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;e3e@<@vvw z| {66T<* REDUCI NG GHOSTI NG | N HOLOGRAPHI C
STEREOGRAMS Back>sround of the Invention 1. Fiel

d
the I nvention The present invention reIateNWﬁHMHWEmmW“
to hol ographi c stereograns. Mre particul & , :
present invention relates toqreduci ng ghosti ng+ors*
hol ographi c stereograns. 2. bescription of the Rel ated
Art i oREDIYCNG GHOSTING D€ (IOIEOGRA PHICYSREREO Sam
conposed or synthesised froma set of two-dinensiona
views of a subject which are sequentially recorded as
hol ographi c el enen hol oqgel .hol ogr aphi c
recordi ng medi um ATR %'f%ﬂe 2 tlnﬂa process for
1./Réd o thSIRhtigant al - paral | ax-only stereogram 15 10.
Source data 12, in the formof a plurality of source
dat aTle prasest invention rglatgsrggneraldy t helographia stergogtamsoMags,

R S I
stéBoghmkhe source data frames 14 is then distributed

using a re-mapping algorithm (e.g. by the nethods of
Re- Centring, Panning or Rotating, which refer to the

t.h ' [ t db id to f
2. Bberipfion af PeRentegr Rl s or i mages 20, whi ch 15
I NpUjy Homg(?e}]ﬁlics&@febélalﬂ is g'ﬁfpe'm%lc%;ﬁﬁ combdled B2 spiBbiRg from a
yst al (LCD) . e p

aliqudwT drspl ay re-distort inmages )
se2 0f twee dsnensiegeleviewy ofa gjbgect sliichtarosagbentiatlyneeardgdas holographic

| ens 24 (which tends tq be a.very.conplicated assenbly
elsmeméiléfdése@rﬂn& l?i’q%%lﬂ? éeﬁﬁf‘d@’&@ GPB ng nedi um 26 such
as photopol yner. 25 The convergi ng | ens 24 conpresses

the pre-distort inages 20 into a plurality of
hol oBigaghi illustrateea procd, foefoctningfa hdrizohtal-pareHap+enlyistdréogram

19 CSaaeHBta . 911 JoFTE O L8 BRERISY S oneee deppBes Y comainti two-
A dndhhRi&ss 8 zﬁg(%bjg%t 1|§$rlgglgglt gg& g gil&e?s'&ij é@, where each of the source

corresponding s reproduced fromthe
dinalfegieaphiicsestionadoachnset florg Ehef the solirby dath drames fhd ds then

illustrated in Figure 1. Thisisarotgh%gi tion .
dighriutadising atrenarueg algprithay(e.g. by &1 me 841& & Lentring, Panning
nt r. . I : y k& fi
of RELAG i FrrorBhened) e Sloiel e ghited Y8 ARLGRAEAIHS form o
pﬁfralitg of pre-disertdmbgesD, whichdninphviney e spatiahkight wsodufgterz(SLM) 22
in the 1 mages 30 reproduced fromthe hol ographic

secheasadigruidherystabdisplpy (<SP (Thg prendisto)jmages 20rgre sphssquesntly

f‘ n n H .
ol SRR o ol AR B SRR e A ged bl
08 RASds) BBtoR ISR receftimtmediamt Teesuchag photdfolymer.

I naccurately on the hol ographic stereogram In view of
the foregoing, it is desirable to provide a nethod for

for a hol. i,C ie t] ' .

o a8 By ARG PLRE AT AR08 B0 ity o
hoRBHHAL Aémeits DB Ak 8 whithés sequeritiatly rédoeddd omed the holographic
st ereogram i nmages resenbles to the original imges 30

recordiog orediven 26 ixsfosmghe helegraphigmsterspgsm dfe | nvent i on
The present invention provides a nethod for formng a
hol ogr aphi ¢ stereogram 15 and resul tant stereograns.

It simulrd 25BustiRss AGefb Rduicd dhtat Pendraeereipondingiet of images 30
can be i npl enented in numerous ways, including, i

inter .
reprodycedsiom fhedwbusaphansteispgrrax Lsgenarasyidudhe methind,illugrated in

Fﬁgq;g A ?),F %12 ?sd %‘roﬁéﬁ Elrsgllcﬁ%} (t)f %ﬁ‘qﬁt}b]eg\%tgw%%%gé {nar%ll lgtgg%n ghtness,
c%hﬁﬁs?%g% %mAlfdﬁ?fféla TRh1H, 3hd holoShapHie Yiefd 20 brc¥idss ahSccurate

provi urali1ty of source data frames is
sectioned into a plurality of sections which a

re

mpped o forma pluralicy of pre-distort | modfiIMHANIMUN
variations in saturation and conpressed to forma *Goo002*
plurality of holographic elenents, which is recorded




10

15

20

25

30

onto a hol ographic recording mediumto formthe

hol ographi c stereogram 25 The plurality of

pre-distort inmages is preferably conpensated by

appl yi ng a conpensation algorithmto one or nore

pixels in the plurality of pke-distort images. The

conpensation algorithm for exanple, adjusts one or
repodGetRinGTithe sdurdd Eutd] 21 Giten] NowdveR shad sistappear’ia tiesiniages 30

conpensate, at |east partiall for the varying degree
repiodueadifrarm i halpgsaplio stereegsam Fhas Hljstetecis| Kighra hiLhe presence

) nts.is _recorded onto 16 ' .
oSN P PR  TsRBh eh Mor e RiARNT: HERBEAEND iy known
as@%ﬁ_i@. TRE §h¢§ﬁn% RReintnoh rdptodicepthR-iflagdsBU inhdoREREly on the

or instance, the attenuation factor applied to a
hqlographiersigreogrince t he val ue for ,. the pixel in
relation to pixel values along the sanme conpression
axis on the sane frame as well as other frames. The
at t epuaty, of tHe%fe%Bin?Pi@ id Rdirille B Proxlk afthé LB FemiiNga
value of the pixel to the |evel of the |owest pixel _
holegraghiasterepgtane wherein ghosinginsimagesaeproducedrirern dheknlggraphic
t he net.hod, i ncl udes. establ i shi,ng..a graphi cal .

Stprgp AR S 0% SAEERatEd) 0, pifes i 1, Sl Sgtspiam maggg resembles
thilo 'gﬁial wﬁeé 39hs<§écardtaytabgo§@1bw.al ity of pre-distort

I mages and a brightness of an inage reproduced from
t he hol ographi c stereogram The averaged pi xel val ue

can be averaged acrqss a co eisio . axis of the
plurality of pre-di M’M’%aphi cal
relationship is preferably established by generating a
series of source data 1 o franes having col our

gr adThé presers Gnention pyvides amegtipidpr faoiingd holographicistageogram
of saqurce data frangs form.a t . qf pre-distort
apduggltant slereaRIaus; Hgﬁ?lﬂé b é?prswatﬁa Shaythepsent IpygLiion; gan be
i i, BENUIR, ad £EREESS14h dgparabil
H%@Eﬁg ggﬁa%lﬁ{j%lgg%g’gn%sﬁ%“@ﬁ%é a secoarlld ol oar aphﬂiibc ?
systpmratienirervedinethéd form the second hol ographic
stereogram neasuring the brightness of the inage
reproduced fromthe second hol ographic 15 stereogram
and lc«%rﬁlr%Qo q tﬁgtaa;ggec?fof AR iAVAHAES A E k‘or‘f@hﬁ‘i‘ﬁﬁ Qfhofbgraphic
pi xel "Th e sel of predistort | mages agal nst the
stefdogRinf6m Dflutaliey ofMsegrerdatrfemssdsipfovired: Aplhwelityrof source data
hol ogr aphi ¢ stereogram The graphical relafij gn

> 1 ! ship .
figesdscsectionsd Anteracjwialify; ofspetipns Whichrare mapped oo ¢ phyrality of
20 .pre-.di.sto o Sy . - C .
oRog B el SRR AP sl Lopagsna i o
sharatisgdnd coraprsiedito fdim bplughityetisledraptic alements, whizhds recorded
reproduced fromthe ultimte hol ographi ¢ stereogram
optoselplographia serordingmedivm @ e grecholostanhic sterregrait-om
pre-di stort inmages. The pre-distort inages can then be
conpensat ed based on the predicted brightness. 25 A
wei gt perhiglof hra1@ixtoRemaRes ik peeférablylkempessitedtgchpplying a
bri ghtness based on col our. Such a weighting factor
crmpelrationalgoritn forene i mpre pixelstin theplygs; @h‘?ﬁ m@-dfsggf gpages. The

f .col . "y [ ' 3 .
cRFRPRA PRy AP e Agfla ohEpr AR MRS Wihe plurality of pr-
didiSit Bhagek to ddifipdiisab)at 1éasPpRfifilya frithesdrgipgidepred obyaturation when
generating a first source 30 data frane and a second .
tbopiucatitylof kolégraphic ebwntsﬁamcg@led optol}hgho]pgraghlc.recorc.hng medium.
S SR RS LRI BRE oML L b8 i

iﬁﬁgésﬂ PofisBh&A tH atleh@ftion Tt iPpHedify a SiREl hyEedacd the shlue for
I mage and a second image 4 fromthe first source

data franme and the second source data frane,
respectively, generating a reference ratio froma
reference section in the second i nage, generating a
ratio for each remai ning section in the second inage,
dividing the ratio for each remaining section by the

Y o o

T T

o o o o, o o
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According to a fifth aspect of the invention, there is
provi ded apparatus for form ng a hol ographic
stereogramfroma plurality of source data franes. The
apparatus conprises: neans for sectioning a plurality

of plurality of source data frames into a plurality of
sections; neans for mapping the plurality of sections

thé pixkbinrelatiph t pikelt valk ajpng the st donipresgios, axisnch ﬂllieaalﬁe frame

for applying a conpensation algorjithmto one or nor

as;wfsveas@hqx frames pT g affenpgtions faﬁpreamal@@ & ¢ pixshiay redyce the value of
th BEREAIAL ?ev29§f e 1dvti I8 \}ap.\esa%ﬂgtﬁé sl cOMHABALILO

nven a conp Fer Sys
formng a holographic stereogran1fron1a plurallty of
source data franes i s _provided. K The conputer

systRenfesshipthemsthad iecludss ﬁ@tpbleﬁé»mgcaegtmbléalf@eaoasarp between an

T AT T T
b@ﬁﬂds@ﬁﬁaﬂﬁiﬁg@@ﬁﬁodﬁb@d Blowt ehe hblogBiphitutdreseraial Thé sveidged pixel

to forma plurality of pre-distort inmages. A nenory.
vaimém atvgrageﬁbaqgoss@e@@mresgmraw of th%ﬂp@h@é@f Rya-distort images.

s ot i § pRR LS 5o o8 e A EHELREIS of ogpee dma

fr¥AEd IRivir Coldu? ghlatiah, keatdndil andGASPPId Ehch Of thesseMENSMsource data

aspect of the 1nvention, a conputer program product
friroes todorm agetaoﬂm dtgtcmp:mages cemprsgsingilfersshofprpidistont images to

tofageL T oaRe TR BebERieE i of B ERPRe Fhgmippnto
se%QﬁJc?hélQér ?ﬁ@ b QRdiRG m%@uﬁﬁ‘ﬂ) fORA %J‘&c&ﬁlﬁhd}b gtaphik kderddaram,

source data franes to forma plurality of pre-distort
mlemgag thesbrightmespof tha imageoteptodugaddipma thecssdend lglographic

Sigap LA HAPIHInER Hel Pt 2veraedpfial AEO LA PIRERhg {4 of pre-
dﬁﬁm%g%% %gnﬁ{){ﬁ% Btn%é’s%ffiﬁ'é ﬁ’ﬁag% @@préaagea fRAPEE e

uter program product” of the seventh aspect
hotegraplit stepenigedne. according to the nmethod of any of the
first to third aspects. Qther aspects and advant ages

of the invention will becone apparent fromthe
foI I , i
| S8 Bl 5Pk 00 b8 AR TR iy o

pm@d»lstoft test amgges and te pightnebpdfithe ohagetreprioduaedifram the holographic

6 Brief Description of the The esent
SIPTFOEHHEN P IO BIBHIG! e REEIPotH  SFUSHI RS foduced rom the

1 values fr

ul e EROI0 gk e e Yokl ARl of dilegRBpinel values from
pRedistordinypesg THe pro-digrert ithagdsaan thendteeotripessatieismasedon the,

i ke reference nuneral s designate |ike structural
p@d&mrsghtrﬁsgure 1 illustrates a process for formng a

hol ogr aphi ¢ stereogramin accordance with the prior

art; Figure 2 illustrates ghosting in an inage

r epr goweighting facior muglbeappliii to tH@pmﬂleteddmrghmesmbased on colour.

accordance wth the prior art; Figure 3(a).illustrates
Sucksa wetghting fq&ﬁmmxsbecﬁhtam%@@@ 5 grapiveldhe wisiehting factqnpd one

or art
Bl snen Al e WG BBl VK St colou
c@t’hPoﬁBnﬁ i@rthe pikBI The iaph llﬂpk&rﬁﬂ?ést@cﬂlsh@? gearaning@ first source
ogr aphi ¢ recordi ng iumin 15 accordance with the

dpilalfrmnaaand a sers@ndr sousiecdata frame tepch ayingyeplyeality of spetions, each

hi f. Fi b
Sl R PSR Sy o AR50
flahleUlin3tadaréh M ilacit ohl dHelsideBE /iy 4 Gfst ifageRdldi Cborimage
of a conpensation algorit hmin accordance with an

enbodi nent of the present invention; 20 Figure 4(b)
illustrates a conpensated pre-distort inmage in
accordance with an enbodi nent of the present
invention; Figure 4(c) illustrates an unconpressed
hoI ogr aph| c eI ement for rred from t he conpensat ed

- .

.
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Figure 8(b) illustrates a graph of Br agai nst pAvgrat;

0o; 30 Figure 8(c) illustrates a graph of atten agai nst
Br; Figure 9 illustrates a cal cul ation of pAvg for
pi xels in a pre-distort inmage; ,_ 7 Figure 10

illustrates three curves for,BrG against pAvg,.atro,c
for different R B values Figure 11 (a) is a graph
frérh khsfirsBdduf@ datd fhrat adthisecdndisvmes dbifghte, raspettively,
pAvgratto, R and pAvgrano.a; Figure 11 (b) is a graph
gentiaiing p seferegearatie frpm @fﬁfﬁfﬁbcecﬁéﬁmﬁ thesegandimageggenerating a

t d | B h
roft B e skt M PlrsPoond abiafd b fais g SoRP
reRAEMAdecBom by iedtefefhde ratiol t6 obtaira gLbRlidaté albng a weighting factor

illustrates a set of source data franes; to Figure

axi ahg ploktingsa plurabiy of prnts.ofach rapersented by pae g@eprdmat@ algng the

wiighie R R AhY b EEer b EhPe e ARG bR e
otﬁé&‘él&r £8mpbhdhtd ndh&Pixel o fornGhe F\‘a%)ﬁm of values from

he i mages of Figure 12(b) for ting the graph of
F| gure 11 (a); Figure 14 is a flowchart iIIustrating a

msthdféxr formn aho{ ic.15 st ra Fi gut e
15 QYT 1P%\$&ﬁ5‘?°f’ PFATS 9‘3{’? ﬁ‘é{e {90 RS I Use in redicing
gvg@m?ggﬁﬁﬁ)gd, Ific %Feogfaaisqg brovitRg ewhere é’}ﬁﬁfaﬁw @Fb‘é)ufdé daf¥frames

uratl on; Figure 16 Is an exanpl e a set
have bdat mcaomdmdﬁharessltlhg seations map@rte foutnh aglvatalitu lof pre-distort

par al | ax t ereogr am Fj gure
inkigi 84 PR O) BP-isior rRagps oy oppnenshiest B v evtingadh Sereton.
hol ogel for use in generating a full parall ax
hol ographi c stereogram Figure 18 illustrates an
exanpateordihgdo  thitd gspeatlof the inventiohs4 method leif glteringly@re-distort
|IIustratesaf|rst set of referenc ataframsgf%r .
inages o5 foraniag atiplagraphic stereparam from a RBirally o Aowrce data frames is
I
Ry e At ke il B ALY SO Rurce g
friRkomed a gﬁlﬁﬂﬁ?bﬁﬁbcﬁbmnﬁdhﬂaﬁpmme phitrality of sdotivasimeforntaa
frames, of Figure 19; Figure 21 is a perspective view

plyrality of prgidisjors Imapges the plraliy of prErdstPEIMAGSGES eQyRpasated for

Vaﬁa%oﬁé)g{ Fﬂ:&ﬁdnﬂt 30 Figure 22 is a top plan view of a
Wnhg plane of a full parallax hol ographic

The second and third aspects may include, prior to compensating the plurality of
pre-distort images, sectioning the plurality of source data frames into the plurality of
sections, and mapping the sections to form the plurality of pre-distort images. The third
and fourth aspects may include, after compensating the plurality of pre-distort images,
compressing the compensated pre-distort images to form a plurality of holographic
elements, which are recorded onto a holographic recording medium to form the

holographic stereogram.

