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1 REDUCING GHOSTING IN HOLOGRAPHIC STEREOGRAMS
Background of the Invention 1. Field of the Invention 5 The present
invention relates generally to holographic stereograms. More patrticularly,
the present invention relates to reducing ghosting in holographic
stereograms. 2. Descrltlon of the Related Art 10 A holographlc
stereogramiis d aibéide HEled A ARiAthe 2
two-dimensional views of a subject WhICh are sequentlally recorded as
holographic elements (hologels) ona holographlc recordlng medium.
Figure 1 illustrates a procesaciegrformingt shiedrixentadiparallax-only
lstﬁfgﬁg&amejlﬁ‘;legﬁgﬁurce data 12, in the form of a plurality of source
data frames 14 containing two- dimensional views of an object 15, is input
into a phscerssortisy sutiorerekatts getiveaiyurdeoldgtapiansgscbgrisms. More
1 [ t ata fra 14 |st
s B P TR oo
sReeQ@aming, Panning or Rotating, which refer to the way the subject is
captured by a video camera) to form a 20 plurality of pre-distort images
20, which is input into a spatial light modulator (SLM) 22 such as a liquid
Tristalrthsihay (bR} ehedppa-distort images 20 are subsequently
projec/e 8%arou g a conver |n lens 24 Wthh tends to be a very

complica %ﬁﬁtﬁf@ ?ams RelSgrBeResFdinG THudRRAcdgrom 2
ssuiofl s plintopodyatancat The atjverginglens 24 camMesses iRl as holographic

re dlstO@ g?ﬁs 201 to a pIurallty of holographic elements 28, each of
et%ﬁt’c?ﬂ ﬁ?& a4 85?5@@ Brie AR BI§AMRic recording medium 26
to form the holographlc stereogram 10. Figure 2 illustrates a set of source
data 12 and a corres onding set of images 30 30 reproduced from the

holograsie déta 2R sIe iRt By g hikentalusrakiaspnlyigigreogram
1h. Bbisrdés aat@qqhﬁ%ﬁmﬁ&m@%mﬁyms&é%%ﬂ@ fealdds 4%9%%%@ two-

contrast, etc, could differ. Ideally, the holographic stereogram 10 provides
(gﬁtgéﬁgpg({éngws of an object 15, is input into a processor 16, where each of the source

data frames 14 is sectioned. Each section 18 of the source data frames 14 is then
distributed using a re-mapping algorithm (e.g. by the methods of Re-Centring, Panning
or Rotating, which refer to the way the subject is captured by a video camera) to form a

plurality of pre-distort images 20, which is input into a spatial light modulator (SLM) 22

'such as a liquid crystal display (LCD). The pre-distort images 20 are subsequently

projected through a converging lens 24 (which tends to be a very complicated assembly

-of lenses) onto a holographic recording medium 26 such as photopolymer.

The converging lens 24 compresses the pre-distort images 20 into a plurality of
holographic elements 28, each of which is sequentially recorded onto the holographic

recording medium 26 to form the holographic stereogram 10.

Figure 2 illustrates a set of source data 12 and a corresponding set of images 30
reproduced from the holographic stereogram 10 generated by the method illustrated in
Figure 1. This is a rough depiction of what the viewer sees in real life. Brightness,

contrast, etc. could differ. Ideally, the holographic stereogram 10 provides an accurate
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reproduction of the source data 12. Often, however, shadows appear in

the images 30 reproduced from the holographic stereogrg.rn 10 as

illustrated in Figure 2. The presence of "shadows" in the images SQ

reproduced from the holographic stereogram 10 is known as ghosting.

The ghosting phenomenon reproduces the images 30 inacc_urately on the

Biolbitaphid shereogeantatin Me@fohihe faregouadiis At 4R images 30
rovide a.method for forming a. holo raplbic stereogram wherein ghosting

B R T Tk R A S oigear 5 FogVl bhe prosence

efifinaiteds innoddeinthae 430 finpbaiereDGEAMIMBOREFASENMESHIHNE 0 is known

original.images ?BO as acguratel as possible. ummary of the Invention The

as ! [

pr 58%%?%Venﬁ<%n O I ROREROS B Rt 18 6T A HRas turatsgr am the
s enmaptesyttand stareograms. It should be appreciated that the present
invention can be implemented in numerous ways, including, inter alia, as

a process, an apparatus, a system, a device or a method. According to a

first aspeeicaf SieninveRtoma Mehasferdasmingadplagmnhic, %Qrmﬁn a
1zt(freo ram from a plurality of source data frames is provided. A plura |t§/
it 881?%%1

HEfAC PR SR SREBstiAt AaralgPoT Gesslofie Hietheleraphic
magneania feet senlbralibn afatere idisia: Magdss- e ﬁé%%%élgﬁglages resembles

pre-distort images is compensated for variations in saturati

DS R asIeRR 8 prianEbrasdIBe abhic elements, which is recorded

onto a holographic recording medium to form the holographic stereogram.

25 The plurality of pre-distort images is preferably compensated by _

applying a compensation akybnittraryoodteedmvertiquixels in the p!urallty of

pre-distort images. The compensation algorithm, for example, adjusts one

or more pixels in the plurality of pre- distort images to compensate, at

least pakgallyseot theentiyingdedree wictatd @uicfnmgegm a?ﬁbl?igrpﬂiﬂﬁaggé&f) gram
| i or onto the holographic recording medium.

MQ@J@P&H{: S?é? tl%és Iﬁes%mlﬂg%f:e%)?rematec{ (%g?g ep?%a;g% Ifh‘%%fﬂkﬁ? be

An attenuation factor may be ap o oneor

istplenuistottinimegesBoraystandedihe, atteralation fastosappliedapixel

BRI VAR AR 2

According to a first aspect of the invention, a method for forming a holographic
stereogram from a plurality of source data frames is provided. A plurality of source data
frarﬁes is sectioned into a plurality of sections which are mappéd to form a plurality of
pre-distort images. The plurality of pre-distort images is compensated for variations in
saturation and compressed to form a plurality of holographic elements, which is recorded

onto a holographic recording medium to form the holo graphic stereogram.

The plurality of pre-distort images is preferably compensated by applying a
compensation algorithm to one or more pixels in the plurality of pre-distort images. The
compensation algorithm, for example, adjusts one or more pixels in the plurality of pre-
distort images to compensate, at least partially, for the varying degree of saturation when
the plurality of holographic elements is recorded onto the holographic recording medium.
An attenuation factor may be applied to one or more pixels in the plurality of pre-distort

images. For instance, the attenuation factor applied toa pixel may reduce the value for
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the pixel in relation to pixel values along the same compression axis on

the same frame as well as other frames. The attenuation factor applied to

a pixel may reduce the value of the pixel to the level of the lowest pixel

value along the same compression axisz 5 Preferably, the method _

includes establishing a graphical relationship between an averaged pixel
%Rjé@éfliﬁélﬁmfaﬁ%péﬁegis@lg%adﬁegatbﬁaimyi@fspr@oﬁsim imagesthndame frame
a@@@?ﬁ@@%_@f A BAGAIERIONNEES, ff@d%xtgg qpégggaao hl':%e?tr%%e"%{ﬁ‘{@ ﬂ;;heva}ue of
averaged pixel value can be averaged acr gs a compression axis of the

t iél%}%f}ﬁré@%t@fﬁhmhg’é@t frikiel yyedph idah pethtiomskipdsprefetablyis.
established by generating a series of source data 10 frames having colour
gradation, sectioning and mapping each of the series of source data
frameBfsebiyatbenofthod-tistodtimstgblsidampressingahelsgbathip between an

-distart | rm a set of holographic elements, recarding the
D D O A A Bt images and a
bringltiiass f formmtiee sepoddded|GgraphichslereagiiainiicfiOastl| E&Qjﬁ/eraged pixel

i fthe i duced f the second holographic ]
PSS G s et Lo e R ICIBTIC S e

stereogram, and plo

Tihegepictpresl distashipniagesfagaiysisthslshighinessefdhg Magees of source data

reproduced from the second holographic stereogram. The graphical
SR L Bhe B KPP OF € LPAIF TS ofsourco dta

retations) ﬁrilﬁ 58 _ _
fmeedis:tcfotrﬁeatsianag@&aaiet&ﬁbfagmn&ﬁﬁﬁégeﬁldgm@&&:E%? UESEf Mhges to
the hologr P]riégster_eo ram can be used to predict the brightness of an

R T TR E O e e ApMErarbieigammns onto
s&aﬁﬁdq@mgﬂ@gﬁﬁurﬁﬁ&ﬂlﬁﬁﬁﬁﬁ[ﬁﬂ%@%ﬂh@@%ﬁ%o%?%ﬂiétgetreo am,

images. The pre-distort images can then be compensated based on the
PR BN S ReveigatiFepragtisemBipbatpisenddolegraphic
siiesieies brigpinass: hQF %Wra%ﬁ%&%ﬁ@tm@%qrim%g g)e% onf pre-

obtained from a graph of the weighting factor of one colo component |
disiort dmagssraamst Abe Riipunssect fbie s agkatnan datod fromntiposetsdin

hﬂl@g%%ﬁc@&%e%@aﬂﬂs preferably established by generating a first source
30 data frame and a second source data frame, each having a plurality of

sections, each section having a different combination of colour
compeiie %%pm@asf?gﬁﬂgr%%%%% ig, the averaged pixel value of the plurality of

pre-distort test images and the brightness of the image reproduced from the holographic
stereogram can be used to predict the brightness of an actual image reproduced from the
ultimate holographic stereogram, based on measurements of averaged pixel values from
pre-distort images. The pre-distort images can then be compensated based on the

predicted brightness.

A weighting factor may be applied to the predicted brightness based on colour.
Such a weighting factor may be obtained from a graph of the weighting factor of one
colour component in a pixel against the averaged pixel values of other colour
components in the pixel. The graph is preferably established by generating a first source
data frame and a second source data frame, each having a plurality of sections, each
section having a different combination of colour compoﬁents, the second source data

frame having an area of black on one side, deriving a first image and a second image



10

15

20

25

30

frame having an area of black on one side, deriving a first image and a
second image 4 from the first source data frame and the second. source
data frame, respectively, generating a reference ratio from a reference
section in the second image, generating,a ratio for each remaining
section in the second image, dividing the ratio for each remaining section
f5yrrige dtstenvecratadrobtaimd tho-ardindte alongatawaigbling fadiee §,

ISradind plott pluralgy of points, each represented by one
%gi—o?din%te a 0?1%% glljt\lleelg w‘% g% OF S Al BriRe 5 onlriatacs grsgerating
retle Ha\eschgetpinel ysduigoaxis bk the onthen 40 08 COMPGBERLS I e ch
Rixel o form. the graph. According to a second aspect of the invention, a
O e S Ry Mo S o s in fctor
providdlviveze alptatalityfoiseuyeadiaipfeasnes BAYERLLEAREHENRs the
V@Qigﬁ[grel r asctg(l)tlnag(sseactl ns mapped to form a plurality of pre-distort
images-the pluraii 5t Pre B fq?ﬁ%@]@gwé%@ﬁ%‘galﬁﬂ VaHeions of the
ahturation: Acopodingstnaibistk aspeesoh the gaysintion, a method
ofaltering pre-distort 15 images for forming a holographic stereogram
from a plurality of source data frames is provided. The pre-distort images

havingsheeriprowidestishaceiiening theisoulas:Hat JiRmes 018 ARl
fstection?‘ﬁind mapping the plurality of sections to form a plurality o
R&UH A ERN R St FRR IR S PECHiSedr Wistres pltsaditypevsatedifon frames
headaiensdaralstialianh e dngsecond and 10rdiagngsts ané‘?lyrgl]ﬁ# gg%"ewdistort

_prior to compensating the plurality of pre-distort images, sectioning
Meesiid e PLEHLEY ahriTdisied intactsd plaraliensfteddotionsatindsmagpingtion,
the sections to form the plurality of pre-distort images. The third and

fourth aspects may include, after compensating the plurality of pre-distort

image4co ¢om frasdiing aecebod|ten sateutipre alintohbindgts o fasre-distort

¥al i I i which are recaorded onto a holographic .
o P T MR s frmes i
ProuHs s it dheiarivieriss hatiniporaphio widse bgramiisniad providess data

f}fQﬁ{Q?ﬂnyatBﬁlfQﬁ{p o soefcg(r)]XsoaInt ?ng{)%gxtlg mérgﬁ?ﬁ?t%’f sections to form a

plurality of pre-distort images, the plurality of pre-distort images are compensated for

variations in saturation.

The second and third aspects may include, prior to compensaﬁng 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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5 According to a fifth aspect of the invention, there is provided apparatus
for forming a holographic stereogram from a plurality of source data
frames. The apparatus comprises: means for sectioning a plurality of
plurality of source data frames into a plyrality of sections; means for
mapping the plurality of sections to form a plurality of 5 pre-distort images;
and mégaerforaispdyiifthagoetpeitbatiovealgor;tiherd dsqredd i ok pixelSor

| I re-distort images to compensate for variations in
e A, PR Wi e Py e apparaus
wystetsefonfermify achblognaphitusténeagiainffomoed guradiyaef ﬁ@ﬂfé‘@imi} a
fr s is provided. The computer 10 system comprises an external

s T TP g LD ern g pioraiy of
pro¢essuinegpiethtbrtheniarap Havicedngrtace RRCAIRRS AR HBRS SPAﬁaore

lurality of source data fr s to foam a plurality of pre-distort images. A
R S e B 000 £ O BSOS savGfion
is applied to one or more pixels in the plurality of pre-distort images to
compepsate, for variatiofﬂjs in 15 saturation. According to a seventh aspect

of the VEHHBH 8 EGMBLESPISIcRri BRHaiGH RImRIY ByRisTgfeipfareming 2
Iniergagham ey el rati 9l Suise Aaia: JEamesiisRioYidRdvilRe. The computer

s%%tr%%uter program product comprises computer-readable program code

SROMRSTS G Rt SR th & frtiasmfos reeriréaedhepiemies of fome data
fRaplesality huedisius inag o5 AhCAMPHIY HRadARIRINHAM £008 1ok,

compensating the plurality of pre-distort images for variations in
I’éﬁfﬁﬁﬁi%?w&e&}%ﬁf%@%ﬁﬁ@fﬁfﬁ RlgpatY eerodipareinggeeniohtieory

ieasneRs ﬁ%é@&)r_st%iseg%r’@@xﬂ}%n@Eﬂgmgfﬁ%% n;l%iﬂt Es;aﬁﬁg%%]% one or

aspect may all operate according to the method of a (
TASISREC Ot Ercaipedis fperideiagewettite nugmtisatedtiberartiens in
ahpasent from the following detailed description, taken in conjunction with
the accompanying drawings, 3 o illustrating, by way of example, the
principles of the invention. 6 '

According to a seventh aspect of the invention, a computer pro gram product for
forming a holographic stereogram from a plurality of source data frames is provided. The
computer program product comprises computer-readable program code for sectioning
and mapping the plurality of source data frames to form a plurality of pre-distort images,
and computer-readable program code for compensating the plurality of pre-distort images

for variations in saturation.

