side view of the embodiment showninFig 2B in the UL plane with a 

thin lens as the aveguide 221. The two pixels located at the nainium and maxinuxn U 

coodinates for a row of pixels 222 at Vz-0 are swapped. The rest is thatthe intensityand coor 

of projected rays fromthe pixelsatthe ini'mum U 23 1,and the maximum. ,232, swap places 

Fig 3Ashows an enbodiment of a. holographicsystem which isimilartothe 

configuration hownin igs N 1Aexcept that the rlay system .02A shown 4. Vg 1A 

comnriedofthe beam splitter 101 and image retrorefiector 1006A has been replaced bya relay 

system whiOch i comprised ofasingle transmissiv-erefletor 301positioned toreceive iighing 

the set oproected light paths 1036 and direct there ght along the set of relayed light 

paths .1026. In an embodimentthe tnsmissvereflector 301 inteally reflects portion ofthe 

received light among a phrality of internal receive surfaces shown as 401. 402 in Fig4A.  

described below) of the transmissivereflector 301 and oap ihalongte setofrelyed lght 

paths 1026 towards the virtual screenplane 1022 in a direction. An example of the 
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transtmissive rector301 may bea hedd Comer reflector array(DCRAwhich is anopti 

inaging en encomposedo a phmany of dhedral corner reflectors, which may be reaized as 

two thin layers of closely-spaced paralleitrnor planes, oriented so the planes are orthognalto 

one another as shown in Fig 4A, Another example is a corner refictor micronrror array.  

Projected light rays1036 may converge ata lcatonlonthesurtccofaolographic surface 

1016 and then diverge as they approach the transisvereflector 30L The.transmissive 

refetor 301 internally reflets the diverging rays 1036 such that they exit the other side of301 

as ray Ang the relayed paths 1026 and converge at location12 ofrelayed holographic surface 

1018. This may be accomplishedwthin the tranmissivereector 301 through a sequence of 

tworeflections as shown in Fig 4A this way holographic su.rtfc 1.016 proecteddirecly by 

the light field display 101 isrelayed tofmrelayedholoraphic surface108 

[(W481 Fig, 4A shows an assembled view of an embodiment of the detailed structure of a DCRA 

40f.as wellas the path of a light ray that passes throughthe DCRA 41 In an embodinnt, the 

CRA is constructed of two layers 406 and 407of closely-spaced refectiveplanes that are 

paraleibut offset in a first dimension and the dhection of the reective planes 401 in layer 406 

are oriented orthogonally to the direction of the reietive planes 402 in layer407 in as second 

dimension, Refleive surfaces 401 and 402 may bemnirrored surfaces. An incidentlight ray404 

mfects some of its energy intorelected lightray 414 as it passes though the external surface 

(shown as 430 in FI. 4B) of the transissivereflector. Light ray404hason component of its 

momentum reversed upon the frst reective surfae 401 at location 410, and then has a 

substtiallyorthogonalcomponentof-momentum reersd upon a second reflection at point 411 

rmthe second reflective surface 402 

049 Fig. 4Bshows asideview ofan embodiment oftranmissivereflector 421 which may he 

aDCRA, aging a point sore of light 422 located disancefmtranmissie reflector 

421. The insmissie reNfector421 isaignedparalelto tJhe XYplael achof the rays flight 

423 fom the point source 422 has its X and Y momentumcompoennts reversed transmissve 

refletor 421 so that the light rays 424 that exit 421 converge at imagepoint425adistanceD 

fromtransmissive relector 421. A portion of the light rays 423 reflect off of theextemal 

surfaces 430 ofthe transmissive reflectr421, reatingrefectedlightrays 433, 
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{00501] Twn gn tFigs 31 and 3Cis possible to use a cnfguran whmoethan one 

relay to relay hoographsuriaces. If a holographcsaurfe is relayed twicethen the depth 

reversal of the h4oorphobject that may ocr wit he firt relay ny bei done with the 

second relay. This is generdly true for holographic surfaces that are retayed by an evennumber 

of holographic laysFIG 3 shows a igt felddisplay system comprised of atleast first 

light field. display 1001Aand two relay systems 130 and 140 which together relay at least first 

projected hologap.hi surface to a finrday location. hL the embodimentBshowninFi.3, 

holographic surface 1.2IA and 122A are prected aoundthe light eld display screen plane 

1021A and relayed to nal relayed locations 121C and 122C around a rtual display plane 

1022B with no depth reversal. Also shown in F 311 is vn optional second ight field display 

10013B which may project an ifnage sur2ace1.23k In llace of thesecond light field display 

1001B the surface 123A may bethe surface ofa reakword object, the image of which will be 

confined within olographic surfaces 1.21A and 122 by the beamn splitter 101 and relayed by the 

pair of relaysystems 130 and 140 to image posion 123(, with no depth reversal The 

holographicsediacesand the intae of the realwoid object are combined and reayedtogether to 

a new eyed n thehoograph sudoaes and the reakvodobject to be 

dispyed together fe of a physical display plane, 

{00511In FIG 3I bt relay systems 130 and 140 include transrissivereflectors301Aand 

301B respective, but ither one o th relays could also be composed of a bem spitrad 

a retrorefiecor lik-erelay 1Q2A showm in FIG. A The hobrphi surftes 121A and Aare 

formed with eight along a set of projected ught paths 131A and U2A, from ightfield displa 

1001A. and soe frconof light along the seto pojeed ghtpathsaretransmittedstight 

through thie beam splier 10L The eam .,plter may be any bean spliter dilosed in the 

present disclosure Piocted eight along the se of projected light paths131A and 12A are 

reayed. by first relay system 130 along a tirt setofroayed light paths 131 and 1321 which 

fonn depthrversed rst and second rtled holographic surfces 121B and 122R arund frst 

virtual screen plane 1022A., respectvely, Light alongide first. ofrelayed lightpaths 131B 

and 132B ar relayed by thesecond relay system 140 alonasecond set of frayed light paths 

131C a 32C, Owhich form third andfouithrelated holoraphicsurfaces 1.21.C and 122 not 

depih.reversed around a new virtual screen plane 10223 Relayed hoelorapie objects121C 
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ani 122( should have the sante depth profile relatvet screen plane I022B as the depth profile 

ofsource projected surface 121A.and22 respective 

[0052 Inage surface 123Ais either the source of a rea-orld object or a hographic surface 

projected by the optional second ightfiekl display 10011 wih a depth profilevith respect to the 

screen plane 10213 of the light field display 1.00lBi A poron of light along iput paths 133Y 

fronsurfitee 123A are reflected by thebeam splitter 10.1 into pojectedlight paths 133A, while 

the other portion passes throughthe beam splitter01 ahlg a set .trasnedpaths1337. The 

transmissive reflector 301 A of ready system 130 hasreflectivesurfaces430, andsoie of the 

incident ong the projected paths 133A reflects intolight paths 143A (andhisuistre for 

light along he projected paths 131A and 132A but thisis not shoEwn in1 FG 3 \portion of 

light along roetedpaths 1.33A from theobjct 123Aare relayed t by rt relayisyte 130 to 

rdayd light paths 133B of a first set of reayed light paths 131131nd 1.33B- The light 

paths 1332 form depth-reversed image 1231 Some of thelih along the relayed lightpaths 

133reflet fro the surface of transmmissive elector301B of relay system 140 along reflected 

paths 143B (this is also true forincident light along relayed light paths 13 1 3and 132B but these 

retections from the surface of transnissve refLector 301$ are not shown Fig 3B The other 

portion of light alongthe relayed light paths 13B are relayed a second tine bysecondrelay 

ysten 140 to relayed light paths 133C of a second set of relayed light paths 121C 132C. and 

133C, The relayed ight. paths 133C foonrelayed surface 1.23c wnotdepthreversed,which is 

either an image of a real-world object 123 or areayed holoraphic surfae123A wherein 

relayed surfae 123C has the same depth profile to observerI10 as the sorce projected 

holographic surface 123A has with respet to displaycreen plant 1021 The 6rtual screen 

plane reed frondisplay screenplay 1021B iset ual screen phlae 2 irst.observer 

1050 will see either two relayedholographic'surfaces 121C and122C and ahologrpicinage 

123C of reaworld surae 123A or three rdayed holographic obje 12 1 22 nd 123C.  

In the configurationshown in F .3B, by sing the beam splinter 10 1 withe second light fie 

display 100111 in placethe holographic content fr two light field displays may be 

superimposed into the sane space around second virtual screen 10322 without depth-reversal, 

allowingforan increaseinthedepth agefor displaying holographic objects that exceedsthe 

depth range of eher of the individual light field displays 1001A or-1001B, Notethateach 

display 100A and 1001B may produce holographicobjects in a holographiobject volume in 
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th neighborhood of coreponding display screen planesI A -and .102.1B, respectively, 'hese 

holographicobjectn volums are relayed to vtirttat .isrcen plane 1022B csning o display 

screenI21Aandvirtualscreen plane 1022C corresponding to isp ncren 10211 The 

amount of separation between virtual screen planes I022B and 1022C is dependent on the 

diffrenei a first distance between display,1001Afrom the transnissive reflector 30IA and a 

secoddistance between display1001IB nd the transmisive reflector 301A. If these distances 

are the sane then the virtual screenplianes 1022B and 1022C will ovedap. Also note that since 

the proximity of either light ild display 0IA or .1001 from the bean spliuer 101 may be 

adjus the re'iayed hologphin obect volumes in the nighborhood of the yhtual sepatos 

1022B !and1022C mayncontan either one large ortwosmaerbut separated regionsfor display 

of ographicobjectsthat is tunable fragivenapplication. in the event that therelayed 

holographic object volunmes overlap, then a contiined relayed hologphicojectvolume larger 

than the holographic object volume of either of the individual displays may be achieved.  

Siilarly, if a reawodd surface 123A is used in place of a holographic surface 123A, the 

relative positioning of relayed holographic objects 121C and 122C with the holographic image 

123C from the rea-word Io i3A may be adjusted and customized to any application Note 

that this discussion aboutvariab sparation between c phates10221 and 1022C can also 

be applied to the case when only one relay is used, such as 130 

10053j FIG. 3 shows the sante configuration showninFIG, 3 butthe lightthat reflects fom 

htsecond tranmissive reflector 30IB of thesecomrelay system 140 along thesetofreflected 

paths 141B 1426, and 144 are shown being receivedbya second oserver 1031 Th 

inner'in -Fi. 1B applies to FIG. 3C Light among then fst set ofrelayed higitpatl1311 

and 132B from deptreversed relayedholographicobje\ 12 and 122 are reflectedinto 

relied lht paths 141iB nd 142B, respeively andmay in an embodiment, pass through a 

correne optical elementplaced la plane 7. Thecorrecyeopcal element maybeimilarto 

hat shownin.FR .2Aacingtoreversethe pormiyoftheangularlightfiedcoordinatsaa 

v, restIing inthe second observer101perceivin therayed holographic surfaces 121C mad 

122C wiT the sam depth prohderelave to plane 137 as the depth profle of thesource 

projected surfaces 121A and 122A rative to display plane 1021 of light field display 1001A,.  

respectively.in a simluarway, the object 123A whichmay beaholographicsuraceprojected 

by display 1001B, or a the surface of a realvodd object; produces rnys of eight whichare 
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relayed by relay system 130 alongrelayed light paths 133 whhb frpn ptrversedimage 

1213 and are reflectedby the surfae 430 of rnsmissivereflector 301B into light along the 

relectedpats 143B. The optional corrective optical element p d 137 just described niay 

also reverse the depth so that second observer 1051 nay see relayed image 123C with the same 

depth profile as the depth pmfile of surface 123A. In thisway observers1050 and 1051 will see 

the same holographic images in the same locations.  