According to a fourth aspect of the invention, a holographic stereogram is

provided, formed by the method of any of the first to third aspects.
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stereogram print; 8 Figure 23 is a graph generated

fromthe first set of reference data frames, of Figure

19; Figure 24 illustrates a second set of reference

data frames for use in generating a full parall ax

hol ographi c stereogram Figuges 25(a) and 25(b)

illustrate, respectively, a pre-distort imge and an

uncoARRAdiag era fich agsict gfthe irveatiod, tieme ishrovidedasbasatiis fof

reference data franes, of Figure 24; Fi %ure 26 is a
foramgiahodogsantyio stgreasiag: @@mfarmuﬁahwffswrg@ afaifragres. The apparatus

refere t

corBef aicing B dayHCe Blrebpbtfudl A fobitf RHRKs b o
plara(i®) of sebtitils] Mk fonmappiay thefplealitya seaions td formsa plorality of

use in generating a reference curve in a coloured full
pre4lisiornt imagey.candrmeans éQIrS@PMI(&ﬁ) compensationadgorithia to one or more

R e S R R e LT
hol ogr aphi ¢ stereogr am print having the hol ogels of 15

Figure 27(b); Figure 29 shows a reference green
wei ghedonding ‘e elrxth:wv@ of Hhreeinwéntionea mwtgr gystemyfor &gmiing a

B R BB L Bl A T comp
systeMPoffistised at) BXt8FAT diEcentePlad ol feckMing A3 pRIrhlavy of source data

hol ogr aphi ¢ stereogram and 20 Figure 31 i I lustrates a
framnep it procesyert aopledto fherextamgpl devm vyeréash |sc,ct®ne pedmaepnihe

B ol S o oS remor

que? oﬁrBEesg&r éiBr@Q? BorPRMAPNE itk 8N [PdPpligd to one or

SCI‘I be he tol |l owm ng description, numerous

mopepikéls in the tphirhBtyaf presdistoftdniapes to comtpemsateofop vaatioes &n

t hor.ough understandi ng of the present invention. It
safjiefiothe under st ood, however, to one skilled in the

art, that the present |nvent| on may be practised

without sonme or all of these specific details. In

ot heAcéordingne aseventt dspkctofthennoation, opEmEptterpregiasyproduct for
not been 30 descri bed |n detail. in. order, no
fospang & bolographie sigreagtasn fiope BRI Akwpcedeta ifﬁ@nﬁrlégéqwded The
c%rﬁ%@%ﬁnrggram mﬁ%@??ﬁ‘gh es con 'heg r%a{ra]l l@%r%?bai%%lgdé’f‘or sectioning
aisd @agsigg eregplurality ofivvert data frhedes tarformch plbmht)t blﬁ)re-dlstort images,
ghosti ng phenonmenon occurs when ho] o aph| me
a@d@ommwrr@é@wreg@nhmdséwamnﬁnﬁaé@sg% ﬁ?FF dﬁﬁ%ﬂ Images

d to result fromthe non-Ilinear

fo%hwgfgégclz r%{\@?}l{aﬁg the recordi ng medi um thus |eading

to variations in the saturation levels. This gives the

i npressi on of ' contam nation' of the hol ographic
el endhe appasaBsPhge fifthispechithe ?Q%PHt%Fcﬁya'@@rﬂ fthysixasgnt gnd the

comp&%r program product of the seventh aspect may all operate according to the method

of any of the first to third aspects.

Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating, by way of example, the principles of the invention.
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The nechanismthat gives rise to the ghosting results
fromlimtations in the recording material (e.g. the
phot opol yner). The Diffraction Efficiency (brightness)
of the 10 photopol yner does not increase linearly or
indefinitely with an increasg of |aser power falling
on the photopolyner. If the power falling on a hol oge

is low (as is detByiefDadription bfthe Bratiiagort i mage) the
performance of the photopolynmer is not "strained . On
the other hand, if, the power falling on a hologel is

hi ghT e%%g%e?m%%%% EOIH 15‘1%??}%%8%%}?%@{ 'n‘?lieissgcg)rd: étH@@cﬁlo\Miﬁgdetailed

hi gh varues nce

dREPRRYNMOBNiniihg eRenplatysaiboditherns) dn ¢énjonutiokiwitlr thach

its performance limts, that is it saturates. Figure

S
acgprapanyingadreyings| Te factlitete tine desceintien lika refprepec tHmetRks flegignate

serie f . pre-distort inages is recorded as
%ﬁgﬁ#%n%ﬁ%nents on a hol ographi c recordi ng nedi um

i N apig@iedaiMugirates Aprdcéds e foRthingAIHL@ESphid SteRdgiatrCinl adtordance
Figure 3(a) illustrates a series of pre 20 distort

withtlggwiorRitgure 3(b) illustrates a series of

or o- heGtEc) g aaRniei i wodt BpraicRE i B gmpebig

st?xl‘é}) o QH%&rﬁﬁ&@R&q{MeBﬁgﬂw while Figure 3 (c)

rates the series of hol ographic el enments of )
Fi guFigu® 3(b)illustraiesst segies bfpreslistort images an acoordsseqwithitke prior
pre-di stort inmages. 25 Saturation, (i.e. the
sapering-off or levelling-off of the brightness with

the pig eeﬂﬁfiéflugtrét@ss§ EerféQW?ﬁ%lggxlabﬁi@ @lcRitnt Brih&F £bA tA8 series of

medi u I's observed 1 n the ographi c el enents

preadistori étiagestin Fiduee Ba) agreamided onteadrodidgrgphierticording medium in

However, due to the occurrence of ghosting, the pixels

agpaKdanee WEh thed81288yr aphi ¢ el ements are saturated to

var yF%gﬁegﬁgjéx ?%?t%snthe §5ﬁég%'flh@fogra‘(phﬁ: SRt BEF iglcl)reo?’f(b) in an

pheno S the degree~of saturation

uficdifiprédsed Rempinvaetardamisiwith the ptiieart)ol ogr aphi ¢ el enent s.

Consequent | mul ti pl e shades 32, . 34, 36

s , 38 of a .
sol i Higwes 4g} illustrates 2 pre-gistart gmageprior;toappitcatipn, OE% CUPpI§ation

ai&ﬁl(‘)ié]?flle i Q620N i &) ?xﬁg&?iﬁmnt ofithe pidsar® idveflHGE the

ng phenomenon, nventors have devi sé€d a
conpenmad 4ONilhistates b bompérisated ipse-distott iamige in 4dserdance with an
pre-distort inmages to conpensate for variations in the

enbgdimentef the prasentiiByengPnt he pixel s resulting fromthe

var bl PETRRGEAR n BlcopifhtiStd Aok Elimel ined from the

cdiaBerth@a prd-bidtoreishige tn Biguted(B);pi xel val ues, in

anticipation of saturation further down the grocess..
The Fignsehdllusiraies anaathod forestehlishweaelatianshim bggwaen pAvg and Br

ﬁgggggﬁég%éehﬁﬁggéggqasor whi ch generates the

%sed on the source data. Fi gure

4( a) Figuré'8 iMaskrafes hddatoultitiohOf pAVgTRgehepikels i @ pre-distort image;
application of the conpensation to algorithmin
ac coFigure @ ilstiates paneshesbfor establishingarelabipnship petween pAvg and Br;

i nvent.i on : re-di stort..jnage . be derived in

t he gﬁge§g§ﬁggﬁpﬁsgﬁgm ﬂfgkaﬁgp§fg6%h1source data. It
shou'pdg e s iMihtialtdle.crahl dTBIARaIA U EOYE SOUT ce dal
frames are uUsed I n this enbodinent, there may be nore
t han Higure 8(x) illwestvates tigraphfafiarzen Igamst Br] y, there may be
15 between .150 and 225, such_.frangs..Li kew se,..although
onl y HgHe Bﬂﬁ@“@f?ﬁﬂ“f"“\‘*‘?‘&ﬂﬁy‘ﬁgﬁg RBW:IF i Hrﬁ"ldés‘?%é( &
(out of a total of 50), there may be nmany nore. The
nunber of pre-distort framnes in the conpression axis
is the nunber of hologels in that sanme axis for the
hol ographi c stereogram bei ng generated. For exanple,

if the final hol ographic stereogramis to be 45mm w de
and each hologel is 0.2nm w de; there will be 225 20
hol ogel s, requiring 225 pre-distort imges. On the

e -
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pal etteNeW = palette x atten (1), where 20 pal ett eNeW
represents a conpensated pixel value of a pixel in a
pre-di stort inmage, palette represents an origina
pi xel value of the pixel in the pre-distort inmge, and
atten represents an attenuation factor which
determ nes the degree to which palette is to be
adj URigerd 10rillasteiéss three cenves for Bre agginst pidvgy.plodonditiosnt R, B
5 Each pixel may be represented by three nunerica
onents: a red conponent, a green conponent and a
bl 0L Uski qgﬁ% gﬁgﬁ AN T &?émtfo%@m? m)ea&eehwag%cafdl PG atio R
t intensity of a particular colour conponent
aﬂmpﬂvgh%@t Accordingly, the plxel val ue, conpr|5|ng

val u s for each co nent. col d|c ive of th
col chieusil 10Has p o aresnea pelpisiash el Hefipcind s aa

;}J mtht hat can be represented by the pi er depends

0 € hunber of bits per pixel (bpp). In a 24-bpp

pi xeFigheririt),is e graphofiustiating @ delapicmelmip hictvecca RBEE s, and pAVEraio k

co onents conprises an 8-bit byte having a nuneri cal
é’ravoaﬁagl ng from 0Oto 12 255. Therefore, a pixel

int Y/ 6 col ours. For

exan%%u 1%412@9911 as\%?sﬁt Slgébggdeglg&of?m%%s 0, 0), neaning

( RedFigufe, 12(b)dtinstratés, a $8t ofinagey of the sd:ilodsm;rc‘adipa fiaines reproduced

havi ng a val ue of (255, 25 255 it
fromA hodosrarhie stereger s@eraée §°é‘6° e tafFimns ‘ﬁtja‘figwa 13(2);
val u ok f Figk 9(b) f
a vaﬁgglt #ﬁﬁggéééﬁgg%lcmﬁ legﬂ‘%\ngﬁge ﬁlg:r?hnfa%ee%edpu|r1 %gs es( ) for
plottinigltheigtaphbf RigutehEl (p)y; esent i nvention, enbodi nents of

the present. i nvention_ are descri

modeh g s aitlegshartil %trmm%mgﬂwﬁg”eﬁ@r@ &:Fhi Oftphic
? on is also applicable to other nobdes such as,

or érrple an 8 bpp pixel format in 1o which a pi xel

can F@Aﬁ: Pois adtdvmhaﬂ illustrating & megpddfoxedmpensatixtg 4 pre-distort

whi ch a pi xel n _have 65 836 col ours, anobngst ot hers.
mﬁﬁﬁfaiYﬁr@flo{l‘h’@t ¢ degiee i BRMUA% or . atten, is to reduce

the 9f\gtui‘|3a* e{%'taﬁ%lxaﬁ’lﬁielb? aQkt 6F d%\:e?(s%hrderfraﬁﬁh% £8f &edh %Eﬁé'irﬁtmg a full

i mage, | owest pi xel val ue anongt
ph@llﬂgh«ﬂpmphlﬁteeéogrmts recorded onto the hol ogr aph| c
recor di ng, nedi ugéreot her t an for

r epr ELBF 1 hi§ & GBCBHICHREY . of AR auRy ﬁ{f Tﬁlg‘"’t%bmws 2 g dglogel for

uh el B Ry PR o S OO e T O have ol y
one Fipuee]8 illstritesnad exanipigef a full patalm [Edﬂ-dlSlQ]l‘t only have

one shade, The multiple shades sh be i mnate
t hat Figre 19 mstpigsia figst F"%ttog refgrgace ﬁ‘ AR0RS fogﬁlsw genera?mgaﬁxll

pﬁ%ﬂ%[h&bg%pﬁlgs{e\pgoﬁ&rgps step 1: identify the darkest

reduce the brightness of any
l'i ghF uresfm)daasanﬂdotmtlmhstﬂateatespéctnvhb, alprekdistortgmage and

The m ddl e, hol ogel (stretc ,. fro i gure 3(c .

ppTE e BBl eensTeIed v eifithos! SLTRIETASE el Tebipsef Figure
2, in bands at the top and bottomof the imge, with
hree lighter bands 34, 36, 38 towards the centre, the

| i ghFagire DRinch pdrspcotiveeintvrof aaieiving planeandid filll pirakist holographic
stereogram print;
Figure 22 is a top plan view of a viewing plane of a full parallax holographic

stereogram print;
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next to the darkest bands 32. The aimis to reduce the

bri ghtness of the three |ighter 30 bands in the

hol ogel that is printed, so that they all match the

target shade, which is the darkest shade 32. The

desired uniformshade is shogn in Figure 4(c). 13

The | owest pixel value of the hol ographic elenent is

deperig@s23aa glaphpendracdioaethoffirdtihet dfatfegmapdata frames, of

recordlng medi um Were the intensity of light falling
Figyred9 hol ographic recording mediumis constant, a

bri I & . :

o 1 AR e ARt SUAR g B D eneratin
fuﬂ%facﬂaﬂhﬁbgraphxctd&ﬁecsgmrdi ng materi al is affect ed by

such_factors_ as the | aser power whi ¢ j

expdEgeres R ord 25@)141\1@%%%@& > @ity ls&gt EAgand 4R
RO kit ROIGE HOBd o bFFAARRATARY ethes, ofFigure
z@erfornance of the recording material. This

performance is commonly referred to _as the D ffraction

to Hfiguiei2riep celmé)neéeratphegeneéf@fi diomythediretsehot refsrepse data
t at h |
i ilye 19,y Pl eh it oo FftFaltR e i, bfTieyre 24;

obseFigtte. 27511)f1f1@§tﬁt€s aRQkhy 0Nsoudde dd&efrmﬁeﬂfod usginngehertiag a
wi | av fferent D'ffract|on Ef fi ci enci es once a

refrsensgicupieiie asplougssfull paradlax systittled t hereon. 15 The
tt i f. )
ot Pl 2Ry 60 L hSPhank Bk CUEKLIOREIS 53 he sourge data frames

omagmea7@bong a conpression axis of a pre-distort
i mge, pAvg, and a deg ree of brlqhtness of a
cor r BigpeR 18 gn Jnags frefh acho g sterspEamauIt hayiRg Sie hologels of
uncggﬁg nsat ed holographlc stereogrant Br. The
hship is preferably determ ned for the same
hol OEif ) Csho®@ Alrefeihc iR Waightiag fivtdr dudve) eneistilie boints for
recording the subj ect 2o hologram Once the
whighas plottsd’q utmgu @almﬁorpmlm oBFiguge 28t abl i shed, the

SRR B b bR e

cdlbvea fﬁlhﬁaramtmsgtaﬂtmetereogtmendpAvg, of the pixels
maki ng up a corresponding predistort inmm The, pi xel s

af f eEigute bg/llhlﬁféatgﬂﬁ)gqmmgerpwgtﬁmﬁgﬁma gcp]lggraglétc stereogram
te d t te f
e T

hol ographic elenent is recorded onto the hol ographic

recordi ng medi um Flgure 5 |IIustrates parp of a

met hod for BRetailed Desgription ofc Q¢ dyment

and Br for one of the RGB conponents A series of

source or reference data frames 50 with a gradually

I ncr aagdw gpproathitor firmirpes hidlegrepld o vtefedgray isales@itied Etthe

as shown is 30 generated. Each of the source data

f¢ltoavmg desoripgon agmene @p%mﬂc detarsr arp setderthy norderigaEoYige @
or | t Eﬂnfimg aepfrgge& g?tfond 3bidde dn@lg?o%daﬁow& r, to one

I'mages are conptesse
sf(l‘He(ﬁ ﬁft!ﬁb arts@ibt M phbedhvafivs ntly®ephictisélwithegt ol or all of these
which is sequentlally 14 recorded onto a hol ographic
spasifir ditaily. reotheminstendesy wielhkiyropoagss operstiansdisye a1t been

Far,, cl
o P PSRl DAY Gosgb DALy B AR Wiprosen
Vel umnecéssaiBl ge- coupl ed device (CCD) or a
spectroneter iS placed at a plurality of view ng

positions 56 relative to the hol ographi c stereogram 54
and nmeasures the brightness, Br, of a series of inages
58 corresponding to the source data frames 50,
reproduced fromthe hol ographi c stereogram 54. 10 For
the same franes that were used to create the

hol ogr aphi ¢ st ereogram 54, val ues of pAvg are

det er m ned. In thls exanple there are ten dlfferent

c I T ——t .
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num _ horiz pi x paletten,i pAvgn - i =1 num- hor~iz
pi X where 25 num hori z- pi x represents the total
number of pixels across the conpression axis and pAvg"
represents the pixel value averaged across the
conpression axis in a row of gpi xel s n. 15 For a
col our stereogram pAvg for each RGB conponent is
cal clnlth¢ emirsseqfestuaty@igythe Mmg phelontda ad halographntlsmrmgrams the
e 64 has m_ni val ue of 0 when bl ack
inCarR ARG Qe g1 BStiEA ef‘ﬂ‘é‘%%l’r 9qeuEs hendiologrghic € et
€ PdoBttied Ofitc% hélbEaRic etk "hPto!
org Bt et help B o 0K ink SyeRs 1 SR LA O
fram i woaslinsar alarsctenistic eif vhmmgdmgenahmnghualeamdgbqvaﬂwions in
total .nunpbe pixel s across the conpressjon axis.
thas3tHEEgh lea/e% ﬁné@“feﬁ the ifgressionoh copiaptnation %f?ﬁé? aptographic
Whbds REerARRTL B} BhG T fimean al so be
ot FEcrHR By Qe oy ol p A B D em ¢ he
fuI I paral | ax system being described later. 1 o In
h there hundr eds, of pi.xels |j

£ ho
eachufliﬁm‘?ﬁgn’f?g’r‘ilﬁgbﬂf’%ﬂ ﬂ%ﬁmﬁ% respisgiqm Siitatiopsm the
ref:@xﬁfn trHﬁEm&lrﬁ@ eth@"pﬁot%ﬁ%lém&ﬁnT ¢ mcﬁ@?@fﬁcgﬁ%%}/ g}%#ttness) of the

istort ge can 1'Vi |nto ten
plﬁiwpoﬂbanaatoes ﬂomhaemﬂmemssomndeﬁnmly with hn imcesasé oBlasérpower

for an e row, val ues_of the pixels are all the
igeon thep %epolym: ﬁ@e paver flling.on a iologe! inlewdas is determined by

thQ gf& %ﬁ%m& Ut[l@ Si‘g fan {:% gﬂgﬁ gb/&etﬁﬁcg?@?e S T % %'rnralﬂeﬁa% the other
hadkif if] the pawbr faﬂygron 4 lnologah ys ldple (4304 dléta’nﬁﬁecpby(&ieﬁxre-ﬂfstbn image
val ues of the pixels are all the sane and with each

with pigh pajstis vlaawg) 8¢ peifqranagegpithe ghotepplymenwallbe étrtalm@fi eand
I ?ﬁ&%] Y are all
@?l?}lgérbg%tltgb I'S %’ngﬁuﬁ tgléﬁ g%gI“té%@ di fferent pAvg
val ues, as indicat ed belowin Table 1. Table 1 is for
one coI our. channel aé)g assum ng, .nonochrqomati c

i magdigureiA(@ o Pis) elmsg lawaég%ﬁr igh gesyr wysa pgenes of pre-distort
1&%3% ﬁlré rg%f; fsf}%?@% éﬁﬂceelg StltS rmiL &é@gﬁaﬁm&]}egox%ﬁlgsﬁlgalhﬁrm
adcapdanéaith b piioOamd Ax@Edsl Bi parilaar( Pigbret3(2hiflustratéba seridb bf pre-

+ 255 + 255 + 255 + 2S5 + 255 + 25S) /. 10255Second(25S
distoptgmagesp Eguse gy illustratss g serips of holggraphigpiemengssformeg from the

e%%égﬁpx%-rdj_ét@? gl%léées in %?g%re 3(%?% rbcéraed dntb sct%oToﬁaﬁuc re%é%mg

médidfy hhile Fig2 &3 (e} Dhusitates fHeseA&Sofoigiaihtd diements b Fighre3(b) in
Fl ft h(25S5+255+255+255+255+255+0+0+0+0) / 10153Si xt h( 255+
qlyed=pu fpruptoyepresend thepug-Aisterbimageey ent h( 255+255+255+
255+0+0+0+0+0+0) / 10102Ei ght h(255+255+255+0+0+0+0+0+0+0
)/ 1076.5 16 N nt h(255+255+0+0+0+0+0+0+0+0) /
10513 gt0iakioR (D ¢ the tdpefind off b 1&-eMing-cfD36the Ehghmessrwlth the
(Bot t on) (0+0+0+0+0+0+0+0+0+0)/ 10Q For sinplic
ingraage igrasey power fallingiomthe resprdmgemediymy) js qktsmeé@htheéxy&graphw
I T g
elérﬁfegtg ?echEcge'apoﬁl% ﬁilé h%Idg?%hﬁco{?g&ggr@ég&%rgt fgg\ﬁ/g\z&r 6 e
ostafrefideEEhasting thaigitels ehkingnpehd kolbirgpliie eli:meama:é Beturated to
aver aged pi xel values, pAvg, of the correspondin

vgsying|degmes. ilm partigulgy, sheighosting phosamenemexhibitsthe éegra% of saturation

oLHLIGERPR Gy ARG Gt

shedeys R34t be; 3isrEasohd célﬁdr Al tﬁé’?l’ sty gds ar@bbRsved in the
pAvg, of t he correspondi ng pixel layer in the

h@lpgraﬁhlgtemenl@ i mages forma point on the graph of Br
agai nst pAvg. The set of points is used for plotting a
graph of Br against pAvg. Rows (and |layers) with pAvg
of zero are ignored. Thus the |l eft-hand nost view 58
of the hol ographi c stereogram 54 corresponds to the
tenth | ayer of the pre-distort inmage 64 (that is the
flrst ~non-zero Iayer) The pre- d| stort lmages 52 are

o - Y a1 N N
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to reproduce the viewin the right-hand nost view 58.