The apparatus of the ﬁfth'aspect, the computer system of the sixth aspect and the
computer 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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Brief Beseription ofjthe Drawings The present invention may be more

readily understood by the following detailed description of non-limiting
exemplary embodiments, in conjunction with the 5 accompanying

drawings. To facilitate this description, Iige reference numerals designate

like structural elements. Figure 1 illustrates a process for forming a

holographic stereogramliviat nsstaiigowvith dhelpriariags Figure 2

illustrates ghosting in an image reproduced from a holographic 10

stereogram in accordance with the prior art; Figure 3(a) illustrates a series

of pre-tiistprtimagesdniancrgancavyihddibIpriddasto 5y end@llowing detailed
-%%g%rait%% a serie ofthologgr%%gic elements formed from the series of

pre-distort ImageL e § YRR HBEP Bl SBIBG R fetsiding
avediymniyinkiieoetigancemithine tRiiaTcarkifiau! ¢ G UHSIRIESHRR s designate
lslgries 0 ho}o raphic elements of Figure 3(b) in an uncompressed form in

Lo BTHSHEa Wﬁ%sprior art; Figure 4(a) illustrates a pre-distort image

prior toraphqalinRefies CPRRRBS AHOR AIGY Eh@l%ﬁﬁﬁ%qg’éfggm @hccordance
‘gghl:gglment of the present invention; 20 Figure 4(b) illustrates a

ELREA bre-distort image in accordance with an embodiment of the

presentiinventipRisFigey el JIstatas A mg%sﬁgm%%%g%l(@g

element formed from the compensated pre-distort image in Figu

AT TN RstrarsdmastHbdfo PESEaBlishing a relationship between pAvg

and B 25,405 Qpe AL tAGROR campanentsi Figure. 6 lustrates the. o oo
calculat%a of gagvg for the pixels in a8 pre-gfgtﬁé?#fﬁggaé? asﬁlcgolfrg e with the prior
JMstrates a method for establishing a relationship between pAvg and Br;

o N B e

]ggg;ﬂmqgimages in Figure 3(a) as recorded onto a holographic recording medium in

accordance with the prior art;

Figure 3(c) illustrates the series of holographic elements of F igure 3(b) in an
uncompressed form in accordance with the prior art;

Figure 4(a) illustrates a pre-distort image prior to application of a compensation
algorithm in accordance with an embodiment of the present invention;

Figure 4(b) illustrates a compensated pre-distort image in accordance with an
embodiment of the present invention;

Figure 4(0) illustrates an uncompresséd holographic element formed from the
compensated pre-distort image in Figure 4(b);

Figure 5 illustrates a method for establishing a relationship between pAvg and Br
for one of the RGB components;

Figure 6 illustrates the calculation of p4vg for the pixels in a pre-distort image;

Figure 7 illustrates a method for establishing a relationship between pAvg and Br;

Figure 8(a) illustrates a graph of Br against pAvg;

Figure 8(b) illustrates a graph of Br against pAVg,asio;

Figure 8(c) illustrates a graph of atten against Br;

Figure 9 illustrates a calculation of pAvg for pixels in a pre-distort image;
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Figure 9 illustrates a calculation of pAvg for pixels in a pre-distort ir_nage; 7
Figure 10 illustrates three curves for Bra against pAvg,.otio,G for different

R, B values Figure 11(a) is a graph illustrating a relationship between

Weights, andpAvgratio,ii and pAvgratio,}?»; 5 Figure 11(b) is a graph

illustrating a relationship between Weighix, and pAvgraj,,G a_nd

pAvgratiems: HglitstiategahiscacugrapHdt Bstratinga relagionshiplogiteent R, B
Weig, 1B, and pAvgratio,R and pAvgraro,c; Figure 12(a) illustrates a set of
source data frames; 10 Figure 12(b) illustrates a set of images of the set

of souftewathl frartesgeptodusedtifromralegiiaphicvsterePgram;, and pAve,uo ¢
gensyated from the source data frames of Fi_gure 12(a); _Figure 13

illustrated fié calculation of values from the images of Figure 12(b) for
plottind'thegtath of Figapb Tlisa)ytig arelhddsshifiovokach ISEFRINGR pAve, ., ¢
me for forming a holographic 15 stereogram; Figure 15 is a flowchart

ratio By

illustrating 4’method for compensating a pre-distort image for variations in

the defreerol saturati @naifiglivetiiig an < xaonple0baeetio VAR SOMES Avg, 0 £
J{ﬁ@g}g for use in generating a full parallax hologrgphlc.stereogram; 20

Figure §#7<a schematic view of an array of pre-distort images and a

hologefiforreuk( ah ilesenntingsat fofl parela diglagianhic stereogram;

Figure,18 illustr an example of a full parallax pre-distort; Fig_ure 19
iIIustraé%ugefﬁé@g?%?qr%%?@ﬁ@é R for (S Hyendaltifga taeproduced
foaraiiaro loglaghipbier stgrenggais: ABdHigumian24aa/adi2 Hhh Ustaiure 12(a);
respec[;ivelxyg%%-distort 'rga e and an uncompensated hologel

) g .
‘ WHRESEesReRsERee ikt fraftrae the mpge of Higure 12(b) for

generat
plotting the graph of Figure 11(a);

Figure 14 is a flowchart illustrating a method for forming a holographic
stereograrh;

Figure 15 is a flowchart illustrating a method for compensating a pre-distort
image for variations in the degree of saturation;

Figure 16 is an example of a set of data source frames for use in generating a full
parallax holographic stereogram;

Figure 17 is a schematic view of an array of pre-distort images and a hologel for
use in generating a full parallax holographic stereogram;

Figure 18 illustrates an example of a full parallax pre-distort;

Figure 19 illustrates a first set of reference data frames for use in generating a full
parallax holographic stereogram;

Figures 20(a) and 20(b) illustrate, respectively, a pré—distort image and an
uncompensated hoia gel generated from the first set of reference data frames, of F igure
19;

Figure 21 is a perspective view of a viewing plane and a full parallax 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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Figure 21 is a perspective view of a viewing plane and a full parallax
holographic stercogram print; 30 Figure 22 is a top plan view of a viewing
plane of a full parallax holographic stereogram print; 8 Figure 23 is a
graph generated from the first set of refgrence data frames, of Figure 19;
Figure 24 illustrates a second set of reference data frames for use in
gener&tftel 3 irpEAascReTashpRin the oy rahm B dfigenes @Bd)anch, of
E25(R) justrate, respectively, a pre-distort image and an uncompensated

hologel generated from the second set of reference data frames, of Figure
24; FigiFerogidlueanitinesyrapheyehmitetcirolatatafirst fetot in generating a

efpreNes 318 frameseidigurs. 19 and the second set of reference data
‘frames, of Figure 24; 10 Figure 27(a) illustrates an array of source data

frame§ 8K eis&Sipyarbrating Hustefieraptedivekyin prealouoedifidbparallax
uBRIRRR FA B ASLR) Qé%%?ﬁé%sﬁ%ﬁ'iﬁé‘ég@éﬁfé%PJe?é%'é’r%e'%ﬂa?‘f?a%%s, of Figure
source data frames of Figure 27(a); Figure 8§|s an image froma
2Helographic stereogram print having the hologels of 15 Figure 27(b):;

Figur ;%hfé/\{ reen weighting factor curve, one af the -
pointse,}:f'f)ggr?l Whlcl‘? %Jpﬁé?tttg(gge "395%2%‘?@%&%&? the %Erlﬁaggtosl%?g d Pgeﬁeéfce data
frigase 8B e ldveot dhestovndgsarfie i theestepsfianalvast i geserating

T L -
refpknaditpotsour cel datedffathpsralBetaijeandescription of t_he Ereferred _
e e B B RS A e
ofoFibuire dit{e); to provide a

Figure 28 is an image from a holographic stereogram print having the hologels of
Figure 27(b); |

Figure 29 shows a reference green weighting factor curve, one of the points for
which is plotted using values from the image of Figure 28; ‘ | |

Figure 30 is a flowchart showing some of the steps involved in generating a
coloured full parallax holographic stereogram; and

Figure 31 illustfates a computer system for forming a holographic stereogram

from a plurality of source data frames.

Detailed Description of the Preferred Embodiments

A new approach for forming a holographic stereogram is described. In the
following description, nﬁmerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be understood, however, to one
skilled in the art, that the present invention may be practised without some or all of these
specific details. In other instances, well known process operations have not been
described in detail in order not to obscure the details of the embodiments of the present

invention unnecessarily.
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thorough understanding of the present invention. It will bt_e understood,
however, to one skilled in the art, that the present invention ma_tybe
practised without some or all of these specific details. In oth.er mstqnces,
well known process operations have notbeen 30 described in detail in
order not to obscure the details of the embodiments of the present
inventiBhimrriges sdrldging trecbostisg phatodying ithRdghes phg gteﬁecggrams, the
' in: ' eograms, the inventors determined tha
e RS e g eapapie lemerts
FEC5FAEEO T @ honberephic recartlingmeddinmTRb glghostiRg RS FAUBGesult

-li istj . ding medium, thus

ke 9 r chagacteristic of the recor | ,

o e e e o
e prBinetitey B¢ thbik giogsabhicnsiemients '‘seeminghtidy sl rl:ﬁ@m graphic
adiacent [ aja f s. The mechanism that gives rise to the
ghostir?’gsr%eggljlﬁ% : rb!r:% Iﬁqr%?ﬁl%rﬁsa%a eg(% ?885%%%35%%@?% (e.g. the

photopolymer). The Diffraction Efficiency (brightness) of the to
indefinitely with an increase of

hot - t increase linearly or ncrease
ser P s S oReA iy P e
T fedin@ s aetefeintt bhotbﬁoﬂvyﬁr@)smnteimﬁuagﬁ%@ %@ﬁ@ ”igtflﬁkk%s) of the
' t strained'. On the other. hand, if, the power talling on
B R U o v o e
fpﬁiegtervaiaah)atbpoﬂmﬁ&%@ﬂh@@@%ﬂ&@hh@é@pmgml[Sbfgws@@ﬁeégtglqgmed by

5 quickly reach its performance limits, that is it saturates. Fcigur.es ?,’(a) to
e T B oG5 L RO SBARES 6 pab-oiioR - O the other

himdgestle reoocdeal lasghologiaRhia alemants Wd%t@ﬂlﬁﬂé@%%%%@ rt image
ium in. accordance with a prior art process. In particular, Figure 3(a

erﬁhs iefRalels Na USPTE PETEREBIHHaGS, hetreolmen lérbee'stenindesnd
quididjogeaphis plefoenisdonmad fiom ithe ssergsof pre-distort images in

Figure 3(a) as recorded onto a holographic recording medium, while .
Figure 3(c) illustrates the series of holographic. elements of Figure 3(b) in

a strefelee-o8tIprasie) RRIGEAP B RS AISIgRLIMAYES AR, SALUALY pre-distort

. (i.e. the tapering-off or levelling-off of the brightness with the Increase in
IWSA%%‘%S ;5%698?%?&?@? brlaseariis lmeerie arurfaboetmmvieadder dieg medium in
abededraWGth a prior art process. In particular, Figure 3(a) illustrates a series of pre-
distort images, Figure 3(b) illustrates a series of holographic elements formed from the
series of pre-distort images in Figure 3(a) as recorded onto a holographic recording

medium, while Figure 3(c) illustrates the series of holographic elements of Figure 3(b) in

a stretched-out form to represent the pre-distort images.

Saturation, (i.e. the tapering-off or levelling-off of the brightness with the
increase in laser power falling on the recording medium) is observed in the holographic
elements recorded onto the holographic recording medium. However, due to the
occurrence of ghosting, the pixels making up the holographic elements are saturated to
varying degrees. In particular, the ghosting phenomenon exhibits the degree of saturation
of some of the pixels making up the holographic elements. Consequently, multiple
shades 32, 34, 36, 38 of a solid colour 40 in the pre-distort images are observed in the

holographic elements.
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elements recorded onto the holographic recording medium. However, due

to the occurrence of ghosting, the pixels making up the holographic

elements are saturated to varying degrees. In particular, the ghosting

phenomenon exhibits the degree of satyyation 30 of some of the pixels

making up the holographic elements. Consequently, multiple shades 32,

34, 36,138 shestidgosirzdtmdahepre; diston imagesaatedebsedveddmpensation

i¢ ents. 10 To reduce the ghosting phenomenon, the .

T e T R R e Gt tha in e

preretistbreinaiges ¢ hompehsate tony oatidrsghothimgdegheeeion, by adjusting
i f the pixels resulting fi-om the ghosti henomengp, by .

B e A S O e e s prtnm

ipdagescrhenaigorithahibsredacesigsitair piselvaloe syithantiskaationpedcess.. The

ration further down the process.. The compensation algorithm may
R TSl G e thetpril iy grerecs
insagesibasethopthdsedree tHataufigdrea4(a) illustrates a pre-distort

image prior to application of the compensation to algorithm in accordance
with one embodiment of the present invention. The pre-distort images

may b&igerivéthjnlthessemne yaylasoin iﬁ@gy;ﬁﬁcﬁrtofégm@awﬁ%Qﬁ{@g&npensaﬁon
hould be noted that, although only four source data frames are used in

b ?ﬁ%’&%}lﬁt}a%%ee PEPEITRa LG PIENE! WG ftou, Lhe pre-distort

hypicathysthergerivead e (ASshebvesn k50 arcthA3b SUchdhasaas.didgwvise,

although only four pre-distort frames are shown in this example (out of a _
total of 50), there may be many more. The number of pre-distort frames in

the comphessicseanteistiag MuBher ehhpfoaelsindhalaame axisd st this
ho%)o raphic stereogram being generated. For example, if the final
RS e

FE SBEAMIOTE Bauisihowieses feeaderthbioteslls thormay be
etsiecinese will D222k R G-HAlagEIRFRGHIHNEAER BISAIPHMANES: Plnes are

the other hand, if the final holographic stereogram is to be lomm wide and

QPRI Rthife: infetoiflbaher: mewmberarsquriagTie number of

Reedisiertinages. tﬁ@@&%{‘&ﬁigﬁ“@(m yhe ﬂﬂrﬁﬂ&%ﬁé’ﬁgg{%{i fé{x%rtrg%é axis for
for example, bit-mapped 25 graphic (BMP), Joint Photographic Experts

51@5)&;@?@@) SHRTEQEBNLRERE Beegtatededfor example, if the final holographic
stereogram is to be 45mm wide and each hologel is 0.2mm wide, there will be 225

hologels, requiring 225 pre-distort images. On the other hand, if the final holographic
stereogram is to be 10mm wide and each hologel is 1.0mm wide, there will be 10

hologels, requiring 10 pre-distort iﬁages.

The source data may be in any of a variety of formats, for example, bit-mapped
graphic (BMP), Joint Photographic Experts Group (JPEG) or Audio Video Interleaved
(AVI). Correspondingly, each source data frame may be an individual bbitmap image in a

sequential BMP stream, a single JPEG image file or a video still in an AVI file.

Figure 4(b) illustrates a compensated pre-distort image in accordance with one
embodiment of the present invention. Due to the ghosting phenomenon, the pixels in the

fop and bottom regions in Figure 4(b), where the average pixel value is hi ghest, are more

- saturated than the pixels in the middle regions 42, 44, 46. If left unadjusted, the middle
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(AVI). Correspondingly, each source data frame may be an individual

bitmap image in a sequential BMP stream, a single JPEG image file or a
video still in an AVI file. Figure 4(b) illustrates a compensated pre-distort
image in accordance with one 30 embodiment of the present invention.