[0054 As previously described, if first observer 101 sees deptiorrect ea lographic 

inges 121C,. 122C, and 123C, then ie eorrespondnglightalong paths141R, 142 ,and 143B 

approaching e 137on its way to second observer W51 0 vi5. be of deptrevered.inages 

121B, 122. and 123B. Instead of placing corrective optics at plane 137 it is possible toinstead 

useathird relay system (not shown)to reversethe depths of these depth1revere agesi21B 

122BH and123a One drawback to this method is the fact that with an addiionalrelay (not 

shown) now thesecond observer 1051 locatedd in a different position toreceive light from the 

additionareay, not shown) of the relayed nuages will not seetheserelayed imagesat the same 

locationsasholographiciuages121C, 122C and 1.23C perceived by thefirst obserer 1.050 

{0055 It is possible to use other focusing optical elements, defocusing optical elements, 
mirrored surfaces, or any combination ofthesetorelay a olgaphicobjectvolumearounda 

light field display pane Fig.. 4C shows an embodiment which use curved mirr as a focusing 

element in place f a retroeflecorto relay aholographic h ctohue without depth reversal 

FIG 4C shows an orthographic view ofa triangular surface being imaged using a holographic 

relay system 460 comprised of both a beam splitter 462 anda conave mirror 452,where the 

surface is on the optical axis453Inan embodiment theconcave mirror452 maybe sphrcal, 

p rabolic, or someother shape. The beam splitter 462 may be any beamnsplixr described herein.  

The triangur surface 461is placed on a vertical axis 44 which is orthogonal. to thehorizontal 

optical axis45 The center of the curvature of the mirror, Cat 451 is distance ) away from 

the beam splitter The point C' 441 is also the sae distance away from thebeam splitter, on 

the vertical optical axis 454. A portion of lightleaving the point C 441 along a set of projected 

light paths 465 will reectI fom the beam splinter 462 into lightrays along a set of reflected light 

paths 456 incident on the mirror 452, The concave mirror 452 anddhe beamspliiter462are 

ahgpedsuch that a portion of light 466 reflectedfromthe beam splitter 462 towardstheconcave 
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mtotror452 isreected and focused from the concave mimr 452 back through the bemn spIer 

462 along set of relayed light paths 467 that extendalong a return direction substantially 

opposite to the set of reflected light paths 466 Light along the relayed paths 467 may be relayed 

through pont C 45.1 tow ardsthe virtual screen plane 469. Surfe 461 cod be real srae or 

a holographic surtheeprojected by a Idisplay 463. Similarly, lightrays gprojectedpaths 

471 imm surface 461 willreflectfrom the beamspliter 462 intoreflectedlight paths 472, which 

refectrom the concaveinrror 452 and some of thereiiight 473 will pass through the beam 

sitter 462 and along relayed light paths 474 which converge to contribute to firming an relayed 

.inage 457 of the surface 461. viewed by observer 450, The optional optical fayer 464 may 

contain polrizaton-controllingopties, ens elementsdHTtackik. opics, refractive optics or the 

like inone embo'dineras desrihedabove for FI gA ncal. layer 464 is a quarter wave 

retarder whichmay convert linealy polarized light into circutlary pohlrizedlight ,and viceversa.  

If a polarization beam splitter 462 is used.the light leaving the beam splitter 462 on the reflectd 

light paths 472 is finearlyparized in a first state Rays along the reflected light path" 472 may 

be conertedrm the first state of linear polarization toa circular polarizationvhich is 

converted to the opposite circular polarzationpo reflection by the mirror 452 and furher 

convetdtoaeod state ofinear polarizatOn orthogonal to the first state by the quarter wave 

retarder 464. The result is thatrays 473 approaching the polarization beam spiter 462 will have 

the opposite near polarization mas compared to rays along the reflected light path472leavingthe 
polarization a splitter 462 and tesea w pass through thebeamsplitter462 

beamsplitter462, rawwill7 

contributing to the imaging of the relyed inage 457 viewed by iewer 450, rather hn being 

deflected. In the configuration shownin FIG 4C holographic surfaces projected by the 1F 

disphy 463 arnd the display screen plane 46 xhich may bethe sameas the display arface 

of the IEdisplay 46 are relayed to be odthe viruascreenplane.469viewablebyn 

obserer40 

[00561 In an embodiment surfaces in the vicinity of Point C44. arer ayedinto thevitinitof 

point C 451 Another feature of thisopticalsystem isth objects that are loser to the beam 

splitter 462 than point C' 441 are imaged to a xsitionfarther than the pointC451 from the 

beam spliter, with magnification,ad objects that are further from the beam splitter 462 than 

point U 441 are imaged to a positions oser than the point C 45 fro thebeamsplitter with 

rniaton Thismeans that the h ordering fr holographic objects produced in the vicinty 
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ofpointC44 isae n theyarereeayed to poin C 45L The nagnification or 

minincation of objectsin the vicinity of point C441 myereducedby increasnigthe mdius of 

curvatureof mirror 452 and/or makingthe. depthrangeofteprojctedholographic objcc'ssmad 

aboutpoint C' 441 relave tothe radius of curvature ofthe mirror 45.2. While the example 

lustrated in FIG. 4B shows a spherical mirror ispossie to use differentcoguraions of 

mirrors to perfnrimagigInding parboishapd concave mirro, and even convex 

mirrors which may be spherical or parabolic fr projection of mgs w convergence points 

behind the mirror (to theright of themirror 452 in FIG. 4Con the other side of the mirror font 

the viewer 450.  

[0057 in some enbodimentsthe focusingfunctionof the irar 452 shown in FIG.4C may be 

replaced with one or more opial elements such as e nses,mirrors, or some combationofthese 

elements. In one embodiment, shownin Fig, 4E, the relay system460 may bereplaced by a 

mlay system 470 comprised of a beam splitter., one or more lenses including lens 444 and 

optional.ens 44 d ae flector 442 on the opposite side of the one or more tens from the beam 

spliter 462. The reflector may be orthogonal to the optical axis 453 The optical axesofthe one 

orore lenses maybe substantially aligned with optical axis 453, I this casethe light rays 

from hologrphicobject 461 rejecting from the beam sphter 462 and toward the reflector 442 

would each pass through the one or more lens, and the one or more lens would provide a 

focusing function. In one embodiment, a planar refletoris used, and the focal plane of at least 

one en444 or lens 445 islocated atthe ieocal point ofthepaar rector 442 In a different 

embodinent,the reflector 442 i:s curved Inanother embodinenthe one ormore enses 444, 

445 are replaced vti arrays of much smaler enses.  

10058$ In another embodment, the entire reysysten460nay be replaced with arelayformed 

ofone or moreIlns Fig.4F shows an embodiment in which lens relay syste480comprised 

of one or morelenses which relay holographic surfce 437 around the screenlhe 46$ of Pght 

fielddisply 463 d rLyned holographicufce43.repacesrelaysystem 460. The oneor 

more lenses inclingns 446 and oponal lens 447 mayhave a eomon opticalais that may 

be substantially aligned with a nornal to the display surface 468 along opticaaxis454, The 

one or more leasesmaperfonrn a fousing etncion which opticallyreays the regionar.itd the 

displayscreen plane 468 to virtual screen pe 435 near the opticalasbut on their f side of 

the one or more lenses fon the light field display 463, OpticalsysIes with lenses may aso 
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contain fhus points, and mniacationor iniicationofholographic objects pocettd by the 

Ought heldisplay 46.3 inte viciniy of the display screen plane 46,much the same asdescribed 

above for the contgmrationshowninFig 4D..  

[00591 F. 4Dis an orhogonal view of a holographic surface 488 being relayedtoholographic 

surface 489 using a holographicrelay system comprised of a cved concave mirror 482 and a 

beamsplitter 485 where hologrphic surface is offset from the optical axis 483. The point 

481 -is a focal point of the mirror which may be spherical parabolicorsome other shape. As 

drawn, the surface 48 is a hographic surface prjectedfromi a light field display 497 but the 

inaging described here also works if the surface 488 is a real surface ijght paths 49fC and 

492C are projected at different angles from the light field display 497, and converge to frn 

inothervertex of the surface 488, Thesefight alongpjectedpaths 490C and 492C reflect from 

the beam splitter48$(with some loss due to passing directly through the beam splitterwhich is 

not shown) to become light ray's along reflected light paths 490D and 492D. which then reflect 

off the surface of themirror 482 to become light rays onrelayed paths 490E and 4924 which 

pass through the beam splitter (with some loss, which is not shown)and converge aain at one 

vertexoftheimage 489, helping form the nage 489. Light rays along paths 491C and 493C are 

prjected at different anges f the light fild display 497, and converge toform one vertex of 

thesurface 488. Theselight rays along 491 Cand 493C reflect from the eam splinter 485(with 

someloss duoeto passing directlythrough the beam splitter; which is not shown) to becomeligh 

rays along reflected paths 491I D nd 49D hchh then reflect fmmtohe surface of the mirror 4`2 

to becomeight rays onrelayedpat'h 491 and4931 whichpassthrough thebeam splier(ith 

some los, not shown) and converge. agai at onevertxewof image 489 helping frm the 

image 48. tight ras ong projectedpaths492C and 493 refet as hightrays alongrefnected 

paths 492D and 493 f)om the beam splitter, and pass through bthe focal point 48!-f the carved 

mirror 482 timing io rays along relayed paths 492Eand 493F which are paalel to the optical 

axisLight raysaongprojctedpths 490Cand491C reflect from the beamn splitter as igt ray 

along reflected 490)D and. 491Drespectively.andare paralelto th.e optial axis befd refelectng 

from the urvedmirror 482, s theirreflected raysalong relayed paths 490E and 491E 

respectively, pass through the focal point 481 of the curved mirror 482 In theconngiaion 

shown in FIG 4, holographic surfacesprojected by theI F display 497 around the screen plane 
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498,which may be the same as the diplay surfae- of the LF display 497. are relayed to be 

projected around the virtual screen plane49viewale by an observer 450.  

1000 h ianhboiment, ight rays parng pojeted paths 490C and 491C in FIG 4D are 

projecteat a normalto the surface of the light field display 497, at a singe angle or 

equivaendasigl tvalueoflght field angtdar Coordinate which weassin to be =0 ( sin 

the plane of the drawing - the oihogonal angular fights ed coordinate v is not discussed in 

refre to Fig 41) but similar commentsapply to as well) These ray are rMectd by the 

beamn spiher 485 into ysalong reflected paths 490D and 491D, which then reflect orn the 

mirror into mys along the relayed paths 490E and49i Theetwohtrays,visible to the 

observer 450, make different angles and 92 with a normal 496 to a line 495 parallel withthe 

virtual screenplane 49 and thus contributetwo diferentvalucsof light field angear coordinate 

u to the imaging of the relayed holgraphic surface 489 In other words, despite both rays 

having a single value of ight feld angular coordinate u=0 as projected by the light fMd display 

497they havedifferent values of u at the relayed holographic surface 489 and tis value (or 

equivalently angle) is dependentinpart on the position ofthe oectrative tothe focalpoint 

481 of the mirror, Also the two rays along projectedpaths 492C and 493 rojectedatlght 

field angularcoordinates (ul and au2 from thei ght eld display 497 reflect from the beam 

splitterand the irrosstent to become light rays aong relayed path 492E and 493E2,both 

parallel to each other and parael to a normal 496 to thevirtual screen plane 469, sothatthey 

hae the sarne light fld coordinatet at this virtual screenpne 469.as viewed by the 

observer In other wordsth, eauga t ecoordiatesofe holograph streace 488are 

reaanged by the holographic relay system 460 comprised of the beam spltcr 485 and curved 

mirror482infirning the relayed hologaphic surface 489T correct for this, the angularig 

field coordinatesleaing the screen plane 498 of light field display 497 may beaarranedinta 

compensated naer to achieve the desired angtdar light fild coordinates leaving the relayed 

vitual screen erw 4 Another pxhaps unwanted tet is that the normal to the light field 

display suace 498, usually the lighthid anglarcoordinate0 often defines an axis of 

symmetry for proved rays imm the eight field display sur4ace498 The light rays produced at 

u 0fiom the light lie display 497 deining iws of symmetry fro the eight fani display 

surfc 498,-maye relayed to the virtual screen plane 469 th significant values of u (e angle 

0 mai11 the normal496 to the virtaal screen plane 469 may vary), especially if the played 
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holographic imageisoffset sigificantdy from the oticlaxis48'Thismay causethefieldo 

vew to be eedin general to ninnuize field vie cangesr holographicsurfaces 

relayedbyoptical relay systemshown in FIG 4D, the ght field display 497 aybecenteredso 

that holographic surfaces such as 488 may reayed to posiia.ns 489 which are ascose, possible 

to the optical axis 483insome embodiments., the cusi function ofthe mirror 482 shown in 

FIG. 4D may be replaced with one or more opticalelements such a: 1 se, mirrors, or some 

combinatti e of these cements. hi one embodiment, the mirror 482 mahy bereplaced by the lens 

444 and reflector 442 shown in Fig4E as discussed above with respect to Fig4C, in another 

embodimet, the entire relay system 460 may he replaced with a relay formed of on or'-nre 

leases such as the lens relay system480 shown in Fig, 4F as discussed above with respect toig 

4C 

{0611FIG. shows an orthoonal view of a lightfield display and an ideal-holographiobject 

relay system 103which relaystwo holographicobjects projected on either side ofa light field 

display screen plane 1021 at a first location and viewed toa firstbser1048, to tworelayed 

holographic surfaces on either side of a virtual display screen 1022 at a second ooation and 

viewed by asecond observer 1050, The lightfield display 1001 may oopuT light alongaset of 

ptjected light paths that includes light rays along pQeted light paths I030Z that help form 

surface 101.5Z in front 1010 of light field display screen plane 1021, and light rays aln.ng 

projected light paths 10362thathelp fomt object 1016A behind 1011 the screen plane 1021.  