A best fit nth-order polynomal (e.g. a 5th or

6t h-order pol ynomi al function to represent the curve

as accurately as possible) is drawn for the various
points (ten in this 25 case)jg for instance as is shown
later [in Figure 8(a)], showing the relationship )
bet viperedpde/ie ghostidg phendiiieriony theinpentsss Baverdgvised aeompersation
assumed sjngl e_col our usage. .However, typi ly there.
clghmpRigh I APRISLIn Df PE- R BB ChrheaSsr YRGS in the

?t‘afh% ! 12610t RERInE Font BlePhBSER PHERGRSNIY by adjusting

d%g%'hoq% r elg,ﬂ Og}e r% é\nd gﬁlgg c())n t h(?l?r eg%rpdi ng mat er|y.al .
relévart pixel &alies bieclevantmguraniyl the prevdistorigmages. The algodthm

is around 90, Wth, ten, franes ach step 60 of .9 in
rodnesnicAR Uil FEHCS i STIRITOR OB B (i e diedploegsy The
| f SRARGEHE] ¥ Softbl RV ROSdsbdrAMioI gérferates
c#ﬁ%ﬁ%ﬁﬂ%%ﬁ%gﬁngﬁﬁgkromﬁ?g obtain a subgfgntially 8
thdipkd-aisnt inelgtebased sn tienentceaktaBr  (whi ch may even be

the case for an interval of 9), a slightly different

nmet hod for establishing Br can be used, as is

il ¥§1?et . | Gl Bstdrt it Bed Prit#ts agplichti6s bf @8 dompensation
secoﬁf séﬁ?%%ﬂ%#aggigge or #ef%r%nce dé%a franmes 70,p.
alg3rithint 1n acodrduicegwititané emisodimentod ties pressat inventierh Jha preedistort
the first andﬂihe second serjeﬁ of. source data.%{anes
imeges myibe deriyerd @ the sgae wayas hgprionatt SoMLSQULH A jat &
franmes as in 15 Figure 5. However, the first series 70

is made up of alternate frames fromthe series 50 in

Fi gufteshbuldwietriotedathit, &ltkamgh onlytfoer sourcstdatadiranaes argused in this
repeated once (i .e. appearin Wi ce). .Li kew.s he
embodiment dhsre @W?eif%orﬁﬁt&@%br 7 e‘f’FFetE?"éfPé‘FﬁXP&ath Pk gpay be

f a!nﬁg biRe FIBBGE Snly Wirpreafborf frafies are
bFﬁ&¥ﬁ25éé@g%%?§§§?ﬁs gggﬁggef%pea ed %ncé@ as shown
shéwirirotiseexdmplh@uf of stotzd 06 50)) thessmmaybe Bany swre Theeumber of

data frames 70, 72 are 20 sectione an? QEstrLb t ed s R
Pi-disteriEspesy the RITRTPIHAT A1y 18 A BnRber of halpgely i thgfspgpe axis for
t@eglﬁokg%ra@#ig s%lfez) fa béiﬁg g&%ratc]ﬁ] &ok bXabhp18N€ e Thab ﬁ&l@@ﬁpléic

| es are respectively conpresse

 sifécpran {9 toe 43Rt avideamingcs Rologél i0 20w Hide, these witkhe 325

whi ch are sequentially recorded, onto fit nd.a .

hodRgs Rt eHBITg g e oAt CTelF Gihet B Hhe ARl josraphic
T IgAY @Mofithn wide, thedé wik68 10

Ty R R IBPH Cocth BORRNITTOGn il L6 WSO !

1d16HRRS teqQiFiigel0 pre-difterc mages. a plural ity of view ng

positions 78 and neasures the brightness, Br, of a

series of imges 80 of the source data frames 70, 72

repr oduced_w i I . I RNbig- d

St or oD Bty afod iy PR AT o RERAE, IR RABRTHE mappe

driptid BMPRJemt PhowathphivExpers Gyaup (FPRE) ow Ahdiesyidgp Interleaved

0 S b onc s SRR o s
| of ti . ' : . i
LTl B, B ot A e

consecutive view ng position 78 is still too narrow to

obtain a substantially diffeafnti bIe.neasurenegt of .
Br, tFigurecA(hbidluptratessa GorpRepsat Pﬁ%‘ﬁ?@”?%&%ﬂ%@r PRESE one

wth.a gr er.n kit d : ixels in the
Hih P G PR LK%, 05 plchnEat, o pvcs i
fpan8 DBaaEirsgons T sure 4(Hewhes tief avernge pixellzslae iv kighest, are more
until the interval between each conseéﬁgge Vi evvk gh iddl
sesitiatei] dinan the pielsan dhymifdle 5eions 424 48 JE lafbnadims e@” ¢ middle
di fferenti abl e nmeasurenment of Br. Figure 8(a) shows a

rel ati onship between Br and pAvg generated from

reference i mages for one col our conponent for one

recording material. The units for the Br are 1 o

arbitrary or irrelevant, as long as all values are
measured the same way. \Wen drawi ng the curve, the Br

o o M T

o " oy
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pal ette,,~~ represents a maxi num pi xel val ue based on
the col our node being used, in this exanple it is 255.
25 Accordingly, a set of points of Br against
pAvgrarl o can be plotted and a |ine drawn as
illustrated in Figure 8(b), ghowi ng the relationship
bet ween pAvg,.ar;o and Br for one of the RGB

regionpdé2yeldt 46 wild appeat beghterthanutine oy arel BostonBregiams sEherefere, the

it G O BT S
sahfPfted 98 %%@@@)&b&{oﬁéﬁf@ff '{"rﬁﬂe@&s hBenil@le? i@ﬁ’ﬂor atch the top

stereogra nsequ e attenuation Tactor,
ardittodtom regions)\se tisat lthe pikelpaiies forainy boe toleubigregntin dus cask) are the

a pixel in _an | e reprodyc rom an unconpensat ed
sofs (6 BB S BLE GErehnn the HfiiolOERepHEd §ET BB ot

the attenuation factor, atten, derived is the inverse
of the brightness, Br: atten =1/Br (4). This

r el afigorestic)dllustrasésmnruncompriegsedhoBigraphicriementformed from the

rel ati opshi p between, By, an Avg or_ between pAvgrarlo
COMRSENEES BT IEET hisa D ?cercansﬁwﬁiql?g@g&o&ment of the
prdGas HvEREH Beldush ﬂ}éeqre ﬁc%@d@%re@ﬁf Ylrati SRS ohtt Si8he ]éia(elts énaking

converted 1nto a | ographi T stereogram can be us

up the tholvigkaphieel eraeritdmp bedh dognpBnsaral fog s, solid calouoiy absenved tround
conpensation tg be made. to Figure 9 illustrates a _,

the prEigna coBespendipgiythe smagednbiecy, 18 thsruncomprrsseddhqlegtarhig
elf&%t;gthe source data franes being reduced to a

R ographi c stereogram Each pixel 46 of a pre-distort

i mge 48 has a mini mum pi xel value of 0 when black and

a maxi mum val ue of 255. pAvg is cal cul ated, as

i ndi €he wyentarserixed the felievyingyoglaﬁ&ﬁaﬂgl eHRtipn.EAuatign (Bsto

! + he I i
ot A S5 oA AR LTSS AR e A tssauen
reduved degfeelofSatuidiion dhen tiesisdlographit slefmenss.foini! froradlee pre-distort
~wdth, in pixels, of the pre distort inmage). pAvg
ireages pig recordest entathechiologsaphia necording medWE: “Thus if t he

i mage' s hei ght 20 4 j xel t hen woul d
theoretical ly nég{f%f’&”caﬁ’%ﬂ%gi(’g "?tﬁ'é pAvgYﬁbr al11480
whekpgel s rows. However, for the sake of sinplicity, only
seven neasurenents are shown, cal cul ated using four

pi X ebalgtitnaeEsPEqsenfs asompensated nixeh fpkie pha pixel indRre-distert image,

regi ons..wW.th 1T or S . 1D .

br ackap b irags a8 LA NNE AR A didlor image, and

i N agher teprestrat apateubion Ry®t eiichi detatinlineshiee degree to which

appreciated that the invention can al so be enployed in
palejeisttp bapdigsted in order pedyqedhe ghostingphenemengnt er ~ of

which is described later. In a vertical parall ax

system the various processes applied in the

hor i Ea¢H gikeianigy Vefeptesattediby Beéd mmserical ¢digpatentss a hddomponent,

process are conducted in the vertical and horizontal .,
agracn somparent and p bliei opappnensoEach numgiicdl compopatds Hydicative of the

ity oF B PRt eR R Copfiobh ] WG, Rpo RS, i ikt i,
cObRShE dhluys B bAr RfipoRdmeolsat,uedicativeiofitl coloafodthk pixel.

four different pAvg values in practice, as indicated
bel ow i n Tabl e 2.

The number of distinctive colours that can be represented by the pixel depends on
the number of bits per pixel (bpp). In a 24-bpp pixel format, each of the red-green-blue

(RGB) components comprises an 8-bit byte having a numerical value ranging from 0 to
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TABLE 2 Pi xel LayerCal culation (for one col our channel
) pAvgFirst (Top) (255 + 255 + 255 + 255 ) |
4255Second(255 + 255 + 0 + 255) / 4191.25Third(255 + O
+ 0 + 0) / 463. 75Fourt h(0+0+0+0)/40Fi fth(255 + 0 + 0 +
0) / 463.75Si xth(255 + 255 0 + 255) /
4] 91. 25Sevent h(255 + 255 + 255 + 255 ) / 4255 For any
2551 Thérefony arpixel 1mttxer2@~hﬁpshmﬂetcan g 6,47 Hh2Mgcadaeurs déor example, a

bR i BSTASS 1A , o
hdeﬂg’anﬁzgl%@ld(?'S% 2%'592‘5 iStfite,a 1xél%hﬁﬂ§ BAYAre- OEFSQSIS;,] 000 is red, a

r agal st pAvgrarro ustrate
plfelgmvmg&(\ka]Qe of TRES, 2658,M0)d$ pellovg whele agfixddhawig abmlue of (255, 165,
substituted into Equation (4) to calculate the
0)d¢ PEAEGt i on factor, atten, for each pixel in the
pre-di stort images. Alternatively, Equation (4) may be
expressed graphically as illustrated in Figure 8(c)
f or Fd thdrpurpaseg ef diusBatingathe pees@itantention renbodimgertphfithefpresent
Figures 8(a), and 8(b The atten f at.t en
inpeption a5 drspbe %a%—bav mgde- @ge%%is w@fﬁ%anpéafdatﬁﬁimthe
I |
i Ao iG00R0 S Rah o HRL ol luch bl 131 Al ol ORI format in
whighiapitel adr kave(296 colongs, onal6 bpg pixebformnt mnz)'hlc]nmplmbcan have
Iot d. 15 Wth the graphs in Figures 8(a) to 8(c)
Q}gﬁ’laé'?fm(git)ot APetteNew = palette x atten (1) and
Equat| on (4), the conpensated pixel value for a pixel
of a pre-distort inmage in a nonochromatic system
wherEhd sitn of thehattehbation factoguirrespisyiorreditcs thé actupli pigel value of a

have a 0 val ue,. pal etteNeW can be determ ned usi .
pixplyinghe per-distost maeon«lﬂge d¢,ths losiest, PiEgl v Tﬂf‘omﬁ%t olographic

el@x%%; t? ?é@d (_)H é’aql'&? ?%(%9&1 %grrlé\d}{rugr )otl{é)ltﬁ.n {or the pixels

rdpﬁdsatthgl‘tha\bmeml ette x {1/[f( pAvg ) + 1]} (7) 21
Col oured SstemIn a col oured system where the
hol ographi ¢ stereogram conpri ses nore than one of the

th
R ES g DR ot b B 8558 Bl
ojecttitselfpTfthe ofkgiaCnpeimapes habe only&me tshaleptbeeﬂnailmmgel print
of a pixel is not directly pr tothe sy
showid pnly bpve fie iade L he auitigle Shaddes hﬂ"ifg ) éﬁ?{t nly one
alag eflggo%é‘%ﬂ}n??cﬁ%n Be Sk ilﬁreﬁ% ﬁ-yoc'gt . use a wei ghti ng

to conp nsate or the effect of the
pi xebtep/ai Memﬂyfthddiwkest iexdeR@d conponents on the pixel

val ue of the sin RGB conpgnent. Accordi ng

he. cHEP &5 Ipe PEhTESRRTOUPHE s PRkl b dakes
: BYX(colour) _ ( BrX(nmono) ~ We~ghtX ) where
(colour) represents the brightness of a conponent X

(one of the RGB conponents) of a pixel in a col oured

compeRe My ﬂgl@%l&f%@inf?ﬂ%%h ; b%?ﬂ@s@?é% G gt shades,
tﬁéédagl&ts?%}{aﬁg %? bh Ghd b@tﬁ f#t%?(mlgéa it WeeeH@Rter

component s nmono> unctlon
baidst3h¢3@\38rtaweﬂls mlndﬁlntw,a.hel hghtésté)and] atahc térdretand the Seeond lightest

DR EAAGRest e 33AVkR s 10 euBAG e Righ Pess ok e edighter

e TR AN TR .

dhdkd)sWkd e3P, BheUésirpfv@ifot ehadeis shdwariaBigur&a{d)12) . 25

In a simlar fashion to that described above for the
nonochrome system graphs of Br agai nst pAvgrorto can
be plotted and Iines drawn for different conbinations
of colours, show ng the relationship between pAvgraato
and Br for one of the RG conponents for each

combi nation. Figure 10 illustrates three curves for
Bra agai nst pAvgratio.c. The top curve is for R B =
O mhlch |s the ‘sanme as the curve |n Flgure 8(b). 3o

e - o Y
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determ ned that the weight curves for the different
colours are, in fact, surface curves, as 22
illustrated in Figures 11 (a), 11 (b) and 11 (c). Thus
the rel ationship between Wi ght X, and pAvgratto.Y

ari dPAvgratio.z~ may be exprgssed graphically as
illustrated in Figures 11 (a), 11 (b) and 11 (c).

Fi gufhe 1aWegt djxel salae of thedolographicselementnigdépeadent on the

rel ationship between Wi ght G and_pAvgrat.ro. R and. )
pepiavganee,of the holographic 1@.?963113 mediugy, ¢ fhe,jaiensity ol ighh falling on

' i Dl - Y Ld:
» ASToBebiiE sRoRdE LU Pepthit « BRENEANM iR, Hefiehtls fpmed on
a betleaperforatinghdiepgrapkio révbrdihg Biedamnd ThaygrfatmancRof the recording
ari.d~7l =VvVgr at ~o, to A nmethod for deri.ving the aph
mgferigl;ig a?f%c%q%éﬁucgsfaﬁ%@@ﬁ thedser HOWFFetOf“étPF}ng%ﬁ‘P"Sg‘{
par agraphs with reference to Figures 12(a), 12(b) and
13 in accordance with one enbodi nent of the present
i nveiiow avell the escortipnhateeinppearfoems ganks seen easily aethe bblographic
source data frames 200 as shqown in 15 FiguLe 1§$a ,
stereagrpm; pint; Thedbrightes thy hqlograpiuc mageqhe rHthe Rt rgiﬂﬂ@e of the
. St : .
e P MREE b gRIS 20 Sombitgna
Efficioiiey Q0B) offthe rdcordiig materiak Sitaply stataiytheZigher dnplDE sths neore
first set of sectiogns 206, each sectjon 206 h y%ng a .,
lightfs wflected. apdtherighter the imasg apReAsLIRSHE Qbsgﬁ\@f-zlslf erent portions of
o AR, 1S5l llin B ped bl
stere6framris 2&00ordell théreor.i r st source data frame 202. TABLE
3

RGB025501282550255255002551280255255128255128128255255

23 2 . i A : .