Due to the ghosting phenomenon, the pixels in the top and bottom
Iegiiond n Figthevdlippnehebe thecaterade porehnalbetisnhighests araengsee, the

| in.the middle regjons 42, 44, 46. If left
o g e R R TN S5 i spbicon resmmear o
sdpraied pothorteregid st Therefores. thieivahdesiof thid gixelgisnthe middiene top

i 44 46 are reduced sp that t are not as saturated as the top
o ot B T R RRA0RY 25k Gl are top ) e the
seoredmadyibhs s sdBthatrthe pixeh vadu@satdiodout sptecataus ggreen in this

case) are the S same (e.g. RO,G255,130 for green) in the final
holographic stereogram. Figure 4(c) illustrates an uncompressed

hologrEjshic dieirdntfarmen froithecormpensaipdipraisiartimageitm the

CFi uggszé{b%ir}ea cordance with_one e%z odiment of the present invention.
Because the reducad dstfel SreWi i M rSaranse il prasmibagirgent of the

piGsent thechdlngBphicselgmenttas begrLompesRbacth iR SOithelis making

iS &b%erved a ouncf the portjons corresponding to the imaged object, in
R R R B P ap RSP AEBHSH i ok erok delsvedseserved around

thelipwingicosmpepoation eottiandeawalion (1. dR-adinstdhe AlasIRDhic
ixels of the pre-distort images so as to compensate for the subsequent
d?ggﬁgé-d degree of saturation when the holographic elements formed from
the pre-distort images are recorded onto the holographic recording
mediugg paletteve" = palette x atten (1), where 20 paletteNew represents

a com ﬁé’é‘fgﬂt‘ﬁ)‘i%é?%{ﬁ?e%? fHwing %ﬁi@%ﬁ@f&f?ﬂiﬁﬁlﬁ@é?@@@ﬂ@ion (1), to
g REeaRNUsIaNArang pixakbyalie; abirepixel 1 e p E%}qgégég{m?hg%sequem
atten represents an attenuation factor which determines the degree to

ihicH! se@ite o 18 BtRiIEhss Hobaleapbisenivaty iosting from the pre-distort
iRREBOIE R ER %ﬁ%ﬂ@%l@?){&@cr%@ﬁﬁ{g%eamr ee numerical

components: ared component,
palettey,,, = palette x atten O,

where
paletteye,, represents a compensated pixel value of a pixel in a pre-distort image,
palette represents an original pixel value of the pixel in the pre-distort image, and
atten represents an attenuation factor which determines the degree to which

palette is to be adjusted in order to reduce the ghosting phenomenon.

Each pixel may be represented by three numerical components: a red component,
a green component and a blue component. Fach numerical ‘component is indicative of the
Intensity of a particular colour component in the pixel. Accordingly, the pixel value,

comprising values for each component colour, is indicative of the colour of the pixel.

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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a green component and a. blue component. Each numerical component is
indicative of the intensity of a particular colour component in the pixel.
Accordingly, the pixel value, comprising values for each component

colour, is indicative of the colour of the pixel. 30 The number of distinctive
colours that can be represented. by the pixel depends on the number of
its plerpives: (bpivelimalzA bpppinetformatipeadh, 7 thel fech BreenFoluecample, a

RGBIFAMPODEAtsCoMPrise -bit. byte having a n ical yalue ,
rfrlar]ging frgm 0'to 12fc(%2’55. h%lr%%}cl)l%eg, g%éli)}(eltalh r%ge§4 tl)dgp}? éﬁ%deﬁdﬁ plagk a pixel
hpging 7, 7alecolddps, R6F 3 pleykitqixglihaingimevakutuef (OCB3:50), 0) is red, a
ARIRG, egfg 759, lue = is hlack, a pixel having a valye

ﬂgﬁ%s, 255, 255) ?f(\:\%eﬁr:a ggpi el ae\}?éié“awvé%é‘ BFOsE 9 i%a B 9§(255> 165,
Qiierraging a value of (255, 255, 0) is yellow, while a pixel having a value

of (255, 165, 5 0) is orange. For the purposes of illustrating the present
invention, embodiments of the present invention are described in the

24-hpjf onetepWiorrethefe s sitatiilighih appeeaidind itiah e bodenien i alsPresent
-g,p&l~ tq other modes sych as, for example, an 8 bpp pixel formatin
R R S O R R
1pixelican e afhl 536l abottsranodegstciiesSod beadiplpbthe bpp pixel format in

ation factor, atten, is.to reduce the actyal pixel value of a pixel in

R IR R B S0 SIS Tk piel e sl bivel an bave
&1 grahins, Lnelegaenatserecorded onto the holographic recording

medium (other than for the pixels representing the object). Assuming the
source images have only one shade of one colour (ignoring the object

itself). Ththeioriginat soureeimadeshave:anls apeshaderbedingl %ﬁlﬁg@{me of a
pprilglt. Zaéshoulg‘iong]have one shade. The multiple shades should be ‘

afimitiated B8 HECONRP8RE 5l Litks. Heshpbrshon Barimengrihsitietpgraphic
clerhorstepsiddebitddertifs Ibgraakesthate; RSP ZHEIUER S the pixels

bri%htness %f any lighter shades to match that of the darkest shade. 25
representing t eobjec%.

Assuming the»source images have only one shade of one colour (ignoring the
object itself). If the original source images have only one shade, the final hologel print
should only have one shade. The multiple shades shoﬁld bve' eliminated so that 6nly one
shade exists. The approach can be simplified to two steps:

step 1: identify the darkest shade; and

step 2: reduce the brightness of any lighter shades to match that of the darkest
shade.

The middle hologel (stretched), from Figure 3(c) illustrates four different shades,
the darkest shade 32, in bands at the top and bottom of the image, with three lighter
bands 34, 36, 38 towards the centre, the lightest band at the centre and the second lightest
next to the darkest bands 32. The aim is to reduce the brightness of the three lighter
bands in the holo gel that is printed, so that they all match the target shade, which is the
darkest shade 32. The desired uniform shade is shown in Figﬁre 4(c).
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The middle hologcl (stretched), from Figure 3(c) illustrates four different
shades, the darkest shade 32, in bands at the top and bottom of the
image, with three lighter bands 34, 36, 38 towards the centre, the lightest
band at the centre and the second lightest next to the darkest bands 32.
The aim is to reduce the brightness of the three lighter 30 bands in the
hologéditthkrisshnmted ysbieruftttredyoll srapiat ¢lm1argist&dpadéenfvbich;iss tge
ired uniform shade is,shown in Figure 4(¢). 13, . .
e el L SO, SRS e e e Tt on

erfegrapineccobtinbologiaphic rectading nisditenhoMpesshioe intensity @fmed on

i I : raphic recording medium js constant, a brighter ,
e e G Mg Tecording
ratsaieliipfvededrhy Thehperformartbe bithesecordinghzimaiekapisaffected

by such factors as the laser power to which it is exposed. flow well the
recording material performs can be seen easily on the holographic

steredoanvpiirthcTivedodigiaterdie dplagsaphicaimagecineabiten the holographic

rformance of the, recordi terial, This perfgrmance is commonly
T RS Nty M oS dagraTaHG o the
rSimgiycstatediath@ higherfshe Dt iheoﬁ’ﬁﬁfenlﬂgfﬂf&@fmg%@t}ﬁ'ﬁ;&@tion
righter the image appeayrs to the ohserver, Different portions of the
e R SRR S PRGN Efh i BIERDHRELA, (e more
ligblcigmﬁb&medgtendagéa}mi@w&%&i&ﬁgﬁ%ﬁ%ﬁ@ﬁ)gﬁ@@é@ﬂ‘éﬁt@ﬂf@g@bolr“cions of
tten, is.found by first. establishing a relationship between averaged pixel
R TseL T Al LIS e r LR SRR s g ca e alographic
stegrgenafibrghirrasgagorresponding pixel on an image reproduced
from an uncompensated holographic stereogram, Br. The relationship is
preferably determined for the same holographic recording material as that

to be Useddennatordingdne k) eCtAR N8P araM:AResIhe e{?@ﬁi@&ﬁéﬁ% between

between pAvg and Br is established, the brightness of the individua

“BRRERS HRAKRh JUB AT GRechTpBIE st sy PAECelisinshinagebrd g, and a
dRpesicesrigiveaihe AVIAasE Rk Lyraééﬂ% RAYGL0f R reasﬁ'éd'ﬁ%ﬂ%“p

a corresponding pre- distort image. The pixels affected by the ghosting

USReRBRREHEH hels Srraises eapastentdar hepistepnatbip éypeeftmbly determined

_ fgpm@%ﬁé"&f@éx%i@ FEEH ARG RHABINESS HAlUR WDGEINE) recording the subject

hologram. Once the relationship between pAvg and Br is established, the brightness of
the individual pixels making up an uncompensated holographic element can be predicted
given the averaged pixel values, p4vg, of the pixels making up a corresponding pre-
distort image. The pixels affected by the ghosting phenorhenon can then be adjusted to an
appropriate degree to compensate for the inaccurate brightnéss value when the

holographic element is recorded onto the holographic recording medium.

Figure 5 illustrates part of a method for establishing a relationship between pAvg
and Br for one of the RGB components. A series of source or reference data frames 50
with a gradually increasing amount of the frame covered by an object as shown is
generated. Each of the source data frames 50 is sectioned and distributed via a mapping
algorithm to form a set of pre-distort images as in the prior art. The pre-distort images are

compressed to form a set of holographic elements 52, each of which is sequentially
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25 holographic element is recorded onto the holographic recording

medium. Figure 5 illustrates part of a method for establishing a

relationship between pAvg and Br for one of the RGB components. A

series of source or reference data frames 50 with a gradually increasing
amount of the frame covered by an object as shown is 30 generated.

1B of thé sobwbezdata dnameding) iscdaoticoddrand iikipbipted stadgram 54, in

mapping algorithm.to form a set of pre-distort images, as in the prijor art. .
e e B S e v e LA helgri s loments 32 s
dlertmatatsib Figachtof which is sequentially 14 recorded onto a

holographic recording medium to form a holographic stereogram 54, in

the prior art manner. For clarity, an uncompressed form of the holographic
elements b ds-ibugleatdevieHigUR)Hra Apebatgacaouplaaeevice fG Ry of

or a.s ectr mete5r6isF|?I‘gced ata.p ural%%of viewing pasitions 56 relative

Yo thehBisgraphic erdsgra SHURE S e T R s o T
megtesdasﬁ,i m?gﬁaasrw?esmgfﬁw trtbe sauiee Walkr Uﬁdf&&i@@:fframes 50,
reprqduced from the holographic stereograr 54. 10 For the same frames
li??g%’%\‘fe%%‘? Oéﬁ%%@&@?%@%ﬁﬁgﬁ%ﬁ% ereogram 54, values of pAvg
are determined. in this example there are ten different frames and ten
hologejr!s. The ten frames yield ten different shades of the single colour
(0.0, OFSbI B MR Bb LB HHL S AL PIBEIE RISt G 54

tenehiberenidivavalugsdn. the pre-distort images (which ‘images are all
the same). These different shades appear in ten different layers. By
determining the brightness values for the holographic stereogram at

positionsieoeesRpRANGdartR L Hiffere riRe shdtis RBRIDIE BRIAArames

curve linking Br to pAvg. 20 Each pre-distort image has is rows of pixels

Al iebflifFespadas of e sRelerplapilervarees) phcithar the phiets Bothe

A ML N ORI S INE IR TESER T 41BA08 84 AR CRICUARY: M5Hs (which
the followm? equation, Equation (2): horiz_pix ~g _ palette” 1 pAfg,1=

ipyees are all the same). These different shades appear in ten different layers. By
determining the brightness values for the holographic stereogram at positions

corresponding to the 10 different layers, it is possible to plot a curve linking Br to pAvg.

Bach pre-distort image has n rows of pixels and i columns of pixels. The
averaged pixel values, pAvg, of the pixels 62 in each row n of pixels in the pre-distort

image 64 are calculated, using the following equation, Equation (2):

num _horiz _ pix

>, palette

pAvgs = — - 2
‘ num _horiz _ pix

where

num_horiz_pix represents the total number of pixels across the compression axis

and

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

pixels n.
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num _ horiz _ pix where 25 num_horiz-Pix represents the total number of
pixels across the compression axis and pAvg" represents the pixel value
averaged across the compression axis in a row of pixels n. 15 For a
colour stereogram, pAvg for each RCTB component is calcu_la_tted _
separately. Each pixel 62 of a pre-distdit image 64 has a minimum pixel
value a i f 255 for the particular ,
primaggt%\ggﬁga%%gﬁ%p%l’&\? i'EsB c%%ﬁﬁgég By Simming e écﬁr%eld separately.
values@FaIPthel piels:ereabries thegommphession@xisn pncidiidingfthevhen
.Qhtained: : r ixels across the compression axis. :
e 4 ot o R e v i
alaired by ewton tahealysdedmplofel thegpirertiost acraduthpaiatidXession axis
&My ILpar ejng described later. 10 In Figure 6, . )
a?lﬁougﬁt elf}%lsrél)%y%ﬁe 1&%@&%@,&3 [t)a}gg}]smlsﬁeéé)é?? 0 Tﬁgqggﬁﬁzg}%gprgmssmn axis.
Aébovahdlepitionsn thboiactdptireterasysoety ten fidroespreandiahinge

-pre-distort i can be divided into ten di nt strips across the ,
lgg%%fr%ls%g rrlll g)(?lg .e\%?t%ql?‘ygg/é% ASthp. o‘:f roér"};g%{f 8 ?&\k\!;igfﬁéf Uil fifgarallax
spisels bemali¢baibadniatdEurther, because of the nature of these particular

source data frames, the pre-distort image can be viewed as 15 haying
eleven different layers. Within each laver, for any one column of pixels,

the vdluBigofdite pikelgiarkead i darmendneiwhii@act laxal @ QWS zontal
ere are only eleven such layers and

f.pixels are the. same. Because th _
at%‘%%rlé TR, sg‘ﬁfﬁ%?r?&%reﬁ% RVBHERHENDRE B0y (b res-distort
inaicated teadovidied TadoleA difakiend sisifer R CHOUHEHRINBHNS. Within each
ing monochromatic images, which in this example are green.

ihor FOHRBRI S e BE ShEREAIBIS SHErIsuiamhe Sher. bocause of the
ealce Elitrscfprerahcolarte dABERhEL BYEHCRAIRUAIRNMLP can be viewed as

having eleven different layers. Within each layer, for any one column of pixels, the
values of the pixels are all the same and within each layer, the rows of pixels are the ,
same. Because there are only eleven such layers and they are all different, this gives rise
to eleven different p4vg values, as indicated below in Table 1. Table 1 is for one colour
channel only, assuming monochromatic images, which in this example are green. Where

there is more than one colour, there would be similar calculations for each colour

TABLE 1

Layer Calculation pAvg

First (Top) | (255 + 255 + 255 + 255 + 255 + 255 + 255 + 255 + 255 + 255)/ 10| 255

Second (255 + 255+ 255 + 255 + 255 + 255 + 255 +255+255+0)/10 | 229.5

Third (255 + 255 + 255 + 255 + 255 + 255 + 255 + 255+ 0 + 0) / 10 204
Fourth (255 + 255 + 255 + 255 + 255 + 255 +255+0+0-+0)/10 178.5
Fifth (255 +255+255+255+255+255+0+0+0+0)/10 153
Sixth (255 +255+255+255+255+0+0+0+0+0)/10 127.5
Seventh (255+255+255+255+0+0+0+0+0+0)/10 102

Eighth (255+255+255+0+0+0+0+0+0+0)/10 76.5
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First (Top) (255 + 255 + 255 + 255 + 255 +255 + 255 + 255 + 255 + 255) /
10 255 Second (255+255255+255+255255255+55+255+0)/1 0 229.5
Third (255 + 255 + 255 + 255 + 255 + 255 + 255 + 255 -t- 0 + 0) / 10 204
Fourth (255+255+255+255+255+255+2 §+O+O+O)/1O 178.5 Fifth

)

(255+255+255+255+255+255+0+0+0+0)/10 153 Sixth |
(258#2b5+255+255+258530+40550+0+0) 20127 -5 0Sewenthv o) / 10 51
(2""+°"5+’_55+255+0+0+0+0+0+0§!10 102 _Eighth

(2553851 255+ 0+0+0 4010 0+0f) 10076 & 18 Ninttf + 0+ 0)/ 10 25.5

(2BBvafip+(+0+0+0+0+03-0+0)/30-Fl1oTepth (2Bo+0FrgTOR+0+0+0 0
:%; 10 25.5% Eleventh (0+0+0+0+0+0+0+0+0+0)/10 O (Bottom) For
Si

BHER) only one value is shown for each strip for each layer, rather

than calculating for each row. 5 The brightness, Br, of the pixefsinthe
images 58, obtained as described above with reference to Figure 5, and
the averdgicLpy ARSI AROF tReOBBY o5 soriu gD fixete Bl dpctheather than
piRistoptibnage, 64wobtained as described above with referer_lce to

Figure 6, provide a set of points. The brightness, Br, of each different view

of the image 58 and the averaged pixel values, pAvg, of the

correspaRdiAgHIEt |a¥eh NP RES GISIRLLAQ images form a point on tgg bove
graph of Br against pAvg. The set of points is Use ‘for Sfoﬁlng a grap of
BithgelRengod IREWS (and ey ereyagih mprelg iuzesp dwe, igﬁﬂr@dorr‘ékmfjﬁslding
bl s e R R
Fageng 6TReopide disesaf prageslsz ?@hﬂmﬁmiﬁem@&mﬂtdﬁiﬁa&ﬁﬂ@v of the image
e e 5 L S Raoir A PErahlents B isor
fesgenibiy efnalitheséicalmphs tiataberayp e iackbpigotapradiee for
ﬁ%ﬁlgg%% gi:gt}g}? J?férh%%‘%'n@%%%‘geﬁ’o%% (Exq(? lg er}'ts_)h\?vri]t g‘ ngE glfe%/grg%r%fitgr}l%red.
Thus the left-hand most view 58 of the holographic stereogram 54 corresponds to the
tenth layer of the pre-distort image 64 (that is the first non-zero layer). The pre-distort
images 52 are implicit representations of the original images 50. When the eye is at the
left-hand most view 58, it is seeing the ‘left-most’ column of each of the holographic
elements 52. The ‘assembly’ of all these columns that the eye sees, add up to reproduce
the view in the left-hand most view 58. The right-hand most view 58 of the holo graphic
stereogram 54 corresponds to the first layer of the pre-distort image 64. When the eye is
at the right-hand most view 58, it is seeing the ‘right-most’ column of each of the
holographic elements 52. The ‘assembly’ of all these columns that the eye sees, adds up

to reproduce the view in the right-hand most view 58.