Lightpaths 1035 aret aed paths for the figit rays .1036Z hatorignateatthelightfield display 

suace1021, which in this enunple is coocated with the display screen paneUnder ideal 

circuistancesthe relayed hlogphicobects 101A and 1017B on etlr side of virtual screen 

plane 1022 appear to obserer 1050 exactlyy asdirectly projected holographic objects 1015Z and 

10167 appear to observer 1i4 in absenceof anyrelay system other word, theL 

display1001 and thea system 103 should e conagured so that lighf ra along relayed paths 

1032A and 28A which form relyd holographic surfaces 017A and 101NArspetive 

reach observer 1050 in the same way th correspor fight rays adongproject dpath 

1030Z and 1036Z whichrmthe directly projected holographic surfaces 1015Z aid 1016Z 

respectively, reach observer 1048 in the absence of any relay syste.m103 FromFigs. IA IBHand 

3A, andthe discussion below, it wil be clar that to generate the relayed holographic oects 

it32A and 1028A using a practical implemnentation of a relay system 103,the location depth 
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profile, and ognification of projected objects I0152 and 1016m 5 1 ay have1.o he ajIusted fron 

their Iocaions shownin hF . 5A and the light. ield angular coordinates may have to N 

rearranged for each of these projetedholographicsourceobjects 1015and 1016.  

[00621 Fig, 5B shows an embodiment of a holographic display system sinilar to the holographic 

display system ofFig IA. The holographic display systern of Fg 5B includes a rst display 

1001, which may be a light Hel ddisplay configured to project light along a setofpnectednh 

paths 1030A and 1036A to fborat least first and second holographicsu Ies 1015A and 1016A 

having first and second depthprofiles relativeto adislayscreen plane0i21 respectively The 

holographic display system also in desa relaysystem 104 positionedto receiveghrlongthe 

set of projected light paths 1030A and 1036A from th light field display 1001 and relay the 

recewed lght along a set of relayed light paths 1032A and 1028A such that points on the first 

and second projected holographic surfaces 1015A and 1016A \re relayed to relayed location 

that frmfinrst and second relayed holographic surfaces 1017 and 1018A having first and 

secid relayed depth proflesrelave to a virtual screenplane 1022 respectively 

00631 FIG, 51 sows a holographicrelay system 104 comprisedofa beam splinter 1005 and an 

iage reroreflector1006A The light fild display.1001 may besimilar to the ightfield display 

1001 discussed above respect to11Gs. IA113A and 5A, The ightfeld dispy 1001 projects 

out-of-screen holographic surface 1016 on the viewer ide 1010 of the screen plane 1021.and 

in-screen holographic surface 10SA on the display sid 0 ofthe screen plane 102 In an 

embodmentS the light eld dispay1001 mayoutputlgh onset ofprojected light pthS that 

includeslightraysalongprojectedlight padhs 1036A thol fonsurfac 1016A, and light 

raysalong projetedwgt h paths 1030AthaChelpo m- inscreen. surface (054 (athsi133are 

rayta L s thatdont representphysical rav4 Each of t pesof ced gtpa1hsON03A 

and 1036A has a et oosion coordmatesXYand angular oordtes(X) ina four

dimensional 4D) coordinate system deinedby te light field display These light rasmay 

diverge as Ty approach the eam splitter 1005. Smefretion of this incidentlight, isreected 

by the bean spHtter 1005 toward the image reIoreflector 006A along a set of reectedlight 

paths that include paths 1037A fo the incidem light 1036andpaths 1031A fromthe incident 

light 1030A while the remaining light 1034 not rejected bthe beam splier passeshugh the 

beam splitter along set of transmitted Ught paths 1034 andmayelst t contributing to 

imaging of relayed holographic surfaces 1017A and 1017B. The retorefiector1006A may 
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contain a fine array ofndividual reflectors. such as cornerreflectors. There1releetor006A 

acts to reverse each my of incident light paths 1037A 1031A in substatitaly the opposite 

directon from the approah direction, vith no significant isal ofset- Light rays along 

rejected light paths 1037A reverse their direction upon refeetifotthe beam splitter 1005, 

substantially retrace thir approach angle to retrreector 1006and somefractionof their 

itensities pass through the beam spier 1005 along relayed light paths1028Aconvergingat 

the location 1018A of a holographic surface iTn this wayholographic surface 116A. projected 

direcdy by the light field display 1001 is relayedtofr reed hographic surfae 101SA.  

Similarly rays along light paths 1031A reverse their directon upon hiding the beamn splitter 

1005, retrace their approach paths to reimreector 1006A, and somer faction of their intensities 

pass through the beam splitter long relayed lightpaths 1032A, converging and forming 

holographic surface 1017A. In this way.holographic surfeO 1015A projected direcdy by the 

light field display 1( I1is relayed to fora holographic surface 101A. TherIlayed lght paths 

1028A and 1032A make up a set of relayed light paths that originated fM theset of proieted 

light paths from the display .to the beam splitter 100 and then through the set of reflected 

light paths fro the beam splitter 100$ totheretroreector In an entxxinenteach of 

the set of relayedight path has a setof positional coordinates (XYlnd ang Ircoordinates 

(UV) in a four-diniensional (4D) coordinatesystem as defined by the rlay system 104 In

screen surface 1015A whichis prjcted at a reater depth than outof-screen surface 1016A b 

the IghtieMI d0isply 1, 00 isrelayed as surface 1017A, which is nowcseron. the viewer150 

-hansurface 1018A renyed from 1016A. In otherwords the depthprofeofhlograph 

surfaces 101A anti1(1 proeted by the lighted ddisplayis reversed by theographic 

relay system 104.The vercal distance between holographictsurface1016Aadthebeamspiter 

1005 DI is substanay t. he same as thehorizontal distancebetween the orresponding relayed 

hologaphic surface1018A and the beam splitter1005 Simarly, the verical distance 

between holographic surface 1015A. and the beamsplitter 105 is substantially the saneasthe 

horizontal distance D2 between the relayedsurfae 1017A. and the beam splitter 100. As 

discussed in regard to the optional optical element 104A shownin FIG.IB the opicalelenent 

1041Ais also an optional optical element, This 1041A. may be a quarter wave retarder which 

may resulting a majority flight rays along paths 1031A or 1037A retuig totheeamtspiter 

1005 with a linear polarizatin oppose from that of the hght ravsleavingthe beanspitter 

24



WO 2020/069536 PCT/US2019/053918 

105;whereupon the majority of these ighayswill be direcid toward the viewer 1050 rather 

than deletedby the beam splitter 1.005 and towardsthedisplay100 Also the light ray a~oin 

path 1042A. of the projectedlight paths 1036A fomh olgraphic surface 1016A, I projected 

fromthelight eld display nonal to the display screen plane .101, and usually isassigned to 

the ang-uaight -field coodinae value (u v) 0, 0)., Thislight ray produces liht ray along 

relayed pah 1042B, which helps; frm iin ayed holographic. suface 1018A..For observer 1050., 

theigtray 1.042B is projected norn t to the virtual display plane. 1022, and wil perceived 

asa rayvwith ligtfieldangir coordiiaieu (0. 0) toobserver.1050.Tofnurther generalize.  

the opticalireay system 103 preservesthelus htra atlight eI coordinate ( v) (0 0) to stay 

at that valueeven after being relayeddespite the required rearrangementof light field angular 

coordinates thatisshown in FIG. 213to reverse depth. whithe rettoreectorconfiuration shown 

in FIG 5 Alternatively, a corrective optical element may be included in. the holographic 

display system of FigS 54 to reverse depth in an embodiment, a corrective optical element 20 

shown Fig, 2Amay be disposed in the set of relayed light paths 02A and 1032Aandthe 

corrective optical. element 20 isconfigured to reversethe polarity of theangularcoordinates 

(RV) of each of the set of relayed light paths such that a viewer perceiving the st and second 

relayedholograpicsuraces 101A 1018A through the corrective optical element 20 would 

perceivethe a corrected depth order that is the samas the depth order of the first and second 

holographic surNces1015A, 1016A, Inan enbodimentthe corrective optical element.20 may 

be disposed in the virtual di'py pan Inaother embodineta corrective optical element20 

may be disposed in the set of projected lightpaths W033A '3and opically precedingthe 

relay system 104and the corrective opticalleemen 20may be onigured to reversetpolrt 

of the. angular coordinates (UV)of eachof the set of proieted light paths1030A1U6Asuch 

that the first and second holographic surfaces 1015Aand 101Ahave apre-corrected depth 

order In an embodiment, the corrective optical element 20 may be disposedin the dispia 

screen plane 

[00641 FIG, 5C shows light field display 1001 and a relay system 105 similarto the relay 

system 460 discussed above with respect to Figs. 4C and 4) In an embodiment,ie hoographic 

object volume relay IN is comprised of a bean splitter used to redirect diverging light fnm 

holographic surfs to a concave rflective mirror 1007A which retousesthis diverginglight 
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intorlayedhbolographicsurfaces, Retrotirect.or I106A in FIG. 5B has been replaced with a 

concave reflective niror I007A in FIG. 5C. in the setup shownin FIG 5C in an embodiment 

the mirror may bea spherical mirror with a radius of curvature approitviately eetpal to the optical 

path length between the display screen plane 1021 and the surface of the mirror. akin to the 

mirror center of curvature C' 441 in FG. 4D being located at or nearthe screenplane 468 in 

FIG. 4C.The same holographic surfaces 1015A and 1016A \repojeced by the light field 

display 1001 as shown in FIG. SB along a se ofproijeted light paths 1030A 1036A. The set of 

projected light paths 1030A and 1036A nmay be cnsciderd as determinedaiccordbig to a ui 
tourdimensional (4D)fincdon delned by thelight deldispahy 1001 such that eacn projected 

light pathhas a set of positional coordinates (XY)and angular coordinates (UtV) in a first 4D 

coordinate system defined with respect toa display screenplane 102.. Light fonholographic 

surfacee101A reflectsfromthe beam splitter 1005 ino light rayalong reflected fight paths 

103IA, rather than being directed backward alog their same path as they were with the 

retroreflectorI06A in FG 5., these rays aererected along relayed paths 1032B toconverge 

and form hologmphic surface 101.7 Therelayed holographic surfiae 1017B is sligy. sma r 

than the source holographic surface 1015A, due to mdiccaion performed by the concave mirror 

corresponding to the opticalpath length between lographicsurfce1015A and the mirror In 

an embodiment the iirro1007is a spherical nror, and the path length between the 

holographic surface,1015A and the mirror H0A isslightly largerthan theradius ofcurvatureof 

the surface of nmrror 1007A. Similarly, light fmhologrAphic suface10164reflets fromthe 

ben spiitter 1005 ito ght -rys a re eed paths 1037, but rather than be dire ed 

backards along their same path as ty were with the retrorefPectorI004inPIGSBthese 

rawarereflected alone retayed paths 1028B to cnvergeand frnhologrphic surfce 0158 

Ther ayed holograpnc soface 1018B1 is lightly largerthan thesouree:blogrphsurace 

10 A, due in magnification perfonned by the concave mirror c o ing to the pticpath 

lengthbetweenholographic surcc 1015Aand themirror In an embodimenthemirror is a 

spherical mirror. and the path length between the holograpic surface 1016A and the mirror 