25, 21 ST AR 0 R PSSt Bty pevoe
aveRited POILS valnks along & bbrapesdiadixieof a pie-distort imageypAve andla
value, to determ ne the effect of the presence of the
degrercofzhightiess elp ecstrspanslingixel oran. image repradvced SpyAns

for each ' . r ' ) j ' :
oAy EES b BPhE renh TSR LRSS N ooty Bihined
foA Qs sabftenRbdrastic Rfcotdinge PaRARINGEhAfo bl asddl foereaorimy the sabject
conponents on BrGis nore apparent when the pi xeL .
helagigm. §ince the rglagionshin bgiwaenpAvganddisis eah@tsaﬁi thg brightness of
. . \/ . .
o EAEh B, A0 BB EI0s I oA SRYEGRaioed
givel tHithvelaged pixel vahhes|ipvgaof thepitely mukiag ip afcosresgonding pre-
206. However, on the other side, the pixel val ue

I of ..
distarhimage+ Hee merls efeqierhanths ehastingphenqraenoncgn Senypeeadjusted to an

ropals SRS B SRt T die el e T sy B0
hblogkiphidéinéiit Gerebdrdd Onto ehelZdlagrapHiib eecoalin®mediomi.ce

data frames 200 is printed onto a hol ographic
recording mediumto forma first hol ographic

t ' Id = :
I T uSTE SUn BRellF B oF e BRU S iR Y gl between pave
af@BA fdr'one®s theIGBeBhpHats A se@its bhsurie Girefetdnog dapfiames 50

stereogram The set of inages 212 con%;ises,a first |
Witheepgraduedly dnereasingeaanint phiig drazpeovated byjap objechayoynss

IS roduct i on of first. I t . 0 .
oG R L g Bk SRUEFEL A A P8 R Pmapping
afpREfRA t&mcaeseda%ﬁeidim ir38)gbs aSai the Priboart.i Theqlhedlsvstlimages are

in the right hand side portions 218, 220 of 25 the |
coinpesssedrta dernpa setaf Bologepbiscdwmdentndd gach ¢f which is sequentially

respectively. Figure 13 illustrates the cal cul ati on of
points fromthe i mage 214 of Figure 12(b), for

plotting of the graph of Figure 11(a). The values from
the i mage 214 can be neasured using a CCD, for

i nstance just a consunmer CCD, with manual override
function (e.g. the 30 Sony Cybershot DSC-V 1 TM or

AR o " - N Y




10

15

20

25

1 oreference ratio Ref is the ratio of the pixel

val ues of the saturated section to the non saturated

section for the non-saturated section containing only

green, i.e. R=0, G=255 B =0 (the top layers in

the first image 214). Ratiosi41, rz, . .. , r8 of the

pi xel values of the saturated sections to the non 15 _
reScriied it6 @ hotspraphisretbordirgantdinmna forimaghslegtapbic stefreagnan 54, in

irst image 214 are also generated. E &{é olq%thei\iralti 08 523
the prioy &t manner, For glagity angingprigeesssd fora of fediolqgraphic,elements 521
Ref to. i.n the co-ordinates along the Wi ghty axis
lnflgrat%(gﬁnﬁ?éﬁ%{sr, pt2, . . . , pt8, respectively, for
plotting the graph of Figure 11 (a). 20 Each of the

points ptl, pt2, pt3, pt4, pts, pt6, pt~, pt8 is .
r epr Ashangedonpled d@‘@%(&lﬁh?rea %@%@n%tﬁglsmcs@ pla plyrality of

.co: ordi nat e -al t . '

gt RarE SArERE Hn R BEANE srBblaln SH fndmegsures the
biifd@h&B1 Br, BEY §éritk lof imaged A8 gomespondihg to-the-soercp detatfeuhea 50,
shown in Figure 13. The co-ordinates for the

reprogyeed fromithe helographic sieaepgmts are obtai ned from t he
25 pixel values of the red and bl ue conponents,
respectively, in individual |ines of the sections 206
of t per the k&he Grames thatlaere sedtoecrefi@ the Hodogratiostefeogram 54,
deriving the graph of Figure 11 (a) is repeated for
valhes ofprdvg are dgterstingdie graphs of Figures 11 (b) and 11
(c). For the graph of Figure 11 (b), the pixel value
of 30 the red conponent in the source data franes is

kept remisdafiplShre 7€ tepdifiérent famdshaad gereipdlogdls. Athg uereframes
11 (b) are cal cul ated based on the pixel value of, 6 the

hy
yielstiten diffensishades of His single erlowd@.& Fegolotherdhan the ofjegiin the

of Figure 11 (c). the ni v . ’ . .
g
19843 A i1l M8 dathBE TRediffereAl shbllés appedrtin edn differenelagers.(By

are cal cul at ed based on the pixel value of the blue

dctﬁrrp'mh@iﬁe brighthessrvepres furdbehelagrgakic .SW%ngané o1 RRSHIONE om
ST T R O

constant having the value 1, and BrX(~ol our) equals 5
BYX(nono) Wth the graphs in Figures 11 (a) to, 1l (T%)
t he Fanppresdiston ipiagehassutows of pixelssand isplumps qfpixels. The
component.s of a pixel . of.a pre-di i Is :
g Bae sy biear Bgat Lrp eREE gL bPRs if o pre-aisor
if’?‘lﬁ%e O 8reQhlchiied ﬁéii\}gvﬂeffgll&qmgteh@ﬁﬁm, Equaiong®p (13) to
21): 10 pal etteNe G (colour) = paletteGx ( 11 BrG
(colour) ) (13) pabetsireCix { 1 / ([BYp(, nono) |
Weight] + 1 1 =Wal ett / BPp (nono I
f( gal ]etteR)‘J,L EJa )ett Hﬂl?{é ni (Lal gtt(el\levv?)R
(col OP’Avgn pat et - (16) =
paletteRX { 1/ ([@n(nmhoejz| pid ghtR + 1)} (17) =
paletteR x { 1/ ([BrR (nmono) T f( palettes ,
wadretteB)] + 1)} (18) 20 paletteNeW B (col our)

num_horiz_pix represents the total number of pixels across the compression axis

l

and
pAvg, represents the pixel value averaged across the compression axis in a row of

pixels n.



= paletteBx ( 1/ BrB ~~on"r~ ) (19) paletteB x { 1

/[ ([Bi'B (nmono) | WeightB] + 1)} (20) paletteB x { 1

/ ([BrB (rmono) | f( paletteR, palettes)] + 1)} (21)

25 30 For exanple, the conpensated pixel value for the
green conponent of a pixel ofsa pre-distort inmage in a

col oured system pal etteNew, c(~otour), can be

cal cRdratctour siengglaniaidvgfor caéh RGB catiponenhisegleulated separately.
pi xel val ue of the 8_reen_ conpgnent

det eFaahmixg) 624f @ prepistorbiniaes Of hasg ’rqiﬁ@{@@;&g; yaljg.of O when

LR Uk YA bSlotir (k. . pAvg is
olgpO i gk PABOE2EPIFUD R PSR btols (k. groen). pe
cﬁélgahté%ib% %&?ﬁng t]!ib gb{eﬁevdléeshcﬁ'l adl the piI:a_e]szﬁQtacrdsB thetqoatpirengioa axis
nmet hoc or form ng, a hol ographic stereogramin . .
o0 st R aP o 3 06 Fohfrosson axis
ALRYSI defbtod % AR pard! o0 [TRYi11 D8 Bipbraetatdd thst 1892
sourte data conprising a plurality of source data
ifveatiiScat aodeinftoyeddn divertival arefull\piacallax sfstemsthbjfielt parallax
into a processor where the source data franes are
systam beingdesgobed lih section of the source data franes
is mapped 306 to forma plurality of pre-distort
I mages. The pre-distort inmges are conpensated 308 for
var i i Figafe 6, althbuphdthere eeayte Immtitedsof pinels on paviiofehe hagizontal
ghost i ng_ phenonenon by applying a c ensatign .
and yotival KiReeEPns e dca g e At Ry ten (TAIER Eiopp oy hngp-listort
i mages . Tk : iptéssioR akis. WREHS each
AR b RS Sp  RGp B URRERRE it HRakis WA cac
siripR @R anfbfie fowiREEsslaek cT1Re pirelt arenalthpamalFurthenbecause of the
hol ographi c el enments, each of which_is sequential

nfa@mfdﬁesemiqwﬂr@zwﬁ dota giamse the PrecdiptartigagReAn bR ‘_f%wed as
s Gy L R TSRS,

v?ﬁfe@bfth% ?i:@lsgda‘é all ¥ sahid apdrithin bavh, layer,ghe eowlsdofipixels are the

lowchart illustrating a nethod 400 for cQnpensating.a .
spne-Ricaussithere prayenly eleversuchdavsrrsand ihgyare gl gHrends this gives rise

sat ur at.i.on in,ac a : - :

o et ol R P RAER B Ralrol biiSn BETB IR R BRI isPor bolour
AR Fh1Y] HurARY MbRIchRimdticémpge; hithan this asayeple are green. Where
monochromatic or coloured. In the case where, it hs

thiere é mprechamone qohenr, thee wouwld he similar calpplglionsdfor each colour
nonochromatic, the pixel value, palette, and the

aver aged pi xel value, pAvg, for each 20 pixel in the

pre-di stort inmge are det emABIRI1 404. A graph of the

predicted brightness Br against the averaged-pixel
vaLaer pAvg, is established Q@deulatiafy i nstance pAvg

T S ST PR S I B 5

brs'e%ﬁd‘essﬁzﬁu 2955+ 968 €% neds4lfs S + 053 t-a59r 283 8/ 1 | 229.5

the predicted brightness, Br, against the averaged

pi Tairdval ue25pAVISS Y2 TONBERSRB6c 3H5xePSV1R68F 0 F0)/10 | 204

S S R S R s

R g)r 353 2SS IessaREs YW a5 .5 1) ARLAD M0 0402 | 153

istortf innge I's coloured, the pixe

valSigh pal et t gX55 angds tps5avassagess pioxed ~lat Oe; O)fAdgx, | 127.5

for each!RGR caomponent of each pixel in-the

prSevehitt grt | mbYE hRSS @S rANIe0 Zt‘f)4+ 0+ 07 0g Gralkh of 102

+ h ad s

oi BEP T allie, pACR. Fo1 * %85 dkhOor0 (Re' o & Onios | 0

components, 1S establ i shed 418, for 1 nstance according
to the nethod descri bed above with reference to
Figures 5 to 9. Thereafter, the predicted brightness,
BrX, for X = each of the RR G and B conponents, is
deternmi ned 420 fromthe graph of the predicted

bri ght ness, BrX, against the averaged pi xel val ue,
pAvgX. A graph of the weighting factor, WeightX,

.......  —
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15 RGB conponent are then cal cul ated 428 for each

pi xel in the pre-distort inmge using any one of
Equations ( 13 ) to ( 15), ( 16) to ( 18), and ( 19)
to (21 ), respectively. The nethod 400 illustrated in
Figure 15 is repeated for eagph of the pre-distort

i mages fornmed fromthe source data frames. 20 Ful

PHirgh| ax The ab(a\5§+d25§c+r®bén+ﬁﬁdbe@s+e@+éhdmahﬁbdl mentg 351

nar al | ax hnl feV=T3 anhi ~ ot A ane

T,

—are forthori-zontal g
t Reathi s [t he hol dgpapHd Jl':oé'tQanog? %lﬂ'gpao%égg/l%ges in| 253

§Bi¥9t§ak”'”9'e|<P e THE  TEIN L 0% 730 0

le to fu par al | ax ogr aphi ¢ stereograns,
Witm)p oduce inages in nultiple planes. The

generatilon of full parallax holographic stereograns

ogf
accor di ng to the i nvention uses many of the aspects

used.in.hoti.zo I |

e R EIG628N T ene Roe e U (BP4RR s B BABIBETuneP than
cdl@latihgffot éacR@6w! | ax hol ogr aphl C stereogramis shown in

Figure 16. The source data frames 502 contain nultiple

seri es of franes 504a, 28 504b, 504c, 504d, each

ser i iﬁ%ﬁ r]} 'eé}g ﬁ?‘e l% gangﬁ%l%)a%gs 5§ %?am%ﬁgcdes%%q'above

wftﬁ YéfefehSERFi gﬁl‘e%aﬁxm e @b&&g@!ﬁxmmew@g; bfahe cordésponding
four series. Further t he nunbers of frames per series

piaekl 62 e theunrbdistart inagei ds obtaiped as desenibedghove ddthgeference to

h t al Il ax. h .anhi ¢ i st $.0f
FRGFE 3P P A bR hEPRRNGS, 7 SF RS AR b o
59%@&% %ellagécp;g&é!%mes @gha %&@pamﬁhg pixk] Ry&dhitiespre-distort
of hol oge S conpresse O two axes or instance as

irages 6atrealpoint ¢ @m@aphwfm agamsthvgn'Ehm pf peintsyis bged for

di 8
ofRiisch & o AF Brypar S0 (i ek WihAGPEOPRE dretipdted.
Thﬁs 1h8 H 16 REROMBS Y 58 8f Bid holbidphey diereodtam- T cor@Epchds ttdthe
80 vertical pre-distorts, thus %;rwn an arra& of 225

tentlﬁl&sbeﬂuflth@wbshsthmmagaﬁje(ttwms the dirshngnzetodgyaipHihe pre-distort

.Ster r am For ene nachr rre fu

i g i AP G Gr ST e OL B AnEe g eregst piiPRutthe B i a the
1R rﬁmt\neway € lifd %E’elﬁ’é #Rl 1 bR S i oP efchtifihOhd18graphic
are still used. However, the averaging occurs in two

ettinvatssi2ofie faasdnablyt ofzil thess.coltmns thejube eysrpees2 pddibp areptoduce

_ee\als\? I(l:lg &e"i%q[c Ela.lb(g{li!lg%t:: Vgaw (Sg a}]ile_q_gsrﬁf ol ég}otst Vlg Avi% of tfle Hcl)'igéraphlc

sfl\éﬁé ?f'atn’??éi borfeshofd Mo _thd@ist Fayer dTithie preltidtort in@de 64, Wikindhe eye is
num hori z~i x represents the total nunber of

apthe eight-handtthesthvéew 58t islseelng thet’ neht-megayolnmm of epgh-gfithe

rafoBep et s 2o i spmrpnr aprbBisHt eolpmes (LGS pifigads w
t&f Flpriiut® fhel éé’@lmﬁi%nghi-haﬂlﬁhﬁﬂ vigiesgum of pi er vaI ues

In rown and the sum of pixel values in the colum i,
the two suns added toget her
A best fit n'"-order polynomial (e.g. a 5™ or 6™-order polynomial function to
represent the curve as accurately as possible) is drawn for the various points (ten in this

case), for instance as is shown later [in Figure 8(a)], showing the relationship between

pAvg and Br.
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and divided by the total of the nunber of pixels in

the horizontal direction (nunmber of colums) and the
nunber of pixels in the vertical direction (nunber of
rows). Figure 18 illustrates an exanple of a ful

paral | ax pre-distort 512, inthis case it is 480

pi xel s across and 640 pixels high. For an arbitrary

IOI x efforFigik€05 and 6, WOhavehmssymiedpingle cqldmmusage Haveever, typically

(0+0+0. 255+25S 255+255, 0 480 +
hy e RN SO TheresbrecHER BRPYERTEHh dnd rePR g bined
fok Ha[q‘elg{l&qﬁl Qéafb? hh of red %re%n%ﬁ fbﬁfeed?lt th& Bdcoftfing ﬁfa&ﬁﬁﬂ ce

rane used to nerate the pAvg vs.
rel ati onshi p, fromthose used for the horizont aI

Sui ¢ Ié'mﬁéurg 3 hgrviciing aBBE £oteting A Eews 1maphi Joc. i fen
frgrgésa &?5@&” %hvllegvlﬁg}oﬁ{ml{ 56 'éﬁfd%%ff@&ﬁt 1§r[a%€e\)$’h5r194an

es(S rames (F 1-
infeedl. 605>e8{r¢egltbhsecouw vibwirfg gositionShes mdged thehiectod mamw to obtain
are monochromatic (i.e. Just eeg g\ ust % ﬁh
a pyhstantiplly diéfernsiaRly megsremgt of e (Which mgyagen be
t is illustrated

kb of 5% gty BRE e e 19 9 (P Eshihg BB b *"SGHE% Se
i Fign@ 7series, the last two frames are black. This

progressi on goes on to the |ast series S 10, where all

but the first frame is black. to Figure 20(a)

illu ; I, [ g'me 72
et BHFRLES, BrlafigdsBldilisch BRFqRTP o RIRL MR £AR
with&olbus geadhttorrage gdreraadiin sdﬁsgtncce ti0ffits) arid the s¢ooad emesmf
unconpensat ed hol ogel 516 gen gf fromth f

sitee dpta frames 7 Orelgain Taguse 7 Ar mﬁ “Ih thg sqmae %ﬂ%"%‘ﬂ‘% pigs as in
sane
ARG S It oot SRIeR T RRIo oLERTRS s rom e seies S0 n
Fidige HolifgeaAfiansinghe g sotiey 76 rewaiedwyes(ias apﬁeermglwvwe)

RS 2o e g M L S22 kS
t l;
SRS S A Tecr R or 8 0 o o

sBGwi th Figgér7e TR firstlhaad dieagooml setiesef sosrceliata feanhesritd), g are

from?2o the top left corner of the pri as ¢t
S@Qﬁ?@n@ﬁ:ml}d distribnisd vabhmapping glesstim oy o frsEind poondset of pre-

rtqu i}%ﬂ%ﬁ STh fﬁrg ) tﬂ% %Jc?ﬁc??rgta gogﬂfé?cﬁsttgﬁ(?mh%?g@?éég@&w%&

c§ﬁ19§ds§ddcinw zﬁﬂ«tsﬂﬁl@@dcbh@ﬁ‘et af bﬂggﬁapmc lelemecntd whlch are sequentially
corresponds to a specific pixel a a dia