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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stereogram 54 corresponds to the first laver of the pre-distort image 64.
When the eye is at the right-hand most view 58, it is seeing the
‘right-most' column of each of the 20 holographic elements 52. The
“assembly’ of all these columns that the, gye sees, adds up to reproduce
the view in the right-hand most view 58. A best fit nth-order polynomial
(e.g. aBIFigEH-drder pokmomiafunotdritgleepiesensdpe Elawevas typically
CoLA RASS] I : he, various points (ten in this 25 .
tgase), %gﬂr)\éir?sgtanceég;@éﬁs}?g@vwn ag'?eérg w%%%arsél (%i’)e],t%hgcr)l\élliﬁfg]El RR& determined
fralsaferestipivence dor b brad Brretid aRobRigoreths mnorGinyenhayval.
assumed single colour usage. However, typically there will he various
colours. Therefore such measurements and graphs are determined for
referefic&ignegestioreeaeingfaege greerimnalbheviewthe eecanding®. With ten
[ igyre-5. the viewing angle covering all the views is around
%%)ﬂltgsr\ilt%k%mt% r%J? eIgzatgrgegesf,gealc Vstep % %?lgglrﬁ V|e§;\1/?r?cg%pao%ﬂf856%t6”§7|a§8‘s Vgﬁere an
idiffeyed i redgre e \oare @t viete pvalh 6 betive €1t ¢oNEaQIdtiveL i eWIRBrrow to obtain
ition, 56, isjudged.to be too narrow to.gbtain .a substantiall
%%e%@ﬁﬁga ed#%gg@rlg%n%n SrBF I(l\l/veﬁlitc%f%t;aéngvg ﬁé%ﬁg%ﬁ%%t%rcgﬁe for an
liritevebb699), cesigghiyydiiftecantrvtathbfbfes ablablishipg Bh b1 Used, illustrated
ig%{s iyeu§trated to in Figure 7. In Figure 7, first and a second series of
saurce or reference data frames 70, 72 with colour gradations are
generated. In substance, the first and the second series of source data
frames 70, 72 iﬂ%reg are mage yp of the same soqurce data frames as
in 15 Figure' 5, VBI thECFPRE SEHES YRR e G traReiiamamendd 72

whidnesfers grigla théhinareigefierbtedith eaeiatiaen erinihe {H8tBENEDHAY series of

re ea&ed g:?ce grf aPaoearing twice). Likewise, the second series 72 is .
SR G5 ST e ha AL TARBFR AR SraRAS Woth oS ptieauserifiatina s, as in
Figthendidmame htharsesamnss sgrig&aaeal§%rea@%%€é PRERe BB oR AW ees 50 in

‘i%ure 7. ,'Ig‘:]g first and the second series of source data frames 70, 72 are

ﬂézé Lot ShlCary stan s festorras pherargtionced keranpeating bnee)
Iseewnd, 38k QfddiRr SIS IMagaie Ut iisk 200 ARG et R Hnes from the

pre-distort images are respectively compressed into a first and a second

ssEEbP Hatogeaphic aréthenel finfen inrdie sefaritisryes 72 also repeated once, as

shown in Figure 7. The first and the second series of source data frames 70, 72 are
sectioned and distributed via a mapping algorithm to form a first and a second set of pre-
distort images. The first and the second set of pre-distort images are respectively
compressed into a first and a second set of holographic elements which are sequentially
recorded onto a first and a second holographic recording medium to form a first and a
second holographic stereogram 74, 76. For each stereogram 74, 76, a charge-coupled
device (CCD) or a spectrometer is placed at a plurality of viewing positions 78 and
measures the brightness, Br, of a series of images 80 of the source data frames 70, 72

reproduced with the first and the second holographic stereografns 74, 76.

The brightness, Br, of the pixels in the images 80 and the averaged pixel values,
pAvg, of corresponding pixels in two corresponding pre-distort images provide a set of

points for plotting the graph of Br against pAvg and drawing a curve.
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recorded onto a first and a second holographic recording medium to.form-

a first and a second holographic stereogram 74, 76. For each stereogram

74, 76, a charge-coupled 25 device (CCD) or a spectrometer is placed at

a plurality of viewing positions 78 and measures the brightness, Br, of a

series of images 80 of the source data frames 70, 72 reproduced with the

first anid theisecoadtidographiadiexasgrams: MWl heibidgteess:i Bloo narrow

f the pixels, in the ima 80 and the averaged pixel values, 30.pAvg, of .
A e B e s P i Vel et i
Eemof ooints toreptotitdgyiie grapicoh BnbgaiTstpAvgand ARWNE @ data frames
gb”iv?js If;jthedi tterval 82t‘bet¥v5een each consecutive viewing position 78
is St 10" RarP8% 1 SEESRUC B B SASRHSID WEOIB AHEEIE Mekssifenhsnree data
Bapttreumithiediitostiitedweclrguiecsinay herepeated withch Weates enough to

utmber o&re%%g.tj 'Longi f the.source data frames 50 in Figure 5 and the
QR AR Y LU SBRRRG RerRBRr ensBHEE & source data 5 frames
until the interval between each consecutive viewing position is large
enough, to 0%%5: substantially differentiable measurement of Br. Figure
8(a) sHOWE AT AhERIER brBRHPSER BP eiE Bt et asrrnemad fspaheaderence
IM@age IO ANELOIRUbEIHRANEHE Ak B rer dingmateiiah, e PHSIBF are

the Br are (10 arbitrary or irrelevant, as long as all values-are measured

T ERn eSS VRE R HleRgiAY A e BuRFr e BF v dbp sHaIY b (HeRsirawing
Inyenfvhieh Basdhedonast BiovalerandRe-HghefRAYIR GVED Glue and the

value of 1.0 (so that when pre-distort images are being compensatedlklhe
BigBrrtarimes Banayabsc iy Eecmb g idistoridrmgss are being
EOWPHRVRES BHe &}%m&d&ﬁ@r}%ﬁi&b@?@éhﬁﬂﬁge{tﬁwﬂyﬁﬁ qited; o sué;h

accordingly, by shifting 15 them the same amount as the Bf corresponding

ToViReAtirst pyaohasdhieked BadgieathenBiteables ploltedacsitedirgiyeby shifting

mhofunb AYGTRANE BXOIFRSRE A RPIREHADEBA SiptlJRE piven o

following, equation, Equation (3): 20 pAvd,Rt,a te
&@@@/Pfé)p-where palette,. represents a maximum pixel value based on
the colour mode being ' ‘
In an alternative embodimént, pAvg may be expressed as a percentage, pAVEZ aio,
with the following equation, Equation (3):
PAVgrasio = (pAvg | paletterrs ) x 100% 3),
where '
paletieyq, represents a maximum pixel value based on the colour mode being

used, in this example it is 255.

Accordingly, a set of points of Br against pAvg,., can be plotted and a line drawn

as illustrated in Figure 8(b), showing the relationship between pAvg,q, and Br for one of

the RGB components. Again the minimum value for Br is set as 1.0.

As discussed previously, the ghosting phenomenon reduces the degree of
saturation of the pixels in the holographic elements forming the holographic stereogram.
Consequently, the attenuation factor, atten, is inversely proportional to the brightness of

a pixel in an image reproduced from an uncompensated holographic stereogram, Br. In
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used, in this example it is 255, 25 Accordingly, a set of points of Br against
pAvg,alio, can be plotted and a line drawn as illustrated in Figure 8(b),
showing the relationship between pAvg,al, and Br for one of thg ROB
components. Again the minimum value fgr Br is set as 1.0. As dlscusse_d
reviously, the ghosting phenomenon reduces the degree of 30 saturation
tg%stﬁ@ PBIRCHt s MRS is Eastemetits fdmmireg theébieclographitthe brightness,
ptereogram. Consequently, the attenuation factor, atten, is inversely
proportional to the brightness of a pixel in an image reproduced from an
uncompensated holographic#tereodridin, Br. In 1@)this embodiment, the

Blienuationastr alten  daryed i(zc he inverse of the brightness, Br: atten
=1/Br (4). This relationshipis s§1 vn in figure 8(c). s Once the

relationship between Br and pAvg or between pAvgrutw, and Br has beenI
determgiped from. [ es, measurements of pAvg from an actua
mage 1y be S o S AT S AFA et D qothi e ben
dstethEnsshesponbing Brivagwesntaaliowcosieth dompensatioril Beace to be
Jnad ' illustrates a calculation of pAyg for a pre-distort image

48 dgtr?\g}gaﬁ g)rgglr%%f %Ygod?csee(rj%%gr ?r%rﬁ%%%e?ﬁ%drggff@goo ?g%%%?ﬁ’ﬁ@ﬁﬁ_ ng Br
wieesotrahnvE actrquixeldpeofatipresdistaridmage 48 has a minimum pixel

value of 0 when black and a maximum value of 255. pAvg is calculated,
as indicated in Equation (2), by summing the pixel values of 15 all the

pixels Bigros9 tHibgoanpresslonlaids ang dividing Bﬁ@-&iﬁﬂr@ﬁ&_ﬁi@@@&%’i‘ﬁe& from
otal numper of ixeés across the compression axis (i.e. the image width,
e B R GRS R arethi s e P b=
movdstohilimifdhd dmage s ingiahhwerel AT oixelsa ml%k\’élﬁd\%%ﬂgdmum value
t etically need to calculate the pAvg for all 480 pixels rows. However,
o e R T OTH N GBS e R el values o
all the pixels across the compression axis and dividing the sum obtained by the total
number of pixels across the compression axis (i.e. the image width, in pixels, of the pre-

distort image).

pAvg should be determined for all pixel rows. Thus if thé 1mage’s height were
480 pixels, then we would theoretically need to calculate the pAvg for all 480 pixels
rows. However, for the sake of simplicity, only seven measurements are shown,
calculated using four pixel values each as there are only four frames. The regions with

uniform pA4vg values are shown with a bracket beside them in Figure 9.

Although depicted in a horizontal parallax system, it will be appreciated that the
invention can also be empyloyed in a vertical or a full parallax system, the latter of which
is described later. In a vertical parallax system, the various processeé applied in the
horizontal and vertical directions in the described process are conducted in the vertical

and horizontal directions, respectively.

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 pAvg values, although
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calculated u
regions with
in Figure 9.
appreciated

parallax system, the latter of which is dzescribed later. In a vertical parallax

sing four pixel values each as there are only four frames. The
uniform pAvg values are shown with a bracket beside them

25 Although depicted in a horizontal parallax system, it will be

that the invention can also.he employed in a vertical or a full

eyktérnr thEfaranigué protiesses mpplied i thdidaosizoatal and yertical

directions in

the described process are conducted in the vertical and

horizontal directions, respectively. 30 In Figure 9, there are four frames

and seven distinguishable layers 46TABiere- distort image 48. These

+pAvg-values -although-20 only four

Alternatively, Equation (4) ma

e expressed grap y as illustrated in

+ tantialhr-difforan

: S O EvVETT POteTita METEtTPRAVE-vVaiuesS;—att A

i Elrgr?ty BAVY valu%s in pr%ttlé‘g?ggI}r%‘?ngéeaCBQBW'??ﬁ%%lé 2. TABLE 2 | pAvg
Pixetl (Taygr)| Calculation (for oes salaurschapnelppAyg 4TSt (TOp) (255 F | 5355
255 +2551255)-/4-255-3-Sec {255+ 255 +Q.+ 255) 14- 191.25 Third _
(25%‘# +0)/4 63.75 Fourth (oQééofré?/WoUFﬁfﬂé&53+0+0+0)/4ﬁ 63.75 | 191.25
Sixthigd55 + 255 + 0 + 255) / 4 19125 @ymﬂdﬁb@+dbb+dbb+é55)l4 6375
255 For-any-pixel layer in a pre-distort image, apAvg can be measured.
For¥ith 5 pAvg, a predicted valud®bt Brinfaybe ‘ohtained from the graph 0
of Brmgainst pAvg Tlustrated in. Figgre g(@)[or gir g pAvg;atjo fl'um the 375
graph of Brlagainst pAvg,aj,o illustrated in Figure 8(b)]. The predicted
valoeshof Bf may be substituted(itd Egbatioh 20 fcdlculate the 191.25

101 X INY eSOt Hages:

atggpgagion factor, atter, fo 63%?5”# et 2%5\)+ 2\5}1572 Y g 553

FigurelR(cyfopiGiie canye pfeBlistatuaslatteddngtbengsaphsaoi i WeScach

]?149%,%%6841{826&- legettgp }Slfatixr?gy be obtained from the graph of Br against pAvg

illustrated in Figure 8(a) [or using pAvg,q, from the graph of Br against pAvg i,

illustrated in Figure 8(b)]. The predicted values of Br may be substituted into Equation

(4) to calculate the attenuation factor, atten, for each pixel in the pre-distort images.

Alternatively, Equation (4) may be expressed graphically as illustrated in Figure 8(c) for

the range of Br values plotted in the graphs of Figures 8(a) and 8(b). The attenuation

factor, atten, for a predicted image brightness, Br, may be read from the graph of atten

against Br illuétrated in Figure 8(c). As a further alternative, a single graph of pAvg

against atten (or pAvg,a, against atten), may be plotted.