1007A is slightly smaller than the radius of curvature ofh e surface of minor i007A, In 

addition, the depth ordering of the holographic surfaces is conserved by ithe relay le source 

surface 1016A isprojected to be in front of the screen plane 102 1,and its relayed surface 1018B 

is aso projected in front of virtual screen ane 102 The sore surface 1015A is projected 
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behind the screen plane 102 bandits relayed sure 101711 is alsopijetedbhindthevirta 

screen plane 1022, furtherfmm the viewer in eachc ase, Thustihe depth ersalthat occurswth 

the retrrelector in FG, 5B has been avoided by using the mirror 1007. Finaly.ibecauseam 

inagegenerated by the concave nArror 1007A isflipped, therelayed holographic sphere 10183 

is projected toa position beneath therelayed hologmaphic box 10173.in opposite order to the 

position of these surfacCs that appears in FIG 5B The set of relayed light paths 1028, 10321 

nay be cosidered as havi been determined accordinto a second 4D unction denedby the 

relay system 105, such that each relayed light path has a set. ofpositionaloordinates(XY) and 

anguar corine (U.V) in a second 4D coorinate system defined withrespect toa virtual 

screen plane 1022, Theagnicationminificaion, and position changes of the relayed surfaces 

1018B and 101713are all th.ec te of theapplicatin of the second 4D function inthe second 4D 

coordbiate systent 

100651 In order to generate the relayed holographic surees shownin FIG 5B to a viewer 1050, 

some corrections ay be made to the holographic surfaces projected by the display shown in 

FG SC. Inan embodiment, the light field display 1101 may include a controller 90 configured 

to receive instructions for accoundgtf thesecond 4D function by operating the light field 

display 1001 to output projected light according to the first 4D function such that the position 

coordinates and angular coordinates in the second 4D coordinate system fo each of the setof 

relayed light paths 1028C and 1017C aow therayed holographic surfaces 1018C and 107C 

-to be presented to a viewer as intended. FKD shows the position and nagniicaonof the 

hoogrphic sources that would have to begenerated by the fght field disphy 1001 if arelay 

system 105 ih a curved mirr configuration shown in FIG 5Dis used, Holographic surface 

1015A in FIG,5C would have to be projetedtothe pion of hoographic surhee 1015in 

FIG.' 5) made lightly smaller to compensatefrthe ranifiaionthatresulsfromthe 

surface being a closer distance to the irrorl Holographi surfate1016A in FIG.5C would have 

stobe proeted intothe position of holographic surfacer1016(in FIG.$Dandagnfed 

compensatefor the ninificaion of the image that o'ccrs at a greater distancefrom the mirror 

The positions ofholographic surfaces 1015C and 1016C are right-iefisapped, relative to 

1015A and 1016A in FIG.5C to account for the version of the image that ocess avh 

relection due to the mirror The res.is thatholographic surface 101 5Cs relayed ini 1017C, 
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in peisely the same place as 1017A in, FG5.Band holographic surface 1016C is eayed into 

101sC in precisely the sane place as 1018AnFIG. 5B 

100661 In F S iDthe group of light rays alcng projected light paths 1:03C which mormthe 

projectedhologrraphic sphere surface 1016fCmap to the rouoflightraysalongrelaxlight paths 

1028C that the relayedholographic surface 10.1 In a similar way in FIG 5Bthe goup 

of ligh rays ongprojetedlight paths 1036A fom the holographic sphere sure. 1016Amap 

to the group of ght rays along relayedlight paths 1028A. that form the relayed hlographic 

surface 101A, .pon close inspecion ofFIG5Bthe mddle ray 1042A projected noralto the 

screenplane 1021 (or display surface 1021.) in .11 , SBoften associated with a light eld 

angular coordinate (u=:v)=(0, 0).naps to theniddle ray 1042B which is normal to the virtual 

screenplane 1022 vied by viewer 1050. In otherwords;frthentroreectorconuraon 

shownif i F %5, thelight ray produced at (o= v)- (0, 0) is preserved, despite the fact that the 

angular coordinates u and have to be swapped as shown in FIG 2B to correct thereversaof 

depth Howeverin the curved mirror relay configuion shown in FID. where ro evenaof 

depth occurs, the centerlight ray 1042C in the group of projected light rays 1036(C projected 

normal to the screen plane 1021 of eight field display 1001O ften associated with a lightfield 

angular coordinate (u v)=0, 0) maps to the middle ray 1042Dwhich may not be normal to 

the virtual screen plane 1022 viewed by vwer O1050Thisis the saamebehavior that is shownin 

FG 4D, where light rays 490C and 491C projected normal to the display surface 497 produce 

light rays 490. and 491E respectively, which generate nglesr0:and 02hat varyawith respectto 

the normal to the virtual scr plane 469 dependingin part on the location the rays intersectthe 

holographic shrine 488, The result is that the viewer wi not seethecorrect lightild 

informaton from the lght ay 1043. In the example that specular highlight is pojecdby 

the light fieid ipa1001 in Fi. 5D along light ray along the projected light path 1042C this 

specular highlight will appear on mapped ray along therelayed light path 1042D at an angeto 

the normal of virtual screen plane 1022. To correct for thisthe color and inteniLtyinfrrmation 

that is projected on (u= v) = (0, 0)ray along projected path i042.in absence of relaysystema 

106 should instead be projected on light ray along the projected path 1043'iftherelay system 

106is in place so that this information will appear on mapped ray alongthe relayed path 10431) 

whichis te(nV)=(0, (t0) ray retire to the virtual screen plane 1022 and the observer 150 

In otherwords, somerenapping ofight fild coordinates may be made on the light field display 
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1001in addition to the magnificationadusmentspreviously described) in order to properly 

relay a hographic surface using a relay optical cogfiuration with a curved irror1007A 

[00671 Under the circumstance whmer the LFdipldy 1001 prodcesunpoarized light; and an 

unpolarized 50% bearn spiter I00is used, about hlf the lihfron holographic surfaces 

1015C and 1016C is lostupon the ns pass through the beamsplitteri 100, and anotherhalfof 

the light is lost upothe seennd pass ihmughh sphtter 1005 resulting in no more than 

25% of the lightfrom the hologaphic surfaces bing relayeI If a polarized beam splitter 1005 

is used, then it is possible that half of unpoarized light fronthe holographic surfaces 1015C and 

1016C is lost upon the first reection from the beam splitter 1005 bAthe remaining 1.ht 

directed toward theitor O 1007A wil be in a known first state of linear polarization. With a 

quarter wave retarder used hr the optional optical ele ent 04 .1 height reurin fontthe 

nirrormay be mosty in known second state of linear polarization. orthogonlkto the first state, 

and mostly be transmitted through the polarized bemn splter 1005, contributingto the relayed 

holographic surfaces 1017C and 1018C, Under these circumstances, etween23 and 50% of 

the light from the holographic surfiaes 1015C and 1016C may be relayedto holographicsurfces 

1017C and 101Clfthelight field display 1001 pMduces polarizedlight this efficiency can be 

increased substantiallywiththe use of apolarized beanm splitter 100$ and a quarter wave retarder 

1041A.  

[0968j In Fi .D, half f the light from eight path 1036C or 1037C fr the hologaphic 

surfaces 1016( or 1015C, respetvy may be wastedsince itpasses through the beamspitter 

1005 itlight rays along transmitted pathsI M i34 as shoveinFi 5C. I is possible to add 

anothermirroi 100B identical to mirror 1007A. placed oppositeto the display 1001A onthe 

other side of he beam splitter 1005,and orthgonaltIo mirror 1007A. FlcG 5E is anorthoo 

view of a light Feddispl y and a-holographic lay system 107 comprised ofa beam splinter 

1005 and twoconcave errors I 7A, 1007B pltacled rhgonmaly to one another toachieve a 

highefficiencyforlight transmission fm projected hogrphc surfaces toreyedholgraphic 

surtaces.This conigumrton is similar in concept to thesecondretrrdector1006B1which 

appears in FIG.1 IB Light rays along the poiected paths 1036C fin holographic surface1016C 

either is reflected by the beam splitter into reflected light paths 1037A directed toward the mirror 

1007A, or passes through the beamsplitter into transmitted light paths 1042A directed toward 
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the miTor 10071 Light paths 1037C directed toward mirror 1.007A reflet into light paths 

whi ;areaain incident on the beam splitter 1.005 and a fraction of this hght is transmitted 

through to relayed paths 1028C (while the remaining fraction. of this fightinident on the beam 

splitter 1005, not shown, is directed downward back toward the Light feld display I001. ight 

paths 1042A directed toward mirror 1007 reflectinto lightpaths 1042B3which are iident on 

the beam splitter 100, and a fraction of this light is reflected into paths 1028C cohng with 

the paths of light reflected by mirror 1007A hile the remaining fraction of this fight, not 

shown is transmitted through the beam spHiter 1005 and directedback toward the ight field 

display 1:00, The same is true tor light from holographic surface 1015C, eingrelayed into 

holographic surface 1.010, but these ight paths are not shown in FIG SD Inan emnbodimnent, 

the Concave mirrors 1007A and I()B and thebeam splitter 1005 are aligned such that the lght 

along paths 10280 reflected frommirors 1007A and 1007Bsustatiay overlap.  

1006691Under the circumstance where the U display 1001 produces unpolarized lightad an 

unpolarzed 50% beam splitter 1005 is used, almost all the eight from holographic srftces 

10150 and 1016 is directed to either mirror 1007A or 1007B. Uponreturningat mosth alf of 

the light reflected from each irror may be transmitted through the beani sptter100 toward 

the display, and not contributeto iniagingo relayedholographicsrfacs1016C or1017C. This 

gives an upper ilmit of light from holographic surfaces 1015C aid 1016C 

to be relayed to holographic surfaces 1017C and 1018C..owever, using polarization beam 

splitter as wel asa quarter wave retarder asthe optional optical elements 1041 A and 1041B as 

described in he dsiscusn of Ga A as we.D.a5s F 5i 51iau iayhihereitcienymay 

resuhsince most of the Nght directed toward each mirror hasa spetikeILir peirzanonwhich 

mxy be rotated by 90 degree' onis return tripbck toward the beam\piter, resulting in most of 

th light oftwoL ditvrent reflected polnariaons being recombined as it is directed to the relayed 

olographic surfaces10.17C and10 

[00701 n some embodimetahe focusing fnctin of the mirrors IOVA and 10071 shownin 

Figs 5 may be replacedwith one or more .optical elements such as lenses, mirrorsor Some 

combination of these elements none embodiment, the mirrors 1007A and107B ?mayveach be 

replaced by the lens 444 and reflector 442 sho in Fig.4 as discussed above withrespectto 

Fig, 4C, another embodimentthe entire reaysystems105and 106 ofFigsSC5Dmay be 
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replaced with a ay formed of one or more Anses such as the lens reay system 48:shown in 

Fig 4Fas discussed above with respect toFig 4C, 

10071 The relay 16 of the configuration shownin Fig 51 may be used as one or more (f the 

rlaysaholoraphic relay systemcomprised of two relays, as shownin Figs-3B InFig 3B, 

both of the reays 130 and 140 may be replacedwh relay systems .106, bt i Fig, 3CG ordy lay 

130 may be replaced by relay 106, since relay 140 requires ight to be transmied in two 

different directions, In another embodiment, two substatially idecalrelays106arused in 

lth holographic relay system co ration shownin Fig 3 B, and cthe efes ofthemnificano 

inagnmcation, and rearranging of light field angular dites(is v)tbrthefirst reay 

described abovein referenceto Fig. 5  arleast pariallyreversed by thesecond relay 140 

[00721 Fig, 6 shows an embodiment of a system whichrelays holographicsurcesprojected by 

a light field display 1001uasing a tranm reflector 10 An example of eleent 1105 is a 

dihedral corner reflector array (DCRA which is an opticalim aging element composed of a 

plarality of dihedal corner reflectors which can be realedas a two thial ayers ofclosey

spaced parallel mirror p es,oriented so theplanes are orthogonal. to one another asshownin 

Fig 4A Another examples a cor reflector micromirrorarray Thelightfield display 1001 

naybesimilarto the eghtIeld display 1001 discussed aboverespect to Fig, I The light field 

display 1001 projects out-of-sreen holgraphic srfce101A on the viewer side 1010 of the 

screenplane 1021 and invscreen hologaphic surface101A on the display a de 1011 of the 

screen plane 102 . The ransissverelector .1105 ispositionedto receive ight lang the set of 

projected light paths 1030 3M amd diret the recevedlghtalong the sei of relayedlight 

paths 032.A 102SA, In an em bodmtenteach of the set of pmjectedlight paths 10'A. 1036A 

has a set of positionalcoorinates(X)and angular coordinates(V) in a four-dimensional.  