I
rpqogdqgll antep ﬁrst g e seppgd @p{og@ﬁp@g: rﬁg{rdwgtmchu cp e oI'lrs?and a
E q\? {o0d thf %%8@%&674 38. kd} cﬂt@r e 78 aa[@‘)arge-r&ﬁpled
or ea suc¢h pi xe erm ned),

daeiee '(@CD')‘ gr & sgeRtrofietap i placedwina ptura:iay ob mepzlmg pcmhomd 8 and
joined together in a curve, as befo

rmaéur@s thednrightriesy, Bri ofca serigyef images s the é°‘§é"e§at¢ﬁf|5“¥eﬁ 3§72
t t
AR o 2 g Wb Ao SRt rffREPR BT

print are sufficient. For exanple, in thls case, if 3
points along the diagonal line are neasured, 3 i

of diTiedightness,iByhe Qﬁlxﬁb in theyigpgessihandd 59"@2@‘168%%& values,

tai ped. 30 uch
e esssrngingipets B etelfridi rp dport Fhidkh pfovide asetof
foity Eortpiétting @her apH 6fEBk agfahﬁt pAvgvardaBPvinglayusayer s
dar ker i mages ower Br val ues) and hi gher pAvg
val ues. To obtaln the rest of the curve for pAvg vs.
Br, a further, second set of reference data franes 534
IS generated, as shown in Figure 24. This second set
of reference data frames 5 34 al so has 10 series (S 1-
S 10) of 10 frames (F 1 - F 10) each. However, these
are all bl ack, except for the first four franmes of the
flrst series S 1 the first three franes of the second

o ~ S ol o, Y

o o M T
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20 reference curve 540 to be plotted; as appears in

Figure 26. The encl osed portion of the curve 542 is

that portion obtained through use of the second set of
reference data franmes 534. For nonochromatic ful

paral | ax hol ographi c stereogigns, the reference curve

25 540 can be used to derive attenuation values, for

at t elfigiad integvdl 182 bptwegn eadhuamsdontive Mewpngqedsitidn§ i etill too narrow

pre-distort jimages for fhe source data_franes [ .
tombrei R SHePTELY RSl ISR g a e rBciHod NBtEaedjn

al r 2 o fr
FO by b0l ] ARG DEBLNB IR B da fames
50 heripereiszadttad garraiohaf aeoiryspondiog nenhbeysft seriesiefonidsaidta

above, in a full parallax col ouyred, system. . whe

e the
frampoenti g intesyal betRen FReTATSFIBYe HigHENg PRSHIGE Eaéﬁe gnough to
he t > _gﬁaﬁng dién pet ed bri ght ness,
O%Ial‘,ﬁao@[)gtg%@%l(gﬂ% cén%gﬁent élhg%g?fp'ect ed by the pixel

val ues of the other RGB conponents. Again a weighting

factor, WeightX, is_used,to co nsate,for the effect

of t Righis 3(a) shoas erelabprspip 0o AG DFei R/ ReERed TEgm ffgrence

pi xel. val ' . i

165k S b P SpE R Retl, HEpEslf ko o
altRRY 6f irrdlanG d§ Wag as aB Gralues abtndsasured ehelsamewedyy Khenglrawing
factors for a horizontal -paral |l ax-only col our ed%%%/?t em h

theraarveo thei Brecarrespandingdo fhe firshlayen (Whighihias thelowgstBrrialueand the
such, new cur ed LI g T:

R B B i SRR BB a0

c6ripetatee e @rfentfbother lowsAsyrld leawinpathe sarmelpdygsisdii.e.such

imlar to that ed for the horizontal -parall ax-qnl s
10/ apis arccuot syade dpiers abibe PITSEA” HEvRPIRfiehaccarineldy shifting
to Fiqures |2 I.Sq: i ' .
o S B BN SR ABEEM ot e siven
vaREeFralg ng the weight curve for green. Figure 27(a)

illustrates an array of source data frames. This array
has 100 frames in 20 each of 50 series. Series S1to

S25 are the sanme and.serie 0 . )
I'n 53? P‘égf?@nit“feoe@?g}m 1{%@@@%& %e ?@%ﬁrs ‘g({é;ﬁ 2Wet(?ﬁe gah%f,lvg’“""’
wlawhe%lwiﬁ%equmngﬂmﬁoﬁ@)F 255) above a | ayer of

yell ow (G=255, R =128, B = 0), and franes 51 tq 100

are al | thepAvgre, =DEPAYE tPrdettoame) %s19050 frames) to

q%; except that the left half of each frame is bl ack.
Y'¥'%Series S26 to 550, frames 1 to 50 are all the sane

as f rame,nteprosdn RbxisRin pikelSralud ms@bomtie cAfoul naxnie being

51 t0 100 are all the sane as franmes 1 to 50 of series
Bed,tin tiigexampleitds 27(.b) illustrates the resultant array

of hologels fromthe source data franmes of Figure

27(a). The full parallax print for the purposes of

this Le3rRhEy, H@s of PANBF MFaiﬁit%AQJQ,Qﬁorc@Wbe pwotgd aad a line drawn
print of 60 X 45 mm each hologel 0.3 nmsqg.). Rows n|
asGllusb@eeddn FigBwe 860, shawing:the releienshipbetwesnpAG-grd@d s dor one of

a In rows, nl, t.o nl100. col Sel lp. b re the
EEREE efmpabrisgeetn pemnb LIS o Eeba B he i op
right and bottomleft and green top left and bottom

right, and colums i76 to i 150 are the sane, bejng
gr eenAs fliscussedprevigRslylibe ghesting @hencseangrieduces thg degise of

are the ne, the hal qgel s .ar I . i K

Phatgpof RRixeliin toroesres remdiR R EE AT Bl stfogram.

geﬁsfegﬁ@rﬁl}ygﬁa% att@RfAtieR FeItS aterSistivdrddPppertidnal teahebrightness of
el ng yellow. 5 Looking at the full paral l ax_print in

apixebini angmpparepradused fiomtan ungempensajed fojsigsaphicgerepgram, Br. In
Figures 21 and 22, again in the top left corner, the

image is that shown in Figure 28. The inmage 540 has

four distinct quarters, the top left is green and the

bottomleft is yellow The top right is also green,

but a darker shade of green. The bottomright is also

yel | ow, but again a darker shade of yellow The ratio

o a1 o "

=

1

. . a Y T .
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the yellow has a red value R = 25S (rather than R =
128). Values rl and Ref are derived froman inage in a
view ng plane for the resulting full parallax col oured
hol ogr aphi ¢ 25 stereogram generated fromthese source
frames. Ptl = rl/Ref on the Red-WightG plane, for red
=1.0. Pt2 is derived simlarly using source data

thisreabedinadie) the attendatior facta) ditempddrivied ss tRe In@rse@fth@brightimss,
= 25S. Pt2 = r2/Ref on the Blue-Wighty plane, for

Blue = 1.0. Pt3 is derived sinil arly using source data
frames where the |lo al fypgont ai ngpR = 30 255, G =
255, B = 255. Pt3 :\A?%e/'@{efllgf red :?)'O and bl ue =1.0.

Tk pelatbondkipiiy stobwai ifii figmrd §(cusi ng source data frames
where the |lower half contains R=0, G = 255, B = [|28.
Pt5 = r5/Ref on the Bl ue-Wi ght G plane, for blue =

0. 5. . 1 [ i 4l ' ce

£r aoQuocifie FARidrnBHWER a2 b bRl AU G aftPRas been
ddlermiddtBfromttréferent 6inmefes,aheasednrentd.of paAng fiohrumn actifal imagd (6 be

is derjived simlarl érusi ng source .data frfa s where._,
cqryertedsipgn a helographiq siErengrant can bgusedsto.read oft the comespondipg Br

= 17 = =1.0. Pt8 is derived
V%I'fléﬁffogﬂoﬂfgeﬁgcognurgigﬁglg?gk rg?r'es where the | owner

half contains R = 255, G = 255, B = 128. Pt8 = r8/Ref

at red = 0.5 and blue = 0.5, For, all t({i]ese, )

cal chisute biblystrateea caleuleionst pdng forp pre-disiert énpge 48 derived from

[ (AR | [ o) anhs:

thp sPliel gl B Bl BE DA nélb BRI S HUER B 46 oF o
pRldstoApRhye 4®hdsu hindaual gitel valle@f Oavhenytdckmand Aunmadimum value

once the three meightin? factor curves have been

ofRiferdvais caloylateds Apidisateddn Bravation(g). by spyming e pixel vales of

o ¢ Y . o i o .
SR RIS e SR L SRR e RO e
nGRb&WI etk 4680s3ghd sEnpregsidn axiss(i.e1tBe image(Witith, id bixalss of the pre-
iven earlier. Figure 30 is a flowhart show ng the
distosignagelui red for performng pi xel conpensation in
generating a col oured hol ographic stereogram |n steps
5552, 5554, S556, the curve for Br vs. pAvgratio is
f oung4fgoshoanihe dtermindd fonall fixel @eeThusi€ the image’sthejght were

20 S558, S560, S562, the weight factor curve_ is found
48@pixelscthen veayoud ﬁ}f@rqupalﬂse@qsgé@ raleylgte thyvpdvg fop alk 430 pixels
ref ey enc uryes . have. h ' '

Qe PR s RS e B S el it Sl I BoRE,
cHlemYRA uSElgiflirdikdl &ates edhap icte sle@hBo@uaframas The regions with
conpensated. For each pre-distort, image 564, pAvg",;
upiforiep dvaiyatess areshoxaowithplrackeftbeside thearpptigugifat i on

(2) for horizontal parallax, Equation (2a) for full

paral lax), for each of R, 25 G and B. A new palette

val ualthdugt &dpicted Br zfﬂhd"rﬁ!énfa@ﬁaxﬁﬂ@hsysiehﬁ lit, widlt besdpprectibéiBthat the
using the Br value and wei ghting factor value fromth

invsniomenn alse beemplopedinguvesticabora fudlpasaliax systeme the latées of which

.COl our d Z repre 0 . I Shtiad

i osnired isr 3F = b GRLERT st Rarb e abipd Hine
hbtkdntiahaverkal @t abadiithe dscaba Rogia R cadidieinvhe eertical
to the horizontal -parallax-only hol ographic

apd bowzotal directiuns, 1gepesi¥dEs descri bed above may be

i npl enented using just hardware, with

L&

In Figure 9, there are four frames and seven distinguishable layers 46 in the pre-

distort image 48. These give rise to seven potentially different p4vg values, although
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34 circuits dedicated for the required processing, or
by a conbi nation of hardware and software nodul es,
even if the hardware is just that of a conventiona
conmput er system A nodule, and in particular the
nmodul e's functionality, can fe inplenmented in either
hardware or software. In the software sense, a nodul e
only four differerd p Avp velyesim practicpastindiatedbelowfin Tahlzt2.
usually perforns a particular function or rel ated
functions. In the hardware sense, a nodule is a
functional hardware unit deggned for use with other
conponents or nodul es. For exanple, a nodule may be

PixepLayeent ed usi ng dadaidation (freat caloicclmonglgnent s, or pAvg

|f cah fnrmn nnrf1 fa¥al r\-F an oantirn nl act rani

Urll D L;I I UUI L

Fitst(Tom) | an 10 Appl i cat(:ﬁ?n+ éﬁ%ﬁ@?é’%sﬁt}éé} ated Gircuit | 29

(gé?bﬁ.d I\|UITE_r ous ot her rq?ﬁs 25)5_{_ +§§5 ?)&I ST. Fgure ol 191.25
Ll

schenati c represe on o nputer system 600

sqthtrabl ¢ for perform ng {338 ﬁ@et@rwqwes described with | 63.75

referenge to Figures 1 to 30 A Pnnhutnr 602 is | oaded

V\FQLh’thswtabl e softvvare |n(06tt9re“rﬁ)1'9) /4hi ch software can O

be—i pet form-st tPS ss—that
[ Eﬁﬁ@rcrertut he techni quesq‘?ésc(? +E) b)nhrel n. Prograns 63.75

Caixihe ¢xecuted, and 1 e3s4§ £359Biat pes) /usi ng such a 191.25
conputen system 600, This conputer software executes

(Beslenth a {sui t abl e oper &255¢g2§§/$t2émh25ét)dl4l ed on the 255

r\nrmnf an ot am 600 — ||vu| \F

St BT 99 SRreL BN AR T UReRG: F BASE (HHE PG Hof oh
P L PR 8 P RESA o S b

ilfstested iy ]FrgmLeCB(ﬁ)l{m‘: usmglpA@@g: frbmettle pyaph Iaxﬁﬂe against pAvg,aio
i nstructions. The conputer soft

b . .
illusispted 1t gureiBl dEke i igteg Vpglﬁ@tva@@remax Bershsitiist intq Bgpation
B N e E L
Alafriaiiealy, Bqubtiog (4) anay, besdxpresseddiraghidally as lllhmh'ateﬂ in Fi gure 8(c) for

conversion to another |anguage,. code 25 or not

thm@eawtvetueg Bloae e EFIG OF BigHERs 369 289 SGRp bpeFienuation
AR I é(ﬁét@@ 1%%@%?\%% Bp by BORLE Bohffne ggzg)h of atten

conpute guage ut ér programis proc

agtinst Gr allustmmdlue Figund &(ck CﬁmmmlethelsaitfernMIVe, d dingle geaphaf pAvg
format suitable for execu 30 by the

bi_ nar iﬂ

agﬁg@g%em@rgﬂgg@magmﬁg%@%mag © tte\azare i s programed

in a manner that involves various software conponents,

or code neans, that perform particular steps in the

pr oc &%ih e grdphs fleBiguids ¢h)tte 8(thandiEquation¥F) The

conmponents of the conputer system 600 include: the

conputer 602, i Mgattexmd=dileia Xodiences sUdh as a
JSEURER P fre ArTHSR ATV 10 418 0 SRR e

nidRoctirbinatic systévh) wticrs awaofthe thi&Ecdliberdonpenenty ofla pixe) have a 0

di splay 610, network connexions for conpecti
vabig hakliened an i ABRTIREALSHIE AT Onef Bedo ﬁwm&eﬁgtmns Equations

for determning Br). The conputer 602
(ﬁ@%gegya processor 622, a first nenory such as a
ROM 624, palestéigprdpakirery (§Bgh as a RAM 626, a ne(5bprk
|nterface 628 for connecting to external networks
i nput / ourletened FOpaletie & L€ P3®adodr+ ddhnect i ng (@ the

I nput and put put_ de | rface 632 f
connect|HGP56theP8Y§% jlﬁg §€§Sage evi ce such(gg a
hard di sc 634, and a bus 636. 10 The processor 622
executes the operating systemand the conputer

sof tware executing under the operating system The
random access nenory (RAM 626, the readonly nenory
(ROVM 624 and the hard disc 634 are used under
direction of the processor 622. 15 The video interface
632 |s connected to the dlsplay 610 and prOV|des V|deo

o s r ey AN
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a CD-ROM read by the external nenory device 608.

Alternatively, the conputer software can be accessed

directly fromthe network 612. In either case, a user

can interact with the conmputer system 600 using the

keyboard 604 and the nouse 66 to operate the

programmed conputer software executing on the conputer
C@Qamdggggﬁﬁ data frames are input into the processor

through the I/Ointerface 630 or the network

interface 628. The processor 622 sections the source

data . fra ' [ j e

dat a4 QEGef bt gl ORI RSB O r A G than on
ofthe BHFBYREB ¢onBWinatits phe predictet st ghtess, Brdefh single RGI2 component

system 600, stored in the nenpry 626 to form

. y a .
ispifigetad by yheopixelrvalues of g}etothqq&gg pom‘pmeﬁggﬁuisg the pixel value of

al gorit L0.a c r.ogQr .
o BoFP oR TR Ry R AR o v e e
RGNt SR8 embbainfsn@cds & 06lofiRd sggiahives a tweéghting factor,
conpensation algorithmto the pre-dist '

rt m to
Woigipe e carapdmsaic Joi haelTent o s Rt vabigr 8Lt OUiS LI ¢ogRonents

of, the .pixels.in. - di [

o Tl O S RIRe, ARG b sty
11t o BOW el QDatin, Phdtivn @RS are to be deterni ned,

bri ght néss val ues are input through use of the CCD

616. 20 BreocenpehButmas pkeightsdort i mages are o®put

o the SLM 614 via the.l/Q i

o B kst BrAhaGEERTohebr me raB
c E&%’n@d? R & phRE B £1Ed18ure® 8ystih, By «f, 0% Feprsentothe brightness of an X
stereogram ~25 The conputer system 600 is described
compondnt af2 pixel iner pangsdsamaticaypiem, axshPeightaepssantyihe effect of
t s of uter syste e equally well used to
tb%%ﬁgﬁyﬁﬁ(?ﬁgoal@g%?ﬁgﬁ g‘gﬁ?%@@@) The foregoing is
only an exanple of a particular type of conputer

systemsuitable for inplenenting the described
t echriVajgles is Btmctioreef therbuatagadmixel yalue iof eadhalihe byp othen RGB

be apparent to .those skilled in the art, from
ceewgg‘g'& %{‘ 3 Biep %M%'dksb%{:V‘P"fg&a?"fvé’rf'fﬂaYnaé‘dp”r/{e‘{gt"iw&é of the
i nvent i oRykat LD PRVE, ., ¢ ShUPE, D5 BT M NOI 0gy has kgen
used for the purposes of descriptive clarity, and not
thay i:i mi t 37 the present invention. The enbodi nents
and preferred fegfures descri bed above shoul d be

consi der @tgf’@@n’bﬁé"@,’g’w’{‘ hp4Y'?é”‘iF’h€enti on bei ng d4Pned

by the ap@%}q L ¢ give,.2p0h 2% escri bed. 38(11)
CLAI M5 A nEe hgd ftoé 6armr’h9ﬁé égrﬁrgfggr aphi c ster eog‘(r;z;\m

from a pheighti = fQiAvgaus €cpANgraan,¢ Y ames, the meth
conprising: sectioning a plurality of source data
frames into a plurality of sections; mapping the

pl ur ?Jniats‘l'mﬁ‘fir_ 28654 R Pat RséedaBo foF 8ld hyndthrome system, graphs
pre-distort 1 nmages; conpensating the plurality of

Gt Br-aaisisiop Ave mpcpasefpottedaand dinen drawinrfos dif ferent rembinations of
O b Sy Rl 2 SR B ot R
components for each combination. Figure 10 illustrates three curves for Brg against
PAVGrario,6. The top curve is for R, B = 0, which is the same as the curve in Figure 8(b).
The middle curve represents intermediate values of R and B, where R and B are non-
zero. The bottom curve is for R = 255, B = 255. From this set of curves, it can be

determined that the weight curves for the different colours are, in fact, surface curves, as
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1o recording the plurality of hol ographic el enents

onto a hol ographic recording nediumto formthe

hol ographi c stereogram 2. The nethod according to

claim1, wherein the plurality of pre-distort inmages

i's conpensated by applying axonpensation algorithmto

one or nore pixels in 15 the plurality of pre-distort
illustregetin RBgurdhel (aptihd and ¢dicdi ng to clai m 2, wherein

t he conpensation al gorithm adjusts the one or nore

pixels in the plurality of pre-distort inmages to at

| eastRand toldohsRBRARRA AL, afid BHOSSOYSRA pAAE Lt KB be

in the degree of "Saturatiof en the plurality of 20 _
expodsegt gpphicalbl asritmitmtadsin Feguoesddda)o ht (b) ekl Ho). Higuaphl () is a

recordi ng dium 4., The nethaod accqrdjng to glaim?2 .
grgph él,us‘im&ggﬁﬁ regﬁgmehlp%r\@egt Ut 61 NG &@f@r"é‘agﬁé'gmﬁoﬂ' Figure

[ ol ' ; LAY | of

1 ABEls gl AR P Bhif Boltbe PRk Bd bl Bl o and
pAigalm. Figutb et (€) i3 a grepteil lustratigitherel Aionship hpiweaen dVeights and

pi xel reduces a value of the pixel to the level of the
pA%szaw%H@ﬁB@mea non-zero pi xel value of the plurality

of hol ographic el enents recorded onto the hol ographic

recordi ng nmedium 30 6. The nmethod according to any

one Afméthed forederidingghegraptnst Figuret1éa) ie despribed inghe following

establishing a reference rel atjonship. between an.
batoEPRRoN b oRenesdP JUEBFS 14®. 1290 b in decgrepRee it pue

' ' : .di stort imges for a second
e#%h%%#%ﬁﬁ?%ég%%%&gg&gﬁg%nd a brightness of an inmge

reproduced fromthe second hol ographic stereogram 7.