With the graphs in Figures 8(a) to 8(c) and Equation (D)

palettey,,, = palette x atten

0y

and Equation (4), the compensated pixel value for a pixel of a pre-distort image in a

monochromatic system, where two of the three colour componénts of'a pixel have a 0

value, palettey.,, can be determined using any one of the following equations, Equations'
(%), (6) and (7):

palettey,,, = palette x (1/Br)
paletten.,, = palette x {1/[f( pAvg.a, ) + 1]}
palettey,,, = palette x {1/[f( pAvg) + 1]}
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factor, atten, for a predicted image brightness, Br, may be read from the
graph of atten against Br illustrated in Figure 8(c). As a farther alternative,
a single graph of pAvg against atten (or pAvg,.,,j, against atten), may be
plotted. 15 With the graphs in Figures 8(q) to 8(e) and Equation (I)
SaletteNew palette x atten (1) and Equation (4), the compensated pixel

| of a pre-distort image in a monochromatic system, where
two of the three colour components of a pixel have a 0 value, paletteye,,,,
can be determined using any one of the following equations, Equations

20 (5)]y6) @i@u@,& Patette NRers %@Ibﬂ@%@@@)ﬁ(@)@qm&eﬂemﬁpﬁm enmrc—xthan one
| 11 [f
i lintvea R4 nyg ¢ Sﬁ agg%fyted%ﬁ%%%eﬁé A (Bé\vg)ﬁ%eg Ao Siponent

Coloured System I oured’system, w o’Iogra
isiptiedsnbeethelrvahies of the @Hl%&(@&cmmmmﬂm@eﬂa&qar&@pﬁedl value of

?ﬁ'&'a NEHS: gﬁ(‘)egtf] g%)?tlo%?tg%psonen}" tgele% af;f-:'ct éit eac?x i ‘Lhe ‘fhree

values of th components. Becaus pIX Faugor 8 pixelis
&%mnwmpdhmbmmm forof thépizélsyaluesust eavkigitthe fhvee

£o S forac Io red s te
tl’n{g %%welg tX, to com%etr}mlseaﬁ efor %ese e nlt]ﬂ %§§ vgm%%nents
Qﬁ th@mthév&@&ﬁﬂm pmgdmI%GBmdﬂn@@xﬂﬂ vaduerdfrife shagteniReBxpressed by

%orp nent Acc rd &IE, be expressed by 10 the following
equ %8?‘ rxf)ca r)—(Brx(moao)/ Weightx) (8) ,"there

Brx(: otour) mmeﬁﬁntetwbkmhmewwéﬂwmponent X (one of the(§yGB

mpagnents) of a pixel in a coloured system, Brx(t"0"'0) represents the
%% r%ne@%’l?ﬁ‘f) p)?g %lﬁ g%’fuéeﬁfécﬁﬁ%%%ﬁfomlef@&&ﬁ and

m@mrexmése:mmeeeﬁﬁcﬁm‘d i, Bher o EeBa RO PESNY:808an X
on Brx Wel%lux is a function of the aver ed_pixel value of each

SR R iea IBRTISSHENREE? Svpismy d freisdisrsrpisaagls the effect of
thAUgratﬁWb mé\i@b@h@rﬁs Y and Z on BrX(mono)-

Weightx is a function of the averaged pixel value of each of the two other RGB

components of a pixel in a pre-distort image, pAvg a0,y and pAVG asio 7:

Weighty = f( pAVEraio,y s PAVE1atioz ) (9),
that is:

Weightc = f( pAVEyatior s PAVE ratio s ) (10)

Weighty = £ pAVEraio s PAVEraio s ) | (11)

Weighty = f(PAvgratio,R s PAVE atio G ) 12).

In a similar fashion to that described above for the monochrome system, graphs
of Br against pAvg,u, can be plotted and lines drawn for different combinations of
colours, showing the relationship between pAvg,., and Br for one of the RGB
components for each combination. Figure 10 illustrates three curves for Brg agaiﬁst
PAVEratio,c. 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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Weightx = f( pAvgrazto,y , pAvgratlo,z) (9), 20 that is: W eighth = f(
pAvgratia,R , pAvgratio,B) (10) WeightR = f( pAvgratio,C , pAvgrario,B)
(11) Weights = f(pAvgratio,R,PAvgratio,G) (12). 25 In a similar fashion to
that described above for the monochrorEE system, graphs of Br against -
pAvgratio can be plotted and lines drawn for different combinations of -
idvistredshdidniethil (elatibfidhipdbeigeen pAvgrotio and Br for one of the
RGB components for each combination. Figure 10 illustrates three curves
for BrG against pAvgratio,v. The top curve is for R, B = 0, which is the

Sameaﬁméwﬂﬂ@mfmmh?¥§m3%%%?mﬁ?§@@%%ﬁmﬁﬁﬁﬁ%mzwmwbe
mediate values of R a where R. and B are non- zero. The

Boion S R AN SIS T AR T edirnd 10 10
grep@rﬁimatthgttﬂwwaigmmmmntmgm%g@ﬁugg&@?rrgioagﬁnmﬂﬁ%a,io,B. Figure
f@fice (:u,gvglsﬂ %glgaZﬁ illystrated.in Figures 11(a %:%Léb and 11(c). Thus

the Telationship SHOLER WigRHODShE PRUGCE. P&t AR & Zamayise
rehmessedigaphitallyias dustratecininigie solH@sHib 09 RRenl AL LA s, and
Ffjgure I 1a aci is a. 5 graph illustrating the relationship between Weights”
panéy’ﬁ%@gra 1o %’iﬁtﬂ-%Avgra,w,R. Figure 11(b) is a graph illustrating the
relationship between WeightR, and pAvg,.at10 and pAvg,.aro,R. Figure

11(c) ig{a %?é)f?dj”u trating the relationship between WeighiR, and _
PAVgraty’ PAFIAS e BRI Hisd o He)ilArts wiabgrainHlss foldereng

phi4g)ashdesicti befdrehteadatlounag: RajagsAP WY IRIRICREEQ HEH'6R:
]ﬁg@(a . 12(b) and 13 in accordance with one embodiment of the present

TSHHBA NI PESSERESMBR&RR generating a set of source data, frames
200 as shown in 15 Figure 12(a), resulting in a sets of images 212 as

shown in Figure 12(b), The set of source data frames 200 comprises a

first sotRESatHAKCARPDES BpRPEINEcHR Sbepvecddaia frames 200, Frsbown in

HiesksQu(as AAtadRME 202:MRYsesA fist $85a i55ligns 206, each
section 206 having a different combination of RGB components‘and

The set of source data frames 200 comprises a first source data frame 202 and a
second source data frame 204. The first source daté frame 202 comﬁrisés a first set of
sections 206, each section 206 having a different combination of RGB components and
consequently, a different colour. Table 3 illustrates the pixel values of each RGB

component for each section 206 of the first source data frame 202.

TABLE 3
R G B
0 255 0
128 255 0
255 255 0
0 255 128
0 255 255
128 255 128

128 255 255
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20 consequently, a different colour. Table 3 illustrates the pixel values of
each RGB component for each section 206 of the first source data frame
202. TABLE3R GB 02550 1282550 2552550 0255128 0 255
255 128 255 128 128 255 255 23 25!'} 55 128 255 255 255 The pixel
value of the green component in the firSt source data frame 202 is kept
constant, in this embodiment at the maximum pixel value, to determine the
effect of the 5 presence of2fte blue anglfér red compenents on Bra.
Different colours for each section 206 are obtained by varying the pixel
values of the blue and red %§ ponent ?3r each séégon 206. The effect of
the presence of the blue and/or red components on Brc is more apparent

hen the pixel value of the green component is kept constant at the ,
G BESEbl LGS 10 GIF e CTan s g L SRS A2, FAg202 is kept

0étaanipisesmbedonshset Ok sectionsm30Bdaving, heisame: SOIAUISTRSt of the
the first sg g%)fa? 206, However, on the other side, the pixel value of

f .
RESNG i‘%@@ CHHSBAEN OB PRI EM B0 b tvacabepiysdarcachapgtion

doanme 36thiseaes viagmipghan e aatblagkienihe 686080 &RMe8E™ dor cach
frame 204 on 15 the right hand side of Figure 12(a). The set of source

e Hraies B0BEDANtET BTt holdardinrcaRsardithesiBamiFn i Afods more
disireplogiapbic pIREEQATATSfaABA886HBEFEMHURS is kept constant at the maximum

pixel value.

On one side, the second source data frame 204 comprises a second set of sections
208 having the same colours as the first set of sections 206. However, on the othér side,
the pixel value of each of the RGB components on a portion 210 of the second source
data frame 204 is zero, forming an area of black on the second source data frame 204 on

the right hand side of Figure 12(a).

The set of source data frames 200 is printed onto a holographic recording medium

to form a first holographic stereogram, as described earlier.

Figure 12(b) illustrates a set of images 212 of the set of source data frames 200
reproduced from the first holographic stereogram. The set of images 212 comprises a
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 repf_oduction of the second
source data frame 204. Saturation is observed in the right handrside 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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20 Figure 12(b) illustrates a set of images 212 of the set of source data
frames 200 reproduced from the first holographic stereogram. The set of
images 212 comprises a firstimage 214 and a second image 216. The
first image 214 is a reproduction of the EESt source data frame 202, while
the second image 216 is a reproduction of the second source data frame
208:18ataratdaivissobservedlinftbestibtahend side RastiaRs.23 B 220166:29)
;P&gg%t 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 efatve glaible oflFidatient Hafothed valugsdai, the imRgR dhfiorRN:,

usi CCD, for instapce just a consumer CCD, wit
e R e MO &S e e isconvel mtipt each of
teq WWBMWW@WHWBM allofys dhenysier dorin &t ARPIVEMSb e photo-editing
S%?{%g%onsp sou[chhaos: fci)cus distaace; %r% white balance; 3) f number; 4)
ADETUrE, SO BIOR s PR R PR MTEUS VGRS GhIperaeen
grepancoipensnys seftivase that cas spibHE salpuisofie fikstimage
214 into the pixel value of each of 5 the three RGB components such as,

for example, commercially available photo-editing suites (e.g. Photoshop

T™), iFenmindyed im@etgmiaeﬂtgw‘ml(wﬁly%@é&?ﬁ@f&%‘k%ﬁmgeﬁ@%ﬂt The
various sectigns .ofépe first image 214 and the third image 264. For the
THIISPRAGRD 1o 5 hGRLS(B) R encrehics FafleReRRe g ertiesctorhe non-

sifirsfereaamratio Refisdheatieofdhsonixshualues Aithesatyrated. o ¢ =255,
Bse:c@zn to the non- saturated section for the non-saturated secthn _

con %E%W%Fé@ﬁ?ﬁérﬁ mage2H55 B = 0 (the top layers in the first
image 214). Ratios r1, r2, ..., r8 of the pixel values of the saturated

sections to the non 15 saturated. sections for each remaining section of

the firStaHfige 224 ard aRidgerigrateducE aEthofstieratalometions to thegus-
seivided bycthmsatarense-Eatie Rel {o.ablalr ﬁtﬂeeﬁfﬂ@ﬁ%%%a%ﬁ A9 g%]éhg%nerated.

WeightG axis for points pt,, pt2, ..., pt8i respective otting the
graph of Figure 11(a). 20 Each of the points pt1, pt2, pt3, pta, pts, pt6, pt7,

pt8 is %W%ﬁ)ﬂ?fﬁ%ﬁ’qu%% divided by the reference ratio Ref'to obtain the

co-ordinates along the Weighic axis for points pt;, pts, ... , Pts, respectively, for plotting

the graph of Figure 11(a).

Each of the points pt,, pt;, pt;, pts, pts, pts, pt7, pts is represented by a co-ordinate
along the Weight; axis, a co-ordinate along the pAvg, 40z axis and a co-ordinate along
the pAVE asio 5 axis, that is (Weight, PAVEratio R, PAVEratio B), and are plotted as shown in
Figure 13. The co-ordinates for the PAVE ratio g and pAvg,.., 5 axes are obtained from the
pixel values of the red and blue components, respectively, in individual lines of the

sections 206 of the first source data frame 202.

The method for deriving the graph of Figure 11(a) is repeated for the derivation
of the graphs of Figures 11(b) and 11(c). For the graph of F igure 11(b), the pixel value of
the red component in the source data frames is kept constant and the points for the graph
of Figure 11(b) are calculated based 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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along the WeightG axis, a co-ordinate along the pAvgatco.R axis and a
co-ordinate along the pAvgratro,B axis, that is (Weight(-,,, pAvg,.atro,R,
pAvgratta,B), and are plotted as shown in Figure 13. The co-ordinates for
the pAvgrat,0,R and pAvgrat,o,s axes e obtained from the 25 pixel
values of the red and blue components, respectively, in individual lines of
ithhessvtiend oG ohtd Skspsoursedatadfitheme RO OThhergeibh)dff@hgure 11(c) are
t eated for th atlo

S R S T R e
value dfs 30ettidasidioontpormeutlin theélsowrcendata ftamesis/kapt @‘ﬂ%ﬂant‘ the

| ure 1. re.calculat d b sed,an the
%&%I%%g% ?r%%?Ee Sgc{?n%% eﬁt%n the' grtéﬁ)trg Uce r%\é% ﬁgﬁfdﬂﬁ’ equals
Prmigare 11(c), the pixel value of the blue component 25 in the source
data frames is kept constant and the points for the graph of Figure 11(c)
are calculated based on the pixel value of the blue component in the
reprod¥odd thmageshsAs S avident(fioto thécyraphenipdheeasgivdedhesr each of

lvalue of each of.the. oth twoc nents js 0, X is a
s S R e
Q&ne@raﬂhsluﬂeﬂlgumalﬂj@)qmﬁ Me)fdhm@mmﬁiﬁ@ Bixeltalverior gaoh):
of the R % components of a pixel of a pre-distort image in a coloured
systerh palertay” Eafibe calculated using any one of the following
equations Equdtions (13)1to £24)..,45 palettervew, c (colour) = palettes X(13)
(1 / Brc tcolunr 13) ett {1/ ([Br¢(mono) I We hts] + 1)} (14) =
palettes x { 17 B¢ f Q&%&éﬂ)/ State s 1 f(lS) 15 palette, (14)
R'ew, R (cdopay@adgttea 1< (UBRR LS 08 DALRY = PaleHER ¥4 1)k (15)
([BrR(,,,0"0) | Weights] + 1)} (17) paletteR x {1 | ([BrR (mo™) / f(palettec ,
paletteB)] + 1)} (18) 20 palettetvew, B (colour) = paletteB x (1 |1 BrB

(COIOuﬁ&l@&)Vew, R (colour)

= paletter x (1/Brg colour)) f (16)
= paletteg X {1/ ([Brg mono | Weightg] + 1)} a7
= paletter x {1/ ([Brg mono ! f( paletteg , paletteg)] + 1)} (18)

palettene,, g (cotour)

= palettep x (1/Brg (colour)) o . (19)
= paletteg X {1/(IBrg money | Weightg] + 1)} (20)
= paletteg X {1/ (IBrg mono) | f( palettep , palettes)] + 1)} 21)

For example, the compensated pixel value for the green componenf of a pixel of a
pre-distort image in a coloured system, paletteyey, Geolour), can be calculated usiﬁg
Equation (14) by determining the pixel value of the green componeht, paletteg,
determining pAvg for the pixel and thereby Brg pmony) from Figure 8(a) and determining
pAvgmg,-o, r and pAVg a0 p for the pixel and thereby Weights 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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= paletteB x { 1 / ([Brs (mono) / Weightni + 1)} (20) = paletteB x {1/ ([BrB
(mono) / f(paletteR , palettes)] + 1)} (21) 25 For example, the
compensated pixel value for the green component of a pixel of a
pre-distort image in a coloured system, aletteNew,c(colour), can he
calculated using Equation (14) by determining the pixel value of the green

ShoBHBHEJaRERS HEteRnTRmMipE i sive pmblrahwm%semy@dam frames

iengkiom MBS Addeledng, %X%) BB AN RENIRIO R R ara
the pixel and thereby Weights from Figure 11 gure isa

ﬁé%%ﬁérﬁ fitGEeathd - rﬁ@ﬂﬁbﬁ?mf@f oy oivig @ datdoyraphics sterped)mto form a
aordencediiang, gl %1%%%3%%0? 0 é%‘é‘?n”ﬁ?” Tq%géeftor variations

26 300 comprises inputting 30 source mprising-a plura

@dﬁ?déea&faorfaﬁ%@t@@ﬁmrﬁm@mﬁ@immmmwf@wmmgmo a
RIRGRISAN %g&fhﬁn%% GepaR, AESS t%efﬁgct%‘é!‘e%o Q‘y‘ o%g?)‘;g@?%%ﬁm the

of the source data frames’is mappe o forma p fGralit IStor
qma@@@amd@m@a@tbrmngage@awmmpeﬁdtédmﬁ&mmmatm&dmm

H@g‘g?gfg%o%ﬁ%%@t%% rl%% ra%rtlosyﬂgllg nen gg%eeolélll%% gﬁg égé)vhlch 18

a compensation algor to a p ra Ity fplxe e pr¥

SPHBPBAMEY rtterdsempnsatedpiomiigibit intagis@reeidiput 0t amSibMhdIbgraphic
6qglr&pﬁeig&ated pre-distort images are compressed 310 to form a plurality

of holographic elements, each of which is sequentially recorded 312 onto

a holographic recordlng medium to form the holographic 10 stereogram.