(4D) coordinatesystem defedwith respect to the display screen plane 1021. in an 

ebmbdinent, the transnissve ..ctor1105 internallyrefets a portion ofthe received lig 

among'a plurality of intealreetivesurfaces 401402 of the tanmissive reflector 1105 and 

output lightalongthe set of relayedlight pas. 032A, 1028A towards virtualscreenplane 

1022tnairstdirection Inan embodiment. each light path in these of rayed eight paths 

I032A, 1.28Ahas a uniqueset of positional coordinates(XY) and angular coordinates(UV) in 

a fur-dimensional(4D)coordinatesystem defined with respect to thevirtual screenplane 12.2.  

Further in ane oiment an extemal surface 430 ofthetnsmissive reflector 105 relcts a
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second portion of the received iiht along a set of reflected igh paths 1.30 1136 in second 

drecdon opposite thei rstdrecon inan embodiment the setofreflectedlightaths 130, 

136and the set of relayed lIt paths 1032A, 1028A are sstantially aligned such that the first 

and second relayedhologai surfaces 1015A, 1016A ae perceived from the first and second 

direction,, to have ie same depthproilerelaive to thevirtal screen p 1022, 

100731 In an embodntiprojected ght rays along the projectight paths 1036A that converge 

on the surfacof hokgraphic surface 1.01.6, and projectedlightraysalongthepojectedht 

paths 1.030A that conerge at inscreen holographic surface1015A (see the ray trace lnte I93.3 

al diverge as they approach the transmoissive reflector I10 5.Some faction ofincident ight rays 

along the projected light paths 1036A reectfrom the extemal surface 430 of 1105 intorays 

alongreflectedlightpaths 1136. The tier potion oftheicdenlight rays along the projected 

light paths 1036A pass through the tranmissivereflector 05, undergoing reflections, andexit 

as light rays along relayed light paths 1028, which converge to frnn the relyedholographic 

surface 1018A, Sinilarly, some fracon of incident light rays along the project light paths 

1030A reflect from the extenalsurface 430 of tamissive reflector 1105 into light rays along 

reflected ight paths 1130, while the other portion of incident ligh my, along the project light 

paths 1030A. are relced within "05 and emerge as converging light raysalongrelayedlight 

paths1032A, frmingrelayedholographic surface 101A, Notice that projectedsurfaeL101$\ 

which was further from the viewer than projected surface 1016Akafter being relayed asrelayed 

surface 1017A is now closer to theiwraerhe holographic sceneasbeen reayd T 

vertical distane between holographic source 1016and the beamsplitterD1issubtanui 

thesameas the horizontal distacebetween h e holoarhic surface 101gA and th b 

splinter i105. Siiady theverricdistance D2 between holographicsurfae 1015A and the 

eam splitter 1105 issubanay the same as thehorzona distancebetween the.relayed 

surface 1017A and the bearn splitter 1105 Anobserver M 50 will see holographic surface 

1017A floating in space slighdy in front ofholographicrace1018A An observer 1350 will 

see thereflected hokgraphic suace 101A bperceiedob. at the convergencepoint ofset of 

reflected lightpaths 1136, and will see the reflectedhokgaphicsurface1015A percevedtobe 

at the converncepoint of set of reflected light paths 11 holographic source 

surtaces1015Aand 1016A arerenderedprior to heing dspayedinorder to achieve the correct 

depth ordering of relayed holographic surfaces 1017A and 101:8 as observed by viewer 1050, 
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which mans the depth of surfaces is reversed about the screen plane 1021 and the light Rild 

angrar coordinates U-V are reversed as shown in FICs, 21 and 2C, and discussedin reference 

t Figs IA and 5 above then the U-V cordinatesWill hereversed for the surfaces reflected 

fromthe surfe of transHissiverefetor1105 and observedati 1350. in other wordshe depth 

may not appear correctly for holographicsurhe101A or 1018A for an observer 1350 viewing 

light rays 1130 or 1136,respectively. To correct. for this, itis possibleto place acorreion 

optical element similar to that shown in Fig. 2A at the plane .1.137 in orderto perform U-V 

coordinate reversal for the set of the reflected lightpaths1130,113. ianotherembodiment, 

with a different light eld rendering of holographicsurfaces 1015A or 1016Awith no correnan 

opcalelement at plane1137 the observer 1350 may perceivethe holographic surfaes 107A 

and 101'A with the correct depth ordering,and a corrective optical elementsiilar to that shown 

in g 2A may be placed at the virt display plane 1022 as discussedabove with respect toFig.  

5B to allowobserver 1:050 to also view the holographic surfaces 1017A and 1018Awiththe 

correct depth ordering, In other words. if the rectionoptical element like that showninFIG 

2A is used to allow both observers 1050 and 1350 to see the holographic surfaces 1017A and 

101SA with the correct depth, they can be placed at plane I22 or1. depending onwheher 

the lightfield rendergof holographic surfaces from the light field display 104 contains steps 

which reversethe depth around the screen ple 1021 and reverse the polarity oftheU-V 

coordinates as shownin Fig, 2B, 

00741 Figs7illstrates a hographicsystem that is the sameas the holographic system ofFigs 

5Biiththe addition of another dispay 1201 opposite the st display 100Iandsandwichingthe 

relaysystem108,and the numeriaal hleing from Fig. 5,3ppes to Fig. 1-Therelay system 

INS is comprised of a beam sptt 1.205 and a retroreflectr 006 1i f201 is a ligh field 

displaythen the light fiet display 20.1 may be conigured as thelightielddispla001 

discussed above with respect Figs , with one or more display surface 1202, conning a 

plurality of IM source an i rey 1203 which ma or eay nut be present 

which acts to relay images from the emissivedspays to an energy surfer 1205, and anarray 

waveguides 1204 which project each light sourcelocaoon theenergy surface into aparticur 

direction in three dimensional spaceThe energy surface 1205 may be a seamless ener surface 

thathas a combinedresolution that is greater than anyindividualemissive display device 1202, 

while pane 1221 is the screenplane of 1201. If 1201 is atraditional2D display., then relays
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1203 andorwavegides1204 ay heabsent. Display 120.1 may displaya)iniage(not 

shown) or a holonraphic surface 1213 The rays aong addition ral < st of" pnCted lgh path 

1231 having te display 1201 reject off of the surface of the bearn spliier 1205,t forng 

diverging ray group along an-additional set of reayedlight paths 1233, Which can be ray tced 

back. through imaginary paths 1234 to reveal a. convergence point at a perceivedhologphic 

surface 1214 The vertical distance D3 between the displayed surface 1213 and the beamsplitter 

1205 is substantially equal to thehoriota distance between the beam splitter and the perceived 

surface 1214. An observer 1050 will see holographic surfaces 1017A, 1018A and displayed 

surface 1214 which may or may not be holograpic depending on whether display 1201 is a light 

fielddisplay UsWg a 2 displays 1201, it is possible to create a uniform background imaging 

plane thatcan be placed at any reasonable distance fromthe observer 1.050 depending on the 

distance betweendisp 1201 and bearn sputer 120.lA. panallax element207 can be placed in 

the path of dispWy 1201 at distance 1210 from the screen plane of 1201 in order to block some or 

all of the light from display 1201.and can take the i m ofaportion ofaliquid crystal display 

without a backlight, a transparent display, a real physical surface or the like The paraax 

barer 1207 can be used to bock out portions of the source 1214 inthe event thatholographic 

surface 1017A or holographic surface 1018 loccludes 1214 and both images arenot desired to 

be displayed atthe same time If thepaala barrier 1207 is a portion of an LCD panel 

contanngoneor moeparizers and a liquid crystal (LC) lyerz the beam spiter can be a 

polarization beam splitter that's selected.to reflec100% offthepoiizedlight passing ihmugh 

1207. Similarly, a parallax barrier 120 can he placed above light field disply1001 at a 

ditance 121 iin order to blok Aor some of the light fm display 1001 and can take the finn 

of a poron of a liquid cxial display without backliht transparent dispy. a real physical 

surface ecI is to be appreciated the various embodiments in above discussionswithrespect 

to Fig. 7 may be implemented in part or in whole in other embodiments oftheholographi 

display systems ofthe present iscosre including those in Figs. 4C-4Dand FigsSC FFor 

example,the second display 101 andparallax elments 1207 and120 discussedabovemaybe 

implemented to work within a ay system that includes at least one concave nrror as described 

in Figs 4CD-4and igs.t 
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{0075 Show in Fig, 8A isa holographicsystemthat is the same as the holographic system 1 

of1Eg. 6 with the addition another disnly 120 opposite thist display 1001 and 

sandwicing the relay systern 109, and the numbering labelmg from - 6 .applies to Figs, RA 

if display 1201 is a ligh Oed display, then the light teMd dipla 1201 nay be onfgared as the 

light field display 1201 discussedabove with respect to Fig Display 1201 maydisplay a 2D 

image (not shown or a holographic. surface 1213. Therays along an additional set objected 

light paths 1231 leaving the display may p ialv reflect A of the surface of thetransrassive 

refLector 1305, forming diverging ray group along an addional set of relaedlight paths1332..  

Rays 1231 may also pass thughthe transnssive rector1305, undergoing reetons, and 

cit as light rays along setof transmittedlight paths 333which convergeto form thereayed 

holographic surface 1.314, Thevertical distanceD3 between the displayed surfaces 1213 and 

1305 maybe substantially equal to the horizontal. distae between surface 1305 and the relayed 

holographic surface 1314. An observer 1050 will see holographicsurfaces 1017A, 1018KA, and 

displayed surface 1314 which myormay not be holographic depending on whether 1201is a 

light field display, ting a 2)di as 120, tis possieto create a unifombackgound 

imaging plane that can be placed at any reaonabedistance froin the observer 1050 depending 

on the distance beween display 1201 and t smissiverelctor 130.A parallax element 1207 

canbeplaced inthepathofdisplay 1201 atdistance1210fronttheseenplaneof1201inorder 

tob okk some or all of the light from display 1201,and can take the form of a portion ofa liqidd 

crystal display wihout abacklighta ranparent display, ana physical surface, or thel ke The 

paralax element 1207c nbe used tobkoutportions of the surface 114in the event that 

holographi surface 101 7 A or holographic surface1018A occludis 14 ant both images are 

otdsad to be displayed at the sam nt iea parallaxi cleent 1208 can placed 

abveigfhteld di;ply 1001 ata distance1211 in order to block all or some ofthe lightfrom 

display M00b and can take the form of a portion of aqd crystal display without abaiUghta 

transparentdisplay, a real physical siAce, etc. The parallx elements 1207 and 1208 may not 

be necessarytoavoid ccusion problems if 1201 is alight field displaysince coordinated 

rendering of both of the light elddisplays can be used to avoid occlusionNomnaly, nothing 

wil.l be placed onntermedate plane 137 orthe virtual screen plane 1337 However corrective 

opticaielemen20 from Fig 2A orsimilar congurationsthat reverse the polarity ofthe angular 

4D light field coordinates U V may be placed at plane 1137 and not plane 1337. orplane 1337 
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and not plane 137 or at bothlocations, or atnone. so corrective optics 20 at planes 1337 

and 1137 may both e movedcloser orfurther away fromthe trasmissiereletor 1305.  

Another opon is to havecrrecte optics 20 fromFig 2A or sini configuration whih 

reversethe polariy of U V coordinates placed just above the screen plane 1021 ofthelight field 

display 1001 Finly, system 130 can be built using a. mirror in place of transmissiverefletor 

1305, whichmayresuh in two independent views at observer 1050 on thelet of 1305 and an 

observer located on the right of 1305 (not shown),whereach observer would. only beabletosee 

holographicsurtaces front a single display. it is to be appreciated the variusonbodiments in 

above discussions with respect to Fig. SA may be plemented. inpat or inwhole another 

embodinents of the holographic display systems of the present disclosure, include those inis.  