The net hod according to claim®6, wherein the reference ,
r el afhemstiogd compasesSaRPigting p se)f sowes Aua figmes @5% Ayshayn in

sour dat a..fr ' i 4 The
PR o Rl B B0 B Lidhef 2 DL WA AR ) o) 0
relationship is established by: (a) generating a
series of reference source data. franes havi

col o
gr addhe set;of seprepfata Sames AN eOBPHICHA ng‘wtﬁ;amggggtag;arq 02 and a
serj, es
e
s@tionsl2 66, @hdh deORGES06 avimy anlififesamt cahibinati@pesRGBxomponents and

covieneamls, oorant eloti abls JRSSHARCRY BEH TR O asHeR SR
to f th '
cnBabipl iy FHESEAOANFRORERNhus) BERAROZLT i ¢ om

t he second hol ographic stereogram and (fj plotting a
graph of an averaged pi xel value of a pixel in the set
of pre-distort inmages agai RABLERe brightness of the

i mage reproduced—frogrthe—secomnd huiogiaphic 20
stereogram 9. The nBthod of Claima8, 'wherein the

second hol ographi c regcordi ng2s5 0
128 255 0
255 255 0
0 255 128
0 255 255
128 255 128

128 255 255
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mediumis the sane type of nediumas the first

hol ographi ¢ recordi ng nedi um 25 10. A net hod of
generating a reference rel ati onship between an
averaged pi xel value in a pre-distort inage of a
plurality of pre-distort imgpes and the predicted

bri ghtness of pixels in an imge generated froma

hol ogr aphi ¢ st ereogram generated fromthe plurality of
pre-distort inmages,23she netsd conpriid8ng: (a)
generating a series of reference source data franes
havi ng col our grada2i%n; 3025%8) sect?8hing and mappi ng
each of the series of reference source data frames to
forma set of reference pre-distort inages; 40 (c)

CONPTRS pixBOvAliEofIBE gebn 6@1’&?6@?16&1 the Grdissuro¢ Hath fimge202as kept
forma set of reference ho

1 SE€ i | ographj c el enents;, ( fect of th
constaot, dit fhys embodimentydt themaxianas ksl w@wam]ﬂ%te@pgﬁgﬁesf ect of the
onto a.hol.ographi c_kecor dj ' .
PIeERTEP Qﬁﬁ'@ lﬁ ﬂg‘?‘é{ﬁﬁ‘j& SOQEP%#GQ%QOLEE%GPI?E@&%EI{}%EL% | n%)r each section
2?6 LG RbRESER 1 vadying BRGSxdl Rlueslubhd biueamd rédcompamratsder each
0

' ographi c 'stereogram and (f) plotting a graph of _an
saption 26€dThsi offsct ofthepreg¢ncg of thedilug gndfqraed ggmpgnents on Brg 1s more

reference pre-distort.imges | . [Wolahs ;
oS G P S bR MRRRLLER S Ao
pileBiARQram to 11. The method of any one of clains 8

t

o 10, wherein establishing the reference rel ationship
further conprises repeating steps (a) to (e) for a

35,0 ﬁ qﬂs{g&#(fﬁ? {q%gspéog{dieséﬁ&% ggg%ﬁ%@fﬁ{o@uﬁsg{@ ?r%c;%fe](‘ii (s)?t of sections

208 8aGh e BRI BhfRicoRRrd 4 t88 BRst 6étlof sddrioe 206! IHbwerel) @l the other side,
accordfng to any one of clainms 8 to 11, wherein the

the pigeitvabesofeact dithe REkcompmstiscac rorden 2 Hokibe sergnd source
dggale‘?ﬂ%;é&g{)ig iz?l}o: ﬁg’.% r aarpi%r_ga %E%Qerﬂtgfa rsgcg:ggg rsgillrlr% ﬁ%ﬂg@ar&g 204 on

{64 AbiARd siAB 8F RighrR(@Mdi tional series of source data
rames Is generated when an interval between each

consecutive viewi ng position is too narrow to obtain a
subst anti al differentiaple neasurement of . .
LA L O LSS, TSRSl rspring mcium
6 ¥ fi thelogﬁaphmredg?arh% RY&RARAZE pi xel value is

SS

aver aged acr a conpression axis of the plurality of
pre-di stort inmages. 15. The nmethod according to any

_claing. | - !
var udigdredvl ffunrdiss Asetotiimged g ru B IR SE hubte g frames 200

ﬂ@t.;ﬂéﬁ@éé’dtﬁ/ R fhe 8t KH154:aptic 5IER\efam. ke sbo/sT immiges 21Qi dognprises a
ort hogonaci to each of her.

first image 214 and a second image 216. The first image 214 is a reproduction of the first

source data frame 202, while the second image 216 is a reproduction of the second
source data frame 204. Saturation is observed in the right hand side portions 218, 220 of

the first image 214 and the second image 216, respectively.

Figure 13 illustrates the calculation of points from the image 214 of Figure 12(b),
for plotting of the graph of Figure 11(a). The values from the image 214 can be measured
using a CCD, for instance just a consumer CCD, with manual override function (e.g. the

Sony Cybershot DSC-V1 ™ or equivalent). Manual override allows the user to fix
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30 16. The method according to any one of clains 6 to

15, wherein the plurality of pre-distort inmages is

conpensat ed based on a predicted brightness of the

i mage reproduced fromthe hol ographic stereogram 41

17. The method according to g4 aim 16, wherein the

predi cted brightness of the image is determ ned from
captueing ebrditions sudh st 1 )ofosts disthassd) whit¢ balamoee 8 plymomipr x4)

val ues of the plurality of pre-distort imges. 18. The
APFEIRotCaccording to claim 16 or 17, further conpri sing
ap pl %écgﬁseaallv’t'ﬁb gm:l?]lgﬁ’orfs @ﬁné@mklaﬁe BhEAKE kREn component,
bri ght ness net'h according to clai m 18,
soﬂmreathat d:dnespintethg chlong; dfdlo¢ Hirst 1maguk2t1&umte dhé pmnh \all@prﬁmach of
th ti tor of one, col our canpon in.a ..
tng s RGEESHones 0 g 4 Sxrtle: STIEs A B D s pditing
I

e PROR P FIPRAGPIGIEHES dhioRipl tR pixcANalubieh oiErear
consobnt o edousysectira ef i firgt imape 234 amemecbhlrd\hh@et%ﬁg
factor reference source data franmes obtai ning an i nage
from a stereographi c hol ogram derived fromthe

wei [ I ) f "

genar o BT b B, OB R R n afto K Sherted. The

reffeterideeatioRefs thpantie of tha pixelivalher ofithe satsrafedrsectidnetp the non-
sections,in the imge; ci{wdln each of the furt

squfated seadipn oithe apBraiaied seetion SO BRGORIY.EIER. P R b & = 255,
al | and 20 plotting a

Bpl(g{1 ?ﬁ)lp"l@yﬁpﬁ(}:ﬂ%{iﬁ %ehﬁ)&Zpr esented by one

co-ordi nate aI ong the weighting factor axis and one

co-ordi nate al ong each averaged &l xel val ue axis of
t he Betisrr ol our’s@b Hisarien tvalupnof e spiisaged sesliensitg the non-

ﬁ%&%},oo'hg ?orr eﬁkl’?}/e?ﬂatlrgkg%é {1 OEFH tﬂ'st ﬁﬂ&g& 9[5’5%%0 ggenerated

factor rel ati onshi p between a wei ghting factor of one

col our conponent in a pixel_ agajnst an averaged ;zl xel
val uBad¥ofdhe miios tofponerit s 44 eq%hgirgfgqenpenr 0 Ref to obtain the

c? mecﬁ i a?&%% tjhg%g% L gﬁs?&{:‘{bor ?g{%}?’gﬁt’ g@f\%é}f i} pfotting

t}{ergagm,somg@enn@g an i mage froma stereogr aph| c
hol ogram derived fromthe weighting 30 factor
ref erence source data frames; generati ng a reference

rati {1
gene {I ng ?B&ﬁmﬁ f %’sﬁf é’rf’{%{"h’é’? C{i‘;&%ﬁssen}eg PHRe -ordinate
aloﬂ?% Weightz: dtisy h@bﬁﬁdlﬁﬁt@ loag tl&&ﬁA\fg%J Aadis ald a O@oﬁknatth along
erence ratio to obtain a co-ordi nate al ong

theal Ay Bimimgisathabis (&{azshtc,m«flergmom PAYGypiicr)pngy vaP pwteéﬁs shown in
. rd| I

ROl e3P ARSI e BB Rl ol Bined fom the

pﬁ(‘éﬁfla’;l@éscbmhe(féh avid bl oalﬁp%nafts tréspectivedy, 11Cﬁiduudua1 lines of the

conmponents in the pixel used to generate the rel evant

seationh 206 ofthe &irst seurce dstn fismeg0dph. 22. The net hod of

claim20 or 21, wherein the first set of weighting

factor reference source data franes conprises at | east

a fi Ik npsbdefoP 86dAAg BRWrAM dfFigurt 1 8@Ris t’epewaﬁbr ft\vdeigation

a plurality of sections, each section having
ofittfefgzapdw of Eigwsrid(b)omddil (caolFthe gr@nlp ohBigues, lh(h)e theepizg] yalue of
sour.ce data fr goe havi

f
e Simp Rt PR e bPH g CRef el Pl e BB us Lo Boe raph
o8 FaRk | Rbpat dklcuRfAbakE on the pixel value of the red component in the

reproduced images. For the graph of Figure 11(c), the pixel value of the blue component
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(a) generating a first set of weighting factor
reference source data franmes of 15 different col our
conmponents; (b) obtaining an i mage froma

st ereographi ¢ hol ogram derived fromthe first set of
wei ghting factor reference spyrce data franmes; (c)
generating a reference ratio froma reference section

inithe §diecd dmgframésl)s kgpranatantnandahé pointsefor thatgraphfafiFigure 11(c) are

anot her sections in the jmage; 20 (e) diyidin th&‘.
calaatpbbased on ShapixelealueaT b composn i (B Feproiuged images.

co- ordi nat ' [ 1S

o1 ot PF HAdesB S RenE gHEhOTh I ORhate tibpiRel alde of cagh of the
othBEtweRioitonBiits 1, gk iisa constaatieaving the daluatleamd Bngoow) equals

each averaged pi xel value axis of the other colour
Beowponents in the pixel; and 25 (g) repeating steps

(a), (b) and (d) to (fj for one or nore further sets

of reference source data franmes. 24. A nethod of

est aipfittsth Reaphs weFightes 1g(a) act I(c), theel aomipensatedopiselt webusrfon each of

wei ghting factor of one col our conpgnent_in a pixel
ﬂw&ﬁgh@mmnww%@@aelmfwrexsl&mlwee%Paalpuae&%gtﬁw%leﬁem

for the. ni . ' i { .
crrpfi b Gt o8 Fiiuing {ilons RuIIRHBEE) to (21)
fact palelrel.§'cehGH source data frames of different

col our conponents; 43 (b) .obtaining an inage froma

st er eograplattency 63 Bredewied fromthe first set of (13
wei ghting f or_ regf ce s rames; (c)

gener at |=?1£ age%regfxer{gnlg(gﬁ%a{?'i”%???&o%tgﬁﬁzg fgr ence secti on(14)
in the i=p@fanedy {AeMEBRLHNE) A(pulettegs palettég)] fot)} (15)
anot her sections in the image; (e) dividing the

further ratio by the reference ratio to obtain a
co-ordinate along a weighting factor axis; (f)

pl ot t”f’kgg’gf’”ﬁd‘?ﬂ’t’{ represented by one co-ordi nate al ong

t he wei ghtp'dz@te;,a;et(qr/mi@,o@r)d one co-ordinate along (16)
each averaged pi xel value axis_of the other col our
conponent Paletterre {Ji KEBrr @ma | Heightyl F"egBati ng steps {7

(a), (b)_an d) t n for reiddebnaeinsets (18
of refer erpgzetgeﬁu’fégl é‘i‘??(f“f"éf?rg@‘g%gm’f’%e né):]hod)}of (18)
claim?23 or 24, wherein the first set of reference
source data franmes conprises at |least a plurality of
firstpabasienoos @awn franes, each of which is the 15 sane
or simlar [ it f second source data 19
franes, ea%‘f{gg% &h(lpfc}liﬁﬁ'éc"\"% same or simlar, the (19)

first sourgdemdy 2af B/ ([BesGs,dR@ghs] ng Yo bands of a(20)
di fferent col our, and the second conpri ?i ng..t wo gands 21
of the sanealeties 8ol blflBramowr{dEraletier wpoletisglct Yata @D
franmes and a third band, of black. 20 26. A nethod for
use in reduci ng ghosting in hol ographi c stereograns,

wher efidt eRaplé] teicohpehsasedlpixat vale dorf the gresn apmponent of a pixel of a
sectioned and the resulting sections magrﬁ)gd .
pre-distort image in a coloured system, palettenew,G(colour), Call be calculated using
Equation (14) by determining the pixel value of the green component, paletteg,
determining pAvg for the pixel and thereby Br mono) from Figure 8(a) and determining

PAVEratio,r and pAVErario,p for the pixel and thereby Weight from Figure 11(a).

Figure 14 is a flowchart illustrating a method 300 for forming a holographic

stereogram in accordance with one embodiment of the present invention. The method
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to forma plurality of pre-distort inmages, the nethod
conprising: conpensating the plurality of pre-distort
i mges for variations in saturation. 25 27. A nethod
of altering pre-distort inmages for formng a
hol ographi c stereogram fromg plurality of source data
frames, the pre-distort imges havi ng been provided by
S(B)eamﬂpmrsémmpuﬂmag So2 ISGIﬁ'Cd d:lta cémpr'miag  ptuality pf souxté tla,ta ﬁfames
sect.ions n ur al.ity of sections.to 31
coRtaping awﬁyn@w%a W§1° apu BIgRt G 2 ProRssspE hEe the 3ourE dhta
frROPLL §%c@19necf%m A8 EdcREn bPtheRbutca hbttanraﬂ'fes R ﬁa‘%eﬁt Felto form a
I'mages tfor varrations in saturation. met hod
plaeatioy off prg-distort iraages ZFhecpre-distort images arecnonmensaﬁe@%;ﬁo'r wariations
t o conpensati ng the(g{urallty of pre-distor

t
inghe degres %ﬁﬁaﬂﬁatapnptpaﬁ cp ke ghosting phienorsnon by %I?Pé%mg Ato a
ca? tlonY: I@r}tﬁ{ﬁ% 'y lltgrbf# IRRAK ﬁl@ﬁhﬂn‘t‘ irRhdesYTireafter, the
Ctrons orma I|Py of pre-distort inhages.
ccﬁﬂpenéatat’bpfwﬂstaaamagesmge inpusinyo #8EMoThe campensa@dipoe-ditort
further conprisin conpressin e plurality of
lw«?ﬁ;eﬁ@scafr@aess?de?: Wilerform ap @&g%f E%&@ﬁﬁ “hﬁ > £pgh gfywhich is
. " y

sHPEEIRER R DTS2 AR RETLLRE RSN R o Rblograptic
stﬁﬁdgﬂam to formthe hol ographic stereogram 10 30. A

nmet hod according to any one of clains 1 to 9 and 26 to

29 or according to any one of clainms 11 to 20, 22, 23
and EW% e
var i a ¥ ons § n satura fuegﬂ’@te dl?‘?étémv%r:sg?lgogr?\se@ﬂae&&@&aﬂ =
Flgutd 15264 paticllef, Rigupaty isd ﬂds\hdaarteﬁnstrhtmg aneethodd@hfon

whi ch the hol ographic stereogramis to be recorded. i
cempensatmg epresHstPR imageTor Karatoys & the dsetse PS&%H% n accordance
wt%x ! e%g{b%mn%?lt gf {h%%?ésghﬂﬂvé}ﬁ% Ume%&'ﬂo ﬁ%’ﬁ %nf by determmmg
é oS g, onpensatlng I'nea
40®%ambﬁme qate afsto@o‘ mta@e 1srmcmo¢1rdrmmamculmre312 A

hol ographi ¢ stereogram formed using a method accordi ng

to any one of 20 the preceding clains. 33. Apparatus

f I I [
or LPrdlad ndielqg daenﬁlﬁe&w aa%@g%%glg{a@@gy @ity

of sou rames,
nfcR6EhBMati€ the Pixdl wlus, ]paléfte Qindrtl&i a\teyageﬁ phelvaiae,gatvg, for each
frames into a pl urality 25 of secti ons; neans for
pmbmthgptm@lsq@mmng%ﬁer@é@ﬂu s to forma plurality

of pre-distort inmages; and neans for applying a
conpensation algorithmto one or nore pixels in the

pl ur &y gﬁayh @f thepeedittsd Bﬁghmm,g&s agdingt oinperesaed pixet value, pAvg, is

variations in saturation.
established 408, for instance according to the method described above with reference to

Figures 5 to 9. Thereafter, the predicted brightness, Br, is determined 410 from the graph
of the predicted brightness, Br, against the averaged pixel value, pAvg.