‘Th i a e -distort image is.described.in greater
det?aﬁ ?nfﬂ%fgt%agé%ga It pggr)t?cu §F‘% iU étio TRt IeAtE g arer detail in

Fistreolb 4D0ptoticodmeigsating @ pritedistart imagadar wriatiousdnotie:
de ree of saturatlgﬁ:n accord ce 15 with onﬁ embodiment of the

SRR Che s oDt ERam By ReAsRRiAg Sauz{ipRiRgpeoordance

vshé] pr@dmhmdlmmgeﬁmm praehromatito Q@@ﬁ{@t@o@ﬁb@&%‘iﬁ%@%&éh{ﬁnmg
erﬂw rﬁed 402 th Ithe pre-distort image is monochromatic, the pixel -
whe ttt%

VaIUETATE RS BiSG ﬁt@’a\}@%%eelﬁ PIRBPeRREaiA0G CRPESELh 20 pixel in

the pre-distort image are determined 404. |
In the case where it is determined 402 that the pre-distort image is

monochromatic, the pixel value, palette, and the averaged pixel value, pAvg, for each

pixel in the pre-distort image are determined 404,

A graph of the predicted brightness, Br, against the averaged pixel value, pAvg, is
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 predibted brightness, Br, against the averaged pixel value, pAvg.

A compensated pixel value, palettey,,, 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, p4vgy, for each RGB component of

each pixel in the pre-distort image are determined 414.
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A graph of the predicted brightness, Br, against the averaged pixel value,
pAvg, is established 408, for instance according to the method described
above with reference to Figures 5 to 9. Thereatfter, the predicted
brightness, Br, is determined 410 from the graph 25 of the predicted bri
ghtness, Br, against the averaged pixel vdlue, PAvg. A compensated pixel

value, plgipnil i IPRACAIAURIRE Lin the pre-dig
|mag,e us%tg;jI a%ne%f Equations (S%Q%G%q;h fr the g‘éé’ IX%ereE ae s
i©gétarAiedf dopin st t%@;ﬁé‘d@@ﬁﬁﬁﬁa@éﬁ%@didwédlﬁlefopmetlanahm,cording to

@ﬁé@ﬁ%o@ﬂﬁm&%ﬁaﬁdv@%%@&%&”ﬁ@ for &3ghy B SP %Ie? Eﬁedl cted

each pixel in the pre-distort image are deter ned 414,72 grap’h
tFbfighiress=BachafdsRife avd@gethpixents) uﬂadqﬁéwmﬁédf@m(ﬁom the

BRI o6 G B AAPAeNRsiR SRIARISNED A geﬁo%g fnstanc

according to the method descfi €d above with refe
9. Thcreafer, the predicted brlghtness Brx, for X = each of the R G and

B compRREe fro h 0 the redicted
brlghtne%s %ﬁd%%%ﬁz?{% eraged plé?txfa% ns,&v%ega,frﬁ'lgﬁgr?’dﬁe%h"éﬂues
W rghtivng fabtor, Weiely ofgairit theal/Brageg qixetyalussb RAvgyiantor
%Y%%cc% gé:{dqge%ét;hotﬁ (Ci] S ngﬁ rd\ezg ts\,ﬁ{ﬁ%ﬁ%%‘%?}ﬁéu%go{l to 13.

instance accor to the me escrl ed &bo

Flegreedlar] the y@lglmtmge"aeafrem@w,efghmge‘mwf ﬁﬁ&m%ﬁ@%ﬁ@@hmts is

d t 426 f h of th
O RS B RO aiop e S yroscd

pred zalBosnpévmsased piketyalues, paletteNew,R, paletteNew,c and
patetteNe,,,B, for each 15 RGB component are then calculated 428 for
each pixel in the pre-distort image using any one of Equations (13) to

(15), (]ﬁmﬁl’éﬂl&ﬁﬁhﬁb{&m’dﬁlé@@a[&%}@&kVﬁ&Yefﬂlﬁw@%ﬂmﬂaé&@Nw 3, for each
kg rated n F| ure@l?S IS r ated for each of the pre-distort images
0

Fmed oM theLa(Pe %ﬁ%é@g f@rl‘—gﬁﬂhﬁ& an the@emdistort image using any
dﬂscﬁlﬁﬁﬂéﬂf@%@ﬁﬂ&@nwe,mhgdeBI?a@a@(f@)'i@ izontalparalay,

The method 400 illustrated in Figure 15 is repeated for each of the pre-distort

images formed from the source data frames.

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 parallex holographic stereograms,

which produce images in multiple pianes.

The generation of full parallax holographic stereograms according to the
invention uses many of the aspects used in hoﬁzontal 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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holographic stereograms, that is the holographic stereogram produces
images in only a 25 single plane. The invention is also applicable to full
parallax holographic stereo rams, which produce images in multiple
planes. The generation of full parallaxgholographic stereograms according
to the invention uses many of the aspects used in horizontal parallax

50480 RiYrapieds el SFERT OBt HUNE M BEtNSH 608 20 88 ot K5O drafss Defore
thef6aME SRR FH Al PRGar AOlRIRRPIE SIRICROARM IS ShAWHRR IR than

. 16. The source data frames 502 contain multiple series of frames 504a,
JusigusearipssGAEhsh e wHBReSEAEEEBRtdIAITGISEPAh e S BDBY, Foskics may
diffe6c, 506d. As before there will usually be many more than just four
frames in each series and many more than just four series. Further the
numbers of frames per series and the number of series may differ).
WhergrsaorsankakpasaieshRlegiapiie SIEFERgaM GANSISt 8blogels
hologels compressed along only one axis, a full parallax holographic
corgpspegralaneotdis ey isarfal prRBRgeMoEsRpie SkaePaIeRAYCaTs el a
serf¥ d@ﬁtﬂ%%@x@d%ﬁ%@%@ RGNS e radimensionat 3 Ofigure 17. A

pre-distort images 508 is converted into hologels of a to holographic

twosthregiartisame Y e it alisniplatsesatByiscmviededdris helvisg) ook

holgg{%ﬂm@t&%-&%%@w ARG YL @'tﬂé%q%?%%cﬁ%t%@h‘@%%ﬁﬂﬁ@ of

225 x 280 hologels that, together, form a holographic stereogram: For
horpaméabpriy sttt g rAdlfulirperbiitec dislogsaiihie Steneoygramey adcding80
holl§ ones lag) irgoq%, ra%g i from pre-distorts are still

© u%%%?tHoWegér, the ave@a@% %gé%rés‘?%a\é?\%%?%ﬁmensions rather than one.
Thus Equation (2) above is replaced with Equation (2a), as follows: r

nu%p 90 erabl nr%[)nn\o/ceﬁ}*or%xfgll a%laﬁfg?( '31%&%%5%%1&%&&5’&5%cgrdmg to
nuin horiz _ pix £ num _ vent _ pi
one embodiment, averaged pixel values from pre-distorts are still used, However, the

averaging occurs in two dimensions rather than one. Thus Equation (2) above is replaced

with Equation (2a), as follows:

[mzpm palette + mzp palettemi)
i=] ’ n=l (261)

num_horiz _ pix + num _vert _ pix

pA vgn’ ;=
where
num_horiz_pix represents the total number of pixels in the horizontal direction,
num_vert_pix represents the total number of pixels in the vertical direction, and
pAvg, ; represents the average pixel value for pixel (n, i), being the sum of pixel
values in row n and the sum of pixel values in the column i, the two sums added together
and divided by the total of the number of pixels in the horizontal direction (number of

columns) and the number of pixels in the vertical direction (number of rows).

Figure 18 illustrates an example of a full parallax pre-distort 512, in this case it is
480 pixels across and 640 pixels high. For an arbitrary pixel n = 100, i = 80, the p4vg is:
PAVE 100,80 = [(0+0+0...+255+255 ) + (255+255...+0+0)] / (480 + 640)

(calculating only for one colour, in this example the green channel).
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where 20 nuin_horiz, pix represents the total number of pixels in the
horizontal direction, nuna_vert pix represents the total number of pixels in
the vertical direction, and pAvg,,,i represents the average pixel value for
pixel (n, i), being the sum of pixel valueséw row n and the sum of pixel
‘values in the column i, the two sums added together and divided by the
total ofmm@cmh«émmqwmﬁrmm direCtiorefotimbee ¢iR% vs. Br

b el mthevertlc direction (number of
R o oS R Raeopra e 51 s oo

ﬂmms@ﬁassuznampmebfammmmapme|51huw tE@lﬁﬁmﬁﬁl%lHa@ﬂédH&%E This

0+0-1-0..,+255+255
B B Dl NS S el SIN) 2or B o B cach.
§kahﬁb1@vhe}gsﬂéém chiznemel. 2% Aaifée mem@t@h@fﬁaqaqe&%@tfg%eﬁ%r just red

nera & PAYG,VS. Br relationship, from those used for the
ﬁ%erg]tlg F para a&qgél( foaéw Eﬁ?éﬁ FPETEWE e T35 SIS of L REREtsfeno black

@emsréwmmmiamm &il¢ for the ﬁdhpa@aymsmhemethﬂa@eﬁ@gﬁ :@1&)@ last
eference dat 514 has 10 series (S1- S10) of 10 frames (Fl - Flo

{e“éctﬁeaglgﬁlg]f‘l%/ %%\l/fge]&iléﬁfpﬁ%rr%sféf’&%%eﬁﬁ Sriin b R iRsont e TaRTa L but the

{iret fustgiedimok just red or just blue and no black), and the rest are .

black. In the first series Si there are no black frames. In the second series

S2 only the last frame is black. In the third series, the last two frames are

black. Fisrpr@egsniangecs pr10iihgdashsenes 2-whemal tBHszE ®f reference
rst ame i blagh%lo FI% re 20(a) illustrates apre-distort image 516

WAL frohOi i gEd rétbiicRreadisiori e s spr Figavec ) (Bllithistrates an

eotiplaris el H1ezeaME. deltiriRed AR IS AIGR 25} YAGOMIRSRSART e holoeel
ﬁglogﬁjTE gen%%ed frogn% the pre-distort |%1ages 516. A% the h ?‘oge g HOI08ES
g

U8 S th & EumBYsHip Ik AR RS 66 S aB s dbrsarmriteits lifate”
518. 15 In a full parallax print 520, the holographic stereogram yields

images as the eye Jposmon 522 changes along a viewing plane 524, for
instand® thE&heaallax ipringe?8.he holographic stereogram yields images as the eye

position 522 ;:hanges along a viewing plane 524, for instance the axes x, y in Figure 21.
Looking in the viewing plane 524, at different positions along a diagonal line 526, one
obtains different images 526, vas in Figure 22. The diagonal line is that extending from
the top left corner of the print, as that is the only portion containing non-black areas. The
brightness of each different image 526 is measured to’ give a Br value for that image. In
this case, each specific viewing position along the line also corresponds to. a specific
pixel along a diagonal of a pre-distort image 516 (it does not matter which pre-distort
image 516, as they are all the same). The pAvg value for each such pixel is determined,
generating a set of points which can be plotted and j‘oined together in a curve, as before.
All pre-distorts form the image that the eye sees AND from which measurements are
taken. Therefore, measurements along only the diagonal line of the actual stereogram
print are sufficient. For example, invthis case, if 3 points along the diagonal line are

measured, 3 images of different brightness as is represented by 528 are obtained.
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Looking in the viewing plane 524, at different positions along a diagonal

line 526, one obtains different images 526, as in Figure 22. The diagonal

line is that extending from 20 the top left corner of the print, as that is the

only portion containing non-black areas., Jhe brightness of each different
image 526 is measured to give a Br value for that image. In this case,

each spedificoviewifit) positiotratahy thiglire 2lsoevesponds 68 spedfithe full

' lagenal of a pre=distart image 516 (it does not matter which
B B S L R R R AR o sehand
kigbhrpidetisalistermined, 25 generating a set of points which can be
plotted and joined together in a curve, as before. All pre-distorts form the
image that the eye sees AND from which measurements are taken.

Therefboegeaturersientshal ongy o ity ;h@»@iagﬁﬂ,aﬁ iinerekiRecaatadt ot; reference
reogram .print are syfficient. For e le, in this case, if 3 points along

B S R e RS A il ence

ﬁam%ém;exﬂsbyl&zmmme@(sinleosm afmh @;ﬁ;@ﬁl@s QF'IVEh 5586) i@ungxeegga these

Ei However, this js 0 rt of the full curve that is required; the

o o A BB oo Aosy e Ries g famesof

thalseont Joiebfanibeirestyod thentiirve for tRAYdoriesBI3 sl EraReSRR% of the

et of reference  data frames 534 is generated, as shown in Figure 24.
R STISA S kol M rerRRERLES i 191 R 50! Ao RS TS HaTS

IS SECO

16d0)cbf diddfiiaaesoftiingrheasivraweveeLthesen e ab Qlack sxcept

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 afdherigefawihseriassis These axcented first fan &f?(a}?gn%LéQ& of

first series Sl are monochromatic, according to the colour for which the
IEEISIS BERTYRGBFEPsBal g deOaBidentluarped indtisr 528 hsatiustrsated.
in Figure 25(a), and a set of identical uncompensated hologels 538, as
illustrated in Figure 25(b), are generated. 15 A set of Br values and.
corresPotHPp AT e RIGePRItRE nAncy siviiais peanreedoithasimilar

888 dIRPavE Mty TRISTeNGRI.Ph18]nINg 6@%%5%%’?@ Quas B‘é,t ra%tﬁ?ugt]rated 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 portibn 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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Figure 23. The points obtained from this second set of reference data
frames 534 have higher brightness Br values and lowerpAvg values,
thereby allowing the complete 20 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

PagH atatgstathparallax holographic stereograrns, the
reference curve 25 540 can be used to derive attenuation values, for
attenuating the pAvg values for the pixels in the pre-distort images for the
souress déth ﬁ&rheéﬂwih@mﬁexwdlmmlaummgsmh idestelieapEBeve, in a full

0 t ase e remaln usable as before, 31

e P S B PRTRsE g i one of
fé@|6m¢ed<§x,&mmnmeueamdmtm arfgHirpasalbax eloinglh RS Bdmponent is

I h C ste rises more than gne of 5 the
Mr{r%%eae&lR rhgpegﬁen < ?he preag] cteﬁbgrlg(mr?é)&ngr %g%f%ﬁwm’é@%@ factor,
Fernpane msrxl arreoteplduyariaefqmm viftces hthpiotheniné %mmm%fﬁRf@Bf
ain a wei tor W s Is.u to compensate for the effect o
t %1 Thixe Va %E}ée(% five o%h ﬁgnctgrﬁﬂ%@b iRSCOLfiRels fiemay be

sipgiesdOBHpmion € gﬁsmﬂmlﬁ&meﬁr @ebcﬁrrpeEsefg !@yoﬁﬁitrrarw

b e,.However, the curyes used to obtain the 10 weig
o0 P A BP0 Sy S 5 RN s
wiithaaffililppedsdiaxysysiennsAssyabwnam eyvesarglidealbrgenerated.