4&4D and Figs. lC-5EFor example the additional display 1201 and parallax 1emets1207 

and 1201 discussed above may beimhplementedto work with a relaysystemthatinhdesatleast 

one concave inrror as described infigs4 4D1 and fiqgs 5CI 

(001 Fig,B shows an embodientusing the paralax barrier in Fig, 8A to perform occasion 

handling The labes ofFig. SA apply in this drawing, A portion 1367 of paralax harrier 1207 

may be activated to block light 1361 ron one ide of projeced surface 121, Only the 

orthogonal rays 1362 from the, surace 121 aue shown. and they parunly reflect from the 

transmissvereNetor 130 Ito rays 04 tha reach the observer 1050 The rays 62 are 

partially transmittedby 1305 and exit into rays-.6 whh frorm thei piected holographic 

surfacc1366. Substantially no blockedlghtray Ifrmtheporion of the surface 121 are 

visilhe to observer 1050, corresponding to the blocked portion 1365 of the reed holographic 

image 1366.  

{.0077 Fig SC shows an embodiment of systemsimilar to that shown in Fig, SA, with 

substantially all the rays of ght thatvouidreachanobserver1350ontherigtoftrnsmissive 

reflector 105, but omiuta some of the eight rays that would rechan observeron the left o 

130.5 (now shown. The haelsofFig 8A apply to this drawing Obsrer1 50 wlperceive 

theholographic surface .018A though the diverging rays 1337 retfleted fo 1305 and 

holographicasrie 1017A through the divergig rays 1331 reectedfrom 1305, Ifthedisplay 

1201 is a holographic display, then holographic surface1213 wil be reayedtoholographic 
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surface 1314 and the observer 1350 will see 131inh4 in the fr nd hologrphic surfaces 

1017A and 1.01SA in the backgroundi, If the display 1201 is a 2 displaythen observer 1350 

wil see a hat foreground agiand holographic sources 101A and 10&A in theback.groud 

As discused for Fig, 8A if 1201 is a ligt field display occlusionhandling Iay be done by 

coordinating thetwo light elds 100i and 120 or byung the parallax harriers 1207 andor 

120 . If 1201 is a2D display then oclusinhandlingmaybe done using the paralax harriers 

1207 andor 1208 

[00781 Fig. SD illustrates an embodimentshowing anabstraction of the display system shown in 

Figs. .A and 8M,. Display 1001 projects holographic surfce1016A which is relayed by 

rnsmissive reflectorintosurfice 1018A whichan observer1.050 sees infront of 1305. Display 

1201 projects holographic surface 1213 which is reyed by 1305 into surface 1314 whichan 

observer 1050 sees behind r a siverefector1305, Anembodimentcomprising partially or 

fidly enclosed transmssverefetor sure 130$ may allow observers oim all angles to see 

holographic surfaces in an extended viewing voume, 

00791 Fig,8E is an. enodimentofsysteof Fig 8with a nsssive rector 1605 having 

at least a parialy enclosed transmissive reflector surface In an embodient, the rector 

surface ay have a conical geometry configured to allow observers from all angles to see 

hologrphic surfacesin an extended viewing volue Transmissive reetor 1)605 may he a 

dihedralcorner refector array (DCRA wich is an opcd imaging cement composed of a 

purality of dihedral corner reetors which can be alizedas a two thinlayers ofclosely

spaced pamrleImirr planes, oriented so the panes arc orthogonal to one another asshown in 

Fig. 4A Another example is a corner reflectorniro iirtr arraylolographic surface012 is 

pmrjected by light fed dipay 1201, and is relayed by thetransmissivecone-shapedreflectorto 

viewable location 1314, Similarly, 1016A is priected by display 1001 and relayed to viewable.  

surace 101SA. This onfguration alowa n arrangement ofholographic surges tobe 

pagected a.nd relay tolocations ontheotinde of tehoorphic cone as we asnside, a ful 

360 degrees around thedisphly Muliple observers ik theone shown at 5arepossible. at 

mtiplelocationsaround the display. in an embodimentthe conical surface ofthe transmissive 

refletor 1605 may have an apex6 10 iAgned with a center of the display 1001 or 120L.  
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Occlusion handng can be done by coordinating the proectionofsurfaces rom both diplays 

1201 and 100.1 as discussedfor Figs. A and 8C. The transuissive refector 1605 can be a cone 

shape, as shown, a regular pyramid with four ormore plnarsides, custom shaped, and maybe 

fully or parially enclosed., 

j0080] In an enibodiment, the transmissive reflector may be cotftgured to have anapex 1810 

and apo onal base 1815. For exatnple fig, SF ilstrates an embodimentof system, sit3iar, to 

that shown in Fig 8E with a pyramidshaped transrmissive reflector surface 1805. hi. an 

embodiment the apex 1810 of the transmissive refletor 1805 ay be aligned with a centerof 

the display 1001 or 120 L 

[00811 Whue various embodiments inaccordance with theprinciples disclosed herein have been 

described above, it should be understood that they have been presented by way of example only, 

and nare notlimiting. Thus, the breadth and scope of the invention(s) shotdd not be limited by 

any of the above-describedexempar enboditents, but should be defined only in accordance 

with the claims and. their equivaents issuing frcm this disclosure Furthennore the above 

advantages and features are provided in deserved embodimaents, but shall notimitthe 

applicaton of such issued claims to processes and structures acconplishing any orall of the 

above advantages, 

10082 It will understood that the principal features of this disclosure can be employed in 

varousenbodimlents withoutdeparting from the scope of thedsclosure Those skilled in the art 

wi recognize or be able toascertain using no more than routine experimentation, numemus 

equivaents to the specific proeduresdescribed herein. Such equivalents are onderedto be 

withinthescopeofthisdisclosureandare covered by the claims 

{4O3 Additionally, the section headings herein are provided or consistencywith the 

suggestion under 37 CFR 1.77 or otherwisetoprovide orgaizational cues. These headings 

shall notlinit or characterizthe invention(s) et out in any claims that may issue from this 

disclosure. Specifically, and by way of example, although the headings refer to a "Fieldof 

Invention,"such claims should not be limited by the language under this heading to describe the 
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so-called technical eld. Furaer description of technologyin the "Backgroundof the 

invetonsecionis not to be constedas an adnssion that technology is pior art to any 

inventon(s) in this disclosure. Neither is the "Sunimary" to be considered characterization of 

die invention(s) set kth in issued claims. Furthermore any rerencein this dislosureto 

"inventon" in the singular shouldlnot be used to argue that there is onlya single point of novety 

in this disclosure, MNuliple ientonsmaybe set forth according to the limitations ofthe 

nutiple claims issuing rom this disclosure, and such claims accordingdefine theinventions} 

and theirequivalentsthat are protectedthereby. In all instances,thescopeof such claimssha 

be considered on their owners in light of this disclosure, but should not constrained. by the 

headings set forth herein.  

[00841 The use of thevord "a"or"an when used in conunctionwith the tercu oris in 

the claims and/or the specification maxy ean one but it is also consistentwith the meaning of 

"one or more)"at least one," and "one ormore than one" The use of the te "or" in the 

clais is used tomeanan dor unless explicity indicated to refer to alternative only or the 

alternatives are mutual exclusive although the disclosure supports a definition tharefers to 

only alternatives andndo TIroughout this application, the term "about" is used to indicate 

that a value includes the inherent variation of enrorthet device the method being employed to 

determine the value, or the variaton that exists among the study subjects, in generate, but subject 

to the preceding discussion, avaieherin that is modified a word of approximationsuchs 

"about" or "substantialymay vary from the statedvam e by ates- .23 4, St 6,7, .10 12or 

[0085 As usedin this specifcation and claim(sthe words "comprising" (and any fon of 

comprising, such as "comprise"and "comprises)"having" (and any totof having, such as 

ave" and "has"), "including" (and any formofincludingsuch as"includes" and 'Include") or 

containingg" (and any form of containing, such asa"cotan"nd "contain") ae inclusiveor 

open-ended and do not exclude additionaltecited elements or methodsteps, 

[00861 Words of comparison, measurement, and timing such as "at the time"equivalent" 

"during?"complete"and the like should be understood. to mean substantiallyy -at the time?" 
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"Substantially equvaet," "substantially during," substantialy complete," where 

substantially" meansthat sc corparisonsmeasurements,and timings are practicable to 

accompishthe implicitly or expressly stated desired result. Words relating to relavepoition 

of elements such as"near," "proximate to," and "adjacent to" shall mean sufficiently close to 

have a material effect upon the respective system elementinteractions. Other words of 

apprxiationsimilavy refer to a condition that when so modified is understood to not 

necessarily be absolute or perfect but would be considered closeenough to those of ordinary skill 

in the art to warrant designing the condition asbeing present. The extent to which the 

description may vary will depend on how great change can be nstitedand still have one of 

ordinary skilled in the art recognize the modified feature as still having the required 

characteristics and capabilities of the unmodified feature.  

40



WO 2020/069536 PCT/US2019/053918 

I. A holographic display system, comprising: 

a first display, comprising a eight field displayed onigured toproject light along a 

set ofprojcted light paths otfrnat e a first.hlographic surface having a first 

poce Idepth profile relative to a display screen plane; and 

arelayv system positioned to receive light along the setof pojected ight paths 

froithe light flel display andrelay the received light along aset of rehtyed ligt paths 

such that points on ithe firstholographic surfa tcearrelayed to relayedoations thereby 

fornge airst relayed holographi surface having a first relayed depth profile relative to 

avirumal screenplane the first relayed depth proile being different fromthe first 

proecned depthile; 

where thelaght feld display comprises a controer configured to receive 

instructs raccoungforthe differenc between thef rst projected depth profie and 

the first relayed depthprofie by operating the light fidd display to o it projected light 

such that the first reayedepth profile of the first relayed holographic object is the depth 

profile intenr-ded for a viewer.  

2 The I holographic display systen of clan I wherein the ight Field displayis contgured 

to projectthe fist tolographic surface as an in-creen holographic surface.  

3 The holographic display systen of clan I wherein the fight Feld displavis contgured 

to project the first holographic surface s anf-sreenologaphirface 

4. The holographic display system of claim L wherein each ofthestt projected light 

paths has a set of posiional coordinates and angular ouroinates in a eur-lmensional 

(4D) coordinate systemnd the instruction received bythe cntroAler comprises a 

reversal of the polarity ftheanguarcoordinates of thei rst holographic sTrfices in the 

4D coordinate sstm 

5. The holographic. display .stmof cm1wherein the set of prjected light pathsafo a 

second holkgraphic surface having a secondpojeced depth profile relative to the display 

screen plane, and ponts on the second holographicsurface arerelaed by the relay 

systemto relayed locations that form a second relayed holographic sirtace having a 

second relayed deptl profle relative to the virtual screen plane.  
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C The holographic display syem of claim 4 further compsingacorrective optical 

elment disposed in the set of relayed fight paths, wherein each of theset ofrelayed light 

paths has a set of positional coordnesand angular coornates in a fur-dimensional 

(4D) coordinate system, and a depth order of thefirstand second hoogrnphic surfaces 

and a depth order of fhe firt and second relayed hologmahic surfaces are reverse d,and 

further wherein the corrective optical element is configured to reverse the polarity of the 

angularcoordinates of each of the set of relayed lightpaths suh that a viewer perceiving 

the first and second relyed holographic surfaces through the correctiveopticaleeent 

woldd perceivethe a corrected depth order thatis the sane as the depth order ofthe first 

and second holoraphic surface.  

7, The holographic displaysystemof claim 6.herein the correctiveopticalementis 

located at the virtual display plane, 

& The holographic display system of ciain 6, wherein the correcveoptical element 

comprses parallel rows of lenses, each lens having the same focal length,.f, and the rows 

of lensare separated by a distance that is twice the focallength, wherebythe focalphane 

of the row of as overlap atavirtualplane and lenses opposite the focal pane share the 

same optical axis.  