A compensated pixel value, palettene,, is then calculated 412 for each pixel in the

pre-distort image using any one of Equations (5), (6) and (7).

In the case where it is determined 402 that the pre-distort image is coloured, the
pixel value, palettey, and the averaged pixel value, pAvgx, for each RGB component of

each pixel in the pre-distort image are determined 414.
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30 34. Apparatus according to claim33 operable

according to the nethod of any one of clains 1 to 31.

45 35. A computer system for form ng a hol ographic
stereogramfroma plurality of source data franes, the
conputer system conprising: gn external device

interface for receiving the plurality of source data

f r anBraph dithe predieteddeightress, Boy, tagainshthe aveasged pixel yalue, pAvgy,

folgs(t %e g{g:gg’t o. 2&? mggmgglgetg%s%ggggguagﬁ i4§ g,efl'gg gnl'sl{a?llcé g%ording to
thg %étﬁdf&e%ﬁlﬁi%ggé 'w'tﬂqgfef%nggw iYure®9 R §0THRed R, the predicted
roces Srein

Sor, e menory stores a conpensati on
brgadsk By fop Y -apgehyoftig: R,0Gomd Becomponents) isaleterinined @0 from the

plurality of pre-distort inmpgeg to conpensate for

vah P&t awetistad BHERPEN: B, AEAHTSS o SXCTBHPIREL VaLyss PAREx
according to claim35 operable according to the nethod
of any one of clains 1 to 31. 37. A conputer program

p:r odmlcgraﬁmm; the Km&iglm'ng fziwcbrfo Wleixhhy, egainst theoayesaged pixel values,
plurality of source data frames, conprising;..15
pdvensnd odge daBrch qfthyyReGh #Wd3 cogponsats, %Scﬁﬁghb}g}}ﬁ%z“’ for
. in I | r t & i13.
P, oy e ol RporfiRlab By R bR P B ILR 1S
TREREfGMhe GetegHting faqpd, Weighta folipeasiadt tha RaCyard B kempaenents, 1s
one or nore pixels in the pl uralfiéty %,gé{e-di St otht d
deterrgiacd 636 Gemtan seaph of die welghting fasier. i Heigiin ABRISLIRC aygage
38 conput er .program product according to claim 37
pBﬁ%V@B?S ng‘é%”oarngi%ﬁgg‘f’o the nmet hod of any one of clains
1 to 31. 39. A conputer program product according to

claim 37 or 38, conprising a 25 conputer - ealdabl e h
st or &pmpensntehpiKehNalies: A CyrmpPdPlitnend 3 BB Gigr.m fPT €2C

L . : » i . .
o84 STl 4 67 A n LR 0 g sy
o8 SEEhRARns (\Uglfo (160,326)%6(18» a9 fo (21),usdpeatiedy.i n t he

Figures 4 to 31 of e 30 acconpanyi ng draw ngs. 46
41. A nethod for use in reducing ghosting in

hol ogt aphi t ' i D
descrirgaetiod 400 FRALART I ASRUT tkinky RE ca & MPRI G
iFla 88 BEméd fr6m3fe Sduréd@rtafg@ePanyi ng drawi ngs. 42. A
method of altering pre-distort images for formng a

hol ogr aphi c

Full Parallax

The above described processes and embodiments are for horizontal parallax
holographic stereograms, that is the holographic stereogram produces images in only a
single plane. The invention is also applicable to full parallax holographic stereograms,

which produce images in multiple planes.

The generation of full parallax holographic stereograms according to the
invention uses many of the aspects used in horizontal parallax holographic stereograms
as described above.

A set of source data frames 502 for a full parallax holographic stereogram is

shown in Figure 16. The source data frames 502 contain multiple series of frames 504a,
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stereogram substantially as herei nbefore descri bed,
wth reference to and as illustrated in the Figures 4
to 31 of the acconpanying draw ngs. 43. Apparatus for
form ng a hol ographi c stereogram constructed and
arranged 1o to operate substgntially as hereinbefore
described, with reference to and as illustrated in the
5(@bgi04es SOHd, eacklserits ¢dntainivg dorpydrames §0aa, HAODHI6CAM6dAAS before
co ter stem for forni ng.a hol ographi c stereogra
g3 gt B P P 1 o ERaPEindags ferfe Pa Ry hore than
jubtebet &H@§.Q§lﬁh&%9 hlRBEs otitathel pEAERBCA the Al bASofkeries may
I'lTustrated 1n the Figures 4 to 31 of the acconpanying
diffedw ngs. 45. A conputer program product for formng a
hol ogr aphi ¢ stereogram arranged to operate
substantially as hereinbefore described, with
r ef engRfdas b AoARsht@Datdilak Bblogtplic s&r&%arﬁ'c@ﬁ!iﬁ§ ofthéi8geld
of the acconpanying draw ngs. 20 . A Ay.AY,.AL.A
compi¥ssed\X@Rg Afily. oh¥,axisFa fullyBiralldx hoddgraphiity sterkpgranpnaistsalf a
fL. JAFS. A fL.ASR A fLAFr. A UF L AF A fL.ASS .AUS. AS
serg Ol 08y COTAPIESSRAAANS TKQEX TR .fR&t%FE.ai\,lf#’ﬁai%w%i\% A
imenbidniiGriay 0¥ Fre-dibtort itages 508 i rted into hologels of a
th sl%rz ulpﬂég\“\?\?lg a cea] 1c g] c1 a]a%%ls] ca]lgg(])%.v’? _a]ecgl] %a] cg] caj ca]
halbgrpplit stelevataa P t@]ln Hiis etanaile tecajay ad indjcotel@a hevihg 225"
alchalcTal.npTUV qlf! ! x" Ot ##4, .
hefizanil preogstors 2ad 280 verieal preistopects pine A Ay AL PR R 250
q ca] ca] ca] ca]calca]c
B B et e e

.t.1/C///0_000'1011111111] 2b2f 2j 2222zt oi d*Yni d_Y] ] caV]

o Polsekeit caheaber ophantby s enbaababeatielsaliing
R b B
avdraging oathesihtap dithemsirsahthetthampue Thus EquationdPrabdve a replaced

aV] ca~44444444+555, 6Q6666) 7} 777- 888799999 : ~: "
Wﬁ\yﬂtﬁﬁ“éu?‘\/ﬁ%b]aééﬁ‘l S(':%ca] Z:a% ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca]{ng\'l ch%Jizc_a},]lxca] ca] ca] caV] ¢al 95})/_];;%3] caV] ca] ca]
(2a)

V] cal; 4;
D <y<<=U=f ::>s§;>" ?Jﬂd&é&ﬁmﬁ Ay 2% iGi
a] cal cal cal ca) cal calcal catlcal c”alcalcalc

é ?gc a] cal.ca]
! ]
St o)l o el gl bgskopy s phece
whgleca] ca) caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ¢
A . [ AgA .
NP O PR REE CLE TS B GRS T B ckloued difgoion,
ca] calmaraalppelepakens trtor] mahissalof pixehs]in sl cedrical dirkativd, and
] ca] ca] caV]ca] ca] ca] ca] ca) ca] ca] ca] cal ca].ca! pdef kff gtg%pixel

gghh2aHkgi: renresentsjthy ayerageirrat Ralup fonpixe 4n i), dsing the sys

al caV] cal c c

B84 BT wEOpE B R e PLETh IS T B Arhidelogother
ahdl BIVdRMHQEO 104 QI ARDKIESIHT of pixels in the horizontal direction (number of
rrrMSrrrrrss(sztnhb] Wga\ W gb] X] V] ca] caV] caV] caV] c, aV
chhmins handctht sumberginixgle iy tha virtisalhigrden awmbeapEfEh V]

a] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca(sj snstssssssttt"v@vy
yyzz"z&| ||| |}}C ~}}}}xsmhc] Xl gb] X] V] caV] ca] ca] caV]ca]
ca] cHigat ¢ linatarYhe atmigle of § &M pahital praldisidre 8] 2,dh dddtase it is
ca] caV] ca] ca] ca] ca] caV] ca] ca] ca %’!3~%~,k~q ~~~~~~ - 7<cl X
480 pixs]scacrass ghd 549 paqelsdwa%@am apeery: BixehvFd P ckv/pedhe pdve is:
I ool calfalnahoTthosh o atksr e e8k6234.02bea) e R bacy
@Ry dfRJEdr C saMipieire ardenahemdetpV] cal ca] c

(a] ca]&(i::a ca] cél‘@ﬂggglj%ggglj@%:kggj ca] cpzfl\/] c%ﬂca] ca] ca)s/] cal] ca]ca

] ca] ca] ca] caV] ca] caV] ca ek”l

)i"-1}xrngb\ Wke" ZUl gb] X] ] caV] ca] caV] ca] caV] ca] ca] ca] ca

V] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca] caV] ca] caV] ca] caV]c

a] caV] ca] caV] ca] caV] cald?orJQ

481 t gj } wr ngb] ke ZUl gb] X] V] ca] ca] caV] ca] ca] caV] ca] caV]
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UV] caV] ca] caV]ca WV] caV] ca] caV] ca] caV]ca

UV] caNQ=FRW| H8}. 2| vgkf a\ Va] V] ca] ca] ca] caV] ca] caV] ca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca]caV]ca]c
aV] ca] caV] ca] caV] ca] ca] ca

2TZ] 04AV\WER\ 2% zt o] e_ZTaV] cajgcaV] ca] ca] ca] caV] ca] caV] c
a] ca] ca] caV] ca] caV] ca] ca] ca] ca] caV] ca] caV] ca] caV] ca] ca
] ca\A differajtcef afabfecanfe data frames is used to generate the pAvg vs. Br

rlfion I Th oA P f&%ﬁﬂ s BB Rah Al BAFEA B
)&%}P&?‘?@ acﬁ%ﬁ?\\élsgﬁ i‘é} \/}3 gmgg 5 1‘(1: gorcﬂal\e f(;ualll arallax scheme This

se‘t/bﬁﬁe‘ﬁrexwé]dateafbames\q lddjas 4D seti&se(ﬁ t a]SdQ} gﬁ] @ fpwad 2?3] -?3%} Qach.

L’C o a] (Q,@qe geferRacs fate gmgw&m@%ﬂc élaw AN just red
011 é}iét] lﬁq fxf’éﬂ r]”o%ljﬂg CAlIGRYIEPE Mk AhaRd Al satles BY]tEab aaMicblack

frmaas?cnln tm\Abemdwenes S!Z'M@lyq]hegllagit\mq i bhegk cla] the hrd] serips Aheclast

waVicalcavlea) ol cal caVl cal cavl ool eal.cal.cal 678 SHlSeL Bk e
ﬁlléﬁ%’%’%%@%?ﬁ-upkf a\ W] ]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca]
caV] calcaV]ca]cal % al %e| +!'vp |

] Ca\/}:@f%( flg]%ffagéﬂcagé]%éﬂéﬂt@]é %ﬁ %%c%]‘?}% 3 }i}%ﬂeﬁéﬁc gference

lustrates an

apifiste sLt pL B o)) P eydiprpis e syme, Fise 2000 e
uﬁ@in@;ﬁh@zﬂédlﬂ%lﬁ gd'l(SaB eaharatkd fpaathe @]‘e:dn}toﬂ inmkes] b Adkthe hplogels

ca] ca] ca] ca] ca! *v| gM
areialsa esmw?ﬁam@mwdw%ék@bﬁcm@é shecdnaesyely cafea) ¢

a]J ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

calcalca]calcalcalcalcalcal O%&& "' L(Q(((F)))) C**++ ++

++K ;[n a;full parallax print 520, the holographlc stereogram yields 1mages as the eye

PQ?IEQT} é&? égﬂ)}égf_l’f g@%%/] a%\’]é]ﬁ%ﬂglg}p %2}1 %}gg} }: gg% S &‘a d%h’gure 21.

I@bgﬁkéﬁgeiklﬁl éf ? %QC g%g‘f‘ A C)\gﬁc aﬁgf&c%]g%g%ggm%E% one

obfa@dscaffé@hc athageb 52bC 8 inaligareca?] Thp Gh@rgoalilcht}ecm] thaf] oddnsling from
Ca] cal cal 6+7S77788999; ; : <<F=n==zF

AR s ATTEL, 23R 1t pE PORTOS-AP B HTE agy-bll gress. The
T e

thiKKeabd. LeachVipeonficl vievling pbsitide along] thalina]ats] cmtespdrds] toad specific

.

E’?‘% gf X S i %g]%%%% 1 a%)g 2}\@2}49%17&1@% & &g %\ %ﬁ'&l?ﬁ‘xk@l‘%ls Qfélenmned

ca] cal ca] ca] ca] ca]

Lﬁﬁﬁg ak@tadmmywﬁidh\eﬁwmmgw Y@ehey EZ £idfvie] §s before.
f\{\\a]]}xsmd ZV]]1]]calca] ca]calc a
@ae} disjorts] forn dhy é@]ﬁgﬁa]f@&}l@aﬁl@aﬂeé% cfg% g}l}g% gﬁagg}@ems are

I@f%e???l? o %%W%%W aJcalcalc éa“'gf E‘{gfeogram

rﬁﬁ]a@@kﬁﬁﬂcfe@l CRdr l¢; dh Ghls ke af Gaﬂmnﬂsm}wﬂm}m@@mﬁ line are
]ca] ca] ca] ca. Kei K- S109B& () - 1098B& ()- . 109B&

neGuRd, 3 )mag_e@qz@@f(e;entbggh@gps (@ is yepresgared by 028 ;u]g o@tamed
M 109B& ()- ~Z"109B& ()-109B& ()- |9109B& ()

s1109B& ()- -#109B& ()- y 109B& ()- fdd\:

M! @"109BB& ()-' YS2109B& () -

11, ."10%B+B& ()-! 1S#g#10%B+B& ()-s!, SH#109&&& () -S3
I &109B&' () - \~ @ M!1098& ()

“1109B& ()-yyl09B& ()- 10B 10B 10B! =109B& ()-!;
@"10%"5"& ()-'\ < U NIE~ @ M!3 109B& () -
“11098& ()-109B& ()- |
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109B&' ()- 109B& ()- '!10% & ()- N s%mp}r?~_@3

M!, @109B& ()- YL- 109B& () -

F)1 109%& ()-! 6$- #109%9BOB&’ () - Z! $- #109BB&’ () - Z3! 109B&’ (
)-p{\=3 M1s!10% ()-2ZY, 10%& ()-M 10B 10B 10Bl : z

10988 () - 30

| 6@#10%0BOBE ()- ! (@#10% "& () - DzX6{\ =! 1$SH10%& () -

| $SHUUA dufve SIDAYRNs)rated 1DPigule) 23. Ylor@YEr, (His is! only part of the full

y#10%&' () - . Tr.S4yml0% - 3110%. U& %
cufys thet is easired; fé}e/&w 5%@%@%{8 ci)ark@(/l'ég&eﬁ ﬁ'ewgﬁyﬁivé%%) and
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data frames 534 is generated, as shown in Figure 24. This second set of reference data
frames 534 also has 10 series (S1 — S10) of 10 frames (F1 — F10) each. However, these
are all black, except for the first four frames of the first series S1, the first three frames of
the second series S2, the first two frames of the third series S3, and the first frame of the
fourth series S4. These excepted first four frames of the first series S1 are

monochromatic, according to the colour for which the curve is being generated.

A set of identical pre-distorts 536, as illustrated in Figure 25(a), and a set of

identical uncompensated hologels 538, as illustrated in Figure 25(b), are generated.

A set of Br values and corresponding pAvg values is generated, in a similar
manner to that described above with reference to obtaining the curve 530, as illustrated in
Figure 23. The points obtained from this second set of reference data frames 534 have
higher brightness Br values and lower p4vg values, thereby allowing the complete
reference curve 540 to be plotted, as appears in Figure 26. The enclosed portion of the
curve 542 is that portion obtained through use of the second set of reference data frames
534.

For monochromatic full parallax holographic stereograms, the reference curve
540 can be used to derive attenuation values, for attenuating the pAvg values for the
pixels in the pre-distort images for the source data frames being converted into a
holographic stereogram. Equations (1) and (3) to (7) described above remain usable as

before.
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As with the horizontal-parallax-only coloured system described above, in a full

parallax coloured system, where the holographic stereogram comprises more than one of
the three RGB components, the predicted brightness, Br, of a single RGB component is
affected by the pixel values of the other RGB components. Again a weighting factor,
Weighty, is used to compensate for the effect of the pixel values of the other RGB
components on the pixel value of the single RGB component. Accordingly, Br may be
expressed by Equation (8) given above. However, the curves used to obtain the
weighting factors for a horizontal-parallax-only coloured system are not ideal for use

with a full parallax system. As such, new curves are ideally generated.

The approach for generating the weighting factor curves for this embodiment of the
full parallax coloured system is similar to that used for the horizontal-parallax-only
coloured system, as described above with reference to Figures 12 and 13, and is now
described with reference to Figures 27 t029. This is exemplified by generating the weight

curve for green.

Figure 27(a) illustrates an array of source data frames. This array has 100 frames in
each of 50 series. Series S1 to S25 are the same and series S26 to S50 are the same. In
series S1 to S25, frames 1 to 50 are all the same, having a layer of green (G = 255) above
a layer of yellow (G=255, R = 128, B = 0), and frames 51 to 100 are all the same, being
the same as for frames 1 to 50, except that the left half of each frame is black. In series
$26 to S50, frames 1 to 50 are all the same as frames 51 to 100 of series S1 to 25 and

frames 51 to 100 are all the same as frames 1 to 50 of series S1 to 25.