The approach for generating the weighting factor curves for this
embodiment of the full parallax coloured system is similar to that used for

the HDh&@pﬁﬁiawrﬁibgeﬁEﬂﬁlké aRlordisys@BloASHeSCRadi abAYS Willnt of the
tgil]ere%(lze to Figures 12 and 13, and is now described with reference to

8% IO e SY TS TRk i dleisrhiRig e d oriagpieleavalgsronly

@learedrige ; Hiﬂ%é&%@tﬁ%a@ IR0 SR 8 ﬁ%@ré@m & TS BH ' now
(g s 100 frames in 20 each of 50 series. Series Sl o S25 are the same
i

tribsfedis seftsrasniad snesanie2h Tisisses cmplBize, greerdtioshie weight
aeAfbthesame, having a layer o f green (G = 255) above

Figure 27(a) -illustrates an array of source data frames. This array has 100 frames in
cach 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
526 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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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 S26 to S50, frames 1 to 50 are all the same
as frames 51 to 100 of series Sl to 25 apd 25 frames 51 to 100 are all the
same as frames | to 50 of series S! to 25. Figure 27(b) illustrates the
Y eait Atr a9 B bgistd o icthies senTeettiatm Igrires eafuitercel i(A)black in
! 1o o t f this example, has 150 cqolumns
tgér:?%% r%%s (e.g.‘%ﬂg?%%%@%‘?&%@%%%%qfoé“e?é. ’r%nr§ %‘g‘}“ﬁ%\%@ to
19 feeritronae Botaedione and rows n1.01 to n200 are the same. In
rows nl to nlOO, columns itto 175 are the same, the hologels are
quartered with black in the' top right and bottom left and green top left and
bottdrAadhe, artbedoill marsliZ6 poiitt 50 arecthmgariaes brinGugrede. Viehols plane
: it:to..175 are the same, the hologels are .
e D R T iy i e i Figur
2andhsonegerighit has dovoldisiins i 1B ddeii SO areptheisamechairpiyebowod loft is
i 1he frill. parallax print.in a viewing,plane similar o the viewing .
G e G R RE RSPt gty is o
yelavs How agini -igdarsk <2 8hddrecifivajevb4Dhbastfo wr distingt ear tesidh e §@P to the

is green and-the bottgm left.is . yellow. The top right js also green, but -
R e, kAl L RSP R o e
bdtinke lsh saédsfayebaly rF he ratio of the values of the top right to the 10

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

greeFigveightisgoastorcevenplotied Fannine RoiMtsuRRe fist et R e

IS steti%: pure green nd is set at 1.0 on the WeightO axis, The 15 '
POl ST MORHRIL 585U SRR GHErsEisy Ful-pavalio Wighreaxis. The

rmmn@a@gﬁt@m@mmemv@@ﬁaﬁagmm&fg@(ﬂmga&@ﬁﬁrm&@wmwﬁpmc
reference to Figures 27 and 28. Pt4 is the value r4/Ref, on the

SIREQAEIG M ENLA Bt B2t HapeELBRe pRON B idpistineip thigwees 27 and

28xis. Ptl is generated from source data frames similar to those in Figure
27, but where

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.

Pt1 1s 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. Pt]l = r1/Ref on the Red-Weightg plane,
forred = 1.0.

P2 is derived similarly using source data frames where the lower half contains R =
0, G=255, B =255. Pt2 =12/Ref on the Blue-Weightg 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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the yellow has a red value R = 255 (rather than R = 128). Values rl and
Ref are derived from an image in a viewing plane for the resulting full
parallax coloured holographic 25 stereogram generated from these source
frames. Ptl = rl/Ref on the Red.Weightgplane, forred = 1.0. Pt2 is
derived similarly using source data frames where the lower half contains R

= 0, RtpdsabmivgdspaBanbpspyReduspetat Bltameeidiete fharioyfor mliecentains R =

9. Cuissleyiad spptyRbG.ROUICe R igmes aore (e ot rar
contains R = 30 255, G = 255, B = 255. Pi3 ef atred = 1.0 and blue

= 1.0tPes @%f@‘é@ﬁ/éw@imhmwngsmgrgo Wade Gatzcfraimes tihévevtinduidfventains R =
1halfcontaingR= 50, §7-25hrBr e P ?’ﬁ&f on the Blue-Weightc
r

plane, for blue = 0.5. 33 Pt6 is derived similarly using source data frames
wherd§He ql@wwdﬁmdéﬂnamm sOUR8 d@e:f@wssvhemmmm@mmams R=

#9616 .50 by 08-RA g defued gimigfyysing source data rames

where the lower half contains R = 128, P17 = r7/Ref at
red Foralhttselel 0l R Bes deriviel similltlyeubingpsaurce 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
shoulhibéathe wargbtingifilamerapdighting daetenr grapibos Rad helgsinerated
for Red. and Blue. 10 Equations (9) to (12) given above also apply to full
parallax coloured system. Further once the three weighting factor curves
have?lqaeﬁogerﬁ@}me(dzmmmbematem apptetyailieptonieachdbtineiRERm.

FSQR0 rLe ixel 0{6 stort |m r%gg in.a fuI arallg oloured
system, pale etvﬁ‘rge R %%a A U (R TG S5TEHLCLe N6 oA engaed
patsbgienfeartich. FiterR GB lﬁ)mﬁomhaﬂfshﬁwmgﬂh@ﬁ@mdﬁqw@@ fara full
1flg)r(ng|(r)11%£|xdals comp g%f%tlon in era}twg ?fc}oloure holographic
ereogram S SEd5 245 @‘35’40 %8a GBS B CABROGSIG L G,
afsmgd/éﬁr@ﬂm,of G B and R, respectively. In steps 20 5558, 5560, 8562,
the weight factor curve is found for each of G, B and R, respectively.

Figure 30 is a flowchart showing the steps required for performing pixel
compensation in generating a coloured holographic stereogram. In steps S552, $554,
S556, the curve for Br vs. pAvguiio, is found for each of G, B and R, respectively. In steps
S558, 5560, S562, 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
5566 (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
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- techniques described with reference to Figures 1 to 30, A computer 6

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 pixf at step S566 (Equation (2) for
horizontal parallax, Equation (2a) for full parallax), for each of R, 25 G and
oB e tn dadpaletdordhea ésailso geteessingoofdryeactnpivedfiah siépas&68;e and

' I eighting_factor value from the relevant curves (in
g P R S TR em.
two colours). The flowcharts of Figures 14 and 15 are also applicable to
full parallax;hologr phicaﬁ%’.o tereograms as they were to the . :
Porizonal B A Aty RarRLraar QTP e R, st gptemented in
aidsclibetivalbovesnfayabe imiemehiedcusing, jushdartwarepnoits84rogram, or

circuits,dedicated for the required processing, or by a combination of
Sl RS e S R R P o
lcodwerdismat compdidr Systenttidmiothtey andui dastiparfthesaodiie ter

YRR AR Sl el s sova e,

Co
SO are .é,en
disttadlyl pestoporsacatticWan fonatiopostiseletad furedienstonide Ratdwareas an

ense, a module is a functional hardware unit designed for use with other
fi%ﬂfﬁ&%fh"@f@? e SR pieS K indyDIe RS RS aERsg cxist.
using discrete electronic components, or it can form a portion of an entire
electranic circuit such as an 10 Application Specific Integrated Circuit

(ASICY Rifmetotia SAhEn B SRRRRSE AR O FgararIeissy ssemeiRg fuitable for

peseseintate foha RSN SYE ek 608 sHiaR e fon-RelfRy ngta?mgzut_er 602 is
is

IR5ad R RRAD RO LB RTF L AA IS BF Y. a5 ey B T HFF A doRSEEPTE! Steps

iRerfaoresiens dRpRARTOIRSS hAHRR RS RIeaN TGS A8 36 B Executed,

herein. Programs can be executed, and results obtained using such a

FErEpUHET siaed 8602 TH COPRPIREICE BTEiRRS B Ebte soTmyés safifratsiexecutes
RRRFfING RYRIEHASIRIISH R e SRR SYSEE0Q e samputer

software involves a set 6f programmed logic instructions that are 20 able
to be interpreted by a. processor, such as a CPU, for instructing the

compue, SYRIB . AXNRPE IR B SRR HARIPRR RRSSHEHON: that are
those instructions. The computer

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 compﬁsing
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 sofiware 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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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 lagguage, code 25 or notation. The
computer software is programmed by a computer program comprising

statemelftS PRSP Db RsteERRfsiersiangRRYyEcTits chm pongryeogPainput
IS OGRS IR USING R LOMRIRL HOAMPLIG S BNaLS; T %ﬁ@isn%l%%fa%%ry device

mat suitable for execution 30 by the operating system. The computer

gsé)éfﬁ%&ré’% Brag s the dlapny iiss e atGRvbives v Bndusisofiwade. USB flash -
EORMPORSINS, PLEHRS MRARS IRk E%E%ﬁbﬂ?%@?%‘&%?t&% I, he 18%8@%5‘% 12, an

of the described techniques. 35 The components of the cOmputer system

B804 fHAd0e AL TSR Bbe: mestheaisthdatpletemvices RhTis aomputer 602
iK&MB@@@;@Q@@s@dﬁ@E@F&%W@Q&W@Ia b \;%Z%e.\e{i(s:gcofsodzgnée?g%ry such as

one or more of a floppy disc drive, & CD drive, tive and a
R siL e urve)deaiagtdi2 8 for, erstarstiogdnrekiond fateorineatingpia/output
; : - 16 (or gther mechanism fo
e B Rl S e efce 2
IR &ATEISF dng FodbadRDvy 62 atcaage sonib erremivay sitefflaisaRAMBR2Ebas 636,
network interface 628 for connecting to external networks, an input/output
(VO) interface 630 for connecting to the input and output devices, a video
interfabe@Rocaeior GAAcetoytts the dispityg aysterageditiicespehiasm dware

cRargiseo34m0d %éka 636. 10 The processor 622 executes the

operatigr?g system an t%?l csgr%%rﬁtﬁl seop \?v(glorré] a@f@éﬁfﬁ%ﬁ?ﬂ ) 626, the read-
opperaing syBeM) Th¢ sarddberhactéiss G3dmery(RAMIG 26 dhereatthehbcessor
gemory (ROM) 624 and the hard disc 634 are used under direction of the

processor 622. 15 The video interface 632 is connected to the display

610 and provides video signals for display on the display 610. User input,

to opefate the compfuter6§32 is provided from the keyboard 604 and the

mousé O%l, €0 1nterface 1s'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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20 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 busegs, to allow these components to
com icate %5 with each other. The computer system 600 can be
LSTTRON 4R heratertabier aimiaic daritie S wiastechiteheepmaNs:

arfother RetwonkseRdTie-caMmpitierRafM@ERIPEgram 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 benpsievidedsecaareled anaRestabis S agg e W&
CD-ROM read bg/]i%he external memory device Gd%Q%\qlt rnégt}\%e é%t??gg the

KSR 04 Sl b RN IR0 o sosERtiibetry sespIthIehetmprited 50 ftmare

eitherisase, iAUsahsaRBteract with the computer system 600 using the 5
keyboard 604 and the mouse 606 to operate the programmed computer
software executing on the computer 602. Source data frames are input

into thg RIRE]ERRAEINRUER NG d/ 914:%&%%%8&?%92?&}%%%%@?/5 inéef(f)'ace 630

interface 628. The processor 622 sections the source data-’framés-ari
AiSEBGtOThéserttionedssdlhirer oressdrain saptimcsattanvecwithia frames and

ARG QUL r roduct and downloaded onto .
the system 600, s%regﬁggﬁegﬁﬁn%%& g%‘%??%ﬁ%‘:%‘ﬁiﬁré‘l ?E‘;‘FBP%}%?&%&%W ma
GATBRIEST Rregitipanisatioreaiudrivmoaied aumputeypeog6an) groedth @ndmemory

SR IRAACT AL NG SUEIRM £90. 18 also stored in the memory 626.

The processor 622 applies the comgg?isation algorithm to the pre-distort
images to compensate for variations in the degree of saturation of the

pixels | -distort:| s due to ghosting. If the reference graphs
For el e e L A EEE R b BB Rubowoaded ont
thrigrtives §Wals ebamdrpuntirongimuse (¥GHENE SR GG T Bsplies the

-cli ' .are autput to the SLM 614 via the |/O
&%Q§&§%§glg§1t%t%ttﬁg %geqalgtortolmgges 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 /O
interface 628 for projection through a converging lens onto a holographic recording

medium to form the holographic stefeogram.

The computer system 600 is described for illustrative phrposes: other
configurations or types of computer systems can be équally 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



interface 628 for projection through a converging lens onto a holographic
recording medium to form the holographic stereogram. 25 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

R SERbHptREP syt srhntimients apd peisarshahecadserpber above should
Heechniuesd 3QLhRHERRAHD GRS RGNS dAeALORWIL RE ARRRERIN Bl aims
those skilled in the art from consideration of the specification and practice
B{AeanhJertiditdEurthermore, certain terminology has been used for the
purposes of descriptive clarity, and not to limit 37 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. t. LLOYD WISE 3s CLAIMS 1. A method for
forming a holographic stereogram from a plurality of source data fames,
the method comprising: 5 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 10 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 15 the plurality of
pre-distort images. 3. The method according to claim 2, wherein the
compensation algorithm
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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 20 holographic elements is recorded Pn,t\Q 0 WISE
the holographic recording medium. 4. Bige method according to claim Zhér( o
3, wherein one or more attenuation factors are applied to one or more

pixels in the plurality of pre-distort iMS 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
pIurali{))'/ of hdloBPAMHICEIEMBHRS ARBREaNSifSTEIEIBY i POsHHngl source
dneditimes3th 6 mdigomeshgsiasgrding to any one of the preceding claims,
further comprising establishing a reference relationship between an

avera§eti pRas ¢ B RB v APINESS S QRPAIRIGY pheastipng
pluralifyghproHistait iMaagsder 896 IS NPINAraRNI6 SieEeaaMindd 8

brightness of an image reproduced from the second holographic

steredfaRErFatHeHRathEalEY cdreitg R sldmpecwheramaiRnpefe paRation;
relatio&b?ﬁﬂ?é%ilﬁg%%’fﬁ@ﬁ@f@%@«éﬁf@ﬁﬂfar ?Eg%ﬁég?ﬁﬁ%ﬂ@}t%f holographic

frames having colour gradation. 8. The method according to claim 6,
clfHsEm 6 reference relationship is established by: (a) generating a

seriesreéaﬁfﬁigafeepmm galR (amERi D aMRG AQ!0ML I AIR IR O B rding

sectioning and mapping each of the series of reference source data
mhedives o Iqorathedisltgstpiie distepelisiages; (c) compressing the set of
pre-distort images to form a set of holographic elements; (d) recording the
set of holographic elements onto a second holographic recording 15

mediufn to fobetetbedondidiographidnstbredgram tife pinedyridgthdaistort
Pri ' I e t econd., holographic . .
%%%%oqg%ggrﬁ?%ﬁ ga#; p i 2t% rﬁg %?Q gpci(wg 0 é%lsél\s%graagé%%% Ilc%%) ug Oorf%%lex%]lxels m
the tergbtyofforee-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 saturatidn 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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images against the brightness of the image reproduced from the second
holographic 20 stereogram. 9. The method of claim 8, wherein th tﬁggﬁ%‘i
holographic recording medium is the same type of medium as the first” ™'~
holographic recording medium 25 10. A¢nethod of generating a reference
relationship between an averaged pixel value in a pre-distort image of a
PA&E?LEWSEB&%%O‘%WWA@%Q%Gfa-ﬂﬁ%t%?émég@a forrigpenaad lsflpicehin sarcogram
andager generedMamAdRIFHARRIC FLFEATIRE, SERBILH R T B8 ram.
plurality of pre-distort images, the method comprising: (a) generatinga

series of reference source data frames having colour gradation; 30 (b)

sectioning anch#RRiBE £aeh@hENE SAliGT OfIRIRIENGE 1%%”691%%1%(%&%%@ is

frames tg form a set of reference pre-distort images; LLOYD 4 .
deripreed foressaen piarirerncs prutersiar inasshey fegrepiosegoidation.
reference holographic elements; (d) recording the set of reference
holographic elements onto a holographic recording medi um to form‘a o
referefice holbtfi @pfiodiasedigiamtosclelmeasieint the triglenvesslofianship is
dindusHepr9duced from the reference holographic stereogram; and (f)

plotting a graph of an averaged pixel value of a pixel in the set of

 referefeBractistcrerTiayetraframse tratsdgltndsanufsthevimagalour gradation;

reprogyceg re ic stereogram. 10 11. T
et oy oG B A B L e A A gmes o
f%ﬁd%ﬁﬁ?f@rdi@@ddmpﬂ%s repeating steps (a) to (e) for a second

bt ety R e S P
edgeeRéiing to any one of claims 8 to 11, wherein the

(d) recording the set of holographic elements onto a second holographic recording
medium to form the second holographic stereogram;

- () measuring the brightness of the image reproduced from the second

holographic stereogram; and ,

(f) plotting a graph of an averaged pixel value of a pixel in the set of pre-distort
images against the brightness of the image reproduced from the second holographic

stereogram.