9. The holographic display system of laimn4, frtherecompasing acorrective optical 

element disposed in the setof projected light paths and optically preceding the relay 

system; 

wherein each of the;set of projected light paths has a st of positional coordinates 

andangular coordinates in a tri.mensionail (4D) coordinate system andthe correcive 

optical element is configOred toreverse the polarity of the angular coordinates ofeacof 

the set of projected light pathssuchthat thefirst andsecondsurfaces have a pre-corrected 

depth order;and 

wherin therelay system is positioned to receive light from the corretve optical 

element along the 'set of projected light paths, and the firsthand secondreayed surfaces 

areperceivahe i acorrected depth order relative to the virtualscreenpane,the 

corrected depth order being reversed from the pre-corrected depth order 

10.The holographic display system of claim wherein the correctiveoptcaleementis 

located at the display screen plane, 
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11, The hologphic dspiavstemof claim 9vherein the correctiveoptical ement 

comprises parallel rovs of lenses., each lens.having the same fcal lenthf, and the rows 

of lens are separated by a distance that is twice the focallength, whereby the fal plane 

of the-row of ensoverlap at a virtualplane andlenses opposite the focal plane share the 

same optical axis, 

12. The holographic display system of clain 1, wherein the relay system compises a beam 

spiiner and aretorefeetorthe beam splitter positiotted to receive light alongthe set of 

projected light paths andreflet a portion ofthereceived light towards the retroreflecor 

along a set ofrefletecd eight paths.  

13. The holographic display system of clain 12, wherent the beam splitter is oriented at a 45 

degree angle relatve to the display screenplane and the retrorefetorand the 

retoreflector is orientd orthogonally relate to the display screen. plane, 

14. The holographic display systein of dainm 12 wherein the beam splitter comprises a 

polarizing ben splitter 

15, Theholographie display systeinof cain 14 wherein the relay system further comprises a 

quarter wave retarded disposed betweenthepolarizingbeamsplitterand the 

retroreflector, 

16. The holographic display system of cdim 12 wherein the bean splitter comprises a 

transparent, metal-oated layer.  

17.The holographic display systemofclam12. whberein the beamaphter comprisesa 

diebroicflter, 

18.The holographic display system ofcm12, vherein the retroreflector comprises a 

cornerreflectorniero mirrorarray.  

19, The hologaphic display system ofcaim12 verein the retroreflector and thebeam 

splitter are aligned skch ffit light reflectedfron the beam sphiter towards the 

retroreflector isreflected from the retorefectoralng the setof relayed light paths that.  

extend along a return direction. opposite ofthe set of reflectedlightpaths 

20,The holographic display systemofcla m.19, wherein the light reflected from the 

retroreflector is directed through the beam splitter and towards. the virtual screenplane 

21.The holographic display system of claim 20, wherein each of the set of relayed light paths 

has a unique set of posiional coordinates and angular coordinatesainafurdimensional 
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(4D) coonhnate systemand the heographI display system further comprises a 

correctiveopticalelementlocatdat the virtual screen plane wherein the corrective 

optical element is onfigured toreverse the pority of the angesdtr onaate of the 

relayed light paths 

22 The holographic display systemoclair 12, where in the relay system comprises an 

additional retroreflector and the beamsphtter is conigured to direct another portion of 

thereceived lght towards the additionalretroreletor along a set of transmitted igiht 

pats 

21 The holographic display system of can 22, wherein the additionalretroreflector and the 

beam splitter are signed such that projected light that was trnsmated through the beanm 

:splitter towards the additional rtroreectois reflected from the addionalrerorelector 

and further flectedby the beam splitteralongan additional set of relayed light paths 

towards the virtual display screen, and fiherer erein these of the relayed light paths 

and the addiional set of reed light paths substantially overlap, 

24. The holographic display systeof clahn I wherein the vital screen pae is oriented at 

a non-parallelangle relative to the display screen pane of the light field display.  

25 The holographic display system of clan I m wherein the viTruIal screen pae is oriented at 

a perpendicular angleeltie to the display screen plane of thelight field disphly 

26, The holographic display systeof caimn I wherein the relay system coTnpises a 

transmissiverefector0positined to receive light along the set of projected light paths and 

direct the recevedA light along thesetof relayed lightpaths 

27. The holographic display system of claim 26,wherein the transssive reectorinternally 

reflets a porion of the received light among a pluality of internal refe .[wesurfaces of 

the transmissive refectorandoutputs lightalong the setofrayed light pathstowaris the 

virtual screen plane in a firstdirection.  

28,The holographic display systeni of claim 26 wherein the transrissiverelectorinternally 

reflects a rstportionofthereceiedlight among a plurality of internal reflective 

surfaces of the transmissvreflector and output e first portion of thereceived light 

along the se! of relayed light paths towards thevirtual screenpane in a firstdirection 

and wherein external surface of the transmnissive reflectorreflects a second portion of 
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the receivd galg a set of reflected eight paths in a seconddirection opposite the 

first direction, 

29, The hologphiedisplaystem of caim 28,wherein the set of reflectedi ght pths and 

the set of relayed light paths are substantially alignedsuch that. the first relayed 

holographic surface is perceived from the firstand second directions to have the same 

depth profile relative tothe virtual screen plane, 

30.The holographic display system of claim 28, wherein each light path in these of relayed 

ight paths has a unique set of positional coordinates andangular corinIates in a fur

dimensional(4D) coordinate system, and the holographic display system further 

comprises a corrective optical elementposition.ed in. a location itersectingthe setof 

relayed light paths or in a locationintersecting the set of reflected light paths, wherein the 

corrective optical element is configured to reverse the polarity of the angular coordiates 

of light paths passing therethrough 

3L The holographic display system of claim 28,wherein each fight path in the set ofrelayed 

light paths has a ique set of positionalcoordinates and angular coordinates i.n a fou

dinensional (4D) coordinate sstem and theholographic display system further 

comprises first and secondcomrctive optical element positioned in first and second 

locaions.re spectivethe first location intersecting the set ofrelayedlight paths and the 

second location interseing the set of reflected lght paths, and wherein the first and 

second corrective optical Lmentsare each conFuredto reverse the polarity of the 

angular coordinates of light paths passing therethrough 

32. The holographic display system of cam 26, herein the transmiss.ive reflector comprises 

a dihedralcorner reflector array compreing a purality of dihedral corner reflectors 

33. The holographic display system of cam whereinthedihedralcorerreectorarray 

cornprisestwo layers of refective planes the two layers being parallel but offsetina first 

dimensi.onand wherinhe direction of the reflective planes in. onlayer oriented 

orthogonalxy o the directionof thereective planes in the other yer in a second 

dimension 

34The holographic display system of clain , further comprising: 

a second displaydisposed substantially orthogonally withrespect to thefirst 

display; and 
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abeam sphlier confgured to receive ight along the set projected lightpaths 

Kom the first display and an additional set of projected light paths front the second 

display and direct the received light towards therelay syten 

35. The holographic display system of claim 34, wherein the second display comprises a light 

field display configured to projectan additionalhographic surface, pointson the 

additional holographic surface are relayed by the relay system torelayed points thereby 

forming an additional relayed holographic surface having a depth pronierelativeto an 

additional virtual screen plane 

36. Theholographic display system of claim 35, wherein the virtualscreenplane 

corresponding to the first display and theadditional virtual seenpane corresponding to 

the second display are located such that two distinct holographic vokines are created, 

37. The holographic display system of claim35, wherein the virtatL screen plane 

corresponding to the fist display and the addionalvirtual screen plane corresponding to 

the second display are located such that one continuous hologphicvohneis created.  

the one ontnuous holographic volume being larger than :dividualholographic volumes 

associated with eier virtual screen planes 

3& The holographic display syste ofain 1, further comprisingasecond display opposite 

the firstdisplayhe relay system being disposed between thefirst and second displays.  

where the relay system is configured to receive eight along an additional set of 

projected light paths from the second display and relay the received light along an 

additional set of relayed iglit Paths.  

39. The holographic display system of claiW48whereithe second display comprises a lght 

field display configumed to project anditionalholographic surface and points on the 

add~ional holographic surface are relayed by the relay system to relayed poins thereby 

forming an additionalrelyed holographic sure having a depth profile relaive to the 

virtual scren plane.  

40.The holographic display system of claim39, further comprisinga parallaxelement 

located in the set of project iliht paths from either the first or second displays, and 

wherein the paralax element is operable to occlude atleast a portion of the holographic 

surface trmed along the set of projected hght paths of the respective display 
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4L The hoographic display system of daim 39, further compinga parallax element 

located ieachof the set ofprojected light paths fion the first andsecond displays,and 

wherein each parallax element is operableto occude aast a prton of the holographic 

surface fonned along therespective set of'projected lightpaths 

42. The holographic display system of clairn 38 wherein the relaysystemcomrisesa 

traanissivereflector comprises at least a partially enclosed transmissive reflector 

surfiice.  

43.The holographic display system of clain 42, wherein the partially enclosedtansmissive 

reflectorsurface coinprisnan apex and a polygonal bases the apexbeingsubstantially 

aligned with a center of the first or second displays.  

44. The holographic display system of clain 42, wherein the partially enclosed transnissive 

reflector surface comprising. a conical surface having an apex the apex being 

substantially aligned with a center of the first or second displays, 

45. The holographic dispay system of claim 26 wherein the rnsmissive reflector cmpises 

at least a partially enclosed transmnissiveretectorsurface 

4& The holographic display system of claim 45 wherein the partially enclosed transmissive 

reflector surface comprising an apex and a polygonal base theapex beingsuhstanuially 

aligned witha center of the first display, 

47 The holographic display system of cla 45 wherein the partially enclosed transnssive 

reflector surface comprising a conical surface havingan apex. the apex being 

substantially aligned with center of the first display.  

48-A holographic dispaysyteIn comprising; 

first display, comprising alightfield dispyconfigured to prjectlight along a 

set of projectedlight paths to form alest a firstholographic surfacethe set of proected 

ight paths detennined according to a first four-dimensional(4D)metiondeiined by the 

lightfield display, such that each projected light pathhasasetofpositionaloordinates 

and angular coordinatesia first41 coordinatesystemdenedwith respect to adspav 

screen plane; and 

a relay system positioned to receive lightlong the set of projected fight paths 

frm the lightfield display and relaythereceived light along a set of relayedlight paths 

such that points on thefirsthooaphic surface are relayed torlayed locations thereby 
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formingafrstreaed holographic surfcethe set ofrelayedight paths having been 

determined according to a second 4D function defined by the relay system such that each 

relayed light path has a set of positional ordinates and angular coordinates in a second 

4D coordinate system defined withrespect to aVirtual screenplane 

wherein the light feld displaycomprises acontroller configured to receive 

instructions fraccountingforthe second 4D tunction by operating the light field display 

tooutputproectedlight according the first 4D function such that the positional 

coordinatesandangular coordinates in the second 4D coordinate systemfor each ofthe 

setof relayedlight paths allow the relayed holographic surface to be presentedto a 

viewer as intended, 

49. The holographic displaysystem of claim 48, wherein the light field display is configured 

to project the first holographic surface as an in-screen holographic surface, 

50. The holographic displaysystem of claim 48, wherein the light field display is configured 

to project the first holographic surface asanofscreen holographic surface 

51. The holographic display system of claim 48, wherein the setofprojected light paths forma 

asecondholographic surface having a second projected depthproilerelatve othe 

display screen plane and poiton the second holoraphic surface are relayed by the 

relay system to relayed locations thattform a second relayed holographic surface having a 

second relayed depth profilerelative to the virtualscreen plane.  

52.The holographic display system of climn48.wherein the relay system comprises a beam 

splitter and aonave mirror, the beam splitterpositoned toreceivelightalongthesetof 

projected ight paths reflectafirt portion of therecived eight towards the concave 

mmor along a set of reflectedlight:paths.  

53.Theholographic displaysystem of claim 52, wherein the beam splittercomprisesa 

polarizing beam splitter.  

54. The holographic display system of claim 53 wherein the relay system further compsesa 

quarterwaveretarderdisposedbetweenthepolarizingbean splitter and the concave 

man'omr 

5. The holognraphic display system of ciam 52, wherein the beam splitter comprises a 

transparent,metalcoated layer.  
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56, Thehologaphicdisplay systemof clai52.herein the eNam spliTercomprises a 

dichroicfilter.  

7. The hologaphic display systemof claia 52,herein the conavermiro andh.e beam 

splinter are aligned suchtha ght reflected from the beam spitter towards the concave 

mirror is reflected andfocursed from the concave mirroralongthesetofrelayedliht 

paths that extend along a retum direction substantially opposite to the set ofreflected 

light paths.  