Figure 27(b) illustrates the resultant array of hologels from the source data frames
of Figure 27(a). The full parallax print for the purposes of this example, has 150 columns
and 200 rows (e.g. a print of 60 x 45 mm, each hologel 0.3 mm sq.). Rows nl to n100 are
the same and rows n101 to n200 are the same. In rows nl to n100, columns il to 175 are
the same, the hologels are quartered with black in the top right and bottom left and green

top left and bottom right, and columns i76 to 1150 are the same, being green. In rows
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Looking at the full parallax print in a viewing plane similar to the viewing plane
524 in Figures 21 and 22, again in the top left corner, the image is that shown in Figure
28. The image 540 has four distinct quarters, the top left is green and the bottom left is
yellow. The top right is also green, but a darker shade of green. The bottom right is also
yellow, but again a darker shade of yellow. The ratio of the values of the top right to the
top left yields a reference value Ref. The ratio of the values of the bottom right to the
bottom left yields a result r4.

Figure 29 shows the reference green weighting factor curve, plotted from nine
points. The first point pt0 is set for pure green and is set at 1.0 on the Weightg axis. The
remaining eight points are derived from generating full parallax coloured holographic
stereograms in a similar manner to that described above with reference to Figures 27 and
28.

Pt4 is the value r4/Ref, on the Red-Weightg plane, for red = 0.5, that is the half-

‘way point on the red axis.

Ptl is generated from source data frames similar to those in Figure 27, but where
the yellow has a red value R = 255 (rather than R = 128). Values r1 and Ref are derived
from an image in a viewing plane for the resulting full parallax coloured holographic
stereogram generated from these source frames. Pt1 = r1/Ref on the Red-Weightg plane,
for red = 1.0.

Pt2 is derived similarly using source data frames where the lower half contains R =
0, G =255, B = 255. Pt2 = r2/Ref on the Blue-Weight plane, for blue = 1.0.

Pt3 is derived similarly using source data frames where the lower half contains R =
255, G =255, B =255. Pt3 =r3/Ref at red = 1.0 and blue = 1.0.

Pt5 is derived similarly using source data frames where the lower half contains R =
0, G =255, B = 128. Pt5 = r5/Ref on the Blue-Weightg plane, for blue = 0.5.
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128, G =255, B = 128. Pt6 = r6/Ref at red = 0.5 and blue = 0.5.
Pt7 is derived similarly using source data frames where the lower half contains R =
128, G =255, B = 255, Pt7 =r7/Ref at red = 0.5 and blue = 1.0.
Pt8 is derived similarly using source data frames where the lower half contains R =
255, G =255, B = 128. Pt8 =r8/Ref at red = 0.5 and blue = 0.5.

For all these calculations, the value Ref should be the same.

Similarly, weighting factor graphs can be generated for Red and Blue.

Equations (9) to (12) given above also apply to full parallax coloured system.
Further once the three weighting factor curves have been generated, the compensated
pixel value for each of the RGB components of a pixel of a pre-distort image in a full
parallax coloured system, palettenew, can be calculated using the Equations (13) to (21),

also given earlier.

Figure 30 is a flowchart showing the steps required for performing pixel
compensation in generating a coloured holographic stereogram. In steps S552, S554,
8556, the curve for Br vs. pAvgsio is found for each of G, B and R, respectively. In steps
S558, $560, $562, the weight factor curve is found for each of G, B and R, respectively.
Once these reference curves have been determined, the pixels of the pre-distort images of
the source data frames being converted into the holographic stereogram can be
compensated. For each pre-distort image 564, pAvg,; is determined for each pixel at step
S566 (Equation (2) for horizontal parallax, Equation (2a) for full parallax), for each of R,
G and B. A new palette value is also determined for each pixel, at step S568, using the
Br value and weighting factor value from the relevant curves (in Figure 30 Y represents

the current colour, X and Z represent the other two colours).

The flowcharts of Figures 14 and 15 are also applicable to full parallax holographic

stereograms as they were to the horizontal-parallax-only holographic stereograms.

The processes described above may be implemented using just hardware, with



10

15

20

25

30

10  10% U& () - 10% U& ()-10% U& ()-!10% U& ()- @0%
U& ()-Y10% U& ()- f===>S>>>dEbC 10 3$10% U& () - #10%
U& ()- 110% U& ()-10% U& ()- 910% U& ()-110% U& () -

>"2J?2| 2@@@BbC 10 Y3M 10% U&' ()- F1 10% U& ()- !6.
10%CUCU&' () - Y+10% U&' () - 3Yg4310%u& ()-f& "10% U& () -
@AAAAAAAA~ @ 10 St 10%& ()- Y, 109& () -M

circuits dedicated for the required processing, or by a combination of hardware and

software modules, even if the hardware is just that of a conventional computer system.

A module, and in particular the module's functionality, can be implemented in
either hardware or software. In the software sense, a module is a process, program, or
portion thereof, that usually performs a particular function or related functions. In the
hardware sense, a module is a functional hardware unit designed for use with other
components or modules. For example, a module may be implemented using discrete
electronic components, or it can form a portion of an entire electronic circuit such as an

Application Specific Integrated Circuit (ASIC). Numerous other possibilities exist.

Figure 31 is a schematic representation of a computer system 600 suitable for
performing the techniques described with reference to Figures 1 to 30. A computer 602 is
loaded with suitable software in a memory, which software can be used to perform steps
in a process that implement the techniques described herein. Programs can be executed,
and results obtained using such a computer system 600. This computer software executes

under a suitable operating system installed on the computer system 600.

The computer software involves a set of programmed logic instructions that are
able to be interpreted by a processor, such as a CPU, for instructing the computer system
600 to perform predetermined functions specified by those instructions. The computer
software can be an expression recorded in any language, code or notation, comprising a
set of instructions intended to cause a compatible information processing system to
perform particular functions, either directly or after conversion to another language, code

or notation.

The computer software is programmed by a computer program comprising
statements in an appropriate computer language. The computer program is processed
using a compiler into computer software that has a binary format suitable for execution
by the operating system. The computer software is programmed in a manner that
involves various software components, or code means, that perform particular steps in

the process of the described techniques.
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in¥tads! 9%&‘%'840} '62@,%1@195/? memory such as a ROM 624, a second memory such as
a RAM 626, a network interface 628 for connecting to external networks, an input/output
(I/O) interface 630 for connecting to the input and output devices, a video interface 632

for connecting to the display, a storage device such as a hard disc 634, and a bus 636.

The processor 622 executes the operating system and the computer software
executing under the operating system. The random access memory (RAM) 626, the read-
only memory (ROM) 624 and the hard disc 634 are used under direction of the processor
622.

The video interface 632 is connected to the display 610 and provides video
signals for display on the display 610. User input, to operate the computer 602 is
provided from the keyboard 604 and the mouse 606.

The internal storage device is exemplified here by a hard disc 634 but can include

any other suitable non-volatile storage medium.

Each of the components of the computer 602 is connected to the bus 636 that
includes data, address, and control buses, to allow these components to communicate

with each other.

The computer system 600 can be connected to one or more other similar

computers via the Internet, LANSs or other networks.

The computer software program may be provided as a computer program product.
During normal use, the program may be stored on the hard disc 634. However, the

computer software program may be provided recorded on a portable storage medium, e.g.
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software can be accessed directly from the network 612.

1

In either case, a user can interact with the computer system 600 using the
keyboard 604 and the mouse 606 to operate the programmed computer software

executing on the computer 602.

Source data frames are input into the processor 622 through the I/O interface 630
or the network interface 628. The processor 622 sections the source data frames and
distributes the sectioned source data frames in accordance with a mapping algorithm in a
computer program product and downloaded onto the system 600, stored in the memory

626 to form a plurality of pre-distort images.

A compensation algorithm, in a computer program product and downloaded onto
the system 600 is also stored in the memory 626. The processor 622 applies the
compensation algorithm to the pre-distort images to compensate for variations in the
degree of saturation of the pixels in the pre-distort images due to ghosting, If the
reference graphs for weighting and attenuation or brightness are to be determined,

brightness values are input through use of the CCD 616.

The compensated pre-distort images are output to the SLM 614 via the I/O
interface 628 for projection through a converging lens onto a holographic recording

medium to form the holographic stereogram.

The computer system 600 is described for illustrative purposes: other
configurations or types of computer systems can be equally well used to implement the
described techniques. The foregoing is only an example of a particular type of computer

system suitable for implementing the described techniques.

Other embodiments of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention. Furthermore,

certain terminology has been used for the purposes of descriptive clarity, and not to limit
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the present invention. The embodiments and preferred features described above should

be considered exemplary, with the invention being defined by the appended claims

and/or as described.
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1. A method for forming a holographic stereogram from a plurality of source
data frames, the method comprising:

sectioning a plurality of source data frames into a plurality of sections;

mapping the plurality of sections to form a plurality of pre-distort images;

compensating the plurality of pre-distort images for variations in saturation;

compressing the plurality of pre-distort images to form a plurality of holographic
elements; and

recording the plurality of holographic elements onto a holographic recording

medium to form the holographic stereogram.

2. The method according to claim 1, wherein the plurality of pre-distort
images is compensated by applying a compensation algorithm to one or more pixels in

the plurality of pre-distort images.

3. The method according to claim 2, wherein the compensation algorithm
adjusts the one or more pixels in the plurality of pre-distort images to at least partially
compensate for a subsequent variation in the degree of saturation when the plurality of

holographic elements is recorded onto the holographic recording medium.

4, The method according to claim 2 or 3, wherein one or more attenuation

factors are applied to one or more pixels in the plurality of pre-distort images.

5. The method according to claim 4, wherein the attenuation factor applied
to a pixel reduces a value of the pixel to the level of the lowest predicted non-zero pixel
value of the plurality of holographic elements recorded onto the holographic recording

medium.

6. The method according to any one of the preceding claims, further

comprising establishing a reference relationship between an averaged pixel value of the
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brightness of pixels in an image generated from a holographic stereogram generated from
the plurality of pre-distort images, the method comprising:
(a) generating a series of reference source data frames having colour gradation;
(b) sectioning and mapping each of the series of reference source data frames to

form a set of reference pre-distort images;
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11. he method of any one of claims 8 to 10, wherein establishing the
reference relationship further comprises repeating steps () to (¢) for a second series of

reference source data frames and using the further brightness values to plot more of the

graph plotted in step (f).

12. The method according to any one of claims 8 to 11, wherein the
brightness of the image reproduced from the second holographic stereogram is measured

from a plurality of viewing positions.

13.  The method according to claim 12, wherein an additional series of source
data frames is generated when an interval between each consecutive viewing position is

too narrow to obtain a substantially differentiable measurement of the brightness.

14.  The method according to any one of claims 6 to 13, wherein the averaged

pixel value is averaged across a compression axis of the plurality of pre-distort images.

15.  The method according to any one of claims 6 to 13, wherein the averaged
pixel value is averaged across two compression axes of the plurality of pre-distort
images, the two axes being orthogonal to each other.

16.  The method according to any one of claims 6 to 15, wherein the plurality
of pre-distort images is compensated based on a predicted brightness of the image

reproduced from the holographic stereogram.
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weighting factor of one colour component in a pixel against an averaged pixel value of

10

colour components for the pixel in a pre-distort image, the method comprising:
generating a first set of weighting factor reference source data frames
obtaining an image from a stereographic hologram derived from the weighting
30 factor reference source data frames;
generating a reference ratio from a reference section in the image;

generating further ratios for other sections in the image;
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(¢) dividing the further ratio by the reference ratio to obtain a co-ordinate along a
weighting factor axis;

(f) plotting a point, represented by one co-ordinate along the weighting factor axis
and one co-ordinate along each averaged pixel value axis of the other colour components
in the pixel; and

(g) repeating steps (a), (b) and (d) to (f) for one or more further sets of reference
source data frames.

24. A method of establishing a weighting factor relationship between a
weighting factor of one colour component in a pixel against an averaged pixel value of
colour components for the pixel in a pre-distort image, the method comprising:

(a) generating a first set of weighting factor reference source data frames of

different colour components;



10

15

20

25

30

I'v| obU410 Sy10%t& () - 10#10#10# F 3: z10%#& ()-3 S6
109& ()- ,5Z10%t& ()- 1210%& ()-p | |[:bUW410
$"10%8 & ()-m L 10%& () - 1098& ()- f10%t& ()- ¢
109%#& () - GLO%t& () - | [:bUAL0  &z#10%H& () -
$10%#& ()- 3110%#& ()- . 9P M (& ()- F10%t& ()-Z
"109%R! & ()-m)n|[:bU410 T7@B"10%4*"1& ()- 3 2
10%4®) ohtaining an@I4ge, fjom a YerogOpdie hoJogany dgrd osdRorh the first set
3(. 1098 U410 1098t '100/#&
gzéa%@t& b lrEE Rt doiiarer Fep 0%
(}:; é’éﬂe[ratl‘ﬁg‘h]tgf erdnbd Qafﬁgﬁ'&ﬂl)a rgférenl@ %80k In &e"f\%&ﬁé“o%

-Z L10%#&
s' 1(@9’@&16(r2)t11}gfa;;ﬁurthm\/rakia Gorsinothirsicliyns ih0hd ingige) -

10%[ ‘()= SE109d#& () -10(#(1LO(#(10(# . .
#(tffg(%‘%g Efﬁe-fl-\'%ﬁ‘fr[rf(‘%‘tﬁ&é‘e Qef%%aéw 0 %9 obtain.3 pRygulinats along a
WS %&{0} axi310%A#& ()- L109%A#& () -
109A#8 ()-*vI][:vU410  ( 1094#& ()- &LO%W#& ()-
10%4¢Rplotting dift&p(cpented bRt o-9rdinate along the weighting factor axis
0 0 | 0
qu%e/%ggg&gatﬂ% (;ngvefg"é]%/g%%%ﬂ_lp?x/ #81@&/()%31& o?}hleoo{ g'gc‘oi(?ur components
indhERIUL AR 111vUA10 10% & () -
9% & 101#101#101# FF: ' 1109%4#& ()- F810%#& () -
6’ ](@%dp&at(r)g dteps! (), (B)8thd ()10 (f) fa08hesdr(More furtldkéts Of reference
O"/'}f( - fS10% & ()-10! 10! 10! |
SQUiSes &?%Sm%g ‘r###HDSS| [ VU410 YYz 10% & () -3
106 & ()- FL0%& ()- ,!10% & ()-4 FS-10% & ()- |
S10% & ()-' $$9OR0O8&]| [: vUAL0 F+-10% & ()-3 Y
) 1098 ()Thﬁhéttﬂ%o&c(a)m 238t 24 0flateif)the first set @%‘@?ex(emee source

RS (r%qynses g éil&%ﬁ%&;&?\g‘%g yl%tg an%g;} Og% Pf &/1110%“ is the
a{nﬁ fi}ﬁh ) L.ILd M&g ?f Qegf%f /g()#@e %até'ﬂ;ﬁlgs&e&(?h of which is the same
o%ﬂzﬂ#& ﬁr)st— So)aﬁEb*dfﬂtﬁa[ﬁMékﬁﬁ@nsﬁ@%#&aﬁds—of&]cﬁﬂﬁné&t ¢oleur, and
h)e;fg%@&&g%lpnmngﬁg%a&is[o %%%Wimg}s&h@e in the source data

& ()- S109%#& ()- 910%#&
ﬁ%‘ﬁgﬁ)@#ﬁhrﬁb”& &%Y%F NA41010 32! 10(()/()1#& ()- 3 o(s)
1094#& ()- .!10%#& ()- 3l +10%#& ()- ) 10%#& () -
&10%#&' ( [E/FI G H K/

Sf 10961&! (1}‘ @@ﬁ%@z#&w&%@a@&t% in hplaggaghigsteyeograms,
wﬁg%%&éfl)‘&rzﬁﬂyl% /%éé}%){faﬁfgﬁ&ﬁes :ﬁé éé&lﬁf?&pz{l{d tﬁ%gltlng lsections mapped

to form a plurality of pre-distort images, the method comprising:

compensating the plurality of pre-distort images for variations in saturation.

27. A method of altering pre-distort images for forming a holographic
stereogram from a plurality of source data frames, the pre-distort images having been
provided by sectioning the source data frames into a plurality of sections and mapping
the plurality of sections to form a plurality of pre-distort images, the method comprising:

compensating the plurality of pre-distort images for variations in saturation.

28. A method according to claim 26 or 27, further comprising, prior to

compensating the plurality of pre-distort images:
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30. A method according to any one of claims 1 to 9 and 26 to 29 or according

to any one of claims 11 to 20, 22, 23 and 25 when dependent on at least claim 1, wherein
the variations in saturation comprise variations in the Diffraction Efficiency of the

recording medium onto which the holographic stereogram is to be recorded.

31. A method for use in producing a holographic stereogram on a recording
medium with reduced ghosting, comprising pre-compensating for non-linear

characteristics of the recording medium.

32. A holographic stereogram formed using a method according to any one of

the preceding claims.

33.  Apparatus for forming a holographic stereogram from a plurality of source
data frames, comprising:

means for sectioning a plurality of plurality of source data frames into a plurality
of sections;

means for mapping the plurality of sections to form a plurality of pre-distort
images; and

means for applying a compensation algorithm to one or more pixels in the

plurality of pre-distort images to compensate for variations in saturation.

34.  Apparatus according to claim 33 operable according to the method of any

one of claims 1 to 31.
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38. A computer program product according to claim 37 operable according to

the method of any one of claims 1 to 31.

39, A computer program product according to claim 37 or 38, comprising a
computer-readable storage medium having the computer-readable program code stored

therein.

40. A method for forming a holographic stereogram, substantially as
hereinbefore described, with reference to and as illustrated in the Figures 4 to 31 of the

accompanying drawings.
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43.  Apparatus for forming a holographic stereogram, constructed and arranged
to operate substantially as hereinbefore described, with reference to and as illustrated in

the Figures 4 to 31 of the accompanying drawings.

44. A computer system for forming a holographic stereogram, constructed and
arranged to operate substantially as hereinbefore described, with reference to and as

illustrated in the Figures 4 to 31 of the accompanying drawings.

45. A computer program product for forming a holographic stereogram,
arranged to operate substantially as hereinbefore described, with reference to and as

illustrated in the Figures 4 to 31 of the accompanying drawings.