9. The method of claim 8, wherein the second holographic recording

medium is the same type of medium as the first holographic recording medium

10. A method of generating a reference relationship between an averaged
pixel value in a pre-distort image of a plurality of pre-distort images and the predicted
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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brightness of the image reproduced from the second holographic

stereogram is measured from a plurality of viewing positions. 20 13-TheD WISE
method according to claim 12, wherein an additional series of source data
frames is generated when an interval bgwveen each consecutive viewing
position is too narrow to obtain a substantially differentiable measurement

of the (SPigRTARISSSg. trpschidtrriersiRespting todnyneges tf Sams Bttofi8ference
nwheral ;@glayl%@ged 25 pixel value is averaged across a compression

axis of the plurality of pre-distort images. 15. The method according to

any oh®oFeaiing eheseBolvnErsir e bhasrahtcpineiniahdds dvdoagedic
r@&;aﬁﬁgmma@mm%ﬁe%cgﬁopég?ggc%@ﬁ; isfort images, the

two axes being orthogonal to each oth method according to
any ol@) srasimacEiie hBghiteseit thdphaatitprotyset distortimagestise
mp%ﬁg@g@&é@g?%;o&g predicted brightness of the image reproduced
from the holographic stereogram. 41 17. The method according to claim

16, wHérlatthe predickeef brightmesslafited iniagefis piatelrimitiedsftarfirtiference

fare ' ' .on the averaged pixel values. of the pluralit

B B SR Blarfy e
helamepboniprishsgaapplying a weighting factor to the predicted brightness.
1.9. The method according to claim 18, wherein the weighting factor is
obtained from a graph of the weighting factor of one colour component in

a pixel Againdhd detherhgbahpinet vdldemfos aod @rwhereinthernirigug the

camponents for the pixel. 20. The method.according to %ﬁi 19, wherein,
rtr%: grap%ilgs%g%tsa |§ﬁ§§%ﬁ? GeREvALR geae?lﬁl%tq’ S8P r%%\/\t/%i r?%@%gsfspd series of
reéfemercersmer detdAtanframesuahtaininfiaheinbag fiam wsier eegraphisre of the
hoIR%ram geriv d from the weighting 15 factor reference source data
aphplotted in S%H fi : L
mes; generati reference ratio from a reference section in the
image; generating further ratios for other sections in the image; dividing

each of.the further ratios by the reference ratio to obtain a co-ordinate
CiE "frhe met%o acgordlng to any one of claims 8 to 11, wherein the

brightness of the image reproduced from the second holographic stereo gram 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, Themethod 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 accordiﬁg 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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along a weighting factor axis; and 20 plotting a plurality of points, each
represented by one co-ordinate along the weighting factor axis and She YD WISE
co-ordinate along each averaged pixel value axis of the other colour
components in the pixel used to generate the relevant further ratio, to form

the graph. 25 21. A method of establishing a weighting factor relationship
betweér-a wekgHtistedcerastivndcelon: tonvomeint irepysikstedybiigttasss of the
f g@g%@%ml%ﬁft@%&&m@&?&{&m&%@&ﬂﬁ% ARIEISINL ) values
image, the method comprising: generating a first set of Welghtlngfa tor
tEthranea bt eraatishEieasebtaining 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;] fgenerdimgdthederceatibagde othion $€ctiolis furferintane;jdifg applying a
diingceact ol iR, HIDRLIRUnn v he reference ratio toobtaina
co-ordinate along a weighting factor axis; and plotting a plurality of points,

each represented by one co-ordinate along the weighting factor axis and

one corgrdinaj Alonq cAch ayslaged pixel valie axis ol the 3 aiher cplowr
components in the pixe tsed to genera € the Televant farther ratio, to form
shiigrapho22: Fiapmoedthedvelghting 20tor Aloneherieu therfirstaatiofa pixel against
Neghinglacton RIprence ouice dRia lames campriags a1 [gastia st

and & second source data ﬁ-ame, ? eac(mwavmg B Bﬁﬂasli ())/ro SBUons,

each section having a different: combination of colour components, the

second source, data frame having an area of black on one side, 23. The
metho%(%ccocrgﬁlﬁél}tgf% e%-I v %d%/rvl% g?ecli? e%’r e‘?gnéé%ibﬁfﬁ‘ﬁcgdsbiﬁt%gbsmd by:

generagiengratfirsh Setsofaveightint agtoctefestneacsaivge dait frames of

15 different colour.compagnents; (b) obtajning an image from o
torcof LR IGTARY EuE A AAPTHR SE L B Tl weighting
f&ﬂem@@@urﬂmﬂﬁtdd@ff@ﬁés;

generating a reference ratio from a reference section in the image;

generating further ratios for other sections in the iniage;

dividinkg each of the further ratios by the reference ratio to obtain a co-ordinate
along a weighting factor axis; and |

plotting a plurality of points, each 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 used to generate the relevant further ratio, to form

the graph.

21. 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:

generating a first set of weighting factor reference source data frames

obtaining an image from a stereographic hologram derived from the weighting
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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(c) generating a reference ratio from a reference section in the image; (d)
generating a further ratio for another sections in the image; 20 (e) dividing vy
the further ratio by the reference ratio to obtain a co-ordinate along a
weighting factor axis; (f) plotting a point,sepresented by one co-ordinate

along the weighting factor axis and one co-ordinate along each averaged
pixel véiliidiagisashth&thenfartbetoati compbrenisrancthepixel ohte2%b (opprdinate

Jﬁgg@t@g@rﬁ% @%F(p)l Qdaﬁ%) to (f) for one or more further sets of

reference “source data rames. 24. A method of establishing a weighting
factor pédditiom stipretivedpantyeigblimgpiastotadf mnencaloundompairery ihe

ﬁ&gﬁﬁhgggé@&t an Sae\t/&{aﬂgé%% (p-iﬁr ivgltlue of colour coméotanent? 53{ ut’he Six0 the

%j ¢ along each averaged pix ¥
pre-distort image, the me odncomprlﬁng. 4] (as engra?lng A Tirdt's8
oheveigltingoiapionaefene Hoepsoelresed ategtnagries e diffsrentfenlauratio, to form
tggrr%]l%eg(?gnts; 43 (b) obtaining an image from a stereographic hologram
erived from the first set of weighting factor reference source data.
frames; (c) generating a reference ratio from a reference section in the

image;, {d) generating a. further ratio for anpther sectjons in the image; 5
(e) divi’zc%' hg tk@?uﬁﬁ%gor%aﬁg%? ?Oié)ire‘%h%ve a 1[8%%%‘60:&%350 (3"-’8}5?%%% Tactor

raformye sweighdintg fetas axiap(keplativgta foinbiepresenteshbycodeta frame,
co:ordinate al ,thegA/ei hting factor axis and one ¢q-ordinate alon

SRR By LRSS Sl 5GP JABE AL GRBRESmbipdton of colour

eachave pixe
qixglowands] thégkrepaatng sieps fameNsne(eh dioioplasiedr snede.

further sets of reference source data frames. 25. The method of claim 23
or 24, wherein the first set of reference source data frames comprises at

least axpluralifhehiissiaDates datord amps . 10acmelnhich ds.eis k3t88MR8ed by:
or simijar, and a_plurality of second squrce data frames, each of which is
the sa égeneratmg a first set of weighting factor reference source data frames of

different colour components;

(b) obtaining an image from a stereographic hologram derived from the first set
of weighting factor reference source data frames; |

(c) generating a reference ratio from a reference section in the image;

(d) genefating a further ratio for another sections in the image;

(e) dividing the further ratio by the reference ratio to obtain é 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;
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or similar, the first source of data frames comprising two bands of a

different colour, and the second. comprising two bands of the same Weyn WiSE

colours as those in the source data frames and a third band, of black. 20

26. A method for use in reducing ghostizg in holographic stereograms,

wherein a plurality of source data. frames are sectioned and the resulting

sectiond RYAHPEY 18 BRIt aIfiFtogranhisal asragedetedrisanothe first set
ot GreiRising raasRersaitigtiecelwiality.efere-distort images for variat?ons

in satyration. 25 27. A method of altering pre-distort images for forming a

hologtah RSSOy FETIRSIALI dFamt 2 dF Sotiee WatoRrantbe itwse;

pre-digpridneagns: havingePean, mpx%%ﬁepx_eéﬁ%%%%é%’é{fce data

frames into a plurality of sections and mapping the plurality of sections to

form eBIG‘r‘éllﬂV%F]b?ggﬂﬁ]é%F@ﬁﬁd{:}’e@{%@%ﬁﬂ)@%mpﬂﬁma co-ordinate along a
veorpapsating the plurality of pre-distort images for variations in

saturation. 30 28. A method according to claim 26 or 27, further‘ . .

compH3iR iR A RPiBb Frperisatier @?ﬂ%@@dmﬁm@lm&bimaghsngiactor axis
aﬁ@‘éﬁi@mﬂ%ﬁimb’t@ﬁwﬁfégﬂrg@e fﬁ?&?%?%dﬂ@ ?%QIH ﬂgo%e%ﬂec(;[i%ﬁls bgrrrll%onents
_mapping the plurality of sections to form a plurality of pre-distort images.
inpgepig according to any one of claims 26 to 28, further compri sing:

5co i rality; -distort i s to form a

Pl T T ATy S Brerence
spiERSfaisHiEBeents onto a holographic recording medi um to form the

- holographic stereogram. 10 30. A method according to any one of claims |

to 9 and 26 to 29 or according to any one of claims 11 to 20, 22, 23 and
25 when depEimstionl af idasndaior 24ywheseim thefiatistiarfaéference source
turati r iatigns.in the Diffraction Efficiency of the rec ‘r&in ,
e e e R S L RS
sanmettsodifer, usd mpieoditginfsadoath goapdcstefepganaen afreBaERGhe same
i ' i iSi - 1sating for

oﬂ%ﬁ%}l r@%ﬁgk}ﬂg{j suo%erg %}}O at A gfa(r:r?ensj %g%g%sEIEE t(iggkpa%rc]lg%%ggdi%ferem colour, and
the second comprising two bands of the same two colours as those in the source data

frames and a third band, of black.

26. A method for use in reducing ghosting in holographic stereo grams,

wherein a plurality of source data frames are sectioned and the resulting sections 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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characteristics of the recording medium. 32. A holographic stereogram oy, i
formed using a method according to any one of 20 the preceding claims.

33. Apparatus for forming a holographic stereogram from a plurality of

source data frames, comprising: meangfor sectioning a plurality of

plurali%/ of source data frames into a plurality 25 of sections; means for

mapping tREPRAA %?%@ét%ﬁgc&%&%ﬁF&Fﬁ)ﬁd’ﬂ%@&&?%‘?@@é@}d
and meappifer BPPIYIAGF 605RBEASAIP L AOPINMIIR A1%QLNGSR RGN

the plurality of pre-distort images to compensate for variations in .
saturation. 30 34. Apparatus according to claim 33 operable according to

the megthod of anheaaRbaimiE So! 48yHhCof AP U3 IB, ARBS Bmprising:

computer system for forming a holographic stereogram from a plurality of ~
sourcé AR Fsire SRRt chprpristinyt dnaserindraegipburality of

Heleraseidaseeaidingdhe plurality of source data frames; a processor
coupled to the external device interface, operable to section and map 5

the pldFSRES8BIBERIE a4 Hinlastenismg anpsOtang o priatphidrregeting

n@é@@m@m%ytgg%@gr%ﬁkeﬂ%%%%, wherein the memory stores a
compensation algorithm for applying to one or more pixels in the plurality

of pre-distort images to compensate for variations in saturation. 10 36. A

compuler SYSIEHLARRPIARGI LIBT3 ERIERICRIGNAIIANG RN ging
of any one of claims 1 to 31. 37. A computer program product for forming
ta HoloHrphitasts bdeain, fian? 2 apilirdlinhoh depeod adtenfraieest, claim 1, wherein

{ROMRLIFIDG: &?s%ﬂﬂ?éﬂﬁ%ﬁ%@ 6 PIRYAT GRIG IOk £8CI0 gﬁgc%?lgy of the

mapping the plurality o .
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. Aholographic 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 pIurality 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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source data frames to form a plurality of pre-distort images; and
computer-readable program code for applying a compensation algoritfm e
to one or more pixels in the plurality of pre-distort images to compen Ste! U WISE
for variations in saturation. 20 38. A ca@hputer program product according

to cIa'gg_S? og%rable %%cor({iigngto fthe methfgd of anéone of claim%l to 31.

39. A Compuiter BRGHST DT AL AL ding 1S QRS P SHBmEnR AgPrality

o2Socomdutefireaciqile storpgensgstitimcbasingithe cc_)mputer-readablle
R R R e R
as illustradeebsortheupigdresifctoxdof theidliarearpanengdRwiRgsn and map
the plurality of source data frames to form a plurality of pre-distort images; and
| a memory coupled to the processor, wherein the memory stores a compensation
algorithm for applying to one or more pixels in the plurality of pre-distort images to

compensate for variations in saturation.

36. A computer system according to claim 35 operable according to the

method of any one of claims 1 to 31,

37. A computer program product for forming a holographic stereogram from a
plurality of source data frames, comprising:

computer-readable program code for sectioning and mapping the plurality of
source data frames to form a plurality of ‘pre—distort images; and

computer-readable program code for applying a compensation algorithm to one or
more pixels in the plurality of pre-distort images to compensate for variations in

saturation.

38. A computer program product according to ciaim 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.