5R.The holographic display systemof claim 57, wherein the lght reflected. fon the concave 

nmirroris directedthroughthe beam splitter and towards the virtual screenplane.  

59. The holographic display system of claim 52, wherein thereay system comprises an 

additionalconcave mirror andthe beam splitter is confg d to direct a second portion of 

the received liht towards the additional concavemirror along asset of transittedlight 

paths, 

60. The holographic display system of claim 59, wherein the addiional concave rinor and 

the beamsplitter are aligned such that projectedlight that was tranmnitted through the 

beam splittertowards the additional concave mirror is reflected om theadditfional 

concave mirror and further rcfectedby the beam t spieralong an additionalset of 

relayedlight paths towards the virtual dispyscreenandfurthewherein the set of relay 

light paths and the additional seto relaedlight paths substantially overlap.  

61.The holographic display system otfu Im 48wherein the relay systemcomprises at least 

one lens positioned to receivelight alongthet ofprojectedhtpahsfomtheight 

field display andrelay the received light along the set of relay lightpath ;towards the 

virtual screen planeand wherein the at leastone lens is eween thedisplay screen plane 

and the virtualscreen plane, 

62. The holographic display system of clair 61, wherein the at least one lens has an optical 

axis substantiallyaligned with a normal of the light fild display 

b3.The holographic display systemofcl aim 61 wherein therelay systemcomprises first and 

second lenses havingacoinnon optical axis therethrough, 

64.The holographic display system of claim 48 herein the relay system comprises a beam 

splittr positioned to receivelightalong the set ofpjectedightpaths from the light 

field displayand reflect afirst portion of the received eight towards a reflector along a se 
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otreflected light pahs, wherein the relaysysten further comprises at ast onelens 

between the beam spliner and the refletorthe at least one lens configured to focus light 

passing therethrough 

65. The holographic display system of clait64, wherein the at least one lenshas an optical 

axis agned orthogonally with the reflector 

66.The holographic display system of claim64, wherein the at least one lenshas a focal 

Plane located at the surface of the reflector.  

67. The holographic display system of claim 64, wherein the relay system coimprses first and 

second lenses between the beam splitter and the reflector 

68. The holographic display system of claim 67, wherein the first and second lenses have a 

common optical axis.  

69. The holographic display system of claim 64, wherein the reflector is curved 

70. The holographie display system of cain 48wherein the virtual screen e is oriented 

at a noparallel anglerelative to the display screen pane of the light fiekl display.  

71. The holographic display system ofcaim 48wherein the viruastrreen phne is oriented 

at a perpendicarange relative to the display screen plane of the light field display 

72. The holographic display syem of can 48 further comnprisng a second display 

opposite the first disply, the relay system being disposed between the first and second 

displays, wherein therelay system is configured to receive light along an additional set of 

projected light paths from thesecond display and relaythe receivedlight among an 

additional set of relayed ightpaths 

73. The holographic .display system of clan2 wherein the seconddisplay comprises a. gh 

field display configured to project an additional holographic surface and points on the 

addtionalholographic source are reayed by othe e e to rel points thereby 

forming an additional relayed surface having a depth profile reative to the virtual screen 

plane.  

74.The holographic display system of claim 73, further comprising a panlax element 

located in the set of projected light paths from either thefirst or second displays and 

whereinthe paralax element is operable to occlude atleast a portion of theholographic 

srfiace farmed along the set of projected light paths of the respective display, 
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75. The holographiecdisplaysystem of ca7further comprising aparllx element 

locatedin eachof the set ofpojectedlight pathsfr the first andsecond displays, and 

wherein each parallax element is operable to occlude atast a portion of the holographic 

surface fonned along the respetiveset of'projected light paths.  

76. Theholographic displaysystem of claim 48, wherein the second 4D functioncomprises 

at least one of magntic.ation.m iniicatio. and positionchange ofthefirst 4D nation 

77. Theholographic display system of clim 48, wherein thefirst 4Dfunction exchanges 

intensity and color iomionbetweenlight paths that have the same posidonal 

coordxinates in the first 4D coordinate system.  

78. A holographicdispaysystencomprising 

a display, conIng a light feld display configured to projectlight alngaset of 

projected ight paths tofa at least first and second holographic surfaces in a fist depth 

orde relative to a display screen panc; 

a relay system posiioned to receive light along the set of projected light paths 

from thelight field display and relay the received lightakg a set of relayed light paths 

such that pots ontherstandseondholograph surfaces ar relayed to relayed 

locations thereby forming first andsecond r holographic surfaces perceivable in a 

second depth order relave toa visual screen plane, thefirst and second depth orders are 

reversed; and 

a corrective opticlmt dispoed in these.t ofrelayed pathswhern 

each of the set of relayed light pathshasa set of positional coordinates and angular 

coordinates in a fouriensiona4D) coordinate system and wherein the corrective.  

optical elementisconlguredtoreversethepolariy of the angular coordinates 'ea h of 

the first setof relayed light pahs such that the first and second relayed holographic 

surfaces are perceivahe wit4 a corrected depth orderth issubstanalythe same as the 

Erst depth order 

79,The holographic display system of clan 78 wherein the corrective opdal eeent is 

located at the virtual display plane, 

8. The holographe display systemof claim 78 whereinthe correctviyoptical element 

comprises parallelrows of lenses,each lens having the same focal length f, and the rows 

of lens arc separated by a disuane that is twicethe focallength, whereby the focal plane
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of the row of lens overlp at a virtualplane and enses opposite the foea plane share the 

same optical axis.  

8L A holographic display system comprising: 

a displaycOmprising a light ield display configred to prtectlight along a set of 

proectdlight paths to fon at least first and second holographic suraes in a first death 

order relative to a displayscreen pane; 

a corrective opial element disposed in the set of proJected light paths, wherein 

each ofthe fitaset of projected light paths has a set of positional coordinates and angular 

coordinates in a four-dnensional(4D) coordinate syste and whereinthe corrective 

optical element is configured to reverse the polarity of the angular coordinates ofeachof 

these ofprojectedlight paths the first and second holographic surces have an.  

intermediate depth order that isreversedfrom the first depth order; and 

a relay system positioned to receive light along the set of projectedlight paths 

from the corective opticalelement and relay thereceived light along a set ofrelayed 

light paths such that points on the frst and second holographic objects are reed to 

relayed lcaion.s thereby foruning first and second rekyed holographicsurfaces 

perceiabein a second death order relative to a virtual screen plane, theft andsecond 

depth ordersar the same, 

82 The olographie display system ofcain SI wherein the correctiveoptical element is 

locatdatthe display screen plane.  

83.The holographic display system of claim 8!wherein the corrective opicalenent 

comprisesparallelrows of lenses, eachlenshavingthesamefocallength andthe rows 

of lens are separated by a distance that is twice the focalength whereby the focalplane 

of the row of lens overIp ata virtualplane andenses opposite thefc plane share the 

same optical axis.  

84. A holographic display systemcomprising; 

first display, comprising a light field display configured to project light along a 

first set of projected light paths tofrm at least Nrst and second holographic surices 

having first and second depthprofiles, respectivelyrelativeto a display screen plane; and 

a first reay system positioned to receive light along the firstset of projected light 

paths fwm the. light field displayand relay the receivedlight along a first set of relayed 
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light paths such that poina on the first and second holographic surfaces arerelayed to 

relayed kcationasthereby forcing inst and second reayed holographic surfaces having 

first and secondrelaed depth profiles, respectivelyrelative to a. virtual screenpae 

854 A holographidisplay system comprising: 

a first display, comprising a light field display configured to pojectlight along a 

first set of projected light paths toforn at leastafirst holograhicsu ceshavingafirst 

depth profie relave to a display screen plane; 

a first relay system posiioned to receiveuhalong the first set of projectedight 

paths from the light field displyand relay the receivedlight along a first setofreyed 

lightpaths such that points on therstholographicsurfce are relayed to relayed 

locations thereby formng a first relayed hokgraphic surface having a first relayed depth 

proftirelativeto a virtual screen plane; and 

a second relay system positioned to receive light fromthe first relay system along 

the first setof relayed light paths and relay thereceivedlight along a second set of 

relayedlight paths such that pointson thefirst relayedholographic surfiearefurther 

relayed tonewrelayed locationsthereby farming a second rekayed holographic surface 

having a second relayed depth proflerespectively, relative to a new virtual screen plane 

86. The holographic display system of clain 85 wherein the new virtual screen plane and the 

display screen pane are substantially paraleL 

87. The holographic display system of calim 85, wherein the firt depth profile ofth Erst 

holographicsurfaceprojected by thef si display is substantilly thesameasthesecond 

relayed depth protie of thcond relayed holographic surfae 

SlI.The holographic display system of claim 85 further comprising 

aseconddisplay cooguredto project ghtfor forming animage surface; nd 

a eatm splitter configuredto receive projected eight from boththe first and second 

displays and direct a portion thereof alongasetof projected light paths towards the first 

relay system: 

whereinthe first relay system is configured to receive projected lghtang the set 

of projected light paths from the beam splitter andrelay a portimonof the received light 

along the first setofrelayed light paths thereby forming thef rst relayed holographic 

surface together with a relayedinage surface; and 
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wherein X thesecondaelaclyt conumred to receive light fromthefirst 

relayed system along the first set ofrel ightpaths andreay a portion ofthe received 

light alonl the second set ofrelayed fight path frming the secondreyed holographic 

surface together with further relayed imagesrace.  

9. The holographic display system of citn 88 wherein the image surface formed by the 

prjeced fight from the second displayis a holographic surface.  

90 The holographic display system of claim 88 wherein the image surface formed by the 

projeced fight from the second displayis a non-holographic surface.  

91 The holographic display system of claim 85, furthercomprising 

beamsplatterconfgured to receivelight of a surface ofa realwvrld object and 

thepojectedlight from the first display and direct a portion thereofalong aset of 

projectedlight paths towards the first relay system; 

wherein the first relay system is onfgured toreceive projected light along the set 

of procuted lightpaths from the beam splitter and relay a portion of the received light 

alongthefirst set of relayed light paths thereby forming the firstrelayedholographi 

surface together with a relayed image of the surface of the realworld object; and 

wherein the second relay systems coiuned to receivelight from the fIrst 

rehayedsystemsaogthe finrstset of reayed1 eight paths and reay a portion ofthe received 

light along the second set ofrelayed lightpaths framing the secondreled holographic 

smurfae together with a further relayed intage of the surface of the realworld olect 

92. The hologra phi display system of claim S5 wherein thesecond relayvvst directs 

another portion of the light received front the first relay system along set ofreflected 

light pathsina direction that is substantially opposed of the director of the second set of 

relayedlight paths 

93. The holographic displaysystemof claim92 further comprisingaorective optical 

eleeme disposed.in these ofreflected light paths such at viewer pereving light 

along theset of reflected light paths would perceive thesecondrelayed depth profiles of 

the second relayed holographic surface.  

94.The holographic display system of claim 85wherein the first relay system comprises a 

bean spiter and areroector, 
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95. The hoognaphic display semoflaim 85, wherein thefirst relsy tecomprsesa 

transmssive recciar, 

96.The hoognphc displaystem oflaim 85, wherein the firstrelay sy>tencomprsesa 

eamsplivker and a curved reflector 

97. The holographie display system of caim 85, wherein the second rclav sytem comprises 

a beam splitter and a rerofktor, 

9& The holographic display system of cakim 85, wherein the second rcla sytem comprises 

a ttissv reector 

99 The holographie display system of caim 85, wherein the second rclav sytem comprises 

S m splitterand curved reactor, 

10C The holographie display sys.m of claim 85; wherein the firsthand second relay 

system both compise a beain splither and a curved rdelector, and wherein the curved 

reflector of te first and second relay system have substanially the same curved 

geomtry -and it same distance from the beam splitter.  

Hit The hologp display sys. of claim 100 wheremagi toncanges or 

eight eld angAar coordinate changes intrxuced by the first rlay system are t kast 

partially corrected by thesecondlay system.  

1012. The hologniphc display system of claim 100, wherein the depth profile of he 

first holographic surface atthe display semen planc is substanthay the same as the depth 

prole of the second reayd hlogrpicsurface A.t the new virudscreen plane 
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